
ACTA
MICROBIOLOGICA

A C A D E M I A E  S C I E N T I A R U M  
H U N G A R I C A E

R E D I G I T

G.  I V Á N O V I C S

T O M U S  X V I F A S C I C U L U S  г

AKADÉMIAI KIADÓ, BUDAPEST
1 9 6 9

ACTA M ICR O BIO E. ACAD. SCI. H U N G .

A D I U V A N T I B T T S

I.  DÖMÖK, E. F A R K A S ,  J.  HOR VÁTH, | S.  K O T L Á N ,
R. M A N N I N G E R ,  I. N Á S Z ,  K. R Á Ü S S ,  F.  B. S T R A U B ,  J.  S Z I R M A I ,

K.  VAS, J. W E I S S F E I L E R



ACTA MICROBIOLOGICA
A M A G Y A R  T U D O M Á N Y O S  A K A D É M I A  

M I K R O B I O L Ó G I A I  K Ö Z L E M É N Y E I

K IA D Ó H IV A T A L : B U D A P E S T  V ., A L K O T M Á N Y  UTCA  21.

F ő sze rk esz tő

IV Á N O V IC S GY Ö RG Y
a k a d é m ik u s

S z e rk e sz tő

D Ö M Ö K  ISTV Á N
az o rv o s tu d . k a n d id á tu sa

Az Acta M icrobiologica  ném et, ango l, fran c ia  és orosz nyelven  közöl é rtek ezések e t 
a  m ikrobiológia tá rg y k ö ré b ő l.

Az Acta M icrobiologica  változó  te r je d e lm ű  fü ze tek b en  jelen ik  m eg. T ö b b  fü zet a lk o t 
e g y  k ö te te t.

A  közlésre sz á n t k é z ira to k  a k ö v e tk e ző  cím re k ü ld en d ő k :

Acta M icrobiologica, B udapest, K eleti Postahivatal, Postafiók 64.

U gyanerre a c ím re  kü ldendő  m in d en  szerkesztőségi levelezés.
Az Acta M icrobiologica  előfizetési á ra  k ö te te n k é n t belföldre 120, k ü lfö ld re  165 F t .  

M egrendelhető  a b e lfö ld  szám ára  az A k a d ém ia i K iad ó n á l (B u d ap est V ., A lk o tm á n y  u tc a  21. 
B an k szám la  05-915-111-46), a külfö ld  sz á m á ra  ped ig  a  „ K u ltú ra ”  K ö n y v  és H írlap  K ü l
ke resk ed e lm i V á lla la tn á l (B u d ap es t I . ,  F ő  u tc a  32. B an k szám la : 43-790-057-181) v ag y  a n n a k  
k ü lfö ld i képviselete inél és b izom ányosainá l.

T he Acta M icrobiologica  pu b lish  p a p e rs  on  m icrobiological sub jects in  E n g lish , G erm an , 
F re n c h  and R ussian .

T he A cta M icrobiologica  ap p ear in  p a r ts  o f  v a ry in g  size, m aking  u p  vo lum es. 
M anuscrip ts sh o u ld  be addressed  to

Acta  M icrobiologica, B udapest, K eleti Postahivatal, Postafiók 64.

C orrespondence w ith  th e  ed ito rs sh o u ld  be  sen t to  th e  sam e address.
T he ra te  o f su b sc r ip tio n  to  th e  A cta  M icrobiologica  is 165 fo rin ts  a  vo lum e. O rd ers 

m a y  be placed w ith  “ K u l tú r a ”  Fore ign  T rad e  C om pany  fo r Books and  N ew spapers (B u d a 
p e s t  I . ,  Fő  u tca  32. A c c o u n t No. 43-790-057-181) or w ith  rep re sen ta tiv es a b ro ad .



ACTA
MICROBIOLOGICA

A C A D E M I A E  S C I E N T I A R U M  
H U N G A R I C A E

A D I U V  A N T I B U S

I .  D Ö M Ö K , E . F A R K A S ,  J .  H O R V Á T H , S . K O T L Á N ,

R .  M A N N I N G E R ,  I .  N Á S Z ,  K .  R A U S S ,  F .  B .  S T R A U B ,  J .  S Z I R M A I ,
K .  V A S , J .  W E I S Z F E I L E R

R E D I G I T

G.  I V Á N O V IC S

T O M U S  X V I

A K A D É M IA I K I A D Ó , B U D A P E S T  

1 9 6 9

ACTA M ICROBIOU. ACAD. SCI. HUNC..





IN D E X  

T o m u s X \  I 

F asc icu lu s 1

M erétey, X ., Várterész, F ., Elekes, X. : Im m u n o lo g ica l A c tiv ity  o f R ib o nucleopro te ins .
I I .  Im m u n e  D iffusion S tu d ies  o f R ibo n u cleo p ro te in s E x tra c te d  from  G uinea
Pig L iv er .................................................................................................................................................  1

M erétey, X ., Várterész, F ., K u ta s, F ., K ocsár, L . : Im m unolog ical A c tiv ity  o f R ib o n u cleo 
pro te ins. I I I .  Changes in M am m alian  R ibonucleopro te ins u p o n  th e  E ffec t o f
W hole B o d y  X -irrad ia tio n  ..............................................................................................................  11

Fodor, X., K ocsár, X ., Lendvay, J ., M erétey , X ., Tap fer, D ., Vedres, X : P e rsistence  of
H u m an  G am m a-globulin  in  A n i m a l s ...........................................................................................  19

L á zár, G. : E ffec t o f D ibrom om ann ito l on  th e  D e x tran -in d u ced  In c rease  o f  Local C apillary
P e rm eab ility  a n d  on the  A n a p h y lac to id  R e a c t io n ................................................................  27

B artha , T ., M érő, X ., Szita, J .:  B acterio lo g ica l M odel E x p erim en ts  on  R ad io s te riliza tio n
of C a tg u t ....................................................................................................................................................  31

S a m ir , M . A .:  S tu d ies  on Peritoneal E x u d a te  o f A nim als E x p e rim en ta lly  In fec ted  w ith
Toxoplasm a gondii. I. E ffect o f  H e a t  on  A c t i v i t y ..............................................................  39

Lovas, В ., H ollós, X : R eplication  of V accin ia  V irus in  th e  E m b ry o n a ted  E gg  in  th e  P resence
of M eth isazone. An E lectron -m icroscop ic  S t u d y .....................................................................  47

E le k , G., Földes, X , Vaudra, X .: E ffec t o f D ib ro m o m an n ito l an d  D ib rom odu lc ito l on
Im m unolog ical and  M icrobiological S y s tem s ..........................................................................  63

E le k , G., V audra, X ., Földes, X ; P ro d u c tio n  o f A n tibod ies ag a in st M ycobacterium  ph lei
Phage .........................................................................................................................................................  69

H orváth, S .: T ran sfo rm a tio n  of P h ag e  R esis tan ce  ............................................................................  77
J á ra i, M . : B iochem ical S tudies on Streptom yces aureofaciens. V. T he R ole of C obalam ins

and M eth ion ine in  M éthy la tion  R eac tio n s  in  T etracycline  B io sy n th esis  ............  85
D eák, S., A d á m , Ai. AX : C om parative  S tu d ies  on th e  B iological P ro p e rtie s  o f Escherichia

coli 012 4 :K 7 2 (B 1 7 ) S tra ins ..............................................................................................................  97
S u r já n , J .:  S tu d ies  on  Swine Serum  Im m u n o g lo b u lin s . I. P ro te in  F ra c tio n s  in  Sw ine

Serum  ............................................................................................................................................    107

F asc icu lu s 2

H ollós, X : E ffec t on Influenza  V irus o f a M odified F ran c is  In h ib ito r  a n d  I ts  A cetone-
soluble F ra c tio n . I I I .  E x p erim en ts  on th e  M ouse L u n g ..................................................  113

Gadó, L ,  Borom issza, X ., Horváth, L :  In d u c tio n  an d  M ultip lication  of /-P h a g e . I I I .  T he
E ffect o f H y d ro x y u re a  on H e a t  In d u c tio n  ............................................................................  123

N ovák, X. X ., D arvas, X ., Zso/í, J .  : B reak d o w n  o f O ligosaccharides b y  Som e A fe rm en ta tiv e
Y east Species ........................................................................................................................................  131

F ü st, G., Keresztes, M .:  E ffect of E n d o to x in  on  th e  Serum  Level of C om plem ent Com po
nents. I I .  E ffec t of E n d o to x in  on  D og Serum  C om plem ent Level in  vivo an d
in  vitro ....................................................................................................................................................  135

N ovák, X. K ., K évéi, F ., Oláh, B ., Zsolt, J . :  In v e s tig a tio n s  on th e  O ligosaccharide D ecom 
position b y  Endom ycopsis w ickerham ii v a n  de r W a l t .......................................................... 149

Ralovich, B ., E m ődy, L . :  O bservations on  P r im a ry  B a c te r ia e m ia .............................................. 153
R a u ss, K ., K é ty i , X , M á té , J .,  K neffel, P ., A m b ô , G., M aróczi, J .,  P uszta i, S ., Joô, I.,S zen d -

rei, L . : N ew  O bserva tions on O ra l V a cc in a tio n  ag a in st D y s e n te r y ...............................  159



Váczi, L ., H ankovszky , 0 -, H ideg, K ., Gergely, L ., H adházy , Gy. : Selective  in  vitro A n tiv ira l
E ffec t on M yxovirus S tra in s  o f G uanidine D e r iv a t iv e s ....................................................  171

Csaba, В ., Deseő, G., K á v a i , M . : D istrib u tio n  in th e  O rgans of 131l-O v a lb u m in  A ntigen
in  R a t  and  Mouse A n ap h y lax is  ....................................................................................................  175

Dobozy, .4 ., H am m er, H . : Som e P ro p e rtie s  of A lkaline  P h o sp h a ta se  in  B acillus Species 181 
K och, yá., György, E . : H e a r t  G lycosides in P o liov irus H o s t Cell In te ra c tio n . I. E ffect of

D igoxin  and  D ig itox in  an d  T heir A glucons on  O ne S tep  G ro w th  C urves ..............  189
György, E ., K och, H e a rt  G lycosides in P o liov irus H o s t Cell In te ra c tio n . I I .  E ffec t o f

th e  T im e of A dd ition  on  S tim u la to ry  or In h ib ito ry  A ction  ........................................... 197

F ascicu lus 3

R éthy , L ., Hegedűs, L .:  In h ib itio n  of th e  D evelopm en t o f P rim ary  A n tito x ic  Im m u n ity  by
H etero logous A n tily m p h o c y te  S e r u m ........................................................................................  203

Csaba, B ., M uszbek, L ., K a ssa y , L .:  The E ffec t o f Bordetella p ertussis  Vaccine on th e
H is tam in e  M etabolism  of R a t  T is s u e s ........................................................................................  211

R éda i, L ,  R éthy, A .,  R ozgonyi, F . : F a t ty  Acids in Staphylococcus aureus  an d  Escherichia
coli C ultu red  in  vivo  .........................................................................................................................  219

Rosztóczy, I .  : E ffec t of E m e tin e  on th e  M ultip lica tio n  of P seu d o rab ies  and Sem liki
F o re s t V iruses and  on th e  In terfe ro n  P ro d u c tio n  b y  C u ltu red  Cells .....................  227

Raskó, I . ,  Kerekes, E ., A lfö ld i, L .:  P ro p ertie s o f L -Serine  D eam inase  in  Salmonella typhi-
m u r iu m  and  B acillus cereus ......................................................................................................... 237

Koch, A .,  György, E . : H e a r t  G lycosides on P oliov irus H o s t Cell In te ra c tio n . I I I .  Chem ical
S tru c tu re  and  A c t i v i t y .......................................................................................................................  245

B ü k i, K . G., A m brus, G., Szabó, A .:  M icrobiological D ecom position  of 17a-m ethyl-17/L
h y d ro x y  S tero ids w ith  A n d ro stan e  N u c le u s ............................................................................  253

Töm örkény, E ., Albrecht, K . ,  l ia ,  L .:  T ran sfo rm atio n  of 4 ,5 -E p o x y ste ro id s w ith  M yco
bacterium phlei. I. T ran sfo rm a tio n  un d er A erobic C o n d i t io n s ........................................  261

F ű zi, M ., Csukás, Z s .:  N ew  Selective  M edium  fo r th e  Iso la tio n  of C lostridium  perfringens  273 
S u rjá n , J .  : S tud ies on Sw ine Serum  Im m unoglobulins . I I .  R e la tio n sh ip  be tw een  Im m u n o 

globulins and  A n t ib o d ie s ..................................................................................................................  279
Sam ir, M . A .:  S tudies on P e rito n e a l E x u d a te  o f A n im als E x p e rim en ta lly  In fec ted  w ith

Toxoplasm a gondii. I I .  S u scep tib ility  o f R a ts  an d  C h ic k e n s ........................................... 289
Csiszár, К .:  Colicin S en sitiv ity  an d  C olicinogenity o f T ype  012 4 :K 7 2 (B 1 7 ) E . coli S tra in s  295

Fasciculus 4

R alovich, B ., Vörös, S ., V ertényi, A .:  A ntigenic R e la tio n sh ip  be tw een  Shigella sonnei
P h ase  I I  and  Enterobacter cloacae ...............................................................................................  303

László, V. G., Kerekes, L . : P h ag e  and  Colicin T y p in g  of Shigella s o n n e i ............................... 309
Tálas, M .:  In te rfe ro n  S tim u la tio n  and o th er P h e n o ty p ic  P ro p e rtie s  o f Two V arian ts

of Po lyom a V irus ................................................................................................................................. 319
Lantos, J . ,  K iss , M ., L á n y i, В ., Tölgyesi, J .:  Serological and  P hage  T y p in g  of Pseudomo

nas aeruginosa  In v a d in g  a M unicipal W a te r  S u p p l y ..............................................................  333
S zen tirm a i, A .,  Horváth, I . :  P ro p e rtie s  of A ceto h y d ro x y acid  S y n th e ta se  in  M ycobacterium

pellegrino  .................................................................................................................................................  337
H orváth, I . ,  Ott, L ,  Gadó, I .:  In d u c tio n  and  M u ltip lica tio n  of Л-P h ag e . IV. The E ffec t

of P a n fu ran  ............................................................................................................................................. 349
L á n y i, В . : Am ino Acid U tiliz a tio n  by  Serologically  G rouped Pseudom onas aeruginosa

S tra in s ......................................................................................................................................................  357
Szilágyi, T ., C sernyánszky, I I . ,  Im re, S ., Went, M .:  T he E ffec t of H y p o th e rm ia  on A llergic-

ty p e  Skin R e a c tio n s ..............................................................................................................................  363
W eiszfeiler, J . G., K arasseva, V ., Karczag, E . : C o m para tive  S tu d ies  on th e  T axonom ic 

R ela tionsh ip  b e tw een  M ycobacterium abscessus and  M ycobacterium  borstelense.
Incidence of M ycobacterium  abscessus in M o n k e y s ...............................................................  371

Szabó, I . ,  M arton, M ., B u ti , I . :  In te s tin a l M icroflora o f th e  L arv ae  of S t. M ark’s F ly .
IV . S tud ies on th e  In te s tin a l B acteria l F lo ra  of a L a r v a - P o p u la t io n .....................  381



Acta microbiol. Acad. Sei. hung. 16, 7—9, 1969

IMMUNOLOGICAL ACTIVITY OF RIBONUCLEOPROTEINS

I I .  IM M U N E  D IF F U S IO N  STU D IES O F R IB O N U C L E O P R O T E IN S  E X T R A C T E D  FR O M
G U IN E A  P IG  L IV E R

B y

K a t a l in  M e r é t e y , V. V á r t e r é s z  and E r z s é b e t  E l e k e s

“Frédéric Jolio t-C urie”  N ational Research Institu te  fo r  Radiobiology and R adiohygiene  
(Director: V. V á r t e r é s z ), B udapest

(Received F e b ru a ry  16, 1968)

Sum m ary . R N P  e x tra c te d  from  g u in ea  p ig  liver an d  th e  hom ologous im m u n e  serum  
form  a m u ltip lex  an tig en -an tib o d y  system . T h e  n u m b er of an tig en  com ponents d em o n s trab le  
b y  im m u n o-e lectrophoresis ranges from  2 to  8. Som e of th e  an tigens are o f n u c leo p ro te in  
n a tu re . T he an tigen ic  p ro p e rty  of th e  n u c leo p ro te in -lik e  frac tio n  iso lated  b y  e lectrophoresis 
also suggests th is. T he e lectrosyneretic  p re p a ra tio n s  o f in  vivo  32P-labelled  a n tig en  an d  im m une 
serum  gave positive  au to rad io g rap h ic  p ic tu re s . T he iso la ted  frac tions, co n ta in in g  solely n u 
cleic acids and  n u c leo tides, p lay  no role in  th e  serological reac tions. The a n tig en  com ponen ts 
w ere id en tica l w ith  th e  an tigens found in  th e  subcellu lar frac tio n  of th e  liver hom o g en a te ; 
th e ir  m a jo r ity  is b o th  species- and o rgan-specific .

As confirm ed  b y  several d a ta  in  l i te ra tu re , th e  ribonucleic acids have  
an tig en  p ro p erties  [1, 2]. A ssum edly, p ro te in s  also p lay  a p a r t  in im m u n o g en e ity  
and  th e  R N A  ac ts  on ly  as a h ap ten . T h is is suggested  also b y  th e  fin d in g  th a t  
th e  p ro te in -b o u n d  nucleic acids (po ly rib o n u c leo tid es), nucleo tides, nucleosides, 
elicit th e  p ro d u c tio n  of hap ten -specific  an tib o d ies  [3, 4, 5]. T he im m unological 
s tu d ies  of n a tu ra l R N A -pro tein  com plexes w ere p erfo rm ed  m ain ly  on b ac te ria l 
ribosom es [6, 7, 8, 9, 10]. The im m u n e  sera  p ro d u ced  against th e  ribonucleo- 
p ro te in s  (R N P ) w ere assum ed to  c o n ta in  an tibod ies owing to  th e ir  co m p lem en t
b in d in g  cap ac ity , th e ir  ac tiv ity  in  passive  h aem ag g lu tin a tio n  an d  th e ir  in 
h ib ito ry  effect on tu m o u r  tra n s p la n ta tio n  [11, 12, 13]. Few im m une  diffusion 
d a ta  a re  only av a ilab le  on m am m alian  R N A  e x tra c te d  by  chem ical m ethods. 
J a n k o v i c h  [14] d em o n stra ted  5 v a rio u s  an tig en s in th e  rib o nuc leop ro te in  
frac tio n  of th e  r a t  liver.

As rep o rted  earlier, an im m u n e  serum  has been p roduced  in  ra b b its  
ag a in st th e  cy top lasm ic  R N P fra c tio n  iso la ted  from  guinea pig liver. T he 
im m une  serum  gave  p rec ip ita tio n  re a c tio n  w ith  th e  R N P  e x tra c t an d  th e  
presence of nucleic acids could be d e m o n s tra te d  in  th e  p re c ip ita te  [15]. As 
an  a n tig en , th e  e x tra c t  proved to  be heterogeneous.

T he p resen t p a p e r  reports on  o u r im m unodiffusion  stud ies designed to  
e lu c id a te  th e  ty p e s  an d  num ber o f an tig en s  in  th e  R N P  e x tra c t an d  th e  e x te n t 
to  w hich  these  an tig en s  are iden tica l w ith  th e  an tig en  com ponen ts in th e  liver 
hom ogenate .

1 Acta Microbiologica Academiae Scientiarum Hungaricae 16, 1969



2 K. M ER ÉTÉ Y et al.

M aterials and m ethods

Preparation o f  the R N P  extract. R N P  w as e x tra c te d  from  th e  pooled liver hom ogenates 
o f 3 to  6 guinea pigs, acco rd ing  to P a in  a n d  B u t l e r  (P B ) [16] w ith  some m od ifications [15]. 
S im ilar e x tra c ts  were p re p a re d  from  guinea p ig  sp leen , r a t  liver and  calf spleen.

T he subcellu lar frac tio n s  of th e  gu in ea  p ig  liver were o b ta in ed  by  p re p a ra tiv e  u ltra c e n 
tr ifu g a tio n : m ito c h o n d riu m  (10,000 g), h y a lo p la sm a  (100,000 g), endoplasm ic re ticu lu m  
m em b ran e  (D O C -treated  m icrosom al s u p e rn a ta n t) ,  ribosom es (105,000 g). The an tig en s were 
s to red  in the  re fr ig e ra ted  or lyophilized s ta te .

Preparation o f  im m u n e  sera. The im m u n e  sera  w ere p ro d u ced  in chinchilla  ra b b its  w eigh
ing 2 to 3 kg. C onsidering  th e  w eak an tig e n ic ity  o f th e  R N P  e x tra c t,  various a d ju v a n ts  and 
im m u n iza tio n  schedules w ere used. C om plete o r in com plete  F r e u n d ’s a d ju v a n t o r A l(O H )3 gel 
w ere given as a d ju v a n ts , in tram u scu la rly  a n d  in trav en o u s ly , respectively . T he effect of 
R N ase  was e lim inated  b y  h ep arin  [17]. A n tig en  in jec tio n  in to  th e  spleen was also a tte m p te d . 
A d m in iste ring  of 5 m g o f an tig en  w ith  th e  sam e a m o u n t o f com plete  F r e u n d ’s a d ju v a n t  a t  
15 d ay  in te rv als six tim es  p roved  to  be th e  b e s t fo r successful im m uniza tion . T he ra b b its  were 
ex san g u in a ted  on th e  1 0 th  to  14th days a f te r  th e  la s t  in jec tion .

Preparation o f  the o2P-labelled extract and its autoradiographic study. G uinea pigs were 
g iven  2 mCi 32P in tra p e rito n ea lly . T hey w ere k illed  12 hours a fte r  th e  in jec tion  an d  th e  R N P  
frac tio n  from  th e ir  liv e r w as ex trac ted . K O D A K  A R  50 s tr ip p in g  film  was used  fo r a u to ra d io 
g rap h y . The slides w ere exposed  for 14 to  21 days.

Agar. V eronal b u ffe r  pH  8.2 of 0.05 ionic  s tre n g th  an d  1%  N oble agar (D IF C O ) w ere
used.

Agar-electrophoresis. E lectrophoresis w as p e rfo rm ed  according to U r ie l  [18]. T he a n ti
gen well was cu t n e a re r  to  th e  negative  pole, since th e  dem o n strab le  com ponents m ig ra ted  
to w ard s  th e  anode. E lec tro p h o resis  was carried  o u t a t  3 V /cm  fo r 2 hours. T he p e rce n tu a l d is tr i
b u tio n  of the  frac tions in  th e  sta ined  p re p a ra tio n s  was d e te rm in ed  by  an  E R I 10 u n it.

A gar blocks 8.5 X 6.0 X 5 cm in size w ere used  fo r p re p a ra tiv e  e lectrophoresis. F rac tio n s 
w ere recovered  by freez ing  and thaw ing.

Electrosyneresis w as ad ju s ted  accord ing  to  B u ssa rd  [19]. T here  was a d is tan ce  of 2 cm 
b e tw een  the  an tig en  a n d  im m une serum  reservo irs.

Imm unoelectrophoresis. Sc h e id e g g e r ’s [20] m ic ro m eth o d  was adop ted . T he co m p ara 
tiv e  s tud ies were p e rfo rm ed  according to  Osserm a n  [21].

Gel d iffu sion  studies. Ou d in ’s lin ea r double  d iffusion  m eth o d  as m odified  b y  B a ck - 
h ausz  [22] was app lied . T h ree  ml of 1% agar, d issolved in saline, were poured  on 4 x 4  cm  glass 
p la te s . The angu lar wells fo r th e  an tigen  and  th e  an tib o d y  were c u t a t  a d istance of 6 m m  from  
each  o th e r and filled w ith  an tig en  or an tib o d y  m ixed  w ith  agar. T his a rran g em en t allow ed for 
sa tis fac to ry  d e te rm in a tio n  of th e  id en tica l a n tig e n  co m ponen ts in th e  various e x tra c ts . The 
phenom enon  when th e  p re c ip ita tio n  line o f th e  im m u n e  serum  w ith  e x tra c t 44a ”  d iscon tinued  
an d  d id  no t dev ia te  in th e  ag ar p a r t  correspond ing  to e x tra c t  44b ” w as also regarded  as id e n tity  
re ac tio n . To in te rp re t th e  phenom enon we assum e th a t  b o th  e x tra c t 44a ” and  44b ”  co n ta in  
id en tica l antigen  d e te rm in a n ts , b u t these  are  so u n freq u e n t on th e  m olecules o f e x tra c t  44b ” 
th a t  no p rec ip ita te  can  develop.

Sta in ing  procedures. F o r p ro te in  s ta in in g , am ido b lack  was used. The nucleic acids were 
s ta in e d  w ith  pyron ine, a n d  w ere d e m o n s tra ted  b y  th e  gallocyan ine  chrom e alum  m eth o d . A 2.5%  
chrom e alum  so lu tion  co n ta in in g  0.075%  o f ga llocyan ine  was p rep ared  according to  L ona i [23] 
a n d  th e  p H  was a d ju s te d  to  1.0. The agar p la te s  w ere s ta in ed  for one hour and w ere the*., d iffer
e n tia te d  by  tap  w ater. A b lue  colour in d ica ted  th e  p resence of nucleic acids.

R esu lts

1. Electrophoretic heterogeneity o f  the R N P  extract in  agar gel. T he  e x tra c t 
y ie lded  4 frac tions w hen  su b jec ted  to  ag ar e lectrophoresis (Fig. 1). P ro te in  
could  be d e m o n s tra te d  a t  th e  site  of ap p lica tio n  an d  in th e  slow frac tio n  (a, b) 
m ig ra tin g  to w ard s th e  positive pole. All th e  frac tio n s proved  to  be positive  
on nucleic acid s ta in in g  (a, b, c, d) (F ig . 1). M igration  of th e  tw o rap id  frac tio n s
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was com pared  to  t h a t  o f a p re p a ra tio n  of d i-p en ta  nucleotides.*  Since b o th  
frac tio n s were localized  over abou t th e  sam e area , th e y  w ere ta k e n  to  be of an 
o ligonucleo tide n a tu re . N eith er p ro te in , n o r nucleic acid  could he d e m o n s tra te d  
to w ard s th e  n eg a tiv e  pole.

2. Reaction o f  the R N P  extract and  o f  its homologous antibody in agar gel. 
D epend ing  on th e  ex p erim en ta l series, m ore or less an tigens could be dem on-

697.

Fig. 1. R N P  e x tra c t No. 35. A g ar-e lectrophoretic  p ic tu re  on nucleic acid sta in in g  a n d  th e  q u a n 
tita tiv e  d is tr ib u tio n  o f nucle ic  acids, a: F ra c tio n  persis tin g  a t  site of a p p lica tio n ; b : slow fra c 

tio n ; c and d:  ra p id  I and  I I  frac tio n s

s tra te d  in th e  R N P  e x tra c t u n d er th e  sam e p re p a ra tio n  conditions. T he n u m 
b er of th e  p re c ip ita tio n  lines o b ta in ed  b y  gel d iffusion ranged  from  2 to  5. 
Two to  8 a n tig e n -a n tib o d y  system s could  be d iffe ren tia ted  b y  im m unoelec tro - 
phoresis (Fig. 2). T h u s  e.g. 5 com ponen ts could be d e tec ted  in e x tra c t No. 34 
an d  7 com ponen ts in  R N P  e x tra c t N o. 35 o rig in a tin g  from  a n o th e r p rep ara -

* The p re p a ra tio n s  were k ind ly  su p p lied  by  th e  B iochem ical In s t i tu te ,  D ebrecen. 
A ccording to  our ana ly sis , th ey  con ta in ed  7 .3%  of phosp h o ru s and  consisted  of d i-p en ta  
nucleotides.
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tio n . Serum  p ro te in  im p urities w ere n o t found  am ong th e  d em o n stra ted  
an tig en s.

E lec tro p h o re tic  frac tions w ere iso la ted  from  6 d ifferen t R N P  e x tra c ts  
b y  p re p a ra tiv e  agar-e lec trophoresis . T h e  sep a ra te d  frac tions w ere ch arac terized  
b y  th e ir  UV a b so rp tio n  sp ec tra  (F ig . 3).

Anti RNP
Fig. 2. R N P  e x tra c t. Im m u n o e lec tro p h o re tic  p ictu re

C orresponding to  th e  specific s ta in in g , th e  “ b ”  and  th e  “ c-j-d”  frac tions 
gave  nucleic acid  a n d  nucleo tide  ty p e  curves, re spec tive ly . A t th e  an tig en  
c o n cen tra tio n  used  n e ith e r  nucleic acids no r p ro te in s  could be d e tec ted  e ith er 
a t  th e  site  of ap p lica tio n  (a) or in th e  n o n -sta in in g  agar lay er (x) to w ard  th e  
c a th o d e , th o u g h  b y  im m unoelec trophoresis  one could d e tec t an tigens co r
resp o n d in g  to  th is  e lec tro p h o re tic  frac tio n . Serological a c tiv ity  of th e  frac tio n s 
w as con tro lled  b y  electrosyneresis an d  im m unoelec trophoresis (T able I). O nly 
th e  slow frac tion  “ b ”  m ig ra ting  to w a rd  th e  anode has never failed  to  give
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p re c ip ita tio n  reac tio n . Tn certain  e x tra c ts  th e  “ a”  an d  th e  “ x ”  frac tio n s also 
reac ted  w ith  th e  im m u n e  serum . T he tw o  rap id  frac tio n s (“ c +  d” ), com prising  
a considerab le  p a r t  o f  th e  nucleic acids, d id  no t p re c ip ita te  a t all. H ow ever, 
as con firm ed  b y  ab so rp tio n  studies, th e y  d id  no t in h ib it th e  an tig en -an tib o d y  
reaction .

Fig. 3. A b so rp tio n  sp e c tru m  of the  frac tio n s o b ta in e d  by  p re p a ra tiv e  agar-e lectrophoresis. 
x :  ag a r to w ard s  th e  n e g a tiv e  pole; a: frac tio n  p e rs is tin g  a t  site  o f ap p lica tio n ; b: slow frac tio n ; 

c -|- d:  m ix tu re  o f ra p id  fractions I and  II ; e: ag ar a rea  to w ard s  th e  positive pole

T h e com ponen ts o f nucleopro tein  n a tu re  and possessing an tig en ic ity  w ere 
s tud ied  b y  e lectrosyneresis . This allow ed to  d em o n stra te  in th e  e x tra c t such  
an tigens w hich by  im m unoelec trophoresis  p rec ip ita ted  only  from  co n cen tra ted

Table I

Characterization o f  ribonucleoprotein fra c tio n s obtained by preparative agar electrophoresis

F ractions*

X a b (c+ rf) e

P ro tein  c o n te n t — + - f — —

Nucleic acid  con ten t — ± + + + —

E lectrosyneresis — — + - —
Im m unoelectrophoresis ± ± + — —
P rec ip ita tio n  inhibition ± ± + — —

* T he frac tio n s a re  ind ica ted  as in F ig . 3.
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e x tra c ts . T he n u m b e r  of an tigens so d e m o n s tra te d , i.e. of th o se  m ig ra ting  to 
w ard s  th e  anode, ran g e d  from  1 to  5. H ow ever, th e  gallocyanine or p y ro n in e  
s ta in in g  of th e  p re c ip ita te s  gave n e g a tiv e  re su lts . N eith er seem ed th e  p rec i
p ita te s  to  co n ta in  lip ids. To e lucidate  th e  role of R N A , s tud ies w ere p erfo rm ed

F ig . 4. E lec trosyneresis o f R N P  e x tra c t 32P  labe lled  in vivo. The arrow s in d ica te  the  po sitiv e  
p re c ip ita tio n  lines o b ta in e d  w ith  au to rad io g rap h y

w ith  labelled  an tig en s . The e lec tro sy n ere tic  p rep ara tio n s  of an tig en  32P la 
b elled  in  vivo gave a positive au to rad io g rap h ic  p ic tu re  (F ig. 4). T he im m uno- 
e lec tro p h o re tic  p re p a ra tio n s  did n o t a lw ays d isp lay  ac tiv ity .

3. Comparison o f  the R N P  extract w ith  subcellular liver fractions. T he  
su b ce llu la r frac tio n s  w ere com pared  w ith  th e  R N P  e x tra c t accord ing  to  
O s s e r m a n n  [21]. T he hyaloplasm ic fra c tio n  con ta ined  all th e  an tig en  
co m p o n en ts  fo u n d  in  th e  R N P  e x tra c t (F ig . 5) and so did th e  m ito ch o n d ria l

[ Anti RNP immune serum

RNP antigen No.36.

F ig. 5. R N P  e x tra c t.  Id e n ti ty  reac tion  w ith  th e  hy a lo p lasm ic  frac tio n  of gu inea  pig liver, p e r .
form ed accord ing  to  O sserm ann
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frac tio n . On th e  o th e r h a n d , a few an tig en s  could only  be d e m o n s tra te d  in  th e  
endoplasm ic re ticu lu m  m em b ran e . T h e  ribosom e frac tio n  failed  to  d isp lay  any  
serological a c tiv ity  w ith  our im m u n e  serum .

4. Organ- and species-specific antigens in  the liver extract .T h e  R N P  ex tra c t 
from  guinea pig liver w as com pared  w ith  sim ilar e x tra c ts  from  guinea p ig  spleen

Fig. 6. R N P  e x tra c t. S pecies-specific ity  b y  lin e a r double diffusion m eth o d . A :  R N P  from  gu i
nea p ig  liver; B :  R N P  fro m  calf sp leen ; C: R N P  from  r a t  liv e r; D :  R N P  from  guinea

pig spleen; E :  a n ti-R N P  serum

an d  ca lf and  r a t  liver, b y  m eans of th e  lin ear double d iffusion  m e th o d  (Fig. 6). 
T he ca lf spleen e x tra c t  d id  n o t re a c t w ith  th e  im m une serum . T he guinea  pig 
spleen e x tra c t com prised  tw o an tig en s w hich w ere com m on w ith  th o se  found  
in th e  liver R N P  e x tra c t. R N P  from  ra t  liver failed to  p re c ip ita te  w ith  th e  
im m u n e  serum , h u t in h ib ite d  th e  d ev ia tio n  of these  tw o p rec ip ita tio n  lines.

D iscu ssion

T h e p re sen t s tu d ies  suggest t h a t  th e  R N P  e x tra c t of th e  gu inea pig liver 
iso la ted  accord ing  to  P a i n  and  B u t l e r  com prises several an tigens. T he ex trac t 
is he te rogeneous also e lec tro p h o re tica lly . O nly th e  fra c tio n  co n ta in in g  nucleic 
acid an d  p ro te in  p ro v ed  to  be im m unogen ic . The exclusively  n u c leo tide  frac 
tions w ere n o t im m unogen ic . I t  is questionab le  w hich of th e  an tigens found 
in  th e  e x tra c t are  a c tu a l R N P  an tig en s , and  w hich o f th em  are p ro te in  im 
p u ritie s  le ft over a f te r  chem ical p re p a ra tio n . No s ta in in g  to w ard s th e  n eg a tiv e  
pole (frac tio n  x) could  be seen on a g a r  electrophoresis. A ccordingly , th e  a n ti
gens m ig ra tin g  to w ard s  th e  n e g a tiv e  pole, as observed  b y  im m uno-electro - 
phoresis, are b u t m in o r im pu rities , w hile th e  curves found  to w ard s th e  posi-
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t iv e  pole could co rresp o n d  to  th e  e lec tro p h o re tic  loca liza tion  of R N P . T he 
fa c t, how ever, th a t  th e  p re c ip ita te s  failed to  s ta in  co n trad ic ts  th is  assum ption . 
S c o t t  [24] d e m o n s tra te d  t h a t  ion c o n cen tra tio n  s tro n g ly  in fluences th e  re su lts  
o f py ron ine  sta in in g . A low co n cen tra tio n , 0.05 M  of N aCl, m ay  also affect 
th e  s ta in ing  of p a r tia lly  deg rad ed  or R N ase-d igested  nucleo tides, b u t w ashing  
in  th e  usual 0.15 M  NaCl and  th e  d ry ing  c rea te  such an  ion m ilieu w hich in 
h ib its  th e  b ind ing  o f p y ro n in e  to  th e  an tig en  com ponen ts in  th e  R N P  ex tra c t. 
O n th e  o ther h an d , au to rad io g rap h ic  stud ies d e m o n s tra te d  a m inu te  am o u n t 
o f p rec ip ita ted  R N P . W hen  s tu d ied  b y  electrosyneresis , tw o  of th e  p rec ip i
ta t io n  lines of th e  im m u n e  serum  an d  of t h e 32P  labelled  an tigen  did u n d o u b ted ly  
c o n ta in  32P. In  a d d itio n  to  nucleic acids, 32P  is know n to  in co rp o ra te  in to  p h o s
pho lip ids. S ta in ing  fa iled  to  d em o n stra te  an y  lip id  in  th e  e x tra c t. A ccordingly', 
32P  labelling suggests th e  presence  of nucleic acids.

Owing to  th e  m a n y  chem ical p rocedures app lied  d u rin g  p rep a ra tio n , th e  
id ea  has arisen th a t  th e  s tu d ies  h ad  been perfo rm ed  n o t w ith  th e  n a tiv e  a n t i 
gens in  th e  cell b u t ,  in  fac t, w ith  artific ia l an tigens.

A ntigen id e n tity  o b ta in ed  in  th e  d iffe ren t subcellu lar frac tio n s suggests 
t h a t  no physical or chem ical changes affecting  an tig en ic ity  h av e  occurred. I t  is 
d ifficu lt to  in te rp re t th e  n eg a tiv e  reaction  y ielded  by  th e  ribosom e frac tion . 
T h e  possib ility  arises th a t  im m unodiffusion  s tu d ies  p erfo rm ed  in agar gel do 
n o t  ensure op tim u m  co n d itions for th e  im m une p rec ip ita tio n  of th e  ribosom es.

As show n b y  B a r b u  an d  P a n i j e l  [6, 10], R N A  as an  an tigen  is n o t 
s tr ic tly  species-specific. T h a t is w hy we te s te d  th e  serological re a c tiv ity  of 
R N P  ex trac ts  of d iffe ren t orig in . T he e x tra c t used  w as n o t organ-specific, 
it co n ta ined  tw o a n tig en s  com m on w ith  those  in  th e  spleen e x tra c t. T here was 
no an tigen ic  re la tio n sh ip  be tw een  th e  d is ta n t species. S till, th e  e x tra c t from  
gu inea  pig liver c a n n o t he considered  s tr ic tly  species-specific since th ere  was a 
so-called in h ib ito ry  ty p e  id e n tity  reac tio n  be tw een  th e  tw o  an tigens of th e  
gu inea  pig and r a t  liv e r e x tra c ts .
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IMMUNOLOGICAL ACTIVITY OF RIBONUCLEOPROTEINS
I I I .  C H A N G ES IN  M A M M A LIA N  R IB O N U C L E O P R O T E IN S  U P O N  T H E  E F F E C T  

O F  W H O L E  BOD Y X -IR R A D IA T IO N

By

K a t a l in  M e r é t e y , У. V á r t e r é s z , V e r a  K uta s  and L. K ocsár

44 Frédéric Joliot-C urie”  N ationa l Research Institu te  fo r  Radiobiology and Radiohygiene  
(D irector: V. Vá r ter é sz), B udapest

(R eceived  F e b ru a ry  16, 1968)

Sum m ary. The ag ar e lec tro p h o re tic  d is tr ib u tio n  of nucleic acids w as d ifferen t in th e  
R N P  e x tra c ts  iso lated  from  th e  liver o f ir rad ia te d  or n o rm al gu inea pigs. T he a lte ra tio n s  a ffe c t
ed m ain ly  th e  oligonucleotide frac tio n s . A ccording to im m unod iffusion  and  im m unoelectro- 
ph o re tic  stud ies no essen tia l a lte ra tio n  occurred  in th e  a n tig en  co m p onen ts o f th e  e x tra c t.  
T he diffusion coefficients for th e  a n tig en  com ponents were 0 .5 x l 0 ~ 7 an d  7 . 3 x l 0 -7 in th e  
norm al e x tra c ts , while th e y  ran g ed  from  0.7 to  9.9 X 10 _7 in  th e  ir ra d ia te d  ones. B o th  th e  n o r
m al and th e  irrad ia te d  R N P  e x tra c ts  h ad  com plem ent fix ing  ac tiv ities . No diffeience  was found  
in th e  R N ase or try p s in  d ig es tib ility  o f th e  ex trac ts . I r ra d ia tio n  of g u in ea  pigs did no t affect 
th e  an tig en ic ity  of liver ribonucleo p ro te in s .

A n u m b er of d a ta  p ro v e  th a t  irrad ia tio n  induces changes in th e  functional 
a c tiv ity  of nucleic ac ids, especially  in th e  fu n c tio n  of D N A . D N A  iso la ted  
from  th e  cells o f h eav ily  ir ra d ia te d  anim als has a lte red  physico-chem ical 
p ro p erties  [1, 2, 3, 4]. T he a lte red  s tru c tu re  m ay invo lve  changes in an tig en ic ity . 
T he ap p earan ce  of new an tig en  d e te rm in an ts  in UV irra d ia te d  D N A  has been 
described  [5].

In  th e  p resen t s tu d y  R N P  e x tra c ts  from  th e  liver of no rm al (R N P ) and  
irra d ia te d  guinea pigs ( ^ R N P )  w ere com pared  b y  serological m ethods.

M aterials and m ethods

R N P  e x tra c t and  im m une serum  were p repared  as described  p rev io u sly  [6].
Irradiation . M ale gu inea pigs w eighing 350—400 g w ere w hole b o d y  ir rad ia te d  w ith  

600 R  (180 kV, 10 m A , 0.5 m m  Cu f ilte r , d istan ce  be tw een  focus an d  th e  m iddle  of th e  body 
50 cm , dose ra te  39.1 R /m in ), 18 ho u rs  before killing and  processing.

Im m u n o d iffu sio n  and im m uno electrophoresis. In  ad d itio n  to  th e  m eth o d s  described in 
a previous p ap er [6], a n g u la r  d iffusion  [7] was used to  de te rm in e  th e  d iffusion  coefficients 
of th e  an tig en  com ponents. T he sam e im m une serum  and th e  d ilu tio n s o f v a rio u s e x tra c ts  w ere 
m easured  in to  wells s itu a te d  a t  angles o f 90°. If  th e  p ro p o rtio n s are  eq u iv a len t, th e  p re c ip ita 
tio n  line form s a t  th e  site  w here th e  a n tig en  and th e  a n tib o d y  f irs t  m eet. O nce th e  d irec tion  o f 
th e  p re c ip ita tio n  line is know n, on th e  basis o f th e  eq u atio n  a /b  =  l/Dag(D ab) one m ay  conclude 
upon  th e  diffusion coefficient o f th e  re ac tin g  antigen. The d iffusion  coefficient o f th e  a n tib o d y  
(IgG ) was ta k e n  for 3 .9 6 Х Ю -7 cm 2/sec. T he d istances be tw een  th e  p re c ip ita te  and th e  re 
servoirs (a an d  b) w ere m easu red  on m agnified  photos an d  on s ta in ed  p rep ara tio n s .

A nticom plem entary  activ ity  w as s tu d ied  according to  K abat and  Ma y e r  [8]. The R N P  
e x tra c ts  were in cu b a ted  w ith  100 C’H 5() gu inea pig com plem en t a t  37 °C for 30 m inutes. The 
com plem ent co n ten ts  o f th e  m ix tu re s  an d  of the  contro l m ixed  w ith  saline were de term ined
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sp ec tro p h o to m etrica lly  b y  th e  haem olysis m eth o d . The an tic o m p lem e n ta ry  a c tiv ity  of the  
n o rm a l an d  irrad ia te d  R N P  e x tra c ts  w ere re la te d  to  an  id en tica l ex tin c tio n  (260 т/г).

D igestion. R N P  an tig e n  a t  a co n ce n tra tio n  of a b o u t 10 m g/m l w as used . R N ase diges
tio n  w as perform ed a t p H  7.0, in th e  p resence  of 1 m g/m l p a n c re a tic  R N ase. D igestion  w ith 
t ry p s in  w as done in a b u ffe r  so lu tion  of p H  8.0, in  th e  presence of 0.5 m g/m l enzym e (lyophil- 
ized try p s in , Gedeon R ic h te r  P h a rm ac eu tica l W orks, B u d ap es t). A fte r R N ase  digestion  the  
u n d ig es te d  an tigen  co m p o n en ts  were se p a ra te d  b y  p re c ip ita tio n  w ith  66%  e th an o l. T rypsin  
d ig es tio n  was stopped  b y  0.1 IV HC1 (p H  6).

Statistical analysis  o f groups d isp lay in g  a b o u t th e  sam e s ta n d a rd  d e v ia tio n  was done 
w ith  St u d e n t ’s t- te st.

R esu lts

1. S tudy o f  the R N P  and < R N P  extracts by agar electrophoresis. V arious 
R N P  ex trac ts  p re p a re d  from  ir ra d ia te d  and  n o rm al an im als w ere sub jected  
to  agar-gel e lec trophoresis. A ccord ing  to  q u a n tita tiv e  ev a lu a tio n , nucleic acid 
d is tr ib u tio n  in th e  ir ra d ia te d  n u c leo p ro te in  e x tra c ts  d iffered  from  th e  norm al 
(T ab le  I). The co m p o n en t pers is tin g  a t  th e  site  of ap p lica tio n  [9], consisting 
m a in ly  of p ro te in  co n ta in in g  a low  am o u n t of nucleic acids, d id  n o t change. 
T h e  q u a n tity  of th e  an tigen ic  slow frac tio n  w as so m ew hat increased  while 
th a t  o f th e  rap id  o ligonucleo tide co m p o n en t I increased  sign ifican tly . The 
q u a n t i ty  of th e  o ligonucleo tide  fra c tio n  I I  decreased ap p rec iab ly  b u t the  
d ifference was s ta tis t ic a lly  n o t s ign ifican t.

T able  I

D istribution* o f nucleic acids in  norm al and in  vivo irradiated R N P  antigen-series in  agar-electro
phoresis

F ra c tio n N o rm al I r ra d ia te d P +

Site of application 3.9 ±  1.49 3.8 +  0.97 >  0.9
Slow fraction 13.5 +  1.49 16.5 +  6.10

R ap id  com ponent I 14.3 +  3.20 20.3 +  4.30 0.02 <  0.05

R ap id  com ponent I I 68.3 +  4.23 59.3 +  6.10 0.05 <  0.1

* Mean of re la tiv e  percen tag es a f te r  s ta in in g  w ith  ga llocyanine  chrom e alum , calculated  
on th e  basis of 7 n o rm al an d  5 ir ra d ia te d  a n tig e n  series.

+ S ta tis tica l s ig n ificance  accord ing  to  i- te s t

2. Im m u n o d iffu s io n  and immunoelectrophoresis o f  R N P  and  ^ R N P  
extracts. No eva luab le  d ifferences w ere observed betw een  ir ra d ia te d  an d  norm al 
an tig en s  e ither b y  lin e a r  double d iffusion  or b y  im m unoelec trophoresis . The 
an tig en  com ponen ts o f th e  v a rious R N P  ex trac ts  d isp layed  s ligh t q u a n tita tiv e  
differences. The d ifferences observed  could n o t be ascribed  to  irrad ia tio n . The
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n u m b e r of th e  d em o n stra ted  an tig en  com ponen ts ranged  from  2 to  8 b o th  fo r 
n o rm al and  ir ra d ia te d  ex trac ts  o rig in a tin g  from  various p rep a ra tio n s . T hese 
co n ta in ed  id en tica l an tigen  com ponen ts agreeing  in  e lec tro p h o re tic  m o b ility .

In  ab so rp tio n  stud ies th e  im m u n e  serum  p roduced  ag a in s t th e  ir ra d ia te d  
e x tra c t  fa iled  to  p rec ip ita te  a fte r  a b so rp tio n  e ith e r  b y  no rm al or b y  irra d ia te d  
R N P  e x tra c t. T he sam e resu lt w as o b ta in ed  on abso rp tio n  w ith  im m une sera  
p ro d u ced  a g a in s t th e  norm al e x tra c t (T able I I ) . In  good ag reem en t w ith  th e  
a b so rp tio n  s tu d ies  th e  irra d ia te d  an d  n o rm al an tigen  com ponen ts d isp layed  
fu ll id e n tity  b y  O s s e r m a n n ’s m eth o d .

Table II

Absorption o f  irradiated and norm al R N P  extracts

Im m u n e  serum
A ntigen

R N P  ^  R N P

a n ti  R N P + +

a n ti  R N P  absorbed by X R N P —

a n ti  ^ R N P + +

a n ti  <iRNP adsorbed by R N P __ —

T he diffusion  coefficients of th e  an tig en  com ponen ts of 4 norm al and  3 
ir ra d ia te d  R N P  ex trac ts  were d e te rm in ed  b y  th e  angu la r d iffusion m eth o d . 
As seen from  T ab le  I I I ,  th e  diffusion coefficients o f th e  ir ra d ia te d  an tigen  co m 
p o n en ts  w ere, as a rule, h igher th a n  tho se  o b ta in ed  for th e  an tig en  com ponen ts 
of n o rm a l p re p a ra tio n s , too.

Table III

D iffu s io n  coefficients o f  the antigen components o f  irradiated and norm al R N P  extracts

A n tig en I* I I I I I IV V V I V II

R n p 32 5.1 + 3.5 2.5 1.5 0.5
R N P 35 7.2 7.2 3.3 2.5 3.3 1.0 4.3
R N P 36 6.4 5.4 4.0 2.6 1.9

R N P 3V 7.3 6.1 1.6

*  RNP.,3 7.2 5.6 4.7 2.2 2.3 0.9

*  R N P 3J 6.9 5.8 3.2 3.3 2.5 1.6
^  R N P 33 9.9 7.2 4.8 2.5 2.0

* A n tig en  com ponents iden tified  in th e  va rio u s e x tra c ts . 
+ D • 10 ~7 cm- • sec • -1
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3. A nticom plem entary  activity. A ccord ing  to  T ab le  IV , th e  p re p a ra tio n  
y ie ld ed  ex trac ts  w ith  h ig h ly  d ifferen t a n tic o m p le m e n ta ry  ac tiv ities. A lthough  
th e  average a n tico m p lem en ta ry  a c t iv i ty  found  fo r th e  irra d ia te d  e x tra c t 
d iffered  from  th a t  o f th e  norm al one, th e  com plem en t b ind ing  cap ac ity  of th e  
e x tra c t  from  th e  ir ra d ia te d  anim als w as som ew hat m ore  m ark ed  th o u g h  th e  
increase  was n o t s ig n ifican t s ta tis tic a lly .

T ab le  IV

Complement f ix a tio n  by R N P  antigens

Antigen Number 
of tests

Bound 
C’H50 units Si X

R N P ,2 19 22.9 7.54

R N P ,5 16 31.1 6.71 22.2

R N P 3C 5 11.3 9.72

R N P n 12 23.5 9.25

■< R N P „ 17 20.2 8.22

*  R N P 34 16 29.6 5.11 34.3

^  R N P , 12 53.2 9.92

Fig. 1. D istrib u tio n  of nucle ic  acids in  n o rm al (a) and  try p sin -d ig ested  (b) R N P  e x tra c t.
A rrow s show th e  s ite  o f ap p licatio n

4. Digestion. T h e  R N P  e x tra c ts  w ere d igested  w ith  try p s in  a t  37 °C 
fo r 24 hours, and  th e  contro l (w ith o u t enzym e) an d  d igested  e x tra c ts  w ere 
com pared . A c h a ra c te r is tic  change could  be  observed in  th e  ag a r-e lec tro p h o re t
ic p rep a ra tio n s  (F ig . 1). T he m obility  o f th e  slow frac tio n  increased and  show ed 
a w ider zone. T he re la tiv e  am ount o f th e  frac tion , th e  nearest to  th e  anode,
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decreased . C orresponding to  th e  slow frac tio n s , th e  s itu a tio n  of only one p re 
c ip ita tio n  line changed  in  th e  im m u n o elec tro p h o re tic  p re p a ra tio n s  (Fig. 2).

T he R N P  e x tra c t w as d igested  also w ith  R N ase a t 37 °C fo r 24 hours. 
B y th e  end  of th e  d igestion  process th e  u n d ig es ted  com ponen ts of th e  sam ples

+ 1 Anti RNP immune serum 1

Fig. 2. Im m u n o e lec tro p h o re tic  p ic tu re  of try p sin -d ig es ted  (b) and co n tro l (a) R N P  e x tr a c t

w ere p re c ip ita te d  w ith  6 6%  alcohol. T he ag a r e lec tro p h o re tic  p rep a ra tio n s  of 
th e  su p e rn a ta n ts  failed to  s ta in  e ith e r w ith  gallocyanine or w ith  am ido b lack . 
T he e lec trophoretic  p ic tu re  of th e  re-d isso lved  p rec ip ita te  (F ig . 3) show ed an 
u n a lte re d  slow frac tion . T h e  su p e rn a ta n ts  h ad  no serological a c tiv ity . In  ah-

a  b
F ig . 3. A gar-e lectrophoretic  d is tr ib u tio n  of nucle ic  acids in R N ase-d ig ested  (b) and

co n tro l (a) R N P  e x tra c t

so rp tio n  an d  in h ib itio n  te s ts  th e  h igh ly  co n cen tra ted  su p e rn a ta n ts  som etim es 
reduced  th e  num ber of th e  p re c ip ita tio n  lines in  th e  area to w a rd  th e  n eg a tiv e  
pole [10]. In  serological reac tio n s  th e  re-d isso lved  p re c ip ita te  b ehaved  ju s t  as 
d id  th e  orig inal ex tra c t.

T he R N P  and  ^ R N P  e x tra c ts  show ed no difference in  digestion .
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D iscussion

I t  has been fo u n d  th a t  th e  q u a n tity  of th e  n o n -an tig en ic  o ligonucleotide 
frac tio n  I and  of th e  an tig en ic  slow co m p o n en t w as h ig h e r in th e  ir ra d ia te d  
e x tra c ts . The v a rious R N A s m ig ra te  a t  d iffe ren t e lec tro p h o re tic  m obility  [11]. 
T h e  ra tio  of R N A s of v a rio u s  origin m ig h t be d iffe ren t in  th e  irra d ia te d  an d  
n o rm a l ex trac ts  an d  th is  is reflected  in  th e  d iffe ren t d is tr ib u tio n  of nucleic  
acids in th e  ag ar-e lec tro p h o re tic  p rep a ra tio n s . A rad ia tio n -in d u ced  change in  
th e  endogenous R N ase  level could also acco u n t for th is  difference. H ow ever, 
th is  assum ption  has n o t been  confirm ed b y  our ex p e rim en ts  [12] accord ing  
to  w hich th e  endogenous R N ase-induced  sp o n tan eo u s d igestion  of :!2P  labelled  
n o rm a l and  irra d ia te d  R N P  ex trac ts  agreed. T he increase in  th e  slow com ponen t 
d id  n o t affect the  an tig e n -a n tib o d y  reac tio n s. S light q u a n ti ta t iv e  d ifferences 
w ere observed in th e  im m unodiffusion  and  im m u n o e lec tro p h o re tic  p re p a ra 
tio n s . Owing to  th e  ex p erim en ta l schedule, th e  e x tra c t w as alw ays p rep a red  
from  d ifferen t g roups of guinea pigs. So, th e  d ifferences observed m ay  be 
ex p la ined  only b y  q u a n ti ta t iv e  d ifferences arising  in  th e  course of p re p a ra 
tio n . The d isap p earan ce  of an  an tigen  d e te rm in a n t or th e  ap p earan ce  of som e 
new  antigen  d e te rm in a n t could no t be d em o n stra ted .

On th e  basis o f th e  diffusion coefficients, th e  m o lecu lar w eight of th e  
an tig en ic  substances in  th e  e x tra c t changed  betw een  a b o u t 20 000 and  a few  
m illions. The d iffusion  coefficients w ere som ew hat h ig h e r in  th e  ir ra d ia te d  
ex tra c ts . This m u s t h a v e  been  exclusively due to  d ifferences in  p rep a ra tio n . O n 
th e  o th e r h an d , one c a n n o t exclude th a t  th e  physico-chem ical s tru c tu re  o f th e  
ir ra d ia te d  R N P  e x tra c ts  ac tu a lly  differs from  th a t  o f th e  no rm al ones.

A ccording to  Y a c h n i n  [13, 14, 15, 16, 17] som e po lynucleo tides (poly  1 
a n d  poly  G) h av e  a n tico m p lem en ta ry  a c tiv ity , w hile th e  n a tu ra l  nucleic acids 
do n o t d isp lay  such  a c h a ra c te r . The fa c t th a t  our R N P  e x tra c t in h ib ited  th e  
a c tiv ity  of guinea p ig  com plem en t c o n tra d ic ts  th ese  s tu d ies . On th e  o th e r  
h a n d , we did n o t use p h en o l for e x tra c tio n  b u t  acidic p re c ip ita tio n  and  h e a t 
d e n a tu rin g  w hich m ig h t h av e  affected th e  secondary  s tru c tu re  of th e  co m 
p o n en ts  in th e  e x tra c t th a t  som e of th em  becam e an tico m p lem en ta ry . I t  
c a n n o t be excluded  th a t  h e a t-d e n a tu re d  tissue  p ro te in  im p urities w ere also 
responsib le  for th e  an tic o m p le m e n ta ry  effect. T he a n tico m p lem en ta ry  a c tiv ity  
of irra d ia te d  an d  n o rm a l e x tra c ts  was a lm o st id en tica l, a h igh  value could be 
observed  only in one of th e  irrad ia ted  e x tra c ts .

H a r r in g t o n  [3] d e m o n s tra te d  increased  nuclease an d  alkaline p h o sp h a 
ta s e  sensitiv ity  in  D N A  iso la ted  from  ir ra d ia te d  ly m p h o b lasts . The irra d ia te d  
an d  contro l R N P  e x tra c ts  could be d igested  w ith  b o th  try p s in  and  R N ase.

Irra d ia tio n  of th e  an im als  did no t ap p rec iab ly  affect e ith e r  th e  an tig en ic ity  
or th e  sensitiv ity  to  enzym es of the  liver ribo n u c leo p ro te in s . The d ifferences 
fo u n d  in th e  diffusion coefficien ts and in th e  e lec tro p h o re tic  m obility , v a ry in g
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fro m  case to  case, could  have  been due to  
well as to  th e  ra d ia tio n  effect itself.

the various p re p a ra tio n  m eth o d s ju s t
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Sum m ary . H u m an  he te ro lo g o u s gam m a-g lobulin  showed no fra g m e n ta tio n  in  th e  guinea 
pig du rin g  2 to  3 weeks. F o r  tw o  weeks a f te r  th e  a d m in is tra tio n  of h u m an  gam m a-globulin  
labelled  w ith  iodine iso topes th e  h ighest specific  a c tiv ity  was found  in  th e  blood. H ig h  values 
were d e m o n s tra ted  in th e  liv e r, k id n ey s and  lungs. Serum  an tibod ies ag a in st h u m an  g am m a
globulin  (0.125 g p ro te in /k g  b o d y  w eight) ap p ea red  on th e  second w eek an d  p e rsis ted  a t  a high 
level even  th ree  m on ths a f te r  im m u n iza tio n .

H u m a n  gam m a-g lobu lin  is w idely  applied  in th e  p ro p h y lax is  o f some 
in fectious diseases. In  H u n g a ry , it  is g iven  to  persons liv ing  in  th e  en v iro n m en t 
of in fec tious h ep a titis  p a tie n ts  and  to  in fan ts  exposed to  nosocom ial s ta p h y lo 
coccal in fections. In  som e cases i t  is also used  for th e  p re v e n tio n  or m itig a tio n  
of m easles.

G am m a-globulin  p ro p h y lax is  w as f irs t  recom m ended and  used  b y  St o k e s  
and  o th e rs . In  H u n g a ry  Csapó  et al., S o l t , St o l l , L o s o n c z y  an d  o th ers  re 
p o rte d  on th e  resu lts  o f m ass in o cu la tio n s [2, 7, 10, 11, 12, 23, 33, 37, 38].

In  th e  opinion of Csapó  et al. hum an  gam m a-globulin  (H G G ) induces 
b o th  ac tiv e  and  passive  im m u n ity  ag a in s t in fectious h e p a titis  [11]. O ther 
au th o rs  re jec t th is  op in ion  or regard  H G G  as an  agen t ex e rtin g  a v e ry  doub tfu l 
ac tiv e  im m unizing  e ffec t [8, 21].

H G G  is p roduced  from  th e  b lood o f donors or from  p la c e n ta l b lood. As it  
is p re p a re d  from  pooled b lood  sam ples ta k e n  from  400 to  800 or m ore ind iv iduals 
p e r b a tc h , i t  is safe a n d , a p a r t  from  a few sporad ic  local reac tio n s, causes no 
p o stim m u n iza tio n  com plica tions. A llergic reactions a fte r  H G G  a d m in is tra tio n  
are ra re ly  encoun tered  [8]. H G G  is u su a lly  given by  deep in tra m u sc u la r  in 
jec tio n .

In  th e  p resen t s tu d y  we in v e s tig a te d  th e  ap p earan ce , level an d  p e rs is t
ence o f H G G  in th e  c ircu la tio n , its  deposition  in th e  organs an d  th e  im m u n o 
genic effect of various doses of hetero logous HGG.

T h e  m etabolism  o f m acroglobulins was s tu d ied  b y  severa l au th o rs  
[1, 4 —6, 31, 39 ,40]. In  th e  p resen t ex p erim en ts , sim ilarly  to  o th e r  in v estig a tio n s 
using d ifferen t p ro te in  an tig en s [3, 9, 13, 14, 16, 17, 19, 20, 24, 25, 27, 28, 30,
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31, 34], th e  an im als w ere im m unized  w ith  a he tero logous p ro te in , e thano l- 
fra c tio n a ted  HGG.

M aterials and m ethods

A nim als . The gu in ea  pig was chosen, p a r tly  because i t  is easy  to  hand le  and su itab le  
fo r im m unological ex p erim e n ts , and  p a r tly  because i ts  n a tu ra l globulin  and  gam m a-globulin  
leve l is fa irly  low.

T here are few d a ta  fo r th e  p ro te in  com position of gu inea pig serum  [18, 35]. To estab lish  
th e  no rm al values, tw o g ro u p s  of 14 guinea pigs each w ere exam in ed  fo r p ro te in  c o n ten t and 
p e rce n ta g e  d is trib u tio n  o f se ru m  p ro te in  com ponents (T able I). T o ta l p ro te in  was de term ined  
b y  th e  m icro-K jeldahl m e th o d  an d  by  paralle l specific g ra v ity  m easu rem en ts  using the  P h il
l ip s—v a n  Slike m ethod . S e p a ra tio n  and q u a n tita tiv e  d e te rm in a tio n  o f serum  pro teins were 
p e rfo rm ed  by  paper e lectro p h o resis [15].

H ealth y  fem ale, n o n -p re g n a n t guinea pigs w eighing 180 to  260 g, were d is trib u ted  in to  
2 m ain  groups.

Group I. T h irty  an im a ls  w ere d iv ided in to  3 subgroups. E ac h  of th em  in th e  ap p ro p ria te  
su b g ro u p  received 100, 50 or 25 m g (0.500, 0.250 or 0.125 g p ro te in /k g  bo d y  w eight) of “ cold” 
(un lab e lled ) HGG. B lood sam ples were tak en  by  in tra ca rd iac  p u n c tu re . Serum  p ro te ins w ith  
spec ia l regard  to gam m a-g lo b u lin  were de term ined  by  p a p e r e lectrophoresis. The hetero logous 
H G G  an tigen  and an tib o d ies  p ro d u ced  against i t  were d e te rm in ed  by  im m unological m ethods 
as follows.

(a) D e term in a tio n  o f H G G  level in guinea pig serum  w as p e rfo rm ed  by  linear im m une 
d iffu sio n  using horse serum  re ac tin g  w ith  hum an  im m une globulins as described by  Ou d in  
[2 9 1. T he HGG co n ten t o f te s t  sera was d e term ined  in com parison  to  s ta n d a rd  d ilu tio n s 
o f  H G G .

(b) For determ in ing  th e  an ti-H G G  titre  in gu inea  pig serum , R h  positive  (D positive) 
w ash ed  h um an  e ry th ro c y te s  w ere sensitized  w ith  hu m an  an ti-D  blood g rouping  serum . The 
susp en sio n  was incu b a ted  a t  37 °C for 1 hour, th en  th e  e ry th ro c y te s  were w ashed th ree  tim es in 
sa lin e , resuspended to 2 %  co n ce n tra tio n  and added  to  serial se rum  d ilu tions p repared  in 
T a k á t s y ’s m ic ro titra to r. A fte r  1 h o u r incu b a tio n  a t  37 °C th e  h ighest serum  dilu tions ag g lu ti
n a tin g  th e  sensitized e ry th ro c y te s  were determ ined . The re su lts  are p resen ted  in Figs 1 and 2.

Group I I .  I31I-H H G  w as given to  10, 125I-H G G  to  a n o th e r  10 anim als.
H u m an  gam m a g lo b u lin  (com m ercial p re p ara tio n , In s t i tu te  for Serobacteriological 

P ro d u c tio n  and R esearch , H u m a n , B ud ap est) was labelled  w ith  131I and  125I by  using the  
m e th o d  of V ea ll , P ea rso n  a n d  H a n ley  [43] and  McF a r la n e  [26]. T he n a tiv ity  of labelled 
H G G  was checked by  ag ar e lectrophoresis and im m unoelectrophoresis according to  Os se r - 
m a n n  and  Scheid  EGGER. A ll p re p a ra tio n s  used in th e  ex p erim en ts  re ta in e d  th e ir n a tiv ity .

Table I

P rotein components o f  guinea p ig  serum

N o. o f
Album in

G lobulins, re la tiv e  p e r cen t

a lp h a j a lp h a . b e ta gam m a

14 56—64 2 - 3 1 1 - 1 7 10— 12 i l -  16
14 58- 64 1.5— 2.8 1 1 .3 -1 7 .5 10.2— 12.2 11.1- 16.5

T o ta l p ro tein , 4 .0— 5.5 an d  4.1 6.1 g per 100 ml

R esults

A fte r in jecting  la rg e  doses of HGG (0.500 g p ro te in /kg ) in to  guinea pigs 
th e  gam m a-globulin  serum  level (to ta l p ro te in  m ig ra tin g  on th e  p ap e r strip  a t 
th e  s ite  of gam m a-g lobu lins =  th e  an im al’s own gam m a-g lobu lin  -f- th e  in 
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je c te d  hetero logous gam m a-globulin) reached  a m ax im u m  v alue  a f te r  3 days. 
This level decreased  slowly in  3 to  6 w eeks to  a m in im um  still h ig h er th a n  th e  
no rm al level. S u b seq u en tly  a new  rise  due to  specific a n tib o d y  p ro d u c tio n  w as 
observed . T his com plex  gam m a-g lobu lin  rem ained  a t  high levels (40 to  45 
re l% ) an d  could be d e tec ted  a fte r 8 to  10 w eeks even b y  p ap e r e lectrophoresis, 
a less sensitive  m eth o d .

Fig. 1. G am m a-g lobu lin  level in guinea pig serum  a f te r  th e  ad m in is tra tio n  of HG G  in doses о 
0.500 g p ro te in /k g  (em p ty  colum ns), 0.250 g p ro te in /k g  (sh ad ed  colum ns) and 0.125 g p ro te in /k g

(b lack  colum ns)

W hen  sm all p ro te in  doses (0.125 g/kg) w ere given, th e  rise in  g lobulin  
frac tio n s  could n o t be show n w ith  p a p e r e lec trophoresis in  th e  f irs t  w eeks. 
F rom  th e  3rd  to  4 th  week onw ard  th e  gam m a-g lobu lin  level increased  sign if
ic a n tly  and  rem ain ed  a t a level m ore  th a n  doub le  th e  no rm al still a f te r  10 to  
11 weeks.

T he resu lts  o f im m unological ex p erim en ts  w ith  “ cold”  (no t labelled) 
g am m a-g lobu lin  u sin g  th e  linear im m u n e  diffusion  tech n iq u e  an d  passive  
h a e m a g g lu tin a tio n  can  be sum m arized  as follows.

1. A ccord ing  to  a ty p ica l ex p e rim en t th e  d isap p earan ce  of g am m a-g lo b u 
lin  g iven in  large  doses (0.500 g p ro te in /k g ) occurred  in  th ree  p h ases .T h e  half-life  
of th e  an tig en  w as a p p ro x im a te ly  5 days in  p h ase  1, 23 to  25 days in  p h ase  2, 
an d  4 to  5 days in  phase 3.

2. W hen  th e  an tig en  was in jec ted  in  m ed ium  doses (0.250 g p ro te in /k g ), 
a tw o -p h ase  c learance  was observed. T he half-life  w as ap p ro x im a te ly  4 day s 
in  p h ase  1 an d  6 day s in  phase 2.

3. A fte r th e  ad m in is tra tio n  of sm all doses (0.125 g p ro te in /k g ), th e  
an tig en  d isap p eared  in  tw o phases ch a rac te rized  b y  a p p ro x im a te ly  4 an d  1 d ay  
half-lives.
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Tim e course o f  antibody production. 1. A n tib o d y  p ro d u c tio n  s ta r te d  50 
d ay s  a fte r th e  a d m in is tra tio n  of large doses an d  show ed a rising  te n d e n c y  even 
on  th e  87th  day.

2. M edium  doses gave rise to  d e te c ta b le  an tibod ies on th e  20 th  d ay ; 
m ax im u m  levels w ere reached  betw een  th e  4 5 th  an d  62nd days.

F ig . 2. Serum  level, H G G  an tig en  and an tib o d ies  p ro d u ced  ag a in st i t  in gu in ea  pigs. HG G  
doses: 0.500 g p ro te in /k g  (d o tte d  line), 0.250 g p ro te in /k g  (dashed  line) and  0.125 g p ro te in  kg

(solid line)

3. Sm all doses s ta r te d  an tib o d y  p ro d u c tio n  on th e  10th d ay . M axim um  
levels h ad  been reached  b y  th e  30th  d ay  an d  were m a in ta in ed  a lm o st w ith o u t 
decline even a t th e  8 0 th  day.

A ccordingly, an  asssociation  w as d e m o n s tra te d  betw een  th e  an tig en  dose 
a n d  th e  ap p earan ce  of specific im m u n e  response. H u m an  gam m a-g lobu lin  
p e rs is ted  w ith o u t a lte ra tio n  in th e  an im als fo r 18 days. Im m unoelec trophoresis  
of gu inea  pig sera ta k e n  a t  various in te rv a ls  show ed no evidence o f f ra g m e n ta 
tio n .

Radioactivity measurements. D ifferences in th e  gam m a-g lobu lin  level in 
in d iv id u a l anim als a f te r  in jec ting  labelled  H G G  w ere dete rm in ed  b y  whole 
b o d y  a c tiv ity  m easu rem en t. The co rrec tion  fac to rs , w hich should  be considered
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Fig. 3. T im e course of 131I-H G G  a c tiv ity  in  the  blood of gu in ea  pigs
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Fig. 4. R e te n tio n  o f 131I in  guinea pigs

in  such  ty p es of ex p erim en t for all p a ra m e te rs  of th e  an im als in  o rd er to  c o rre 
la te  th e  resu lts  for an  equal level of ra d io a c tiv ity  adm in istered , w ere e stab lish ed  
fo r each guinea pig.

Blood and  organs were exam ined  b y  m eans of an energy se lective c o u n te r  
sup p lied  w ith  a w ell-type  N a l(T l)  d e te c to r . T he pap er e lec tro p h o re tic  ex am i
n a tio n  of 131I-gam m a-g lobu lin  was checked  by  ra d io a c tiv ity  m easu rem en t 
p rio r  to  a d m in is tra tio n  to  th e  an im als.
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I t  has been  considered  im p o rta n t to  d e te rm in e  ra d io a c tiv ity  in th e  b lood  
o rig inating  from  m I-H G G , since sign ifican t d ifferences m ay  in th is  re sp ec t 
ex ist betw een  in d iv id u a l anim als.

D uring  th e  f i r s t  5 to  6 days th e  a c t iv i ty  in  1 m l b lood  was 1%  of th e  a d 
m in iste red  a m o u n t, a fin d in g  in d ica tin g  a d u rab le  gam m a-g lobu lin  exposition . 
D ifferences a t t r ib u ta b le  to  a d m in is tra tio n  cond itions h a d  been equalized b y  
th e  6 th  day , b u t  la te r , in  consequence o f th e  rap id  c learance  of th e  an tig en , 
th e y  again becam e considerab le .

S u b seq u en t e x am in a tio n s  w ere c o n d u c ted  only  in  an im als show ing no 
s ign ifican t d ifferences in  w hole bo d y  ra d io a c tiv ity  a f te r  receiving labe lled  
H G G . A fter 14 d ay s, 2 to  6-fold d ifferences ex isted  in  th e  re ten tio n  of th e  a n t i 
gen. This fin d in g  m eans th a t  anim als w ith  iden tica l p a ra m e te rs  m ay e x h ib it 
4 to  70-fold d ifferences in  th e  ra d io a c tiv ity  of th e ir  blood (Fig. 3). E ach  p o in t 
in  Fig. 3 rep resen ts  th e  average  of m ore th a n  5 in d iv id u a l d e te rm ina tions.

F rom  th e  131I re te n tio n  curve th e  degree of ex cre tio n  m ay  be es tim a ted . 
T his curve, s im ila rly  to  th a t  rep resen tin g  th e  specific a c tiv ity  in blood, show s 
a b reak  a t ab o u t th e  4 th  to  6 th  day. E ach  p o in t in Fig. 4 rep resen ts th e  av e rag e  
o f m ore th a n  10 in d iv id u a l d e te rm in a tio n s .

E v a lu a tio n  of rad io m etric  m easu rem en ts  in  o rgans w as lim ited  b y  th e  
sm all n u m b er of sam ples. Specific a c tiv ity  w as h ighest in  th e  liver; th e  lungs 
an d  k idneys also show ed high values. W ith in  14 day s h igher a c tiv ity  w as 
m easu red  in 1 m l b lood  th a n  in  an y  o f th e  organs.

D iscu ssion

The d is tr ib u tio n  of H G G  in th e  o rgans of th e  gu inea  pig, changes in  th e  
serum  globulin  level, dynam ics of ex c re tio n  and  seco n d ary  body responses 
h av e  been ex am in ed . A fte r in tra m u sc u la r  a d m in is tra tio n  of norm al an d  131I 
or 125I-labelled  H G G  th e  resu lts  were e v a lu a te d  by  im m unobiological, im m u n o 
chem ical, p a p e r e lec tro p h o re tic  and  ra d io a c tiv ity  exam in a tio n s. HGG g iven  
in  large doses (0.500 g p ro te in /kg ) show ed no f ra g m e n ta tio n  in  guinea pigs fc r  
an  average of 18 d ay s  an d  its  excretion  la s te d  for 6 w eeks. HGG was ex cre ted  
w ith in  2 weeks w hen  given in  sm aller doses (0.125 g p ro te in /kg ).

Specific an tib o d ie s  against 0.500 g p ro te in /k g  H G G  appeared a f te r  6 
w eeks. Doses of 0.125 g p ro te in /k g  in d u ced  an tib o d y  p ro d u c tio n  from  th e  2nd  
w eek onw ard ; h igh  a n tib o d y  levels w ere show n even 12 weeks after im m u n i
za tion .

Iod ine-labelled  H G G  show ed 1%  o f th e  ad m in is te red  ac tiv ity  in  1 rr_l 
b lood on th e  1st w eek. T his find ing  in d ica te s  a d u rab le  gam m a-globulin  ex p o 
sition . Two w eeks a f te r  ad m in is tra tio n , b lood  a c tiv ity  decreased to  v e ry  low 
levels.
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A m ong th e  organs th e  h ighest a c tiv ity  was ex h ib ited  by  th e  liver. H igh  
a c tiv ity  w as show n also b y  th e  lung  an d  k idneys. In  2 weeks specific a c tiv ity  
w as h ig h er in  th e  b lood  th a n  in  an y  of th e  exam ined  organs. W ith in  th is  
in te rv a l th e  ly m p h  nodes show ed a te n d e n c y  to  accu m u la te  increasing am o u n ts  
of ra d io a c tiv ity .
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EFFECT OF DIBROMOMANNITOL 
ON THE DEXTRAN-INDUCED INCREASE 
OF LOCAL CAPILLARY PERMEABILITY 

AND ON THE ANAPHYLACTOID REACTION
B y

G. L ázá r

In s titu te  o f  Pathophysiology  (Director: S. K a r á d y ), U niversity  M edical School, Szeged

(R eceived J u ly  3, 1968)

Sum m ary . P re tre a tm e n t of ra ts  w ith  d ib ro m o m an n ito l considerab ly  suppressed  th e  
increase  o f  cap illa ry  p e rm eab ility  elicited by  H a l p e r n  an d  B r io t ’s m ethod  and  also th e  dex- 
tran - in d u ce d  a n ap h y lac to id  reaction . C onsidering th e  decisive role of h istam ine  an d  sero ton ine  
re lease  in  th e  d e x tran -in d u ced  an ap h y lac to id  re ac tio n  of th e  r a t  and  th e ir  supposed  ro le in 
th e  p a th o g en esis  o f th e  local S hw artzm an  ph en o m en o n , suppression  of th e  S h w artzm an  re ac 
tio n  b y  n itro g en  m u s ta rd  and  its  deriv a tiv e  d ib ro m o m an n ito l m ig h t be due n o t o n ly  to  th e ir  
leukopen ic  action , b u t  also to  th e  a lte red  re a c tiv i ty  o f th e  tissues.

S uppression  of th e  S hw artzm an  reac tio n  b y  leukopen ia  inducing  agen ts, 
su ch  as n itro g en  m u sta rd , benzene or X -ray s , w as described b y  B e c k e r  [1] 
w ho a t tr ib u te d  th e  effect p rim arily  to  ren d erin g  th e  endothelia l cells “ an erg ic” 
to en d o tox in . As s ta te d  by  B e c k e r  “ I t  is p o s tu la te d  th a t  th e  m echan ism  of 
suppression  b y  th ese  agents is ex e rted  th ro u g h  th e ir  specific b u t  com m on 
suppressive  ac tion  on th e  re ticu lo en d o th e lia l sy stem , p rim arily  th e  v ascu la r  
en d o th e liu m . T hese endo thelia l cells being  ren d ered  anergic are n o t able to  
re a c t to  th e  ac tiv e  princip les in  a w ay  th a t  o therw ise  w ould be se lf-d e s tru c 
t iv e .”  This h y p o th esis , based on th e  d irec t “ tis su la r”  ac tion  of th e  said  ag en ts  
w as re jec ted  an d  th e  suppressive ac tio n  w as ascribed  to  th e  leukopen ia .

S tud ies b y  A n t o p o l  and  Ch r y s s a n t h o u  [2, 3] th e n  again  drew  a tte n tio n  
to  th e  role of tis su la r  fac to rs in th e  S h w artzm an  phenom enon , as th e y  suggested  
th a t  th e  release of biogenic am ines p lay ed  an  im p o r ta n t p a th o g en e tic  p a r t .  
W ith  th ese  fac ts  in  m ind , we have exam ined  th e  in fluence  on tissue  re a c tiv ity  
of th e  leukopen ia-inducing  n itrogen  m u s ta rd  d e riv a tiv e  d ib ro m o m an n ito l.

M aterials and m ethods

M ale a lb ino  ra ts  o f th e  R A m sterdam  s tra in , 180— 220 g in w eight, fed a s ta n d a rd  la b o 
ra to ry  d ie t, w ere used  th ro u g h o u t. The an im als w ere tre a te d  in trav en o u sly  w ith  4 m g/100 g 
d ib ro m o m an n ito l (D egranol) on tw o su b seq u en t days. T he exp erim en t was s ta r te d  a f te r  48 
hours.

T he d ex tran -in d u ced  increase of cap illa ry  p e rm eab ility  was exam ined  b y  H a l p e r n  
and  B r io t ’s m ethod  [4] on 10 d ib ro m o m an n ito l tr e a te d  and  10 u n tre a te d  co n tro l ra ts . 
Follow ing th e  in tra v en o u s  ad m in istra tio n  of 0.5 m l/100 g of a 1%  E vans blue so lu tio n  3 fig 
o f d e x tra n  (G L A X O ; m olecu lar w eight 130,000) was in jec ted  in trad erm a lly  in to  th e  dep ila ted  
d o rsa l sk in  of th e  an im als . T h ir ty  m inu tes la te r  th e  r a ts  w ere killed.
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F u rth e r  10 a n im a ls  were used  to  ex am ine  th e  a b ility  to an ap h y lac to id  reac tio n . A 30 
m g/100 g dose of d e x tra n  was ad m in iste red  in tra p e rito n e a lly  and  th e  e x te n t o f th e  ensuing 
an ap h y lac to id  re ac tio n  w as assessed b y  d e te rm in in g  th e  w a te r  c o n ten t of th e  h in d  legs. Two 
h o u rs  a fte r th e  in je c tio n  of d ex tran  th e  an im als w ere k illed  and  th e ir  h ind  legs w ere w eighed 
im m ed ia te ly  and  a f te r  d e h y d ra tio n  in a  56 °C in c u b a to r  fo r one week. The w a te r  c o n te n t was 
re la te d  to 1 g d ry  m ate ria l.

E v a lu a tio n  of th e  resu lts  was done b y  St u d e n t ’s t- te s t.

R esults

P re tre a tm e n t w ith  d ib ro m o m an n ito l re su lted  in  a considerab le  decrease 
o f th e  leukocyte  c o u n t (Fig. 1).

In  such ra ts  th e  increase of  cap illa ry  p e rm e a b ility  elicited b y  H a l p e r n  an d  
B r i o t ’s m ethod  w as m arked ly  suppressed . T h e  co n tro l ra ts  ex h ib ited  an  in te n 
sive b lue area 1 cm  in d iam eter, w hereas in  th e  tre a te d  ra ts  th e  a rea  w as ju s t  
s lig h tly  blue in  co lo u r (Fig. 2).

D ib ro m o m an n ito l s ig n ifican tly  in h ib ite d  th e  developm ent of d e x tra n  
oedem a (Fig. 3).

Two hours a f te r  eliciting th e  a n a p h y la c to id  reac tion  th e  w a te r  c o n te n t of 
th e  h ind  ex trem itie s  o f th e  con tro l an d  tre a te d  an im als w as 1690 an d  1160 mg, 
respective ly , as re la te d  to  1 g d ry  m a te ria l. T h u s, p ro tec tio n  ag a in st th e  a n a 
p h y lac to id  reac tio n  w as sign ifican t s ta tis tic a lly .

D iscu ssion

The role o f leu k o cy tes  in  th e  p a th o g en esis  o f th e  S h w artzm an  reac tio n  
h as  ex tensively  been  s tu d ied , b u t  opinions concern ing  th e ir  role in  th is  c o n te x t 
a re  n o t uniform . S t e t s o n  and  G o od  [5] a tta c h e d  a decisive im p o rtan ce  to  th e  
m etabo lic  change a n d  consequen t lac tic  acid  increase  due to  leu k o cy tic  in 
f iltra tio n  a t th e  s ite  of th e  p re p a ra tiv e  en d o to x in  in jec tion , an d  suggested  
th a t  th e  m etabo lic  change en h an ced  th e  effect o f in trace llu la r p ro teo ly tic  
enzym es. In  p rev ious stud ies [6] we h av e  succeeded  in  eliciting a local S h w a rtz 
m an  reaction  b y  in jec tin g  en d o to x in  in to  ra b b its  and  guinea pigs follow ing 
cu tan eo u s p re p a ra tio n  w ith  ra b b it , gu inea  p ig  an d  r a t  p e rito n ea l leu k o cy te  
suspension . T he phenom enon  has been  a t t r ib u te d  to  th e  m ononuclear cells, 
a b ility  to  tra n sfe r  la te  ty p e  “ en d o to x in  h y p e rse n s itiv ity ” . Follow ing p re p a ra 
tio n  of th e  ra b b i t ’s sk in  w ith  leu k o cy te  g ranu les, T h o m a s  [7] elicited  a h aem o r
rh ag ic  cu taneous reac tio n  b y  th e  in tra v e n o u s  in jec tio n  of endo tox in . H a l p e r n

[8] succeeded in in h ib itin g  th is  reac tio n  w ith  a p o lypep tide  of an tip ro te a se  
ac tio n . I t  is be lieved  th a t  in  th e  local tissu e  dam age associa ted  w ith  th e  
S h w artzm an  re a c tio n  th e  tissue d e s tru c tiv e  enzym es released from  th e  le u 
k o cy tic  lysosom es a re  of p rim ary  im p o rtan ce .

Concerning th e  pathogenesis o f th e  local S h w artzm an  reac tio n , A n t o p o l  
a n d  Ch r y s s a n t h o u  [2, 3] w ro te  a b o u t th e  tissu e  response to  en d o to x in  as
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follows: . . th e  classical S hw artzm an  phenom enon  invo lves several tissu e
responses m ed ia ted  b y  m u ltip le  agents, inc lud ing  b ra d y k in in  and  sero ton in , 
w hich are seq u en tia lly  or sim u ltaneously  released  in  a ch a in  reaction  in itia te d  
by  en d o to x in ” . S c h a y e r  [9] as well as H i n s o w  et al. [10] p o in ted  to  th e  cen tra l 
role of en d o to x in  in th e  h istam ine-re leasing  effect. O ur find ings ap p ear to

Fig. 1. Change of leukocy te  co u n t un d er th e  influence of d ib ro m o m an n ito l trea tm e n t 
A : con tro l: B : 48 hours a fte r t r e a tm e n t  w ith  d ib ro m o m an n ito l

[ Fig. 2. C apillary  p e rm eab ility . A: con tro l; B : p re tre a te d  w ith  d ib ro m o m an n ito l

agree w ith  th e  th eo ry  offered by  B e c k e r  [ 1 1 in th a t  d ib rom om ann ito l, in  
add ition  to  inducing  leukopen ia , seems to  a lte r  tissue  re a c tiv ity . In  ra ts  p re 
tre a te d  w ith  d ib ro m o m an n ito l th e re  was a m ark ed  suppression  of H a l p e r n  
B r io t ’s cap illa ry  p e rm e a b ility  increase a n d  of th e  a n a p h y la c to id  reac tio n  as
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w ell. C onsidering th a t  in  th e  d e x tra n -in d u c ed  an ap h y lac to id  reac tio n  o f th e  
r a t  th e  release of h is tam in e  an d  se ro to n in  p lays a decisive ro le [11] an d  th e se  
su b stan ces  are of im p o rtan ce  also in  th e  pa thogenesis  of th e  local S h w artzm an  
re a c tio n , it  seems like ly  th a t  its  su p p ressio n  by  n itrogen  m u s ta rd  and  d ibro- 
m o m an n ito l is due n o t  only  to  th e  in d u ced  leukopen ia  b u t  also to  th e  a l te ra 
tio n  of tissue re a c tiv ity .

F ig . 3. A n ap h y lac to id  re ac tio n  as assessed b y  th e  w a te r  c o n ten t o f th e  h in d  legs. A: co n tro l, 
u n tr e a te d ;  В : con tro l, a f te r  d e x tra n  tre a tm e n t;  C: tre a te d  w ith  d ib ro m o m an n ito l an d  d e x tra n
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BACTERIOLOGICAL MODEL EXPERIMENTS 
ON RADIOSTERILIZATION OF CATGUT
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(R ece ived  A u g u s t 5, 1968)

Sum m ary . T he ste rilizing  dose of io n iz in g  ra d ia tio n  has been d e te rm in ed  by  exam in ing  
th e  n a tu ra l b a c te ria l co n ta m in a tio n  of g u t sam p les and perform ing  m odel ex p erim en ts  w ith  
sheep in te s tin e  in te n tio n a lly  c o n ta m in a te d  w ith  aerobic spore-bearing  bacilli.

The D 10 v a lu e  was a b o u t tw ice h igher fo r  spores enclosed in  th e  inside  of c a tg u t su tu re s  
th a n  fo r spores d ried  on p a p e r discs, i.e. a  tw o fo ld  dose was req u ired  fo r sterilizing  c a tg u t sam 
ples loaded  w ith  th e  sam e n u m b er of spores. O n th e  basis of th e  f in d in g s , a dose of 3.5 M rad  
ensu ring  a bacterio log ica lly  sa tis fac to ry  sa fe ty  fa c to r (106) is recom m ended  for c a tg u t s te rili
zation .

R ad ia tio n  s te riliza tio n  of su rg ica l su tu rin g  m a te r ia l an d  o th e r m edical 
item s has been  used  since 1958. In d u str ia l-sca le  ap p lica tio n  of th e  m ethod  
w as f irs t in tro d u ced  in  th e  U .S .A ., th e n  in  E ng land , C an ad a  an d  A ustra lia . 
T echnical d ifficu lties in  th e  s te riliz a tio n  of ca tg u t, a h ea t-sen s itiv e  p ro d u c t, 
h av e  forced th e  in d u s try  to  seek fo r m e th o d s ensuring m ore  effective s te rili
za tio n  an d  less in ju rio u s processing  th a n  th e  cu sto m ary  chem ical t re a tm e n t. 
In tro d u c tio n  o f ra d ia tio n  s te riliz a tio n  h as  been enhanced  b y  th e  obvious a d 
v a n ta g e  th a t  th is  te ch n iq u e  p e rm its  s te riliz a tio n  in th e  f in a l, sealed co n ta iner. 
In  th is  m an n e r th e  d ifficu lt an d  ex p en siv e  packaging p rocess is d ispensed  w ith  
an d  c o n ta m in a tio n  of th e  m a te ria l d u rin g  packaging  is p e rfe c tly  p rev en ted .

T he f irs t  stud ies, based  on p ra c tic a l observations, led  to  th e  choice of a
2.5 M rad  ste riliz ing  dose fo r c a tg u t [1, 2]. I t  is know n th a t  th e  n u m b er of 
b a c te ria  h ig h ly  in fluences th e  e ffec tive  dose of ra d ia tio n  an d  several au th o rs  
have  p o in ted  o u t th a t  th e  em pirical 2.5 M rad  dose is su ffic ien t only  w hen  th e  
level of co n tam in a tio n  can  be lim ited  to  a certa in  degree. T he questio n  is, ac
cord ing ly , w h a t is th e  low est dose y ie ld in g  an  acceptab le  sa fe ty  a t  a given level 
o f co n tam in a tio n .

T he p rob lem  m ay  be ap p ro ach ed  in  tw o m anners. One of th em  is to  
su b jec t p rep a ra tio n s  su b jec tin g  th e ir  n a tu ra l c o n ta m in a n t flo ra  to  various 
doses of ir ra d ia tio n , th e n  to  perfo rm  s te r ility  te sts . T he use of th e  cu sto m ary  
s te r ility  te s ts  as an  in d ic a to r  of th e  effectiveness of s te riliz a tio n  has recen tly  
been  critic ized  b y  som e au th o rs  [3 — 5]. I t  has been conc luded  th a t  th e  dose 
req u irem en t an d  th e  m arg in  of s a fe ty  can m ore re liab ly  he ca lcu la ted  by
(1) d e te rm in a tio n  of th e  c o n ta m in a tio n  level before s te riliz a tio n , (2) exam ina-
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t io n  of th e  effectiveness o f th e  given ste riliza tio n  m ethod  in m odel experim ents.
(3) reliable physica l co n tro l of th e  dose p a ram e te rs  of th e  steriliz ing  agent [6].

W e have p e rfo rm ed  ex perim en ts accord ing  to  th e  above, in  certa in  m inor 
d e ta ils  debated , b u t  in  basic  fea tu res  co rrec t, p rincip les. W e exam ined sheep 
in te s tin e , the  raw  m a te r ia l  o f c a tg u t p ro d u c tio n , for n a tu ra l b ac te ria l co n tam 
in a tio n  using sam ples exposed an d  no t exposed to  v a rio u s processing te c h 
n iques. For ra d ia tio n  s te riliza tio n  experim en ts we e lab o ra ted  a te s t model 
y ie ld ing  d a ta  as to  th e  p ro tec tiv e  ac tion  of an im al in te s tin a l tissue  on th e  con
ta m in a tin g  flora.

M aterials and m ethods

Raw  intestine and catgut preparations. T h ree  d ifferen t lo ts of d ried  raw  sheep in testine  
sh ip p ed  from  two d iffe ren t p la n ts  were tes ted . N on-iodized gut. T he in te s tin e  was trea ted  w ith  
so d iu m  hydroxide an d  p o tass iu m  c a rb o n a te , th e n  cleaned m echan ically , tw isted  and dried . 
Iod ized  catgut. The g u t s tra n d s  w ere tre a te d  as in d ica ted  above, th e n  exposed  to  d ilu te  iodine 
so lu tio n . Form alinized gu t  w as p rep ared  in th is  m an n er ex cep t th a t  fo rm alin  was su b s titu te d  
fo r iodine solution. T he su tu re s  w ere p rep ared  from  tw o s tra n d s  o f lo n g itu d in a lly  halved g u ts; 
th e y  corresponded in th ic k n e ss  to  0 00 according to th e  u sua l m ark ing .

Viable counts. T he sam ples were cu t in to  pieces 10 cm in len g th , th e n  hom ogenized by  
g rin d in g  in saline. A p p ro p ria te  a liquo ts o f th e  hom ogenate  were p la te d  o n to  blood agar p la tes . 
O th e r  aliquots were m ix ed  in  P e tr i dishes in to  10 m l po rtio n s of th io g ly co la te  agar m edium  
a t  45 °C; after h a rd en in g  th e  p la tes  were overlayered  w ith  20 ml th io g ly co la te  agar m edium . I t  
w as assum ed th a t  th e  th io g ly co la te  m edium  w ould p ro m o te  th e  g ro w th  of b o th  aerobic and 
an aero b ic  b acteria  and  th u s  th e  d ifference betw een  colony coun ts on blood ag ar and on th io g ly 
c o la te  agar w ould in d ic a te  th e  n u m b er of anaerob ic  organism s. B o th  k inds of m edium  were 
in cu b a ted  a t 37 °C for 48 h ours.

Organisms used in  model experim ents. B acillus p u m ilu s  E  601, B . subtilis  subsp. n iger 
NCTC 10073 and B. stearotherm ophilus N C IB  8919.

Preparation o f  spore suspensions. T he organism s were c u ltu red  on  sp o ru la tion  agar 17 | 
in  R oux  flasks a t  37 °C (В . p u m ilu s  and  B . sub tilis) or 56 °C (B .  stearothermophilus) u n til 
m a lach ite  green—safran in e  s ta in in g  in d ica ted  a t  least 90%  spo ru la tio n . T he cu ltu re  was th en  
w ash ed  off w ith  d istilled  w a te r , passed  th ro u g h  G2 Je n a  glass f ilte r  an d  w ashed  th ree  tim es in 
d is tilled  w ater. The su sp en sio n  was hom ogenized by  shak ing  w ith  glass beads, then  filte red  
th ro u g h  G3 then  G4 f ilte rs . F in a lly  th e  spores were boiled for 5 m in u tes  an d , to  prom ote th e  
au to ly sis  of vegeta tiv e  cells, sto red  for 1 w eek a t  4 °C.

Preparation o f  models. V iable coun ts in th e  b asa l suspensions p rep ared  as described 
a b o v e  were de te rm in ed  b y  p re p arin g  p o u r p la te s  w ith  g lucose-T ripkaz in  ( try p tic  digest of 
casein) agar [7]. The b asa l suspensions were d ilu ted  to  th e  req u ired  spore coun ts w ith  distilled  
w a te r . P ap er discs 12 m m  in  d iam ete r, p rep ared  from  M acherey-N agel No. 214 paper, were 
im p reg n a ted  so as to  c o n ta in  106 spores per disc an d  dried  a t  room  tem p e ra tu re .

Sheep intestine  w as p re p a re d  as follows. D ry  specim ens of one lo t w ere cu t into s tran d s 
a b o u t  1 m etre  in len g th , so aked , w ashed and  pre-sterilized  w ith  a 2.5 M ra d  dose of gam m a 
ra d ia tio n . The d ilu ted  spore  suspension was sucked  up  in to  a tu b e rc u lin  syringe f itte d  w ith  a 
N o. 1 R ecord needle. O ne en d  of th e  in te stin e  was lig a ted  w ith  sterile  su tu re ; a t the  o th er end 
th e  needle was in se rted  in to  th e  lum en and th e  whole in te stin e  was p u lled  up  on the  needle 
so t h a t  the  tip  of th e  need le  reach ed  th e  lig a tu re . T h en  a t  4 cm d istan ce  fro m  th e  ligature  (near 
to  th e  socket of th e  need le) a  th re a d  was loosely tie d  a round  th e  in te s tin e . A fter in jecting  0.1 
m l spore suspension (co n ta in in g  10G spores) in to  th e  p a r t  se p a ra ted  in th is  m an n er, th e  needle 
w as w ithd raw n  beyond  th e  second  lig a tu re  and  th e  k n o t was fasten ed . T h u s, by  ligating  conse
c u tiv e  p a rts  of th e  in te s tin e  and  in jec tin g  spore suspension in to  th e  se p a ra ted  p a rts , th e  
in te s tin e  was a rtific ia lly  c o n ta m in a te d  in its  full leng th . The w et specim ens were gently  tw isted  
in  b y  hand , th en  dried . D ry in g  a t  room  tem p e ra tu re  was u n sa tis fac to ry  fo r o u r purpose because 
i t  caused the  spores to  g e rm in a te . T he follow ing tech n iq u e  gave a d e q u a te  resu lts : th e  sam ples 
w ere  placed in a v acu u m  ch am b er h ea ted  to  40 °C an d  th e  p ressu re  w as reduced to a few 
H g  m m . T herm istor m easu rem en ts  in d ica ted  th a t ,  in consequence of a h igh  evapora tion , th e  
sam ples cooled rap id ly  to  a b o u t 3 °C and k e p t th is  te m p e ra tu re  th ro u g h o u t drying.
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T he dried in te s tin e s  were p laced in  a ch am ber w ith  40 to  60%  re la tiv e  h u m id ity  for 24 
ho u rs , th e n  cu t in to  pieces a t  th e  site  of th e  liga tu res . In  th is  m an n er “ a ir  d n e d ”  c a tg u t sam ples 
each  co n ta in ing  106 spores o f th e  te s te d  organ ism  were p rep ared . T he a r tif ic ia lly  c o n tam in a ted  
p ap er discs and  c a tg u t  sam ples were p laced betw een  ste rile  filte r  p ap er s tr ip s  and  sealed sep a
ra te ly  in  0.05 m m  th ic k  p o lyethy lene  foil envelopes.

R adiation source. A 60Co gam m a e m itte r  of 2.105 rad/hour c ap a c ity  was used.
Recovery o f the organism s. T he irrad ia te d  te s t  sam ples were cu ltu red  sep a ra te ly  in b ro th  

co n ta in in g  glucose, T rip k az in , s ta rch  and  brom cresol pu rp le  in d ica to r a t  37 °C (В . p u m ilu s  
and  B . subtilis) or a t  56 °C ( В . stearothermophilus) fo r a t  least 14 days. B ac te ria  cu ltu red  from  
th e  co n tro l and ir ra d ia te d  sam ples were checked for id e n tity .

A n a ly sis  o f  the results. D irect in ac tiv a tio n  curves were n o t d e te rm in ed  since th ere  w as 
no w ay to  o b ta in  a co m p le te  recovery  of su rv ivo rs from  th e  d ry  g u t sam ples. In s tead , an  in d i
re c t m eth o d  based on s ta tis t ic a l  p ro b a b ility  was used  fo r b o th  pap er discs and  ca tg u t p re p a ra 
tions. A pply ing  H a l v o r s o n  and  Z i e g l e r ’s  [ 8 ]  eq u atio n

X =  2.3026 log (1)
9

w here x  =  th e  m ost p ro b ab le  n u m b er o f spores su rv iv in g  in  one sam ple , n = the nu m b er of 
sam ples irrad ia te d  w ith  th e  given dose and  q =  th e  n u m b er o f sam ples fo u n d  sterile  on c u ltu r 
ing; th e  to ta l  nu m b er o f surv iv ing  spores was e s tim a te d  b y  m u ltip ly in g  x  w ith  th e  n u m b er of 
sam ples irrad ia te d  w ith  th e  sam e dose. F o r d raw ing th e  su rv iv o r cu rves th e  in itia l v iab le  
spore co u n ts  and — considering  th e  shou lder in th e  in a c tiv a tio n  cu rves a t  sm all doses — th e  
v a lue  of th e  lag fa c to r h ad  to be know n. The lag fa c to r is th e  log10 su rv iv in g  frac tio n  expressed  
b y  th e  v a lu e  above th e  0 dose p o in t (orig inal n u m b er o f organism s) w here th e  tan g e n t of th e  
dose-su rv ivo r curve in te rsec ts  th e  Y axis. T he in itia l n u m b er of spores in co rp o ra ted  in  th e  
sam ples w as know n, th e  v a lue  of th e  lag fac to r was o b ta in e d  from  th e  l i te ra tu re  [9].

T he D 1(( v a lue , in  o th e r  w ords th e  dose needed for decreasing  th e  n u m b er of v iable spores 
b y  9 0 % , was e s tim a te d  from  th e  eq u atio n

D i o  —

D
(log a —log b) -(- lag  fac to r ( 2)

w here a =  th e  n u m b er o f spores exposed to D dose (in ou r experim en ts  th e  nu m b er of spores 
in one sam ple  m u ltip lied  by  th e  n u m b er o f sam ples ir ra d ia te d  a t th e  g iven dose); and b =  th e  
to ta l  n u m b er of spores su rv iv ing  exposure  to D dose ( th e  n u m b er o f spores surv iv ing  in  one 
sam ple  as e stim a ted  fro m  E q u . (1) m u ltip lied  by  th e  n u m b er of sam ples tested ). The v a lu e  
of th e  lag  fac to r h ad  to  be included  in E qu . (2) because , due to  th e  lag ph ase , th e  in ac tiv a tio n  
cu rv e  w as n o t ex p o n en tia l th ro u g h o u t its  whole course.

R esults

T he n a tu ra l c o n ta m in a tio n  of various g u t sam ples an d  su tu res  tre a te d  
in d iffe ren t m anners is p resen ted  in  T ab le  I.

T ab le  I I  show s th e  su rv iv a l of spores on p a p e r discs.
P a p e r  discs an d  gu t sam ples c o n ta m in a te d  a rtific ia lly  w ith  th e  sam e 

organ ism  were ste rilized  in  one cycle. F rom  th e  con tro l sam ples cu ltu red  p a ra l
lel w ith  th e  ir ra d ia te d  ones th e  organism s w ere alw ays recovered . The resu lts  
of experim en ts w ith  in te n tio n a lly  co n tam in a ted  gu t specim ens are  show n in 
T ab le  I I I .

I f  su rv ival d a ta  fo r gu t sam ples are com pared  w ith  th o se  fo r p ap er discs 
(T able I I ) ,  it is ev id e n t th a t  th e  rad ia tio n  resis tan ce  of spores enclosed in th e  
inside of th e  gu t is s ign ifican tly  h igher th a n  of tho se  dried  on f ilte r  paper; th e  
sm allest dose needed  to  o b ta in  s te rility  for all sam ples increased  from  1.5 M rad
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Table I

Viable counts fo r  natural contam inants in  various rate gut strand and catgut suture sam ples

P repara tion* N o. of 
sam ples

A verage N o. o f b a c te r ia H ig h est N o. of 
b a c te r ia  

(aerob ic  +  
anaerob ic)aerob ic anaerobic to ta l

1. R aw  sheep gu t stran d s

Lot A 10 4202 2 203 6 405 25 25C

Lot В 10 6653 19 193 25 846 45 500

Lot C 10 1571 454 2 025 9 650

2. N on-iodized cu tgu t 6 19 144 28 400

3. Iodized catgut 6 18 689 30 800

4. Form alinized c a tg u t 15 62 115

* G ut s tran d s o r su tu re s  10 cm  in  len g th .

Table II

Surv iva l o f  spores dried on paper discs*

P e r  ce n t p ap er discs g iv ing  p o s itiv e  cu ltu res  a fte r  
i rra d ia t io n  w ith

(con tro l)
0.5

M rad
1,0

M rad
1.5

M rad
2.0

M rad
2.5

M rad
3.0

M rad

B . pu m ilu s  E  601 1 0 0 1 0 0 90 — — — —

B. subtilis subsp. n iger NCTC 10073 1 0 0 1 0 0 — — — — —
B. stearothermophilus N C IB  8919 1 0 0 1 0 0 70 — — — —

* Ten discs, each  c o n ta m in a te d  w ith  106 spores, were ir ra d ia te d  w ith  each dose.

Table III

S u rv iva l o f  spores dried in the inside o f  gut*

P e r  c e n t o f  g u t sam ples g iv ing  a positive  cu ltu re  
a fte r  i rra d ia t io n  w ith

(contro l)
0.5

M rad
1.0

M rad
1.5

M rad
2.0

M rad
2.5

M rad
3.0

M rad
3.5

M rad

B . p u m ilu s  E  601 100 100 100 70 30 10 — —

B . subtilis subsp. niger 
NCTC 10073 100 100 100 40 10 _

B . stearothermophilus NCIB 8919 100 100 100 60 10 — —

* Ten gu t sam ples, each  c o n ta m in a te d  w ith  106 spores, w ere ir rad ia te d  a t  each  dose.
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to  3.0 M rad  for B . p u m ilu s  and from  1.5 M rad  to  2.5 M rad  for B . stearother- 
m ophilus.

O f th e  in a c tiv a tio n  curves d e te rm in e d  in d irec tly  (E qu. 1), th e  cu rve  
for B . p u m ilu s , an  organism  w idely u sed  in ra d ia tio n  resistance s tu d ies, is 
p resen ted  (Fig. 1).

Fig. 1. Surv iva l o f B . p u m ilu s  spores and p ro b a b ili ty  o f co n ta m in a tio n  of ca tg u t sa tu re s  s te r i 
lized w ith  3.5 M ra d  doses

A ccordingly , spores enclosed in  c a tg u t  sam ples an d  dried  on p a p e r discs 
differ in  ra d ia tio n  resistance . The d ifference  can be expressed  by  D 10 values 
d e te rm in ing  th e  slopes of th e  tw o in a c tiv a tio n  curves. The D 10 values fo r 
B. p u m ilu s  e s tim a ted  from  E qu. (2) a re : p a p e r  discs D 10 =  0.15 M rad; c a tg u t 
D 10 =  0.31 M rad.

D iscu ssion

C o n tam in a tin g  m icroorganism s in  c a tg u t su tu re s  o rig inate  m ain ly  from  
th e  in te s tin a l flo ra  of anim als supp ly in g  th e  raw  m a te ria l. The q u a n tita tiv e  
an d  q u a lita tiv e  com position  of th e  c o n ta m in a tin g  f lo ra  varies g rea tly  w ith  
in d iv id u a l sam ples (see T able 1). F rom  T ab le  I it  is also ev iden t th a t  m ech an i
cal cleaning, w ash ing  an d  even m ild  iod ine  t re a tm e n t exert p rac tica lly  no 
influence on th e  degree of bacteria l co n tam in a tio n . F o rm alin  tre a tm e n t, how 
ever, reduces th e  germ  count su b s ta n tia lly .
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Spores dried  on p ap er discs w ere m o d e ra te ly  re s is tan t to  rad ia tio n . T h is 
is o n ly  n a tu ra l since th e  spores w ere w ashed  several tim es in  d istilled  w a te r  
a n d  th e  discs w ere im p reg n a ted  w ith  aqueous spore suspensions. Sim ilar obser
v a tio n s  were m ade on B . p u m ilu s  b y  D a r m a d y  et al. [10], Ch r i s t e n s e n  an d  
H o lm  [11] and L e y  and  T a l l e n t i r e  [3]. T here  is no s ign ifican t d ifference 
b e tw een  our re su lts  and  o ther a u th o rs ’ d a ta  [10, 12] in resp ec t to  th e  re s is t
an ce  of B. subtilis  an d  B. stearothermophilus.

B u r t  and  L e y  [13] show ed th a t  th e  D 10 value  for B . p u m ilu s  E 601 w as 
0.17 u n d er aerobic an d  0.31 u n d e r an aero b ic  conditions. O ur experim en ts 
w ith  spores dried  on p ap e r discs an d  in  th e  inside of gut gave sim ilar resu lts . 
W e h av e  concluded  there fo re  th a t  th e  increased  rad ia tio n  resis tan ce  of spores 
in  c a tg u t is due to  anox ic  conditions p rev a ilin g  in th e  inside o f th e  su tu re . As 
th e  D 10 value for spores in ca tg u t is a b o u t tw ice h igher th a n  th a t  for spores on 
p a p e r  discs, it is ev id en t th a t  for d e s tro y in g  spore-bearing  c o n tam in an ts  in  
su tu re s , th e  ra d ia tio n  dose su ffic ien t fo r in ac tiv a tin g  su rface c o n tam in an ts  
sh o u ld  be doubled .

R aw  and  p re - tre a te d  gu t sam ples exam ined  in th is s tu d y  were h igh ly  
c o n ta m in a te d . In  g u t s tran d s 10 cm in len g th  th e  level of co n tam in a tio n  w as 
104. F rom  th is  f in d in g  it  follows th a t  each  2 m etre  p o rtio n  of th e  th ick es t 
(N o. 6) su tu re  p re p a re d  from  4 sheep g u t s tra n d s  would co n ta in  10® to  107 v iab le  
o rg an ism s before s te riliza tio n . Fig. 1 in d ica tes  th a t  th e  in a c tiv a tio n  fac to r for 
B . p u m ilu s  a t th e  u su a l 2.5 M rad  dose is 107. I t  is clear th a t  th is  dose fails to  
e n su re  an  a d e q u a te  sa fe ty  m arg in  fo r p ro d u c ts  showing such a high level o f 
c o n ta m in a tio n . P re - tre a tm e n t w ith  fo rm alin  is very  effective: it  decreases 
th e  expected  level o f co n tam in a tio n  to  104 to  105 viable b a c te ria  p er s tra n d . I f  
fo rm alin ized  c a tg u t is irrad ia ted  w ith  2.5 M rad  doses, th e  sa fe ty  fac to r co rre 
sp onds to  103 to  102, th a t  is, one su rv iv o r is p re sen t in every h u n d re d th  to  th o u 
s a n d th  su tu re . T h is level of su rv iv a l c a n n o t be considered safe. W e propose 
acco rd in g ly  th a t  c a tg u t  su tu res a fte r  p rocessing  w ith  fo rm alin  should be ex 
posed to  3.5 M rad  rad ia tio n . The in a c tiv a tio n  fac to r (10I):D,°) fo r B. p u m ilu s  
in  g u t sam ples a t  th e  co rresponding  dose is 10u . I f  th e  m ax im u m  c o n ta m in a 
tio n  is 105 organism s p e r su tu re , and  th e  c o n tam in an ts  are sim ilar in resistance  
to  B . p u m ilu s , a t m o st one viable spore will be p resen t in HP su tu re s . This v a lu e  
is accep tab le . T he sam e safe ty  fac to r  w as recom m ended b y  R u b b o  and G a r d 
n e r  [14]. O ur ow n view s as to  th e  3.5 M ra d  sterilizing dose coincide w ith  
th o se  of M és z á r o s  et al. [15] who reco m m en d ed  th is  dose on th e  basis of e m p ir
ical find ings. F in a lly  i t  should be em phasized  th a t  th e  above safe ty  m arg in  
is v a lid  only if  th e  co n tam in a tio n  o f th e  pack ag ed  ca tg u t re a d y  fo r irra d ia tio n  
is u n d e r  th e  level o f 10s organism s p e r su tu re . A higher level of co n tam in a tio n  
is u n accep tab le  n o t only  because it  does n o t ensure an effective s te riliza tion  
b u t also because o f th e  danger of py rogen ic  effect. The 2.5 M ra d  dose app lied  
b y  som e firm s m ay  be  su itab le  fo r s te riliz ing  c a tg u t p re p a ra tio n s  w ith  low er
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levels of c o n ta m in a tio n . Thus accord ing  to  V a n  W i n k l e , B o r ic k  and F o g a r t y

[9] th e  m ax im um  p re -irrad ia tio n  level of co n tam in a tio n  in  ca tg u t su tu re s  
m a n u fa c tu red  b y  E th ico n , Inc. was n o t  m ore th a n  5.62 х Ю 2 organism s p e r 
su tu re .
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STUDIES ON THE PERITONEAL EXUDATE 
OF ANIMALS EXPERIMENTALLY INFECTED 

WITH TOXOPLASMA GONDII*
I. E F F E C T  O F  H E A T  ON  ACTIVITY 

By

M. A h m e d  Sa m ir

N ational In stitu te  o f Public H ealth  (D irector: T. B a k á c s ) ,  B udapest 

(R eceived A u g u st 21, 1968)

Sum m ary . T he su p e rn a ta n t of th e  p e rito n ea l ex u d ate  of Swiss w hite  mice in fec ted  
in tra p e rito n ea lly  w ith  T . gondii causes convulsions an d  kills mice on in tra v en o u s  in jec tio n . 
The sam e flu id  from  m ice fresh ly  succum bed  to  toxoplasm osis p roduces a  sim ilar effect. T he 
tox ic  m a te ria l w as th e rm o sta b le  a t 37 °C, 50 °C and  was th e rm o p o te n tia te d  a t  56 °C fo r 30 
m inu tes. T h e rm o p o ten tia tio n  a t  56 °C was also o b ta in ed  w ith  d ilu ted  an d  w ith  fro zen -th aw ed  
to x ic  flu id s . All m a te ria ls  tre a te d  a t  56 °C reg u la rly  show ed a visible increase  o f opalescence 
and an  a p p a re n t increase  o f resistance  to  flow . D ilu tio n  w ith  an equal volum e of physiological 
saline, as well as freezing an d  thaw ing  decreased  b u t  d id  n o t abolish its to x ic ity . Saline w ash ings 
of th e  p e rito n ea l e x u d a te  filte red  th ro u g h  0.7— 1.5 p  glass filte r  becam e non-tox ic . A te n ta tiv e  
e x p la n a tio n  of th e rm o p o te n tia tio n  and  th e  n a tu re  o f th e  active  sub stan ce  are discussed.

S evera l in v e s tig a to rs  [4, 5, 6, 8, 9, 10, 11, 12, 14, 16] h av e  show n th e  
presence  of a to x ic  m a te ria l in  th e  s u p e rn a ta n t of to x op lasm ic  p e rito n ea l 
ex u d a te  of la b o ra to ry  anim als. T he m a te ria l is to x ic  only b y  th e  in trav en o u s  
ro u te . I t  has a sp ec tacu la rly  ra p id  ac tion , inducing  re sp ira to ry  and  n erv o u s 
m an ife s ta tio n s  an d  in  p ro p er doses d e a th  in  a few m inu tes. I t  is s tab le  a t  room  
te m p e ra tu re , non -d ia ly sab le , no n -filte rab le . I t  is a p ro te in , m ain ly  a g lobulin  
com bined  w ith  h y a lu ro n ic  acid.

T h ere  is, how ever, no ag reem en t concern ing  th e  follow ing po in ts , (a) 
B eh av io u r of th e  to x in  on h ea ting  a t  37 °C, 50 °C, and  56 °C. (b) I ts  a n tig e 
n ic ity . (c) T he site  an d  m echanism  o f ac tio n  w hen in jec ted  in trav en o u sly  in  
an im als is n o t y e t  d e te rm in ed ; colloid osm otic  effect, v iscosity  (em bolism ), 
LSD d ie thy lam ide(D -lyserg ic  acid) an d  c ircu la to ry  d is tu rb an ces h av e  b een  
m ade responsib le  fo r th e  m an ifesta tio n s an d  d ea th . In  th is  connection  o b se r
v a tio n s  h av e  been lim ited  to  sy m p to m ato lo g y  w hile th e  p o s t m o rtem  find ings 
and  h isto log ical s tu d ies  are  lacking. S im ilarly , th e  role of th e  to x ic  m a te ria l in 
th e  toxop lasm osis syn d ro m e is n o t y e t  clear, (d) I ts  origin w h e th e r from  th e  
m ouse or th e  p a ra s ite , has n o t y e t been se ttled .

T h  e aim s of th e  p resen t s tu d y  w ere (a) to  te s t  th e  effect of in trav en o u s  
in jec tion  of m ouse toxop lasm ic  p e rito n ea l ex u d a te  in to  no rm al m ice; (b) to  
te s t th e  effect o f h e a t on th e  e x u d a te ’s a c tiv ity .

* A d ap ted  from  a T hesis su b m itte d  to  th e  H u n g a rian  A cadem y of Sciences.
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M aterials an d  m ethods

Toxoplasm a strain. T h e  R H  s tra in  of T. g ond ii, m ain ta in ed  in th is  lab o ra to ry  b y  m ouse 
passag e  tw ice w eekly, w as u sed  in th e  ex p erim en ts . T he s tra in  killed m ice in  3—5 days.

A n im a ls . Male an d  fem ale  w hite mice of a single p a ren t Swiss s tra in  were used. U nless 
o th erw ise  specified, th e  an im a ls  weighed from  20 to  25 g. T hey  were even ly  d iv ided am ong te s t  
a n d  con tro l groups in all ex p erim en ts  and all an im als  were m ain ta in ed  on a s ta n d a rd  d iet.

M ethods. Mice w ere in o cu la ted  in tra p e rito n e a lly  w ith  0.3 m l o f ab o u t 1/5 d ilu tio n  in 
physio log ical saline of p e rito n ea l exudate  o f m ice in fected  in tra p e rito n ea lly  w ith  T . gondii 
(T P E ). On th e  fo u rth  d ay  th ese  mice were killed  b y  frac tu rin g  th e  neck , th e  abdom inal sk in  was 
sw ab b ed  w ith  alcohol an d  opened , and th ro u g h  th e  in ta c t abdom inal m uscles T P E , m o stly  
co llecting  in  the  flan k s , w as asep tica lly  a sp ira ted  u sing  a syringe and  an  18 gauge needle. In d i
v id u a l lo ts were left to  c lo t o v ern igh t a t 5 °C. T h ey  were te s te d  fo r s te rility  on blood agar. 
S te rile  lo ts were pooled an d  cen trifuged  a t  2000 r .p .m . for 30 m inu tes. T he su p e rn a ta n t (S P E T ) 
th u s  w as d raw n and  sto red  a t  5 °C and used as to x in  w ith in  a week.

T oxoplasm a co u n ts  in  freshly  d raw n T P E , th o ro u g h ly  sh ak en  w ith  glass beads, were 
done  using  a B ü rk er ch am b er.

S P E T  was s im ilarly  o b ta in ed  from  m ice fresh ly  dead of toxoplasm osis.
T ria ls were m ade to  co n cen tra te  th e  s u p e rn a ta n t  of cen trifuged  washes of T P E  by  a 

s lig h t m odification  of K o iin ’s m ethod  [15] for th e  co n cen tra tio n  of sm all am o u n ts o f p ro te in  
so lu tio n s . The su p e rn a ta n t w as p u t  in diffusion tu b es  (No. 579 Schleicher, Schüll) and  ou tside  
th e  tu b es  d e x tra n  pow der (K o lidon  4 % , R ean a l, B u d ap es t)  was p u t. A ttem p ts  were also m ade 
to  ste rilize  these w ash ings b y  f iltra tio n  th ro u g h  sin tered  glass filte rs  (G5, S cho tt, Jen a).

T he effect o f h e a t  w as s tud ied  as follow s.
A. Heating at 37 °C and  56 °C. Pooled su p e rn a ta n t  (PS) was d iv ided  in to  th ree  p a r ts , 

th e  f i r s t  p a r t  was k e p t a t  5 °C and  served as co n tro l, th e  second p a r t  was in cu b a ted  in  a w a ter 
b a th  a t  37 °C for 30 m in u te s , and  th e  th ird  p a r t  w as in cu b a ted  in  a w a te r b a th  a t  56 °C fo r 30 
m in u te s  (Table I).

B. Effect o f  freezing  and  thawing and d ilu tion  on the potency o f  the exudate and its thermo- 
potentiation. PS was d iv id ed  in to  two p a rts . T he f i r s t  p a r t  was d ilu ted  w ith  an  equal volum e 
of physio logical saline an d  th e n  used in tw o frac tio n s , one was assayed  for the  effect o f d ilu 
tio n  (T able II , exp. b) a n d  th e  o th er in cu b a ted  a t  56 °C for 30 m in u tes  and  assayed  for th e  
e ffec t o f d ilu tion  on th e rm o p o te n tia tio n  (T able I I ,  exp. c). The second p a r t  was used  u n d ilu te d  
in th re e  fractions, one served  as contro l for th e  ex p erim en t (Table I I ,  exp. a), th e  second was 
te s te d  a fte r  sub jecting  i t  to  ra p id  freezing in  a d ry  ice —alcohol m ix tu re  and  thaw ing  te n  tim es 
(T ab le  I I ,  exp. d) and  th e  th ird  a fte r o v e rn ig h t deep freezing (—20 °C) and th aw in g  tw ice 
(T ab le  I I ,  exp. e).

C. Gradual heating to, and then m aintenance at 37 °C, 50 °C and 56 °C. PS was d iv ided  
in to  four p a rts , th e  f irs t  p a r t  was k e p t a t  5 °C a n d  served  as con tro l, th e  second p a r t  was in cu 
b a te d  in a w ater b a th  w ith  th e  tem p era tu re  g ra d u a lly  raised  to 37 °C and th en  m ain ta in ed  for 
30 m in u te s , and th e  th ird  a n d  fo u rth  p a rts  w ere sim ilarly  tre a te d  a t  50 °C and 56 °C, respec
tiv e ly  (Table I I I) .

D. Twice freezing  ( — 20 °C) overnight and thaw ing follow ed by heating at 37 °C and 56 °C. 
PS  w as div ided in to  tw o p a r ts ,  one was k e p t a t  5 °C and  served as con tro l, th e  second was k e p t 
o v e rn ig h t in a deep freeze (— 20 °C) and th aw ed  tw ice , th en  d iv ided  in to  two p a r ts ;  one p a r t  
w as in cu b a ted  a t  37 °C, an d  th e  o th er a t 56 °C, fo r 30 m inu tes (T able IV).

E . R apid  freezing  and  thawing ten tim es follow ed by heating at 37 °C and 56 °C. PS was 
d iv id ed  in to  two p a r ts , one was kep t a t  5 °C an d  served as con tro l, th e  second w as ra p id ly  
frozen  in  a d ry  ic e —alcohol m ix tu re  and th aw ed  te n  tim es, th en  d iv ided  in to  tw o p a r ts ;  one was 
in cu b a ted  in a w a ter b a th  a t  37 °C for 30 m in u te s , and th e  o th e r a t  56 °C, for 30 m in u tes  
(T ab le  V).

A ssay  o f activity  w as done by in o cu la tio n  of PS in to  th e  ta il vein  of norm al m ice. PS 
k e p t a t  5 °C, 37 °C and  50 °C was used u n d ilu te d . F lu id  k ep t a t  56 °C becam e opalescen t, re s is t
ed  flow  in a narrow  needle and  th a t  was w hy i t  w as d ilu ted  w ith  physiological saline before 
assay . Cold flu ids were w arm ed  and h o t flu id s cooled to  37 °C. G roups consisting  of 5 mice 
each  were given one of a series of g radually  increasing  doses of th e  ex u d a te . E ach  dose differed  
b y  0.001 m l/g from  th e  preced ing  one.

The figures w ere ca lcu la ted  as dose/g; th e re  was no need for a log dose tran sfo rm a tio n  of 
th e  re la tiv e  frequency  ca lcu la ted  from  th e  d e a th  ra te  belonging to  a given dose in th e  d iffe ren t 
e x p erim en ts  and these  v a lu es were the  basis fo r calcu la tio n  of th e  L D 0(, and  th e  s ta n d a rd  d ev ia 
tio n  (S.D.).

I t  was som etim es m ore convenient to  reck o n  th e  difference in  th e  d ea th  ra te  from  th e  
sam e dose of d ifferen t P S  (Table II).
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R esults

Character o f  mouse toxoplasm ic peritoneal exudate ( M T P E ) .  The flu id  
was u sua lly  sc a n ty  u n til  48 h ours before d ea th , th e n  i t  in creased  rap id ly . I t  
v a ried  considerab ly  in  a m o u n t an d  physical ch a ra c te r , b e ing  sligh tly  tu rb id  
of various shades o f yellow  an d  w as m ore or less v iscous. T h e  average am o u n t 
h a rv es ted  from  one m ouse w as u sua lly  0.5 to  1.0 m l; ex cep tio n a lly  am ounts 
betw een  2 and  4 m l w ere o b ta in ed . T he ex u d a te  co n ta in ed  T oxop lasm a, leuko
cytes, p ro te in s, and  th e  tox ic  m a te ria l. T oxop lasm a coun ts a f te r  b reaking  dow n 
m ouse cells b y  sh ak in g  th e  e x u d a te  w ith  glass beads, v a rie d  betw een  200,000 
and  400,000 organism s p e r cu .m m . A fte r cen trifu g a tio n  th e  f lu id  becam e clearer.

S P E T  could be co n c e n tra ted  b y  dialysis ag a in s t d e x tra n . In  a tr ia l to  
filte r  th e  su p e rn a ta n t of saline w ashings of th e  p e rito n ea l ex u d a te  th rough  
sin te red  glass f ilte r  u n d e r n eg a tiv e  pressure, th e  process w as slow and th e  f il
tr a te  was non-tox ic . Som e of th e  pools ten d ed  to  form  a to u g h  m ucoid p rec ip i
ta te  w hen s to red  a t  5 °C for 1 2 m on ths and  m ore m a rk e d ly  a fte r  heating  a t
56 °C and  s to ring  a t 20 °C.

Toxic m anifesta tions in mice follow ing intravenous inoculation. A m ouse 
receiving a le th a l dose, u su a lly  0.18 -0.20 m l/20 g b o d y  w e ig h t, alm ost im m e
d ia te ly  ru sh ed  to  an d  fro  w ith  th e  head  and neck re tra c te d  b a c k w a rd  and m ade 
several hops. T hen  it  fell on its  side or its back , k e p t m o tion less and  apnoeic 
for a few seconds, th e n  clonic convulsions of th e  lim bs s ta r te d , m ain ly  kicking 
m ovem ents of th e  h ind  q u a rte rs , w ith  passing of u rin e  an d  som etim es faeces. 
A pnoea gave p lace  to  s tro n g  gasp ing  m ovem ents, th e  m o u th  opening w ith  
each v io len t in sp ira to ry  effo rt, w ith  g radua lly  increasing  exoph tha lm os, an d  
th e n  b rea th in g  ceased  w ith in  a few  m inutes. S a liv a tio n  w as fre q u e n tly  p resen t.

W ith  sm aller doses, th e  m ouse m oved its  h ead  up an d  dow n and  sidew ays, 
som etim es it  receded  a little  b ack w ard s and occasionally  i t  ru b b e d  its w hisk
ers. T hen  it  h u rried  in a w add ling  g a it, or w ith  its  legs d rag g ed  behind  (“ frog
like m o v em en t” ) or i t  leaned  on one side, w ith  th e  legs s tre tc h e d  on th e  oppo
site  side an d  ro ta te d  on a v e rtic a l axis; som etim es i t  fell on its  side, rolling 
a round  its  own long axis (b a rre l rolling m ovem en t); or it  k e p t still as it  was 
laid on th e  tab le . F o r a few m om en ts  it was apnoeic an d  m otionless, th en  
sudden ly  rig h ted  itse lf  up  an d  apnoea  gave p lace to  h y p c rp n o ea , which was 
som etim es periodic w ith  2 or 3 slow b rea th s  follow ed b y  a n u m b e r of rap id  ones. 
W ith  sm aller doses th e re  was u su a lly  no apnoea, th e  m ouse show ing  a vary ing  
degree of w eakness of th e  h in d  q u a rte rs  and  h y p erp n o ea .

O ccasionally  w ith  m ed ium  an d  sm all doses som e m ice ex h ib ited  a p r i
m ary  phase of convulsions follow ed b y  an  in te rv a l of 10 m in u te s  to  1 hour d u r
ing w hich th e  an im al rem ained  p ro s tra te d  and  hy p erp n o e ic , w ith  livid snou t, 
feet and  ta il. T hen  a second p h ase  o f convulsions occurred , a f ro th y  sanguinous 
flu id  flew from  th e  nostrils  an d  th e  anim al died.
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F o r a few m om en ts  a fte r in jec tio n  o f th e  ex u d a te  th e  m ice w ere hyper- 
ex c itab le  to  a u d ito ry  stim uli.

S ub le thal doses o f flu id  d ilu ted  befo re  heating  a t  56 °C caused  fine  tre 
m o rs  of body  and ta i l  a f te r  cessa tion  o f convulsions. D e a th  u su a lly  occurred 
in  1 — 3 m inu tes, occasionally  in  1 h o u r  and  rare ly  o v ern ig h t.

P rac tica lly  s im ila r doses of PS  asp ira ted  im m ed ia te ly  a fte r  d e a th  five 
d ay s  a fte r  in fection , p ro d u ced  th e  sam e m an ifesta tio n s in  n o rm al m ice and 
k illed  th em  as rap id ly  as did PS o b ta in e d  from  T ox o p lasm a-in fec ted  anim als 
b efo re  death .

Effect o f  temperature on the po tency o f  the exudate. R esu lts  are  given in 
T ab les  I  -V .

T ab le  I shows th a t  in cu b a tio n  o f th e  exudate  a t  37 °C for 30 m inu tes 
d id  n o t affect its p o te n c y  w hich w as, how ever, increased  to  ab o u t th re e  tim es 
a f te r  in cu b a tio n  a t  56 °C for 30 m in.

Table I

Effect o f  incubation at 37 °C and 56 °C fo r  30 minutes on the potency o f  the toxin

G roup  o f  mice

M a t e r i a l

Control 
k e p t  a t  5 °C

In cu b a ted  a t  
37 CC for 30 m in

In c u b a te d  a t  
56 °C for 30 m in

dose o f 
to x in

N o. o f  
d e a th s

dose of 
to x in

N o. o f  
d e a th s

dose o f 
to x in

N o. of 
dea th s

l 0.003 _ 0.002 — 0.004 —
2 0.004 2 0.003 l 0.005 2

3 0.005 3 0.004 l 0.006 2

4 0.006 5 0.005 3 0.007 1

5 0.006 4 0.008 4

6 0.007 5 0.009 5

l d 50 0.0049 0.0047 0.0012

S.D. 0.00032 0.00037 0.0009

Confidence lim its

upper 0.0052 0.0054 0.0014

lower 0.0038 0.0039 0.0011

T able I I  show s th a t  (a) d ilu tio n  of th e  ex u d a te  w ith  an  equal vo lum e of 
saline sligh tly  a ffec ted  its  p o ten cy ; (b) incubation  of d ilu te d  flu id  a t  56 °C for 
30 m inu tes increased  its p o ten cy  fo u r tim es; and (c) freezing  and  th aw in g  sligh tly  
decreased  b u t d id  n o t abolish th e  p o ten cy .

T able I I I  show s th a t  th e  effect of 37 °C, 50 °C a n d  56 °C fo r 30 m inutes 
w as th e  sam e as described  above, irre sp ec tiv e  of w h e th e r th e  te m p e ra tu re  had
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Table II

Effect o f  d ilu tion , dilu tion  and heating, and freezing  and thawing, on the potency o f  the toxin

E x p e rim e n t
No. M ateria l

D ose, m l/g  
b o d y  w eigh t

N o. o f  m ice 
in je c te d  j

N o. of 
d ea th s

P e r c e n t o f 
d e a th s

I I .a Control 0.005 10 8 80
II. b 1 : 2 sin din 0.010 10 6 60
II.c 1 : 2 d in  and  h tg  56 °C 0.0025 10 6 60
I l .d 10 tim es CO 2  FT 0.005 10 4 40
Il .e 2 tim es D FT 0.005 10 4 40

sin =  saline, d in  =  d ilu tio n , h tg  =  h ea tin g
F T  =  freezing a n d  th aw in g , D F T  =  deep freezing  and  th aw in g

Table III

Fffecl o f  incubation at temperatures gradually raised to and then m ain ta ined  at 37 °C, 50 °C and
56 °C, on the potency o f  the toxin

M a t e r i a l

G roup o f m ice

C ontro l 
k e p t  a t  5 °C

In c u b a te d  a t  
37 °C for 30 m in

In c u b a te d  a t  
50 °C fo r 30 m in

In cu b a te d  a t  
56 °C for 30 m in

dose of 
to x in

N o. of 
d e a th s

dose o f 1 N o. o f 
to x in  d e a th s

dose of 
tox in

N o. o f 
d e a th s

dose of 
tox in

N o. o f 
d e a th s

l 0.004 — 0.004 0.004 — 0.004 —

2 0.005 2 0.005 2 0.005 2 0.005 2

3 0.006 3 0.006 3 0.006 4 0.006 4

4 0.007 4 0.007 4 0.007 5 0.007 5

5 0.008 5 0.008 5

L D 30 0.0057 0.0057 0.0053 0.0011
S.D. 0.0046 0.0036 0.00027 0.00005

Confidence lim its

upper 0.0064 0.0064 0.0058 0.0012

lower 0.0049 0.0049 0.0047 0.00095

been ra ised  g rad u a lly  to  and  th e n  m a in ta in ed  a t, or a d ju s te d  to  these te m 
p era tu res .

T ab le  IY  show s th a t  in cu b a tio n  a t 37 °C fo r 30 m in u te s  of tw ice frozen 
( -2 0  °C) an d  th aw ed  e x u d a te  did n o t affect its  p o ten cy  w hich  w as, how ever, 
increased  to  six tim es a fte r  in cu b a tio n  a t  56 °C for th e  sam e tim e.

T ab le  V shows th a t  in cu b a tio n  a t  37 °C fo r 30 m inu tes of te n  tim es rap id ly  
frozen (d ry  ice —alcohol m ix tu re ) and  th aw ed  ex u d a te  did n o t affect its p o ten cy  
which w as, how ever, increased  to  ab o u t fo u r tim es a fte r  in cu b a tio n  a t 56 °C 
for th e  sam e tim e.
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Table IV

E ffect o f  incubation at 37 °C and  56 °C fo r  30 m inu tes o f  twice frozen  (  — 20 °C) and thawed toxin

G roup o f m ice

M a t e r a 1

C ontro l 
k e p t  a t  5 °C

In cu b a te d  a t 
37 CC for 30 m in

In cu b a te d  a t  
56 C for 30 m in

dose o f 
to x in

N o. of 
d ea th s

dose of 
to x in

No. of 
dea th s

dose o f 
tox in

N o. o f 
d e a th s

l 0.004 — 0.004 ____ 0.003 —

2 0.005 l 0.005 1 0.004 2

3 0.006 3 0.006 2 0.005 4

4 0.007 5 0.007 3 0.006 5

5 0.008 5

LD.;o 0.0057 0.0063 0.00086

S.D. 0.00026 0.00036 0.00005

Confidence lim its

u p p e r 0.0062 0.0071 0.00097

lower 0.0052 0.0056 0.00075

Table V

E ffect o f  incubation at 37 °C and 56 °C o f  ten tim es frozen  (C 0 2— ice — alcohol m ix ture) and
thawed toxin

G roup o f  m ice

C ontre  
k e p t  a t

M a t e r i a l

1
5 CC

In cu b a te d  a t  
37 °C for 30 m in

In cu b a te d  a t  
56 °C for 30 m in

dose o f 
to x in

N o. of 
d e a th s

dose o f 
to x in

N o. o f 
d ea th s

dose o f 
to x in

N o. of 
d e a th s

l 0.004 — 0.004 — 0.006 —

2 0.005 i 0.005 L 0.007 l

3 0.006 2 0.006 2 0.008 2

4 0.007 4 0.007 3 0.009 4

5 0.008 5 0.008 3 0.010 5

6 0.009 5

0.0061 0.0068 0.0016

S.D. 0.00032 0.00045 0.00006

Confidence lim its

up p er 0.0067 0.0077 0.0018

lower 0.0054 0.0058 0.0015
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D iscu ssion

The find ings have  confirm ed th e  presence in  S P E T  of a su b stan ce  w hich  
on in trav en o u s  in jec tion  in  m ice gives rise to  nervous and  re sp ira to ry  m an ifes
ta tio n s  an d  to  d ea th . The ex u d a te  has a ch a rac te ris tic a lly  rap id  ac tion , ta k in g  
a few seconds to  produce  sym p to m s and severa l seconds to  a few m in u tes  to  
produce  d ea th . S P E T  collected from  m ice im m ed ia te ly  a fte r  th e y  h ad  su ccu m b 
ed to  toxop lasm osis sim ilarly  kills n o rm al m ice, a find ing  w hich is in  c o n tra s t 
w ith  th e  d a ta  rep o rted  by  V a r e l a  et al. [9] in  th a t  th e  p eritonea l ex u d a te  of 
m ice w hich succum bed to  in tra p e rito n e a l in fec tion  w ith  T. gondii failed  to  kill 
no rm al m ice. T his, how ever, does n o t p ro v e  or d isprove th e  role of th e  ex u d a te  
in th e  p a th ogenesis  of toxoplasm osis.

T he sy m p to m s arising a fte r  th e  in tra v e n o u s  in jec tion  of S P E T  carried  
a resem blance  to  anap h y lac tic  shock as described  in th e  m ouse [13] b u t  req u ired  
no sen sitiza tion .

T he ac tiv e  m a te ria l in S P E T  is non -d ia ly sab le  [5, 6, 12, 16]. In  th is  
s tu d y  th e  p e rito n ea l w ashings w ere c o n c e n tra ted  by  dialysis ag a in st d e x tra n . 
F iltra tio n  th ro u g h  0 .7 — 1.5 ц  po re  size filte rs  if  th e  su p e rn a ta n t of saline w ash 
ings of th e  p e rito n ea l ex u d a te  w as slow an d  th e  f i l tra te  was n o t tox ic . T his 
agrees w ith  th e  find ings of o th e r au th o rs . T h u s D e b a t in  [4] rep o rted  d ifficu lty  
to  f ilte r  S P E T  due to  its v iscosity , an d  F u l t o n  [5] found  a red u c tio n  of to x i
c ity  b y  f i l tra tio n  th ro u g h  filte r  p a p e r an d  loss of to x ic ity  a fte r  passing  th ro u g h  
a collodion m em b ran e  or Seitz f ilte r . M o t o m u r a  [16] rep o rted  a red u c tio n  of 
to x ic ity  b y  f iltra tio n  th ro u g h  filte rs  o f 0.45 /и pore size.

T he ac tiv e  m a te ria l in S P E T  w as s tab le  a t  37 °C and  56 °C w hich agrees 
w ith  rep o rts  b y  o th e r w orkers [11, 12]. G rad u a l hea tin g  a t 37 °C and  50 °C 
for 30 m in u tes  n e ith e r  increased n o r decreased  its  p o tency  an d  th is  does no t 
agree w ith  th e  find ing  of Ma c h a d o  et al. [6] w ho rep o rted  loss of a c tiv itv  b y  
s im ila r t re a tm e n ts .

O pinions differ as to  th e  effect o f h e a tin g  a t  56 °C for 30 m inu tes. O ne 
a u th o r  observed  in ac tiv a tio n  [4], a n o th e r  a u th o r  rep o rted  on s ta b ility  [12]. 
O ur find ings, how ever, agree w ith  th o se  w ho rep o rted  p o te n tia tio n  of th e  to x i
c ity  a t  56 °C [5, 11, 12, 14, 16]. T h e rm o p o te n tia tio n  was n o t in h ib ited  by  p re 
ceding freezing an d  thaw ing  n o r b y  p reced ing  d ilu tion .

I t  was re p o rte d  th a t  a le th a l dose of c o tto n  ra t  S P E T  d ilu ted  w ith  an  
equal vo lum e of saline no longer caused  d e a th  [5]. In  th e  p resen t exp erim en ts , 
how ever, a s im ila rly  tre a te d  S P E T  from  w h ite  m ice rem ained  to x ic  p rov ided  
th a t  a double dose was given from  th e  d ilu ted  flu id .

F reezing  and  thawdng do n o t cause a loss of to x ic ity  [4 ,5 ]. In  th e  p re s 
en t s tu d y , to x ic ity  was reduced  b u t  n o t abo lished  b y  freezing and  th aw in g .

T here is no sound  basis to  a t t r ib u te  th e  a c tiv ity  of S P E T  to  T oxop lasm a, 
ignoring th e  role of th e  g rea te r p a r t  of S P E T , nam ely  th e  m ouse p ro te in s .
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A ccording to  P e t t e r s e n  [8], th e  to x ic  m a te ria l appears to  be of m ouse ra th e r  
th a n  of pa rasitic  o rig in . U sing am m onium  su lp h a te  frac tio n a tio n , a c tiv ity  was 
recovered  w ith  th e  g lobu lin  frac tion  o f th e  m ouse S P E T  [14]. The to x ic  m a te 
ria l ac ts  only on in tra v e n o u s  in jec tion  an d  th e  sy m ptom s produced  are  sim ilar 
to  th o se  of a n a p h y la c tic  shock in  m ice [13]. As q u o ted  b y  M c K i n l e y  [7], 
B o r d e t  found th a t  th e  in trav en o u s in jec tio n  of fresh  no rm al guinea p ig  serum  
g lobulin  in to  norm al gu inea  pigs is fo llow ed b y  shock and  d ea th  of th e  an im al 
in  3 or 4 m inu tes, th e  h e a r t  and  lungs p re sen tin g  a p ic tu re  resem bling th a t  seen 
in an ap h y lac tic  shock . In tra p e rito n e a l o r su b cu tan eo u s in jec tion  h ad  no effect.

H ea tin g  of S P E T  is accom panied  b y  an  increase in  its  opalescence, in 
v iscosity , and  in  p o te n c y . The tru e  cause  of th e rm o p o te n tia tio n  is n o t ex ac tly  
know n. I t  m ay  be th e  resu lt of in a c tiv a tio n  of com plem ent, w hich is know n 
to  be destroyed  b y  such  a tre a tm e n t. M oreover, h ea tin g  a t 56 °C causes d é n a 
tu ra tio n  of p ro te in s  a n d  th is is associa ted  w ith  th e  exposure of reac tiv e  groups 
th a t  h ad  been b u rie d  inside th e  p ro te in  m olecule w hich consequen tly  becom es 
m ore reac tive  w ith  o th e r  m olecules. R ap id ly  sed im enting  com ponen ts are 
form ed and  th e  23S frac tio n  increases [5]. G am m a-globulins h ea ted  to  56 °C 
show  m olecular ag g rega tion  and  a n tic o m p le m e n ta ry  p roperties an d  cause 
anaphy lax is-lik e  sy m p to m s in som e gu in ea  pigs [2, 3].

T he above m en tio n ed  d a ta  m ay  ex p la in  th e  role of m ouse g lobulins in  th e  
to x ic  a c tiv ity  of S P E T  and th e  n a tu re  o f its  th e rm o p o te n tia tio n .
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Sum m ary. V accin ia v iru s w as p ro p agated  in th e  chorionic cells o f th e  chick em bryo  
chorioallan to ic  m em b ran e  in th e  p resence of 20 [iM  o f m eth isazone  pe r egg. V irus m u ltip lica 
tio n  was follow ed b y  in fec tiv ity  t i t r a tio n  and e lectron  m icroscopy.

(i) The early  ev en ts  u n til th e  eclipse phase w ere n o t d iffe ren t from  th e  control.
(ii) In  th e  f irs t  24 hours o f th e  cycle no young re p lica tin g  form s w ere seen. The m atrices 

w hich h ad  ap p eared  b y  th e  4 8 th  h o u r were sm all in  n u m b er, o ften  in d is tin c t in  shape and  i r 
reg u la r in s tru c tu re . G roups consisting  of a few im m a tu re  v irus-like  bodies irreg u lar in  shape 
were seen in th e  m a trix . T he o u te r  m em brane of m an y  p a rtic le s  was defec tive . The v irop lasm  
of some of th e  im m a tu re  form s ap p eared  s truc tu re less . M atu re  and  im m a tu re  form s did n o t 
occur to g eth e r in th e  sam e section . M ature  virions, if  p re sen t, were few  in num ber.

(iii) Two h ith e r to  und esc rib ed  phenom ena hav e  been  observed, (a) T w en ty -fou r hours 
a fte r  m e th isazo n e -trea tm en t and  sub seq u en t in fection  th e  canalicu li o f th e  g ran u la r en d o p las
mic re ticu lu m  were d ila ted  and  u n u su a lly  increased in n u m b er in m an y  of th e  cells, (b) M ost of 
th e  m atu re  virions w ere su rro u n d ed  by  a vacuole and  tw o  doub le-layered  m em branes.

In  a prev ious re p o rt [1] th e  m orphology  o f th e  v acc in ia  v iru s rep ro d u c
tio n  in  th e  cells of th e  chorion ic  m em brane of th e  em b ry o n a ted  egg was describ 
ed. I t  has been concluded  th a t  fo r such m orphological s tud ies th e  em b ry o n a ted  
egg is as su itab le  as are  th e  u su a l cell cu ltu res.

F u rth e rm o re , th e  effect o f m eth isazone on th e  m u ltip lica tio n  of vaccinia 
v irus was s tu d ied  in e m b ry o n a te d  eggs, cell cu ltu re s  and  in th e  m ouse b ra in  
[2, 3]. In  th e  m o use-b ra in  experim en ts a n e u ro v iru le n t s tra in  was com pared  
w ith  a n o n -n eu ro v iru len t one. In  th e  presence o f m eth isazone  th e  ra te  of v iru s 
m u ltip lica tio n  w as s ig n ifican tly  reduced.

O th er in v es tig a to rs  [4, 5, 6] found th a t  som e m orphological c h a ra c te r
istics of th e  v iru s  rep lica tio n  are  considerab ly  a lte red  b y  m eth isazone.

T h e  p re se n t re p o rt describes th e  m orphological ch a rac teris tic s  of th e  
vacc in ia  v irus rep lica tio n  p roceeding  in th e  chorion ic  cells o f th e  em b ry o n a ted  
egg in th e  presence of m eth isazone.

M aterials and m ethods

The virus s tra in , th e  p re p a ra tio n  technique fo r e lec tro n  m icroscopy  an d  th e  v irus t i t r a 
tio n  have  been described  [1].

Inh ib ition  o f  v irus m ultip lica tion  by methisazone. A 20 ( iM  dose o f  m eth isazone was in 
jec ted  in a volum e of 0.2 m l in to  th e  yo lk  of each of th e  eggs p re -in cu b a ted  fo r 11 days. An a rti-
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fic ia l a ir  sac was p rep ared  an d  th e  chorion ic  side o f the  chorioa llan to ic  m em brane  (CAM) was 
in fec te d  w ith  600 to  1000 eg g -P F U  of v iru s in  a  vo lum e of 0.2 ml. F o r  e lec tro n  m icroscopy  only 
th o se  eggs were used in  w hich  th e  em b ry o  w as s till  liv ing and m oved  norm ally . F u r th e r  m e
th o d ic a l d e ta ils  have  been  p u b lish ed  elsew here [2].

R esu lts

V irus replication in the C A M . T h e  curves in Fig. 1 illu s tra te  th e  course 
o f  v iru s  m u ltip lica tio n  in  CAM in fec ted  w ith  600 to  1000 egg -P F U  of vaccin ia  
v iru s . One group of eggs w as in jec ted  w ith  0.2 m l of saline, th e  o th e r  w ith

F ig . 1. M u ltip lica tio n  of vacc in ia  v iru s  in  th e  chick em bryo CAM. (a) C ontro l g roup; 
(b) em bryos in je c te d  w ith  20 f iM  of m eth isazone pe r egg

20 p M  of m eth isazone in th e  sam e vo lum e of saline p er egg. The co n tro l curve 
show ed  th a t  logarithm ic  m u ltip lic a tio n  s ta r te d  3 to  6 h ou rs a fte r  inocu la tion . 
B y th e  sam e tim e  som e m u ltip lica tio n  had  occurred in th e  m e th isazo n e -trea ted  
m em b ran es as well, b u t  by  12 h ours th e  am o u n t of th e  new ly -p roduced  in 
fec tiv e  v iru s had  n o t reach ed  th a t  in jec ted  in th e  inocu lum ; a t 24 an d  48 hours 
th e  v iru s  y ield  w as less th a n  0 .5 %  of th e  contro l.

M orphology o f  virus replication

E arly  events. T he  m orpho logy  o f adso rp tion , p e n e tra tio n  and  tu rn in g  
in to  eclipse developed  in  b o th  g roups in  th e  sam e m an n er as described  earlier, 
z'.e., v irions were ad so rbed  to  cells an d  th e n  engulfed like foreign bodies. In  th e  
fo re ign -body  inclusions th e  v irions soon lost th e ir  o rig inal s tru c tu re . S ubse
q u e n tly , as a resu lt o f th e  en zy m atic  a c tiv ity  of th e  cell, th e  v irions’ envelope 
w as decom posed an d  th e  D N A -co n ta in in g  v iral core w as released. E ngulfed  
v irio n s are  show n in Figs 2 an d  3. T h e  virions ly ing free in  th e  cy to p lasm  can 
n o t  be d istingu ished  from  ex tra c e llu la r  v irions. A rrow s p o in t to  th ree  inclusions 
su rro u n d ed  by  u n it m em branes. T h e  doub le  arrow  po in ts  to  a sim ilarly  enclosed
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Fig. 2. (P h o to  No. 9214). C horionic cell in m eth isazo n e -trea ted  CAM 24 h o u rs  a fte r in o cu la tion  
w ith  vacc in ia  v irus. Single arrow s p o in t to  two fo re ign -body  inclusions co n ta in in g  virions tu r n 
ing in to  th e  eclipse phase . D ouble  arrow  p o in ts  to a  single v irion  in a n  inclusion . M agnification ,

X 61,000

Fig. 3. (P h o to  No. 9203). T hree  fo reign-body  inclusions. Single, double  a n d  trip le  arrow s po in  
to  p a rtic les in  d iffe ren t stages o f tu rn in g  in to  eclipse. X 58,000
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sing le  v irion. T he s tru c tu re  of th ese  v irions is in jured , th e ir  envelope is in d is
t in c t .  In  th e  inclusions and  in th e  neighb o u rin g  cy top lasm  th e re  are vesicles 
o f  va riab le  size. M ost of th e  inclusions an d  vesicles are  lim ite d  b y  a g ra n u la r  
m em branes. T he early  d is in teg ra tio n  of th e  virions on th e  le f t in  Fig. 2, show n 
u n d e r  h igher pow er in  Fig. 4, is m ore pronounced . In  F ig . 3 th ree  v iru s-co n 
ta in in g  inclusions an d  tw o free v irions a re  seen. The la t te r  are  in ta c t  while 
th e  partic les — six  in  th e  u p p e r le ft inc lusion , four in  an  inclusion  on th e  r ig h t 
a n d  four or m ore in th e  elongated  one on th e  bo tto m  — show  various stages 
o f  d is in teg ra tio n  of th e  o u te r com p o n en ts  and  lib e ra tio n  of th e  v ira l core. 
T h e  single arrow  po in ts  to  a p a rtic le  w hose side ad jacen t to  th e  w all o f th e  
inc lusion  ap p ears  in ta c t,  w hereas th e  one a t  th e  p o in t of th e  arrow  is in ju red . 
T h e  double o u te r  m em b ran e  of th e  p a rtic le  a t th e  p o in t o f th e  double  arrow  is 
lack ing . In  th e  tw o fo rm atio n s p o in ted  a t  b y  th e  trip le  arrow  th e re  are e lem ents 
resem bling  th e  s tra n d s  of nucleic acid  released  from  th e  v ira l core. T h e ir id e n 
tif ic a tio n  needs h istochem ical in v es tig a tio n . The v iral bodies in  th e  u p p e r in c lu 
sion are v a ria b ly  in d is tin c t. In  F ig . 5 th e  lower e longated  inclusion of F ig . 3 
is p resen ted  a t h igher m agn ification .

Cytological lesions in the f i r s t  24 hours. In  th e  n o t p re tre a te d  eggs th e  
chorionic cells of th e  CAM show ed an  accu m u la tio n  of m ito ch o n d ria  and  a p p e a r
ance  of filam en tous or s tru c tu re less  inclusions 12 hours a f te r  infection (Figs 
2 5 in [1]). Soon th e re a f te r  young  form s appeared.

In  th e  p resence of m etliisazone no new ly form ed p a rtic le s  could be de
m o n s tra te d  in th e  f irs t 24 hours. H ow ever, in such m em branes a cell-form  
v e ry  rare  in  n o rm al and  vaccin ia  v iru s-in fec ted  CAM w as freq u en tly  seen. 
T hese  cells ch a rac te rized  by  a s trik in g  abundance  of g ra n u la r  canalicu li of 
th e  endoplasm ic re ticu lu m  m ay  be im m ig ran t cells or a lte re d  chorionic cells.

In chorion ic  cells inclusions corresponding  to  G u arn ie ri bodies are 
ra re ly  seen b y  lig h t m icroscopy and , to  ou r best know ledge, e lec tron -m icro 
scopic inclusions like those  com m on in vaccin ia  v iru s-in fec ted  ra b b it  co rnea  
cells have n ev er been observed  in  CAM cells.

The elec tron  m icrograph  p re sen ted  in  Fig. 6 w as ta k e n  24 hou rs  a fte r  
th e  infection  of a m e th isazo n e -trea ted  egg. The nuclear s tru c tu re  is u n a lte re d . 
In  th e  cy top lasm  th e  d ila ted  canalicu li o f th e  g ranu la r endop lasm ic  re ticu lu m  
a re  increased in nu m b er. B esides, e lem ents of norm al, u n d ila te d  canaliculi 
a re  p resen t. A ltho u g h  th e  cell in  th e  p ic tu re  is rich in m ito ch o n d ria , th is  is no t 
ch a rac te ris tic  o f th e  m e th isazo n e -trea ted  and  infected  cells. In  Fig. 7, inside 
tw o  inclusions, in d is tin c t, m o d era te ly  electron-dense spo ts v a riab le  in  size and 
shape, and  dense g ranu les resem bling  ribosom es are visible. N ear th e  r ig h t low er 
co rner a sm all p a r t  o f th e  d ila ted  canalicu li of th e  endop lasm ic re ticu lu m  
appears.

Changes observed 48 hours after infection. N ew ly-form ed im m atu re  v iru s 
partic les, a p p a re n tly  ab sen t in  th e  f irs t  24 hours, are v isib le  a t  48 hours. H ow-
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Fig. 4. P h o to  No. 9214; m agn ifica tion  X 92,000

ever, th e se  are a lte red  by  th e  m e th isazo n e  tre a tm e n t. T he n u c leus u n d e r low- 
pow er (F ig. 8) shows a no rm al s tru c tu re , b u t  in  th e  cy to p lasm  an increased  
n u m b e r of vacuoles and  a sligh t accu m u la tio n  of endoplasm ic re ticu lu m  are  
seen; p a r t  o f th e  canaliculi is no t d ila ted . The few im m a tu re  form s are s c a t
te red  in  th e  cy top lasm , in c o n tra s t to  th o se  in th e  u n in h ib ite d  chorionic cells,

F ig. 5. T he low er inclusion  in  P h o to  No. 9203; m agn ifica tion  X 88,000
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in  w hich th e  im m a tu re  form s are  lo ca ted  ju x ta -n u c le a rly . In  some cells, e.g. 
in  th a t  shown in  F ig . 9, a large group of im m a tu re  p a rtic le s  is seen, and  th e  
m a tr ix  is loose, a p h en o m en o n  ch a rac te ris tic  of an  in h ib ite d  v irus rep roduction . 
M ost of th e  im m a tu re  partic les  are n o t oval in sh ap e , som e of them  h av e  
excess lim iting  m em b ran es  (upper r ig h t co rner), th e  m em branes of o thers (on 
th e  righ t, n ear th e  m id line) are defective. O ccasionally , th e  v iro p lasm -m atrix  
lim it is hard ly  v isib le . T h e  v irop lasm  is m o stly  of norm al s tru c tu re  th ough  p a r 
tic les conta in ing  a s tru c tu re le ss , dense su b stan ce  also occur. One of th e  im m a 
tu re  partic les has a y o u n g  nucleoid , b u t  no lim itin g  m em brane.

In  Fig. 10 f iv e  im m a tu re  partic les  a re  em bedded  in  a m a trix  of n o rm al 
s tru c tu re . T he p a rtic le s  are  irregu la r in  shape . In  th e  m icrograph  only trace s  
o f th e  filam en tous s tru c tu re  are d e tec tab le  in  th e  nucleo id . The m atrix  is s u r 
rounded  by  an  a b u n d a n t endoplasm ic re ticu lu m  an d  ribosom es. In  th e  c y to 
p lasm  th ere  a re  loose filam en ts  of u n k n o w n  fu n c tion .

The p ic tu re  in  F ig . 11 resem bles th a t  in  Fig. 9. T h e  s tru c tu re  of th e  m a 
t r ix  is in d is tin c t. T h e  lim itin g  m em branes of th e  im m a tu re  partic les are irre g u 
la r, some even de fec tiv e . P artic les w ith  p a r t ly  s tru c tu re le ss  v iroplasm  also 
occur. The m a tr ix  is su rro u n d ed  by  cana licu li of th e  endoplasm ic re ticu lu m .

M ature virions. A m ong th e  48 -hour sections few co n ta in ed  m atu re  v irions. 
T hus, a com plete series of deve lopm en ta l stages could  n e v e r be seen in  one an d  
th e  sam e cell. W hile  u n d e r  no rm al cond itions m an y  of th e  v irions are su rro u n d 
ed by  endoplasm ic re ticu lu m , m ost of th o se  developing  in  th e  m ethisazone- 
tre a te d  cells w ere su rro u n d ed  by  an  elec tron -dense  m em b ran e  dup lica te  or, 
occasionally, a vacuo le .

In  Fig. 12, on  th e  le ft n ear th e  b o tto m , th e re  are  severa l m a tu re  v irions 
ly ing  free in  th e  c y to p la sm  n ea r th e  nucleus. T he v irio n  on th e  left is su rro u n d ed  
b y  m em brane d u p lic a te s , p ro b ab ly  a g ra n u la r  d u p lica tes  of th e  endoplasm ic 
reticu lum . T hese a re  m ore  e lectron-dense th a n  th e  endop lasm ic  re ticu lum  else
w here in th e  p ic tu re . T h ere  is often  a vacuo le  b e tw een  th e  double-layered m em 
b ran e  and th e  v irio n . N ear th e  cen tre  of F ig . 12 th e re  is an  em pty  vacuole. 
Foreign su b stan ce  w as ra re ly  found in such  vacuoles. In  contro l p rep a ra tio n s  
virions su rro u n d ed  b y  vacuoles did n o t occur.

Fig. 13 show s a v irio n  in  a cy top lasm ic  process, su rro u n d ed  by  a sm all 
vacuole and  tw o  e lec tron -dense  doub le-layered  m em b ran es. Inside th e  vacuo le  
th e  partic le  has lim itin g  m em branes ch a rac te ris tic  of th e  m a tu re  v irion. In sid e  
th e  nucleoid a f ila m e n to u s  su bstance  is v isib le.

In  Fig. 14 a v irio n  is ju s t  being d ischarged  from  a cytoplasm ic process 
of a chorionic cell. T h e  v irion  is sep a ra ted  from  th e  cy to p lasm  by two do u b le
layered  m em branes s im ila r to  those  seen in  th e  above F igures, and  from  th e  
m em brane it  is s e p a ra te d  b y  a vacuole. T ow ards th e  in trace llu la r space th e  
m em branes are  loose an d  p a r tly  d is in teg ra ted .
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F ig . 6. (Pho to  9162). C horionic  cells 24 ho u rs  a fte r  m e th isa zo n e -tre a tm en t and  infection. 
A bundance in  endoplasm ic re ticu lu m , d ila ted  canalicu li. X 24,000
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ig. 8. (P h o to  No. 9163). S c a tte re d  im m atu re  v iru s-lik e  partic les in  th e  cy top lasm  48 h o u rs  
a fte r  m e th isazo n e -trea tm en t an d  infection . X 20,400
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F ig . 9. (P h o to  No. 9174). Im m a tu re  fo rm s 48 ho u rs  a f te r  m e th isa zo n e -tre a tm en t and in fectio
M ag n ification , X 90,000
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Fig. 10. (P h o to  9174). P a t te rn  sim ila r to  th a t  in Fig. 8. X 120,000
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Fig. 11. (P h o to  No. 9144). P a t te rn  sim ilar as in Fig. 8. X 90,000
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Fig. 12. (P h o to  No. 9164). M atu re  virions in  c y to p la sm , enclosed in  tw o double-layered  m em 
b ra n es  o f h igh e lectron -density . N ote  v acuo le  a ro u n d  each  virion. X 80,000

Fig. 13. (P h o to  No. 9181). In  a cy top lasm ic process a m atu re  v irion  surrounded  by  a vacuole  
and  tw o d o ub le-layered  m em branes. N ote fila m en to u s  s tru c tu re  o f nucleoid. X 214,000
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F ig. 14. (P h o to  N o. 9142). D ischarge of a  v irio n  a t  th e  cell surface. X 100,000.

D iscu ssion

The li te ra tu re  on vaccin ia  v iru s  rep lica tio n  has been review ed prev iously  
[1]. M ost of th ese  s tu d ies  as also th o se  of th e  m echanism  of ac tio n  of m eth i- 
sazone  and of m orphological ch a rac te ris tic s  o f th e  inh ib ited  rep lica tio n  cycle 
w ere perfo rm ed  in tissu e  cu ltu res.

In  such s tu d ies  we give p reference  to  th e  em b ry o n a ted  egg since th is  
allow s a b e tte r  com parison  of th e  s tu d ie d  processes w ith  those  occurring  in  th e  
liv in g  organism . T h is view  is su p p o rted  b y  th e  th e rap eu tic  index  of m eth isa- 
zone in  d ifferen t v iru s-h o st system s [3, 7]. F o r th e  chick em bryo  f ib ro b la s t 
sy s te m  th is  index  w as a round  1.0, fo r th e  em b ry o n a ted  egg it ran g ed  betw een  
2 an d  4, w hereas fo r th e  m ouse b ra in , d epend ing  on th e  v iru lence  of th e  v iru s  
s tra in , betw een  10 an d  32.

I t  w ould n o t h av e  been su rp rising  to  fin d  h o st-d ep en d en t m orphological 
d ifferences in  th e  in h ib itio n  of rep lica tio n . H ow ever, in th e  p re se n t s tu d y  th e  
cou rse  of th e  in h ib ite d  cycle was m orpho log ica lly  sim ilar to  b o th  th e  no rm al 
cycle  in  th e  e m b ry o n a te d  egg and  th e  cycle proceeding  in  tissue  cu ltu re  in  th e  
presence  of m e th isazone . In  th e  chorion ic  cells of th e  em b ry o n a ted  egg in jec ted  
w ith  20 fiM  of m eth isazone  im m ed ia te ly  before virus in fection  on th e  l l t l i  
d a y  of in cu b a tio n , th e  adso rp tio n , p e n e tra tio n  and  tu rn in g  in to  eclipse w ere 
in d is tin g u ish ab le  from  th e  re spec tive  ev en ts  observed b y  us in  th e  co n tro l 
CAM system  or b y  o th ers  in  tissu e  cu ltu res . T here  were only  q u a n ti ta t iv e  d if
ferences in re sp ec t of th e  v iru s-p ro d u c in g  m a tr ix  and  th e  im m a tu re  p a rtic le s  
p e r  fac to ry . In  v iew  of th e  w ell-defined q u a n tita tiv e  differences th e  rep ro d u c 
tio n  cycle seem s to  be considerab ly  in h ib ite d  as early  as a t  th e  fo rm atio n  of
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im m a tu re  partic les. M ature v irions w ere few, and  im m atu re  partic les  an d  m a tu re  
v irions w ere never found  in th e  sam e section .

In  sp ite  of th e  m orphological s im ila rity , tw o h ith e r to  u ndescribed  p h e 
nom ena  have  been observed.

(i) In  th e  presence of m eth isazone  a special ty p e  of cell w as found  in  th e  
CAM of vaccin ia  v iru s-in fec ted  em bryos. T hese cells, w hich  we believe to  
re p re se n t a lte red  chorionic cells or im m ig ra ted  h is tiocy tes, possessed an  in c rea s
ed a m o u n t of g ran u la r endoplasm ic re ticu lu m  and  d ila ted  canalicu li. T he fac t 
th a t  m ost o f th e  a p p a re n tly  v iru s-p ro d u c in g  cells were of th is  ch a ra c te r , speaks 
for th e ir  chorionic origin. On th e  o th e r h a n d , fo r th e ir  h is tio cy tic  origin speaks 
th a t  such  cells occurred  even in  CAM w hich  h ad  n o t been su b jec ted  to  p r e tr e a t
m en t an d  th a t  th e  n u m b er of such cells increased  a fte r a n y  m an ip u la tio n , for 
in stan ce  on inocu la tion  of saline on to  th e  CAM.

(ii) M ost o f th e  m a tu re  v irions w ere enclosed b y  tw o  doub le-layered  
m em branes. The m em b ran e  w alls w ere ag ran u la r , y e t, m ore  elec tron -dense  
th a n  th e  canaliculi o f th e  endoplasm ic re ticu lu m . Such fo rm atio n s w ere seen 
only in  th e  chorionic cells o f m e th isazo n e -p re trea ted  in fec ted  CAM.

T h e  ab u n d an ce  in  d ila ted  canalicu li of th e  endoplasm ic re ticu lu m  m ay  
be considered  a m orphological p h enom enon  accom pany ing  a p a r tic u la r  cell 
fu n c tio n , e.g , an enhanced  p ro d u c tio n . T h is view  is su p p o rted  b y  lite ra ry  d a ta  
concern ing  th e  m echan ism  of ac tion  of m eth isazone . A ccording to  A p p l e y a r d  
et al. [8], in  m e th isazo n e-trea ted  cells th e  v acc in ia  v irus induces th e  sy n th esis  
of a new  p ro te in  w hich, b locking  ce rta in  po lyribosom e v ira l R N A  com plexes, 
d is tu rb s  th e  syn thesis of an  enzym e or s tru c tu re  p ro te in  in d ispensab le  for v iru s  
m a tu ra tio n . T he cy tom orpho log ica l p h en o m en a  described  in  th e  p re sen t re p o rt 
m igh t be exp la ined  by  an  enhanced  sy n th esis  of th e  b locking  p ro te in .

A lte rn a te ly , th e  cy tom orpho log ical p henom ena m ig h t be a t tr ib u te d  to  
th e  to x ic  effect of m eth isazone. In  th is  case, how ever, a s im ilar p h enom enon  
should  h av e  been observed  in  ch icken f ib ro b la s t cu ltu res, as in  th is  sy stem  
th e  d ru g  has a low th e ra p e u tic  index .

T h e  h igh incidence of v irions su rro u n d ed  b y  a vacuole  and  tw o  d o u b le 
lay e red  m em branes seem s easily  exp la in ab le . P resu m ab ly  th e  vacuoles p la y  
here th e  sam e role as in th e  rem oval of foreign  bodies.

In  th e  course of th e  u n in h ib ite d  rep ro d u c tio n  cycle a g rea t n u m b e r of 
vaccin ia  v irions are  form ed in  each in fec ted  cell, b u t  only few  are  rem oved  an d  
a t la s t every  in fec ted  cell dies. In  m e th isazo n e -trea ted  system s, on th e  o th e r 
h an d , v irion  p roduction  is less th a n  1%  o f th a t  in  th e  con tro l cells and  m ost 
o f th e  in fec ted  cells su rv ive. O bviously , a considerab le  p ro p o rtio n  of th e  v irions 
is k e p t in  inclusions an d  th u s  th e y  are rem oved  from  th e  cell or, a t  least, th is  
process is in itia ted .
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EFFECT OF DIBROMOMANNITOL 
AAD DIBROMODULCITOL ON IMMUNOLOGICAL 

AND MICROBIOLOGICAL SYSTEMS

B y

G. E l e k , I. F ö l d e s  and E d i t h  Y a n d r a

“ K o rá n y i”  N ational In s titu te  fo r  Tuberculosis (D irector : M. B ö szö rm én y i), Budapest

(R eceived S ep tem b er 26, 1968)

Sum m ary. T he e ffec t o f d ib ro m o d id eo x y m an n ito l (DBM ) an d  its  stereoisom er, d ib ro- 
m od ideoxydu lcito l (D B D ) on im m une response, g ro w th  of M ycobacterium  phlei, and  p laq u e  
fo rm atio n  by  phlei phage h a v e  been  exam ined. T he d ev elo p m en t o f a n ti- te ta n u s  im m u n ity  in  
mice and  an tib o d y  p ro d u c tio n  ag a in st serum  p ro te in s  in ra ts  were in h ib ited  by  D B D  m ore 
effectively  th a n  b y  DBM . T h e  average surv ival tim e  of sk in  hom o g rafts  in ran d o m -b red  ra ts  
was n o t in fluenced  b y  DBM  b u t  was prolonged by  tw o  d ay s by  D B D . A lth o u g h  DBM was m ore 
read ily  soluble th a n  D B D , th e  la t te r  exerted  a h igher im m u n o su p p ress iv e  effect th a n  th e  form er.

D B D  in h ib ited  th e  g ro w th  of M . phlei a t  low er c o n cen tra tio n s  th a n  DBM . In  c o n tra s t 
in decreasing th e  t i t r e  o f ph le i phage suspension, D B M  was m ore effective th a n  DBD.

D ib ro m o m an n ito l (d ib rom od id eo x y m an n ito l, DBM ) an d  d ibrom odi- 
deoxydu lc ito l (D B D ) are  a-co-b rom ine-substitu ted  six  carb o n  a tom  sugaralco- 
hols (hexitols) [7]. T he fo rm ulae  for th e  tw o  d iastereo isom er com pounds are 
show n in Fig. 1. In  screen ing  exam inations fo r th e  im m unosuppressive  effect 
o f a n ti- tu m o u r agen ts D B D  proved  m uch m o re  ac tiv e  th a n  D BM  [6]. In  view  
of th is find ing  i t  seem ed desirab le  to  in v e s tig a te  th e  effect o f D B D  using o th e r 
k inds of im m unological m odels.

In h ib itio n  of th e  d iv ision  of cells in v o lv ed  in im m unological reac tions 
depends on several fa c to rs  such as th e  tr a n s p o r t ,  accu m u la tio n  an d  d is tr ib u 
tio n  of th e  agen t. T he effect of th e  tw o d iastereo isom ers can  be in te rp re te d  
m ore ad e q u a te ly  b y  u sin g  sim ple system s consisting  of hom ogeneous cells or 
m olecules. A ccord ing ly , o u r im m unological m odel ex perim en ts w ere supp le 
m en ted  w ith  tw o  m icrobio logical m odels, v iz . in h ib itio n  of b ac te ria l g row th  
and  in a c tiv a tio n  of phages.

M aterials and m ethod s

Substances. D B D  (l,6 -d ib ro m o -l,6 -d id eo x y  D -d u lc ito l, d ib rom odu lc ito l) is a w hite  c ry s
ta lline  pow der soluble in  cold  w a te r  a t  1 : 3000. I t s  d iaste reo isom er, DBM  (l,6 -d ib ro m o -l,6 -  
d ideoxy  m an n ito l, d ib ro m o m an ito l) is th ree  tim es m ore  soluble th a n  D B D . T he su bstances 
were suspended  in  a few d ro p s  o f  Tw een 80 by g rin d in g , th e n  d ilu ted  w ith  saline or b ro th  to  
th e  requ ired  co n cen tra tio n . T h e  substances were s te rilized  b y  UV irrad ia tio n .

For im m unosuppressive  treatment the  agents w ere g iven  in doses fo u n d  effective for th e  
tre a tm e n t of re fra c to ry  tu m o u rs  in  anim als [8]. T his dosage  caused  no considerab le  changes in 
body  w eight and  blood coun ts .
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R an d o m -b red  Swiss m ice of b o th  sexes w eighing 32— 35 g and  W is ta r  ra ts  w eigh ing  
180— 200 g w ere used .

M . phlei an d  its  specific m o n o v a le n t p hage  were m ain ta in ed  on solid m ed iu m  a n d  in 
b ro th  [16].

Im m u n e  response to tetanus anatoxin . G rad ed  doses ran g in g  from  0.04 to  5.0 com bin ing  
u n its  o f adso rbed  te ta n u s  a n a to x in  vacc ine  w ere g iven  in one su b cu tan eo u s in jec tio n  to  g ro u p s 
o f m ice. The a lu m in iu m -h y d ro x id e-g e l-ad so rb ed  vaccine, p rep ared  by  th e  In s t i tu te  fo r Sero- 
bacterio log ica l P ro d u c tio n  and  R esearch  H u m a n , B u d ap est, co n ta in ed  10 com bin ing  u n its  
p e r ml.

C H 2Br

H O - C H

H O - C H

H C - O H

H C - O H
I

C H 2B r

DBM

C H ,B r

H C - O H

H O - C H
I

H O - C H

H C - O H

C H ,B r

D B D

Fig. 1. F o rm ulae  fo r th e  d iastereo isom ers d ib ro m o m an n ito l (DBM ) an d  d ib rom odu lc ito l (D B D )

E ach  group  consisting  of 30 an im als was d iv ided  in to  3 subgroups: (a) u n tre a te d  (con
tro l)  an im als; (b) an im als t re a te d  w ith  D B D  (300 m g/kg); (c) an im als tre a te d  w ith  DBM  
(300 m g/kg).

D B D  and  D BM  were ad m in is te re d  in tra p e rito n e a lly  f irs t  on th e  d ay  of v a cc in a tio n ; 
su b seq u en t in jec tio n s  w ere given tw ice w eekly  o ver a period of 3 weeks.

In  p re lim in a ry  ex p erim en ts  we d e te rm in e d  th e  M .L.D . fo r f lu id  te ta n u s  to x in  a n d  th e  
le th a l a m o u n t o f to x in  only in th e  g ro u p  im m u n ized  w ith  th e  sm allest a n a to x in  dose. In  th e  
m ain  ex p erim en ts  th e  an im als were challenged  21 days a fte r v acc in a tio n  w ith  th e  la t te r  a m o u n t 
o f to x in  (30 M .L .D .). T he E D 50 of a n a to x in  w as e s tim a te d  by  th e  p ro b it te s t  [13].

A ntibody production against serum pro te in . Sheep, calf, ra b b it ,  h u m an  and  hen se ra  w ere 
m ixed  a t  equal p o rtio n s  and of th e  m ix tu re  th re e  2 ml doses were in jec ted  in tra p e rito n e a lly  
a t  w eekly in te rv a ls  in to  60 ra ts . To th e  f ir s t  dose an  equal a m o u n t of F re u n d  a d ju v a n t  was 
add ed . The ra ts  were d iv ided  in to  3 g ro u p s each  com prising  20 an im als , th en  tre a te d  acco rd ing  
to  th e  follow ing schedule: group  A: u n tr e a te d  an im als; group  B: an im als , tre a te d  w ith  D B D  
(200 m g/kg); g roup  C: an im als t re a te d  w ith  DBM  (200 m g/kg). A to ta l  o f 6 doses w as g iven  a t 
85 h o u r in te rv a ls  (tw ice w eekly). On th e  fo u r th  w eek th e  an im als w ere bled and  th e  se ra  o f 10 
an im als  w ere m ixed  so th a t  tw o m ixed  se ru m  sam ples were o b ta in ed  for each  g ro u p . The 
sam ples were ex am in ed  w ith  th e  ra d ia l d o ub le  diffusion tech n iq u e  [2] ag a in st all in d iv id u a l 
a n tig e n  sera an d  ag a in s t th e ir  m ix tu re . T he n u m b er o f p re c ip ita tio n  lines was d e te rm in ed . 
Q u a n tita tiv e  e v a lu a tio n  was m ade by  O u d in ’s lin ea r diffusion reac tio n  [2]. T he “ k ”  v a lu e s  for 
th e  a lbum in  line o f th e  in d iv id u a l a n tig en  se ra  w ere p lo tte d  ag a in st th e  lo g arith m s of th e  im 
m u n e  sera d ilu tio n s an d  th e  regression  line fo r th e  p o in ts was ca lcu la ted . T he in te rse c tio n  of the  
regression  line an d  th e  abscissa co rresp o n d ed  to  th e  “ equivalence p o in t”  in d ica tin g  th e  d ilu 
tio n  of th e  im m u n e  serum  e q u iv a len t w ith  th e  a lbum in  c o n cen tra tio n  of th e  a n tig e n  serum . 
T he equ ivalence p o in ts  for im m une sera  o f an im als trea te d  in d iffe ren t m anners w ere com pared  
b y  ca lcu la ting  th e  ra tio  of t itre s  o b ta in e d  in th e  con tro l and in th e  tre a te d  an im a ls’ sera . The 
t i t r a t io n  of th e  serum  m ix tu re s  was re p e a te d  th ree  tim es, th en  th e  resu lts  were a n a ly se d  by 
St u d e n t ’s i-te st.

T ransp lan ta tion  im m u n ity . Skin t ra n s p la n ta t io n  experim en ts  on 60 ra ts  w ere p e rfo rm ed  
as described  by  B ill in g h a m  and  S il v e r s  [4]. E ac h  an im al was su b jec ted  to  2 hom eo and  2 
a u to tra n s p la n ta t io n s  by  th e  p u n ch  g ra ftin g  tech n iq u e  [12]. The an im als were d iv id ed  in to  
g roups of tw o so th a t  an im als o f one p a ir  a c ted  as m u tu a l donors an d  rec ip ien ts. A fte r g ra ftin g  
th e  an im als w ere d iv id ed  in to  g roups o f 20. T w e n ty  an im als served  as co n tro ls; th e  rem ain in g  
tw o  groups w ere se lected  so th a t  each  a n im a l o f all pairs fell in to  d iffe ren t g roups. T h ree  hours 
a f te r  g ra ftin g  in one of th e  te s t  g roups D B M , in  th e  o th er D B D  tre a tm e n t  was s ta r te d .  T h e
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drugs were adm in iste red  for 3 weeks as d esc rib ed  for im m unolog ical ex p erim en ts  w ith  serum  
m ix tu re s . T he p la s te r  of P a ris  covering  ap p lied  a f te r  g rafting  was rem o v ed  on th e  8 th  d ay , th en  
th e  g ra fts  were exam ined  d a ily  fo r early  (e ry th e m a , c ru s t fo rm atio n ) a n d  la te  (change in  colour, 
sh rin k in g ) signs o f re jec tio n . T he g ra fts  w ere considered  to  su rv iv e  u n til  a gross change in 
colour and  shrink ing  had  becom e ev iden t. S ta tis t ic a l  ev a lu a tio n  w as m ade by  St u d e n t ’s 
i- te st.

Inhib ition  o f  bacterial growth. S tock  suspensions con ta in ing  15— 25 m g D B D  or DBM  per 
m l w ere p rep ared  in  b ro th . T he con tro l b ro th  co n ta in ed  a m in u te  a m o u n t of Tw een 80. T hen  
tw o-fo ld  serial d ilu tio n s w ere m ade  in b ro th  a n d  each  tu b e  w as in o cu la ted  w ith  a loopful of 
M . p h lei cu ltu re . The tu b e s  w ere in cu b a ted  a t  37 °C for 10 days a n d  th e  m in im al in h ib ito ry  
c o n cen tra tio n s  were de te rm in ed .

Inactivation o f  phages. One m l b ro th  co n ta in in g  1010 phlei p h ag e  p a rtic les  was g round  
w ith  100 mg of D B D  or DBM  suspended  in  3 d ro p s o f Tween 80. T h e  suspension  w as in cu b a ted  
a t  37 °C and  sam pled a t  in te rv a ls . P hage co u n ts  were d e term ined  in tw o  p aralle l ex p erim en ts  
by  th e  agar lay e r tech n iq u e  [11].

R esu lts

Inh ib ition  o f  anti-tetanus im m u n ity . A m ong an im als n o t tre a te d  w ith  th e  
in h ib ito ry  agen ts th e  challenging  dose of to x in  caused  50%  le th a lity  in  th e  
group  im m unized  w ith  0.15 com bin ing  u n its  of an a to x in . In  anim als tre a te d  
w ith  DBM  and  D B D  5 0 %  le th a lity  o ccu rred  in  th e  g roups im m unized  w ith  
0.3 and  2.5 com bin ing  u n its  o f a n a to x in , respective ly  (T able I). As concluded  
from  th e  average E D 50, th e  degree of im m u n e  response w as decreased b y  DBM  
ab o u t tw ofold , b y  D B D  a b o u t ten fo ld .

Table I

E ffect o f  prolonged D B D  and D B M  treatment (300  mg/kg) on the im m u n e  response o f  mice to
tetanus anatoxin

T e tan u s  a n a to x in  (com 
b in in g  u n its )  used  o r 

im m u n  ization

A g en t

5 2.5 1.2 0.6 0.3 0.15 0.08 0.04

N u m b e r  o f  d e a th s  am o n g  an im als challenged w ith  30 M .L .D . te ta n u s  
su b c u ta n e o u s ly  21 days a f te r  vaccin a tio n *

to x in

(control) 0/10 1/10 1/10 1/10 2/10 5/10 8/10 10/10
D ibrom odulcito l (DBD) 1/10 5/10 8/10 9/10 10/10 10/10 10/10 10/10
D ibrom om annito l (DBM) 0/10 0/10 1/10 2/10 5/10 6/10 10/10 10/10

* No. of deaths/N o . of an im als te s ted .

Inh ib ition  o f  antibody production against serum protein . B y th e  rad ia l 
doub le  diffusion tech n iq u e  im m une se ra  of D B D -trea ted  an im als w ith  serum  
m ix tu re  an tigen  show ed on ly  6 — 7 lines. Im m u n e  sera of th e  con tro l anim als 
an d  D B M -trea ted  an im als p roduced  12 lines (Table I I ) .

B y O u d in  t i t r a t io n  th e  line o b ta in ed  w ith  hen serum  an tig en  was in d is
t in c t  and  could n o t be ev a lu a ted . T h e  equivalence v a lu e  w as 1.4 -2.4 tim es 
h igher for contro l sera th a n  for th e  D B D -tre a te d  an im als’ sera. T he in h ib itio n
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Table II

Im m u n e  response to serum  protein o f  rats receiving prolonged D B D  and  D B M  treatment
(200 mg/kg)

Im m u n e  serum  
p re p a re d  in  ra ts  

t re a te d  w ith

N o. of 
p rec ip ita tio n  

lines w ith  
an tigen  
m ix tu re

D ecrease in  th e  t i t re  o f  sera  
(con tro l an im a ls’ t itre :

for im m uniz ing  alb u m in s 
tre a te d  an im a ls’ t itre )

H u m an Sheep Calf R a b b it

D B D 6 - 7 2.4 +  0.2 2.2 ±  0.1 1.4 +  0.2 1.5 ±  0.1
DBM 12 1.4 ±  0.1 1.1 ±  0.1 1.2 +  0.2 О ©

- (control) 12 P ro b ab ility  of th e  difference betw een th e  sera  of contro l and
D B D -tre a te d  an im als

99% 99% 55% 95%

o f h u m an , sheep an d  ra b b it  a lbum in  an tib o d ies  w as sig n ifican t a t th e  95%  
level. No sign ifican t d ifference was observed  in  th e  in h ib itio n  of an ti-ca lf  
a lb u m in  an tibod ies. As to  D B M -trea ted  an im als, th e  d ifference in equivalence 
v a lu e  from  th e  co n tro l sera  w as only  1 — 1.4-fold and , ex cep t for a n ti-h u m an  
a lb u m in , the  in h ib itio n  was n o t s ign ifican t a t th e  95%  level. A ccordingly, 
th e  tw o  agents d iffered  in in h ib itin g  th e  im m une  response to  various an tigens. 
A n ti-h u m an , sheep an d  ra b b it a lbum in  an tibod ies were in h ib ited  sign ifican tly  
s tro n g e r  by  D B D  th a n  by  DBM .

Inhib ition  o f  transplanta tion  im m u n ity . T h ir ty -e ig h t o u t of 40 au to g ra fts  
p re p a re d  in th e  co n tro l anim als su rv ived . T he liom eografts w ere re jec ted  in 
30 days in all an im als ex cep t one in  th e  con tro l and  one in th e  D B D -trea ted  
g ro u p  (these were o m itte d  from  T ab le  I I I ) .  W hile a t th e  dose given DBM  failed  
to  in fluence th e  su rv iv a l of th e  g ra fts , D B D  pro longed th e ir  life by  tw o days 
on  th e  average. T he d ifference was s ign ifican t a t  th e  95%  level (Table I I I ) .

Table III

E ffect o f  prolonged D B D  and D B M  treatment (200 mg/kg) on homeograft survival in  rats

G roup
( 1 9 - 2 0  an im als)

A verage su rv iv a l, 
days

S u rv iv a l o f g ra fts  
re jec ted  earliest and  

la te s t, days

C ontrol 12.2 +  2.3 9— 18
D B D 14.8 +  3.3 1 1 - 2 0
DBM 11.8 +  2.4 1 0 - 1 7

Inhibition  o f  bacterial growth. G row th of M . phlei w as in h ib ite d  by  218% 32 
/tg p e r ml of D B D  an d  4 3 6 ^ 5 6  pg per ml of DBM . T he d ev ia tio n s were due to  
g ro w th  of M . ph le i a f te r  5 7 days in som e tubes.

Inactivation o f  phages. As show n in T ab le  IV , DBM  decreased  th e  n u m b er 
o f  p laque-form ing  u n its  m ore effectively  th a n  D BD .
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Table IV

Decrease in  ph le i phage titre under the effect o f  D B D  and D B M  (100  mgjml)

A gent
P h ag e  c o u n ts  x  107 a f te r  in cu b a tio n fo r

0 h o u r 5 hours 10 hours 24 h o u rs

— (control) 986 +  180 621 +  31 288 +  38 2 0 0  +  2 1

DBD 986 +  180 250 +  16 74 +  15 7 +  2

DBM 9 8 6 + 1 8 0 180 +  71 29 +  25 2 +  1

D iscussion

A lky la ting  com pounds c o n s titu te  an  im p o rta n t g roup  o f im m unosuppres
sive agen ts. T he p rim a ry  s ite  of ac tion  o f these  substances m ay  be d ifferent and 
has n o t been com plete ly  e luc ida ted  [18]. The m ost v a lu ab le  d a ta  are  ob tained  
b y  sk in  tra n sp la n ta tio n  te s ts . The observed  degree of im m unosuppression  de
pends on th e  m ethod  an d  th e  an tig en  [1, 15]. In  our im m unological model 
D B D  was m ore effective th a n  DBM . T h e  degree of th e  in h ib itio n  of th e  im m une 
response to  various an tig en s , how ever, was no t un ifo rm . In  our experim ents 
th e  resu lts  o b ta in ed  b y  im m uniz ing  w ith  m ixed sera shou ld  be em phasized, as 
ce rta in  an tigens m ay  p ro m o te  th e  effect of one a n o th e r  due  to  even tual com 
m on com ponents. T he m eth o d  used fo r assay ing  im m unosuppressive  ac tiv ity  
w as v e ry  in s tru c tiv e  as i t  allow ed a sim u ltan eo u s t i t r a t io n  of a w ide scale of 
an tig en s; according to  o u r o b serv a tio n s no t only  q u a lita tiv e  changes (dis
ap p ea ran ce  of p re c ip ita tio n  lines) b u t also q u a n tita tiv e  ones are  well detected .

Biological a lk y la tin g  su bstances, sim ilarly  to  ce rta in  an tim e tab o lite s  
[9] and  an tib io tics [17] ex e rt an in fluence  on all cells cap ab le  of m etabolism  
and  division. M am m alian  cells and  b a c te ria , how ever, m ay  considerab ly  differ 
as to  th e  effective in h ib ito ry  dose [9, 17]. In  m am m alian  cell tissue cu ltu re  
D B D  a t 1000 pg/m l c o n c e n tra tio n  in h ib ite d  grow th  w hile D BM  w as som ew hat 
less effective [10]. T he g ro w th  of M . ph le i was in h ib ited  b y  1/3 —1/4 of th e  
above co n cen tra tio n s. S im ilarly  to  th e  im m unological m odels, M . phlei and 
m am m alian  cell cu ltu re s  a re  m ore sen sitive  to  D B D  th a n  to  DBM .

O ne w ay of s tu d y in g  th e  m ode of ac tion  of in h ib ito ry  substances is th e  
ex am in a tio n  of th e ir  effect on m olecular system s. P h ag e  in a c tiv a tio n  is reg ard 
ed as a m odel for th e  effect o f a lk y la tin g  agents on D N A  [18]. R ad io ac tiv ity  
w as show n in phage-D N A  a fte r  t r e a tm e n t w ith  labelled  a lk y la tin g  substances 
[5]. In  ou r phage in a c tiv a tio n  m odel ex perim en ts D BM  ex erted  a stronger 
effect th a n  D BD . I t  w as q u estio n ab le  w h e th e r th e  fin d in g  w as due  to  a differ
ence in m olecular a rra n g e m en t or sim ply  to  a d ifference in so lu b ility . There are 
severa l exam ples for th e  com plete  in a c tiv ity  of th e  stereo isom ers o f active a lk y 
la tin g  substances [14]. O n th e  o th e r h a n d , it  is know n th a t  som etim es solu
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b ili ty  m ay  influence th e  biological effect [3]. O ur ex p e rim en ts  w ith  th e  tw o 
stereo isom ers in d ica te  th a t  v a rio u s biological m odels m ay  be useful for a 
g enera l s tu d y  of th e  effect o f a lk y la tin g  agents.
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Sum m ary. T he p h ag e-n eu tra liz in g  effect of sp leen  cell ; o f ra b b its  im m unized  w ith  phlei 
p h ag e  has been exam ined  b y  p h ag e  co un ting  and by  ra d io a c tiv ity  d e te rm in a tio n  using :32P-label- 
led phlei phages. T he n u m b er o f phlei phages in cu b a ted  w ith  spleen cells o f th e  im m unized  
an im als in P a rk e r so lu tion  d ecreased  g rad u ally  in th e  cell-free su p e rn a ta n t du ring  th e  4 hour 
experim en t. A c tinom ycin  C a n d  ch loram phenico l a t  h ig h  c o n cen tra tio n s  suppressed  the  p h ag e
neu tra liz ing  a c tiv ity  o f im m u n e  spleen cells a fte r 30 m in u te s . Im m u n e  spleen  cells sub jected  
to  u ltrason ic , h e a t a n d  a n tily m p h o c y tic  serum  tre a tm e n t  ex erted  p h age-neu tra liz ing  a c tiv ity  
for 30 m in u tes  only. In  th e  m ed iu m  conta in ing  im m u n e  spleen  cells t re a te d  w ith  phlei phage 
free an tibod ies could be d e te c te d .

P revious ex p erim en ts  h av e  show n th a t  sp leen  cells of an im als im m unized 
w ith  phlei phages ex e rted  phage n eu tra liza tio n  a c tiv ity  in  vitro  [4]. N eu tra li
zation  w as p a r tia lly  sup p ressed  by  ac tinom ycin -D . F rom  th is  find ing  it  has 
been concluded th a t  a tw o -s tep  process is in v o lv ed  in  th e  phenom enon; one 
step  is ch a rac te rized  b y  a re lease of an tibod ies s to red  in  th e  cells, th e  o ther by  
a syn thesis  o f new an tib o d ies . T he p resen t p a p e r  gives an acco u n t of in v estig a 
tions perfo rm ed  to  check th e  v a lid ity  of th is  hy p o th esis .

M aterials and m ethod s

Production o f  phages, im m u n iza tio n , serum titre and  phage count determ ination  were p e r
fo rm ed  as described p rev io u s ly  [4, 8]. The ra b b its  w ere in jec ted  fo u r tim es w ith  2 x l 0 11 
phages over a period  of one m o n th . F o r th e  f irs t  dose th e  p h ages were m ixed  to  4 m l a lum in ium  
hydrox ide  gel (0.5 m g A l(O H )3 p e r  m l saline) and  in je c te d  in tra m u sc u la rly . The second dose 
was given su b cu tan eo u sly , th e  rem ain in g  tw o doses in tra v en o u s ly . R a ts  w ere im m unized 
sim ilarly  ex cep t th a t  th e y  rece iv ed  one-half of th e  doses u sed  for ra b b its .

Im m u n e  spleen cell suspension  was p repared  as d escribed  in reference 4 w ith  th e  excep
tio n  th a t  P a rk e r so lu tion  (M 199) w as used in stead  o f E ag le ’s so lu tion . T he cells were w ashed 
w ith  H a n k s’ so lu tion . T he suspension  was d iv ided  in to  3 p o rtio n s: (a) u n tre a te d  cells; (b) 
cells in cu b a ted  a t  56 °C fo r 30 m in u te s  ( try p a n  b lu e -s ta in ab le  cells); (c) cells d is in teg ra ted  by  
u ltra so n ic  tre a tm e n t in  a 100 W  M SE g en era to r th ree  tim es  fo r 5 m inutes.

The in  vitro  sy s tem  c o n ta in ed  107 n u cleated  cells a n d  10G phages pe r m l P a rk e r solu tion . 
N eu tra liza tio n  te s t  w as p e rfo rm ed  by  sam pling a t  0, 30, 120 and  240 m in u te  in te rvals . T he 
sam ples were cen trifuged  an d  th e  su p e rn a ta n t was ex am in ed  fo r phage co u n t. T he d a ta  re p re 
sen t th e  m ean  of tw o d e te rm in a tio n s .

Phage  n e u tra liz a tio n  w as ex am ined  in th e  p resence o f th e  follow ing agen ts: (a) a c tin o 
m ycin C, 20 pg /m l;  (b) ch lo ram p h en ico l, 100, 500, 1000 a n d  2000 /zg/ml; (c) an tily m p h o cy tic  
serum , 0.1 m l/m l in cu b a tio n  m ix tu re . T he an tily m p h o cy tic  serum  was p re p are d  in  ra b b its  b y  
in jec ting  r a t  ly m p h  node  h o m o g en a te . The ly m p h  node  suspension  w as d ilu ted  to  co n ta in
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8 X l 0 7 cells/ml. E ach  im m unizing  dose consisted  of 2 ml suspension given in tra p e rito n ea lly  
a n d  2 ml suspension given su b cu tan eo u sly . A lto g eth e r 4 doses were g iven  over a p e rio d  o f one 
m o n th . T en  days a fte r  th e  la s t  in jec tio n  th e  ra b b its  were bled. To g rad ed  d ilu tio n s o f th e  sera 
excess com plem ent and  r a t  ly m p h  node cells (107/m l) were added . A fte r 90 m in u tes  in cu b a tio n  
th e  cells were cen trifuged  an d  sta in ed  w ith  try p a n  blue. In  serum  d ilu ted  1 : 10, 90%  of the  
cells to o k  th e  sta in .

Fig. 1. E lu tio n  of phlei phage, (a) C ontrol ex p erim en t: 0.01 pC  K H 232P 0 4 was ad d ed  to  10H 
phlei phages suspended in 1 ml 0.05 M  tr is  b u ffe r  and  th e  m ix tu re  was app lied  on  S ephadex  
G-25 colum n and e lu ted , (b) M . phlei, phlei phage and 100 pC  K H 232P 0 4 were m ixed  in  agar 
an d  layered  in P e tri dishes. A fter 24 hours cu ltiv a tio n  labelled phages were p re p are d  as d escrib 
ed in T able  I and e lu ted . #*> ® co u n ts  pe r m in u te ; O - —  —  О =  o p tica l d e n s ity  a t

260 m p;  -j------------- 1- =  phage counts

Isotope experim ents w ere carried  ou t w ith  phlei phages p rep ared  by th e  u su a l m ethod  
(6]. To a b ac teriu m -p h ag e -ag a r suspension su ffic ien t for p rep arin g  15 P e tri dishes o f cu ltu re , 
100 pC  sterile  K H 232P O , w as added . T he s tep s o f p rep ara tio n  are  sum m arized  in  T ab le  I. 
32P  no t inco rpora ted  in th e  phages was rem oved  by  passing th e  so lu tion  th ro u g h  a S ephadex  
G-25 colum n 30 ml in  vo lum e an d  2 sq.cm  in  b asa l area. E lu tio n  of th e  phage is p re sen te d  in 
Fig. 1. F irs t, con tro l ex p erim en ts  were p e rfo rm ed : to  1011 phages in 1 ml volum e 0.1 pC  in o r
gan ic  32P  was added , th en  th e  m ix tu re  was ap p lied  on the  colum n. T he e lu tion  gave in fo rm atio n  
as to  th e  sep ara tio n  of in o rgan ic  :i2P  from  th e  phage. The n u m b er of phages w as de te rm in ed  
e ith e r  by  d irec t t it ra tio n  of 4 ml frac tions o r by  m easuring  nucleic acid ab so rp tio n  a t  260 in//. 
T he phosphorus c o n ten t w as in d ica ted  by  th e  rad io ac tiv e  co u n ts  per m inu te . S e p a ra tio n  of 
phage and  phosphorus was n o t com plete, b u t  th e  f ir s t  frac tions co n ta in ed  phages free fro m  in o r
ganic phosphorus. L abelled  phages were p u rified  in a sim ilar m an n er. E x p erim en ts  w ith  lab e l
led  phages were perfo rm ed  in  a system  co n ta in in g  108 phages an d  107 cells pe r m l, th e n  the  
ra d io a c tiv ity  of w ashed cells w as e s tim a te d  b y  m eans of a G am m a F 029-type sc in tilla tio n  
c o u n te r. D etection  of ra d io a c tiv ity  was pe rfo rm ed  w ith  “ p las tic  p h o sp h o ru s” . R esu lts  were 
expressed  in cpm /g u n its  a f te r  su b tra c tin g  th e  background .

Inactivated phage w as p rep ared  by  a lk y la tin g  d ib ro m o m an n ito l (M annogranol, C hinoin. 
B u d ap est). D ib rom om ann ito l a t  250 mg a m o u n ts  decreased th e  t i t r e  of 1 ml 1010 ph ag es by  4 
exponen ts.

In  con tro l ex p erim en ts  friburgensis p hage  [8] and spleen cell suspension of non-im m un- 
ized anim als were used.
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Table I

P reparation o f  32P-labelled ph lei phage 
To M . phlei suspension  (1 m l b a c te ria  in  1 m l volum e) 100 fiC  32P  w ere ad d ed . 

Two ml suspension  and  2 m l 106 t i t r a te d  phlei phages 
w ere m ixed in to  20 m l 0.7%  a g a r a n d  lay ered  in to  15 P e tr i  d ishes.

S tep s  o f p rep a ra tio n
A m o u n t, N u m b er o f phages p e r  m l R a d io 

a c tiv ity
cp m /m l

R ad io ac tiv ity ;
phage co u n ts  
o b serv ed x lO “ 7

m l
C alculated O bserved

1. The ag ar lay e r culture of M .phle i -f  
phlei phage m ix ture  was ex trac ted  
w ith  b ro th  and centrifuged a t  4000 g 
for 30 m inutes 40 io 10 io 10 3180 3.18

2. T he su p e rn a ta n t was cen trifuged  at 
35 000 g  for 30 m inutes. The precip ita te  
was suspended  in 0.05 M  tr is  buffer 2 2 X 10n 1 0 " 8700 0.87

3. The suspension was applied  to 
Sephadex  G-25 colum n. F ractions 
3, 4 and 5 were used a fte r  elu tion 12 16 X IO10 8 X  109 200 0.25

4. A fter cen trifugation  a t 35 000 g  for 
30 m inu tes th e  precip ita te  was suspend
ed in b ro th 1 9 x 1 0 '° 8.7 x lO 9 210 0.24

R esu lts

Sim ilarly  to  th e  re su lts  of our p rev io u s studies, th e  n u m b er of phages 
in c u b a te d  to g e th e r  w ith  im m une  cells decreased  g rad u a lly  d u rin g  th e  ex p e ri
m en t. In  a system  co n ta in in g  ac tin o m y c in  C, how ever, th e  p hage  co u n ts  re 
m ained  a t  a co n stan t level a f te r  30 m in u te s . Cells su b jec ted  to  u ltra so n ic  or 
h e a t t r e a tm e n t n eu tra lized  ab o u t th e  sam e num ber of ph le i p hage  p a rtic le s  
as cells tre a te d  w ith  20 pg  ac tin o m y c in  C p er ml. C h lo ram phen ico l exerted  
a sim ilar effect a t  2 m g/m l doses (F ig. 2).

In  th e  presence o f an tily m p h o c y tic  serum  th e  n u m b e r of p h ag e  co u n ts  
decreased  considerab ly  w ith in  30 m in u te s , th e n  it  show ed no fu r th e r  change. 
In  th is  ex p erim en t a sp leen cell su spension  of im m unized  ra ts  w as used . T he 
con tro l ex p erim en t excluded  a d irec t a c tio n  of ALS on th e  phages (F ig . 3).

In  th e  above exp erim en ts , th e  p h ag e  coun t w as d e te rm in ed  in  th e  
su p e rn a ta n t  of th e  in c u b a te d  m ix tu re . I n  subsequen t ex p erim en ts  n e u tra liz a 
tio n  w as s tu d ied  by  m easu rin g  th e  a m o u n t of phages b o u n d  to  th e  cells. In  
1 m l vo lum e 108 labelled  phages and  107 im m une  cells w ere in c u b a te d . A fte r 
w ashing  th re e  tim es th e  cells show ed ra d io a c tiv ity . W hen  th e  cells w ere in c u 
b a te d  w ith  unlabelled  ph le i phages, w ash ed , th e n  re in cu b a ted  w ith  labelled  
phages an d  w ashed again , th e y  show ed  no rad io ac tiv ity . A ccord ing ly , th e  
labelling  w as considered specific for p h ag es . T he degree o f ra d io a c tiv ity  in d i
ca ted  th e  n u m b er of phages adsorbed  on th e  cells. Phages w hich  h ad  d isap p eared  
from  th e  su p e rn a ta n t a f te r  15 m inu tes, w ere  in  th e ir  m a jo r ity  ad so rb ed  on th e
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cells. W hen th ese  cells labe lled  w ith  ra d io a c tiv e  p h ag es w ere again  w ashed  
th re e  tim es an d  th e n  tra n s fe r re d  in to  P a rk e r  so lu tio n  co n ta in in g  10s u n lab e lled  
phages per m l, a f te r  1 h o u r  in cu b a tio n  th e  ra d io a c tiv ity  o f th e  cells decreased  
considerab ly  (T able I I ) .

&
СЛa

- C
CL

Time in h ours
Fig. 2. Decrease in p hage  c o u n t u n d e r  th e  effect o f in cu b a tio n  w ith  spleen trea te d  cells by  v a r i 
ous m eans. Phages (106/m l) w ere in cu b a ted  w ith  cells (107/m l) in P a rk e r  solu tion . 1. C on tro l
ex p erim en t: x ----------x =  cells o f non-im m unized  an im als  +  phlei p h ag e; □ ---------- □ =  cells
o f  im m unized an im als -(- frib u rg en sis  phage. 2. E ffec t of t r e a tm e n t:  -|---- ----------1- =  phlei
p h ag e  -|- im m une cells +  ch lo ram p h en ico l (2 m g/m l); # — ----- #  =  phlei phage +  im m u n e
cells -f- actinom ycin  C (20 /^g /m l); Д ----------- A= phlei p hage  -f- im m u n e  cells in ac tiv a te d  by  h e a t 
in g ; A -------- A =  phlei p h ag e  +  im m une cells su b jec ted  to  u ltra so n ic  tre a tm e n t. 3. О _____ О =

u n tre a te d  cells o f non-im m unized an im a ls  -f- phlei phage

F ig . 3. E ffect o f a n tily m p h o c y tic  serum  (ALS) on p h ag e  n e u tra liz a tio n  by  im m une sp leen  
cells. Phages (106/m l) w ere in cu b a te d  w ith  sp leen  cells (107/m l). 1. C ontrol e x p erim en t: 
□ --------- □ =  cells o f n o n -im m u n ized  anim als -f- A L S -|- phlei phage. 2. A ---------- A . =  im 
m une cells su b jected  to  u ltra so n ic  tre a tm e n t-]-p h le i  phage. 3. О — .— .— О =  cells o f im m unized  
an im als -f- phlei p h ag e  -f- 1/10 vo lum e ALS; Д — .— .— Д =  cells o f im m unized  anim als s u b 
je c te d  to u ltra so n ic  tr e a tm e n t  phlei phage -j- 1/10 vo lum e ALS. 4. o ~ — —О =  u n tre a te d  

cells o f im m unized  an im als phlei phage

Acta Microbiologica Academiae Scientiarum Hungaricae 16, 1969



PRODUCTION OF A N TIBO D IES AGAINST MYCOBACTERIUM 73

Table II

Adsorption  o f  32P-labelled ph lei phage on spleen cells o f  im m u n ized  anim als

In cu b a tio n  o f im m u n e  cells (107/m l)
W a sh in g  re p e a te d  3 tim es, cells 

su sp en d ed  in  1/10 v o lu m e

— A fte r  w ash ing  3 tim es
Specific a c tiv ity  o f  
cells (cp m /g  u n it) ;  

1010 cells

C alcu la ted  n u m b er  
o f adsorbed  labe lled  
phages; 1010 cells

1. U nlabelled  friburgensis phage 
(108/m l, 15 min)

L abelled phlei phage 
(108/m l, 15 min) 201 +  70 8 X109

2. U nlabelled  phlei phage 
(108/m l, 15 min)

Labelled  phlei phage 
(108/m l, 15 min) 6 +  73 Less th a n  108

3. L abelled phlei phage 
(108/m l, 15 m in)

U nlabelled  phlei phage 
(108/m l, 60 m in) 80 +  71 — 10a

In  th e  above ex p erim en ts  p hages were n eu tra lized  in th e  presence of 
im m u n e  cells. T he questio n  arose as to  w heth er n e u tra liz a tio n  occurred  only 
on th e  surface of im m une  cells or also in  th e  m edium . In  su b seq u en t experim en ts 
the  im m u n e  spleen cells w ere p re in c u b a te d  w ith  10s in a c tiv a te d  phages p er 
m l fo r 5 m inu tes, th e n  cen trifu g ed  an d  w ashed th ree  tim es  a t  0 °C. Cells p re 
tre a te d  in  th is  m an n e r w ere in c u b a te d  a t  37 °C and  th e n  th e  su p e rn a ta n t w as 
te s te d  fo r p h ag e-n eu tra liz in g  effect. I t  n eu tra lized  th e  phages less ac tive ly  
th a n  th e  su p e rn a ta n t of a system  in w hich phages an d  sp leen  cells w ere in c u 
b a te d  to g e th e r th ro u g h o u t th e  ex p erim en t. The su p e rn a ta n t of cells in cu b a ted  
w ith o u t phages ex e rted  p rac tica lly  n o  neu tra liz ing  effect (F ig . 4).

Fig. 4. P hage  n eu tra liza tio n  b y  im m une cell su p e rn a ta n ts . The cell suspensions were in cu b a ted  
fo r 30, 120 and  240 m in u tes  w ith o u t phages, cen trifu g ed  and th e  s u p e rn a ta n ts  were in cu b a ted  
w ith  ph lei phage (106/m l) a t  37 °C fo r 1 h o u r. 1. C ontrol exp erim en t: □ ----------□ =  su p e rn a 
ta n t  o f u n tre a te d  im m une cells +  phlei phage. 2. # —-.—.— ф =  su p e rn a ta n t  o f cells p re in c u 
b a te d  w ith  in ac tiv a te d  phages and  w ashed +  phlei phage. 3. N e u tra liz a tio n  in  th e  presence 

of cells: О --------- О =  im m une cells (107/m l) -|- phlei p h ag e  (10G/m l)
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D iscussion

The p h ag e -n eu tra liz in g  effect of im m u n e  cells d am ag ed  by  h ea t or 
u ltra so n ic  t r e a tm e n t  in d ica tes  t h a t  th e  cells s to re  an tib o d ie s  w hich are n o t 
rem o v ed  by  w ash ing . T h e  course of phage n e u tra liz a tio n  b y  t r e a te d  cells, unlike 
b y  w hole cells, show ed  no g raded  increase d u rin g  4 hours in cu b a tio n . This m ay 
h a v e  been due to  th e  fa c t th a t  th e  dam aged  cells failed to  sy n th es ize  an tibodies.

I t  was a t te m p te d  to  use ALS for p roducing  a s im ila r in ju ry  to  im m une 
cells. R em ark ab ly , in  th e  p resence  of an tily m p h o cy tic  se ru m  th e  degree of 
p h ag e  n e u tra liz a tio n  increased , a find ing  th e  in te rp re ta tio n  of which needs 
fu r th e r  ex p erim en ta l d a ta . In  in c u b a tio n  system s co n ta in in g  an tily m p h o cy tic  
se ru m  the  cells w ere  a g g lu tin a te d  in tw o hours and , co n seq u en tly , th e  condi
tio n s  for n e u tra liz a tio n  changed . I t  is know n th a t  a lth o u g h  several an tib o d y  
m olecules m ay be b o u n d  to  a single phage p a rtic le , only  som e of them  are able 
to  neu tra lize  th e  p h ag e . T hus n o t all phage partic les  ad so rb in g  an tibodies will 
be  n eu tra lized  [1]. A n tily m p h o cy tic  serum  con ta in s an tig lo b u lin  and therefore 
th e  p rec ip ita te  p ro d u c e d  m ay  co n ta in  u n n eu tra lized  phages. A fte r cen trifuga
tio n  these are, o f course, a b se n t from  th e  su p e rn a ta n t. In d ic a tin g  th a t  no 
an tibod ies w ere p ro d u ced , n e u tra liz a tio n  d id  n o t increase  a fte r  30 m inu tes 
in cu b a tio n  in th e  sy s tem  co n ta in in g  an tily m p h o cy tic  serum .

H e l m r e ic h  et al. [3] using  a d iffe ren t k in d  of m odel show ed th a t  drugs 
in h ib itin g  p ro te in  sy n th esis  (e.g. pu rom ycin ) failed co m p le te ly  to  suppress 
a n tib o d y  p ro d u c tio n  (release?). In  our ex p erim en ts  ch lo ram phen ico l acted  
sim ilarly  as a c tin o m y c in  C b u t  only  in v e ry  h igh doses. I t  is know n th a t  in 
m am m alian  cells in  vivo  [7] as well as in vitro  [9] ch lo ram phen ico l in h ib its  
p ro te in  syn thesis in  m uch  h igher doses th a n  in  b ac te ria l cells.

E x p erim en ts  w ith  labelled  phages in d ica te  th a t  p h ag es adsorbed  on th e  
cells are la te r  re leased , p ro b ab ly  to g e th e r w ith  th e  a n tib o d y . T h e  results o b ta in 
ed  w ith  in a c tiv a te d  phages m ay  be exp la ined  by  th e  fac t t h a t  u n d e r th e  p resen t 
experim en ta l co n d itio n s  a n tib o d y  secretion  did n o t s ta r t  u n til  the  phage 
h a d  come in to  c o n ta c t  w ith  th e  cell. T he  resu lts  in d ica te  t h a t  phage n e u tra li
za tio n  m ay occur on  th e  surface of th e  cell as well as in  th e  in te rce llu la r m edium . 
A ccordingly , sp leen  cells of an im als im m unized  w ith  ph le i phage n eu tra lize  
th e  phages in  a m a n n e r  sim ilar to  th a t  observed  w ith  anti-M S-2 coli phage 
im m une cells, th e  a c tiv ity  of w hich  can be suppressed  w ith  strep to m y c in  [5].
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TRANSFORMATION OF PHAGE RESISTANCE
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(R eceived  S ep tem ber 26, 1968)

Sum m ary. F rom  B acillus subtilis  168 M t r y -  phs, th e  h o st s tra in  o f phage SPO-1. a 
sp o n tan eo u s m u ta n t h as b een  iso la ted . T he m u ta n t, d esig n ated  168 M t r y -  p h r  (phage-resist- 
a n t) , was ch aracte rized  b y  a m u ta tio n  ra te  o f 8.32 X 1 0 -6. In  tran s fo rm a tio n  experim en ts th e  
p h ag e-re s is tan t cells w ere se lec ted  as try +  p h r  tran s fo rm a n ts .

C om petence cu rves expressing  th e  n u m b er of t r y + p hs an d  t r y + p h r  tran s fo rm a n ts  
ap p earin g  a t  in te rv a ls  d u rin g  in cu b a tio n  w ere closely sim ilar in  course. T he n u m b er of t r y + 
p hs and  t r y + p h r tra n s fo rm a n ts  dep en d ed  on th e  D N A  c o n cen tra tio n . T he t r y + and  p h r  
ch arac te rs  were no t linked .

D uring  tran s fo rm a tio n  th e  n u m b er o f t r y + phs tran s fo rm a n ts  rose ra p id ly  to a h igh 
va lue  a fte r  a  5 hour p h e n o ty p ic  lag period . T ry + p h r  tra n s fo rm a n ts  a p p ea red  a f te r  6 1/2 hours.

As com pared to  t r y + p h s , th e  freq u en cy  of t r y + p h r  tra n s fo rm a n ts  w as 0.12 to  0 .032% .

T ran sfo rm atio n  o f m a n y  ch a rac te rs  such as an tib io tic  resistance , am ino 
acid  syn thesis, capsu le  po ly sacch arid e  syn thesis  an d  sp o ru la tio n , etc. has 
been described in  v a rio u s  b a c te ria l s tra in s  [1].

In  th e  p resen t s tu d y  p h a g e -re s is ta n t sp o n tan eo u s m u ta n ts  incapab le  of 
adso rb ing  phage SPO -1 p a rtic le s  w ere iso la ted  from  Bacillus subtilis  s tra in  
168 M t r y -  phs.

A s tru c tu ra l d ifference  in  cell wall com position  has been show n to  exist 
be tw een  phage-sensitive  an d  p h ag e-res is tan t b a c te ria  [2]. As to  th e  tra n s fo r
m a tio n  of phage re s is tan ce , how ever, no d a ta  have  been  av ailab le . T he p resen t 
s tu d y  gives an acco u n t o f o b serv a tio n s on th is  su b jec t.

M ateria ls and  m ethods

Bacterial and phage stra ins. In  th e  tran s fo rm a tio n  ex p erim en ts  B . subtilis  s tra in  168 M 
t r y -  p hs (sensitive to  p h ag e  SPO -1) w as used . The s tra in s  w ere k in d ly  supp lied  by  D r. B. S. 
S t r a u s s . The sp o n taneous m u ta n t ,  show ing resistance  to  phage SPO-1 w as iso la ted  from  s tra in  
168 M t r y -  phs. T ran sfo rm in g  D N A  w as p rep ared  from  th ree  b a c te ria l s tra in s : B . subtilis 
M arburg  and  tw o p ro to tro p h ic  s tra in s  o b ta in ed  b y  tran s fo rm a tio n  as follows.

1. B . subtilis M arb u rg  D N A X 1 6 8  M t r y -  p h s ------------► 168 M t r y + phs.
2. B . subtilis M arb u rg  D N A X 1 6 8  M t r y -  p h r  sp o n tan eo u s m u t a n t ------------>- 168 M

t r y + phr.
Culture media. T he s tra in s  w ere m ain ta in ed  on p o ta to  ag ar [3, 4].
P re -cu ltu rin g  of th e  re c ip ie n t s tra in  w as pe rfo rm ed  on m in im al g lucose-yeast (MGY) 

agar slan ts. C om peten t cells w ere o b ta in ed  in  liq u id  MGY m edium . T ran sfo rm a tio n  was carried  
o u t in liqu id  T  m edium ; th e  tra n s fo rm a n ts  were selected on  MG agar. In g red ien ts  of th e  m edia 
are  described in reference 5.

T ransform ing  D N A  w as p re p are d  from  th e  donor b a c te ria  b y  th e  p h eno l ex trac tio n  
m ethod  of S a i t o  and M lU R A  [6].
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Phage titration  w as perfo rm ed  b y  th e  use  of our p las tic  p la te  tech n iq u e  [7].
Transform ation. S tra in  168 M t r y -  p h s  was cu ltu red  on MGY ag ar a t  37 °C overn igh t, 

th e n  suspended  in 10 m l liq u id  MGY m ed iu m  p ip e tte d  in to  a 100 m l E rlen m ey er flask . The flask  
w as f i t te d  w ith  a s ide-arm  fo r d en sito m é trie  m easu rem en ts du rin g  cu ltiv a tio n . T he cu ltu re  was 
sh a k e n  a t  100 rev /m in  in  a w a te r  b a th  a t  37 °C [5]. W hen  o p tim a l com petence w as reached  th e  
susp en sio n  was d ilu ted  w ith  T m edium  to  an  op tica l den sity  (OD) of 0.4. A 0.5 m l po rtio n  of 
th e  d ilu te d  suspension w as added  to  0.5 m l D N A  d ilu ted  a p p ro p ria te ly  w ith  T  m edium . The 
fin a l D N A  co n cen tra tio n  w as 2 //g/m l. T h e  m ix tu re  was shaken  a t  37 °C for 30 m in u tes , th en  
0.2 m l o f i t  was tran s fe rre d  to  10 m l MG m ed iu m  conta in ing  0 .1%  casein h y d ro ly sa te  in a 100 
m l E rlen m ey er flask . A fte r  18 hours in c u b a tio n  0.2 ml suspension (d ilu ted  w ith  MG m edium  if 
n eeded) was p la ted  on MG ag ar in o rd e r to  se lect t r y + phs tran s fo rm a n ts . T ry + p h r  tran s fo r
m a n ts  w ere selected as follow s: 0.25 m l b a c te r ia l  suspension was ad d ed  to  0.75 m l p hage  SPO-1 
su sp en d ed  in MG m ed iu m  to  co n ta in  3.5 X Ю8 partic les per ml. T he m ix tu re  was left to s tand  
a t  room  tem p e ra tu re  fo r 10 m inu tes, th e n  a 0.2 m l p o rtio n  was p la te d  on MG agar. T he tra n s 
fo rm a n ts  were coun ted  o n  th e  n ex t d ay . T w o paralle l d e te rm in a tio n s w ere p e rfo rm ed  in each 
ex p erim en t.

R esults

Isolation and properties o f  the phage-resistant m utant. In  th e  presence of 
p h ag e  SPO-1 th e  m a jo rity  of 168 M t r y -  phs cells w ere k illed  and  lysed. 
A few  cells su rv ived  an d  p roduced  colonies show ing a h igh  degree of resistance  
to  p hage  SPO-1. T h e  average p h ag e  adso rp tio n  velo c ity  c o n s ta n t w as 4.32 x  
X  1 0 “ 10 m l/m in fo r th e  p h a g e -re s is ta n t m u ta n t and 4.02 X 1 0 “ ° m l/m in  for th e  
p h age-sensitive  s tra in .

T he follow ing ex p erim en ts  w ere carried  ou t to  show  th e  g ro w th  of th e  
p h ag e -re s is tan t sp o n tan eo u s m u ta n t  in  th e  presence of 168 M t r y “ phs cells. 
A n overn ig h t cu ltu re  of 168 M t r y -  phs cells w as suspended  in  10 m l MGY 
m ed iu m  in a 100 m l E rlen m ey er f la sk  to  0.025 OD (5.82 х Ю 6 colony-form ing 
u n its  p er ml). T he c u ltu re  w as sh ak en  in a w a te r h a th  a t  37 °C. A fte r 2 hours 
55 m inu tes, w hen th e  sh o rte s t g en e ra tio n  tim e  0.2 OD h ad  been reached , 10" 
SPO -1 phages w ere added  to  th e  cu ltu re . The n u m b er of p h ag e -re s is tan t m u 
ta n ts  in th e  cu ltu re  as com pared  to  th e  OD of th e  con tro l cu ltu re  n o t infected  
w ith  phage is show n in Fig. 1.

I t  is seen th a t  th e  OD of th e  suspension decreased  a fte r  in fec tion  w ith 
p h ag e  SPO -1; a su b seq u en t in crease  in OD in d ica tes  th e  m u ltip lica tio n  of 
p h ag e -re s is tan t cells.

In  order to  express th e  chance  of m u ta tio n  p e r b ac te riu m  p er division, 
th e  m u ta tio n  ra te  w as ca lcu la ted  b y  m eans of P o i s s o n ’s fo rm ula  [8]. This 
v a lu e  was 8 .3 2 x 1 0  “.

T en of 168 M t r y “ phs clones w ere selected. T he m u ta tio n  ra te s  for these 
w ere very  n ear to  th e  above va lu e .

T he p h ag e -re s is tan t sp o n tan eo u s  m u ta n t used in  su b seq u en t experim en ts 
was designated  168 M t r y “ p h r. T h e  m u ta n t was easily  tran sfo rm ed  to  p ro to 
tro p h y .

Transform ation o f  phage resistance. In  these  ex perim en ts (a) th e  com pe
ten ce  curve; (b) th e  n u m b er of t r y + phs and  t r y + p h r  tra n s fo rm a n ts ; and  (c)
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th e  n u m b er of tra n sfo rm a n ts  p roduced  d u rin g  in cu b a tio n  w ith  tran sfo rm in g  
D N A  w ere de te rm ined .

(a) T he com petence curve was d e te rm in ed  as follows. Cells 168 M t r y '  
phs w ere cu ltu red  on MGY agar for 13 1/2 h o u rs , th e n  suspended  in  10 ml liqu id

Fig. 1. P h ag e -re s is tan t m u ta n ts  p roduced  in B . sub tilis  168 M t ry  -  phs cu ltu re  in fec ted  b y  p h ag e  
SPO -1. 1 =  n u m b er o f p h ag e-re s is tan t m u ta n ts ;  2 =  OD of cu ltu res in fec ted  w ith  p h age

SPO -1; 3 =  OD of co n tro l cu ltu re

F ig. 2. C om petence curve o b ta in ed  from  th e  n u m b er o f t r y + phs tran s fo rm a n ts , a =  O D ; 
[b =  gen era tio n  tim e ; c =  n u m b er o f tran sfo rm an ts
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MGY m edium . S am ples ta k e n  during  in c u b a tio n  w ere d ilu ted  w ith  T m ed iu m  
to  0.2 OD. T he d ilu te d  sam ples were ad d e d  a t  0.25 m l am o u n ts  to  0.75 m l of 
168 M t ry ^  p h r  D N A  d ilu ted  w ith  T  m ed iu m  so as to  give a fina l co n cen tra tio n

F ig. 3. C om petence cu rv e  ob ta in ed  from  th e  n u m b er o f t r y + p h r  tran sfo rm an ts , a =  O D ;
b =  num ber o f t ra n s fo rm a n ts

1Л

Fig. 4. F req u en cy  of t ry  : p h r  tra n s fo rm a n ts  du rin g  in cubation

of 2 /ig/m l. T he m ix tu re  con tain ing  D N A  -f- b a c te ria  w as in cu b a ted  a t  37 °C 
for 30 m inu tes. T h en  0.2 ml of th e  suspension  w as p la te d  on MG ag ar fo r th e  
selection  of t r y + p h s  tra n sfo rm a n ts ; an  0.1 m l a m o u n t was in o cu la ted  in to  
5 ml liqu id  MG m ed iu m  conta in ing  0 .1 %  casein h y d ro ly sa te . A fter 18 h ours 
in cu b a tio n  th e  p hage-sensitive  cells w ere k illed b y  tre a tm e n t w ith  p h ag e  
SPO-1 an d  t r y + p h r  tran sfo rm an ts  w ere selected  on MG agar (Figs 2 a n d  3).

As show n in F ig . 2 th e  com petence  curve  p lo tte d  from  th e  n u m b e r  of 
t r y + phs tra n s fo rm a n ts  was sim ilar to  th a t  o b ta in ed  p rev iously  [5].

Fig. 3 show s a com petence cu rv e  p lo tte d  from  th e  n u m b er of t r y + p h r 
tran sfo rm an ts .
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T he in itia l an d  p eak  va lu es  o f com p eten ce  a p p ea red  a t  th e  sam e tim e , 
b u t  th e  tw o  cu rves show ed no p a ra lle l course. In  th e  in itia l s tag e  o f com pe
ten ce  th e  n u m b e r o f t r y + p hs tra n s fo rm a n ts  w as re la tiv e ly  h ig h er th a n  th a t  
o f t r y + p h r  tra n s fo rm a n ts .

Log. concentration of DNA 
(pg/m l)

Fig. 5. N u m b er o f  tra n s fo rm a n ts  o b ta in e d  in  ex p erim e n ts  w ith  d iffe re n t D N A  co n ce n tra tio n s .
a =  t r y + p h s; b  =  t r y + p h r

Fig. 6. In c rease  in th e  n u m b er o f tra n s fo rm a n ts  in  D N A -trea te d  b a c te r ia l  suspension , a =  
n u m b er o f tra n s fo rm a n ts  fo r t r y + p h s; b  =  n u m b er o f tra n s fo rm a n ts  fo r t r y + p h r;  c =  g en 

e ra tio n  tim e  fo r t r y + p h s; d  =  g e n era tio n  tim e  fo r t r y + p h r

T h e co m p e ten ce  curves in d ic a te d  th a t  th e  freq u en cy  o f th e  tw o  k in d s  o f 
tra n s fo rm a n t v a rie d  d u rin g  in c u b a tio n . F ig . 4 show s th e  changes in  th e  fre 
q u en cy  o f t r y + p h r  tra n s fo rm a n ts .

(b) T h e  n u m b e r o f tra n s fo rm a n ts  in  c o m p e te n t 168 M t r y -  p hs cu ltu res  
a t  d iffe ren t D N A  co n c e n tra tio n s  w as also d e te rm in ed . T ra n sfo rm a tio n  w as 
perfo rm ed  as described  above  w ith  d iffe ren t co n c e n tra tio n s  o f 168 M t r y + p h r
D N A  (F ig . 5).
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T he n u m b e r of t r y + phs tra n s fo rm a n ts  selected  in  th e  4 th  h o u r o f tr a n s 
fo rm a tio n  is ch a ra c te riz e d  b y  a s tra ig h t line. T he cu rv e  fo r t r y + p h r  tra n s fo r
m a n ts  selec ted  a f te r  8 1/2 hou rs  in c u b a tio n  w as n o t p a ra lle l w ith  th e  above- 
m en tio n ed  s tra ig h t. T h is fin d in g  in d ica tes  th a t  th e  t r y + an d  p h r  m ark ers  are 
n o t lin k ed  an d  m ore th a n  one fra g m e n t o f th e  D N A  m olecule ta k e s  p a r t  in 
try +  p h r  tra n s fo rm a tio n .

(c) T h e  ap p ea ran ce  o f tra n s fo rm a n ts  in  a 168 M t r y + p h r  D N A  -|- o p ti
m ally  c o m p e te n t b a c te r ia l m ix tu re  w as d e te rm in ed  a t  in te rv a ls  d u rin g  in c u b a 
tio n  as follows. To a 0.9 m l sam ple  0.1 m l D N ase  (10 /xg) w as ad d ed . A fte r 5 
m in u te s  in c u b a tio n  a t  37 °C th e  t r y + p hs an d  t r y + p h r  tra n s fo rm a n ts  w ere 
se lec ted  as described  above (F ig . 6).

I t  is ev id en t th a t  th e  in itia l increase  in  th e  n u m b e r of t r y + phs t r a n s 
fo rm a n ts  la s tin g  fo r 2 h ou rs w as follow ed b y  a p h en o ty p ic  lag  period . T hen  
a f te r  5 h ou rs in c u b a tio n  th e  n u m b e r of t r y + phs cells show ed a con tin u o u s 
increase . T ry + p h r  tra n s fo rm a n ts  ap p ea red  f irs t  a f te r  6 1/2 h ou rs an d  th e ir  
g en e ra tio n  tim e  w as 5 m in u te s  sh o rte r  th a n  th a t  o f t r y + phs tra n sfo rm a n ts . 
T h e  d ifference is c learly  in d ic a te d  b y  th e  cu rves rep re sen tin g  th e  genera tio n  
tim es.

Discussion

M u ta n t 168 M t r y -  p h r  is c o n s ta n tly  sp lit off b y  s tra in  168 M try"~ 
p hs in  cu ltu re s  n o t in fec ted  b y  ph ag e  [9]. T he p hage  p lay s th e  ro le of a selective 
a g e n t he lp ing  in th e  iso la tio n  of th e  re la tiv e ly  sm all n u m b e r of p h ag e -re s is tan t 
o rgan ism s.

T h e  cell w all of tra n s fo rm a n t 168 M t r y + p h r  d iffers from  th e  cell w all o f 
th e  p h ag e-sen sitiv e  p a re n t  b a c te ria . T he a lte red  su rface  c h a ra c te r  appears 
in  th e  d escen d an ts  as a h e re d ita ry  p ro p e rty . T h e  cell w all co n ta in s  no specific 
p h ag e  re c e p to r m a te ria l an d , acco rd ing ly , th e  phages are n o t adso rbed  on th e  
su rface .

C om petence cu rves fo r t r y + p hs an d  t r y + p h r  tra n s fo rm a n ts  w ere sim i
la r  in  course.

T he n u m b e r of t r y + p h r  tra n s fo rm a n ts  show ed no s tra ig h t line re la tio n 
ship  to  th e  D N A  c o n c e n tra tio n . T his fin d in g  in d ica tes  th a t  th e  t r y + and  p h r 
m ark e rs  are  n o t linked . T ra n s fo rm a n ts  w ith  tw o  u n lin k ed  m ark ers  w ere found  
on ly  a t  s a tu ra tio n  levels o f D N A  [10, 11]. T ra n sfo rm a n ts  w ith  d iffe ren t u n lin k 
ed m ark ers  are  p ro d u ced  less f re q u e n tly  an d  even d isap p ea r in th e  tra n s fo r
m a tio n  ex p e rim en t p erfo rm ed  w ith  increasing ly  d ilu ted  D N A  [12].

T he n u m b e r of t r y + phs tra n s fo rm a n ts  increased  rap id ly  d u rin g  th e  ex 
p e rim e n t; t r y + p h r  colonies, how ever, ap p ea red  in  sm all n u m b ers  an d  on ly  a fte r  
6 1/2 h ou rs in c u b a tio n . T he d ifference w as m ain ly  due  to  th e  n a tu re  o f th e  
m e th o d  used  fo r th e  se lection  o f th e  p h a g e -re s is ta n t tra n s fo rm a n ts . P hage
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SPO -1 killed those  cells in  w hich th e  tra n s fo rm a tio n  to  ph ag e-resis tan ce  h a d  
n o t b een  com pleted .

T he frequency  o f t r y + p h r tra n s fo rm a n ts , as com pared  to  t r y + phs cells, 
w as 0.12 to  0 .031%  a fte r  7 h ou rs in c u b a tio n .

T h e  reactions responsib le  fo r th e  b io sy n th esis  of th e  p h a g e -re s is ta n t cell 
w all a re  contro lled  b y  specific en zy m es. T h e ir genetic in fo rm a tio n s  can be 
tra n s fo rm e d  in to  th e  phage-sensitive  b a c te r ia l  cell b y  m eans o f D N A  p rep a red  
from  th e  p h ag e -re s is tan t donor o rgan ism .
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an d  to  Mrs. I. K á l l a y  fo r skilled tech n ica l a ssistan ce .

R E F E R E N C E S

1. Ravin, A. W .: A dvanc. G enet. 10, 61 (1961).
2. W e i d e l , W .: H o p p e-S ey ler’s Z. physio l. Chem . 299, 253 (1954).
3. S p i z i z e n ,  J .:  Proc. n a t.  A cad. Sei. (W ash .)  44, 1072 (1958).
4. N e s t e r ,  E . W .: J .  B ac t. 87, 867 (1964).
5. Horváth, S.: J. gen. Microbiol. 48, 215 (1967).
6. S a i t o , H ., M i u r a , K . I.: B iochim . b io p h y s . A cta  (A rnst.) 72, 619 (1963).
7. H o r v á t h , S., A l f ö l d i ,  L.: A c ta  m icrob io l. A cad . Sei. hung . 1, 495 (1954).
8. L u r i a ,  S. E ., D e l r r ü c k , M.: G enetics 28, 491 (1943).
9. N e w c o m b e  H . B .: N a tu re  (L ond.) 164, 150 (1949).

10. G o o d g a l , S. H .: J . gen. Physio l. 45, 205 (1961).
11. M i c h e l , J .  F ., S i c a r d , A. M., E p h r u s s i - T a y l o r , H .: E x p . Cell Res. 36, 368 (1964).
12. K e l l y , M. S.: Molec. gen. G enetics 99, 350 (1967).

A d d ress  o f  th e  a u th o r:

I stv á n  H o rv áth
I n s t i tu te  o f  G enetics, H u n g arian  A cad em y  o f Sciences, 
H e rm a n  O ttó  ú t  15, B u d a p e s t I I ,  H u n g a ry

6* Acta Microbiologica Academiae S:ienliarum Hungaricae 16, 1969





Acta Microbiol. Acad. Sei. Hung. 16, 85—96, 1969

BIOCHEMICAL STUDIES О IN STREPTOMYCES 
AUREOFACIENS

V. T H E  R O L E  O F  COBA LA M INS A N D  M E T H IO N IN E  IN  M E T H Y L A T IO N  R E A C T IO N S  
IN  T E T R A C Y C L IN E  B IO S Y N T H E S IS

By

M. JÁ R A I

M icrobiological Laboratory  (H ead: M. J á r a i ) ,  A ntib io tics Department, C hinoin Chemical and
Pharmaceutical W orks, Budapest

(R eceived O ctober 4, 1968)

Sum m ary . T he role of cobalam ins in  C -6-m etliyl in co rp o ra tio n  du ring  7 -ch lo rte tracy c lin e  
b io syn thesis b y  S . aureofaciens has been  stu d ied . In  m ed ia  supp lem en ted  w ith  cob alam in ,
S. aureofaciens s tra in  C-13, w hich p roduces n o rm ally  C hlortetracycline and  d im eth y lch lo r- 
te tracy c lin e  in  a b o u t equal p roportions, fa iled  to  fo rm  d im e th y lch lo rte tracy clin e  b u t  show ed 
an  u n a lte re d  to ta l  te tracy c lin e  p roduction . C obalt ions an d  m an y  o th er cations w ere in effec tiv e ; 
a cobam ic acid d e riv a tiv e  an tagon istic  to  E . coli s tra in  113— 3 decreased m é th y la tio n  a c tiv ity .

E x p erim en ts  using  ,4C m eth ion ine w ere p e rfo rm ed  to  investiga te  th e  effect o f m e th io 
nine on th e  in co rp o ra tio n  of the  6 -m ethy l g roup  in to  th e  basic  te tracy c lin e  s tru c tu re . M eth io 
nine ad ded  a t  h igh  co n cen tra tio n  to  th e  fe rm e n ta tio n  m edium  resto red  th e  m é th y la tio n  
ac tiv ity .

W hen  th e  inocu lum  had  been cu ltu red  in th e  p resence  of h igh co n cen tra tio n s o f m e th i
onine, cy an o co b alam in  or adenine and w ashed  before  seeding, th e  m é th y la tio n  a c tiv ity  d e 
creased  du rin g  fe rm en ta tio n .

C erta in  Streptomyces s tra in s p ro d u ce  6 -d em eth y lte tracy c lin es  [1 4] an d
Streptom yces s tra in s  form ing n o rm ally  7 -ch lo rte tracy c lin e  (CTC) p ro d u ce  
6 -d im eth y l-7 -ch lo rte tracy c lin e  (DMCTC) in th e  presence of a n tim e ta b o lite s  
(e th ion ine , h om ocyste ine  analogues, D -m eth io n in e  [2 — 7], folic acid a n tag o n is ts
[6], su lp h ona in ides [5, 8, 9], no rleucine  [10]). T hese d a ta  in d ica te  th a t  in  th e  
te tra c y c lin e  (TC) m olecule C -6-m ethyl sy n th es is  and  m eth ion ine  sy n th esis , 
th a t  is, Сг m etabo lism , are associa ted  an d  th a t  th e  fo rm atio n  of C -6-m ethyl 
and  C -4-N -d im ethy l groups tak es  p lace  se p a ra te ly  in  te tracy c lin e  b io sy n th esis  
by  S. aureofaciens [11, 12].

T he role of m eth ion ine  in th e  m é th y la tio n  of TC has been show n in s tu 
dies on CTC b iosyn thesis  [13]. I t  has also been  d em o n stra ted  th a t  m eth io n in e  
and  S -adenosy lm eth ion ine  tak e  p a r t  as m e th y l donors in TC b iosyn thesis  b y
S. aureofaciens and  S. rimosus [11 14].

In v e s tig a tio n s  in to  th e  tra n s fe r  o f th e  m e th y l group and  in to  m e th io 
n ine b iosyn thesis  have  shown th a t  in  Escherichia coli and  Aerobacter aerogenes 
an  enzym e co n ta in in g  cobam ide (B 12 enzym e) ta k e s  p a r t in m é th y la tio n  re a c 
tions.

T he effect of cyanocobalam in  on DMCTC p roduction  has so fa r been  
exam ined  on ly  in  th e  presence of am in o p té rin e  an d  eth ionine. I t  has been fo u n d  
th a t  cyanocobalam in  decreases th e  effect of th ese  an tim e tab o lite s  [6]. M ethyl-
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cobalam in  (a -5 ,6 -d im ethy lbenzim idazo ly lcobam ide-m ethy l) has recen tly  been 
iso la ted  from  S. rim osus  m ycelium  p ro d u c in g  5 -h y d ro x y te tracy c lin e  [12]. 
T his com pound is supposed  to  be a coenzym e of one of th e  enzym es — for 
exam ple 5 -m eth y l- te trah y d ro fo la te -h o m o cy ste in e  tran sm e th y la se  [19] 
p lay ing  an ac tive  p a r t  in  tra n sm e th y la tio n  [20]. S tud ies on th e  effect of cyano- 
cobalam in  and  of som e cations on fe rm e n ta tiv e  m é th y la tio n  b y  S. rish iriensis  
in d ica ted  th a t  co b a lt ex erted  a specific effect on th e  p ro d u c tio n  of coum erm y- 
cin A x con ta in ing  a 5 -m ethy l d e riv a tiv e  of pyrro le-2 -carbon ic  acid [21].

In  fe rm e n ta tio n  experim ents describ ed  in  th is  p ap er th e  associa tion  
betw een  cobalam ins a n d  DMCTC —CTC b iosy n th esis  an d  th e  effect o f cobalt, 
cobalam ins and  co b a lam in  analogues on DMCTC p ro d u c tio n  w ere exam ined . 
T he ranges of m e th io n in e  co n cen tra tio n  in fluencing  th e  DMCTC : CTC p ro 
p o rtio n  in  S. aureofaciens C-13 were also s tu d ied . In v es tig a tio n s  perfo rm ed  w ith  
w ashed  m ycelium  p o in te d  to  th e  p ro b ab le  role of m eth ion ine , cy anocoba lam in  
an d  adenine in  th e  reg u la tion  of m é th y la tio n .

M aterials a n d  m ethods

Organisms. S tra in  C-13 was o b ta ined  fro m  S. aureofaciens CDM-2114 b y  n a tu ra l  selec
tion . S tra in  CDM -2114 h a d  been produced b y  th e  use o f b iochem ical m u ta n ts  iso la ted  p re 
v iously  [4]: N-4 (m eth io n in e  deficient) and N6 (a rg in in e— cyste ine  deficient), f  rom  th ese  auxo- 
tro p h s , w hich p ro d u ced  v e ry  sm all am o u n ts  o f  DMCTC, spore suspensions w ere p rep ared . 
T hen  b o th  organ ism s w ere  p la ted  on th e  sam e  m in im al sp o ru la tio n  m edium  (C zapek-D ox) 
su p p lem en ted  w ith  1 0 -7 M  L -m ethionine, 1 0 -8 M  L -arg in ine  an d  5 x l 0 -6 M  L -cyste ine , and 
100 jitg/inl am eto p te rin e . A fte r  incubation  a t  27 °C for 14 days th e  developing re co m b in a n t 
colonies were tra n s fe rre d  o n to  solid asparag ine  sp o ru la tio n  ag ar con ta in ing  150 /ng a m e to p te 
rine  and  500 /zg p -am ino b en zo lsu lp h o n y lg u an id in e  pe r ml. One of th e  reco m b in an ts  p ro d u ced  
CTC and  DMCTC a t  ap p ro x im a te ly  equal p ro p o rtio n s . A fter su b jecting  th is cu ltu re  to  X -ray  
t re a tm e n t, s tra in  CDM -2114 was ob tained . S tra in  C-13 was th en  derived from  CDM-2114 
b y  n a tu ra l selection. In  co m p arativ e  e x am in a tio n s  th e  C T C -producing s tra in  B-28 [22] and 
th e  TC -producing s tra in s  CDSD-314 [23] a n d  A-802934 w ere used . The la t te r  w as p ro d u ced  
from  CDSD-314 b y  th e  use  o f a chem ical m u ta g e n ic  ag en t [24].

Cultivation  w as ca rried  ou t by shaking in  co rn  steep  liq u o r-s ta rch  m edium  or, if  in d ica ted  
in  sy n th e tic  m edium  [25, 26]. Spores o b ta in e d  o n  solid C zapek-D ox or asparag ine  ag ar were 
used as inocula.

F or w ashed m y ce liu m  experim ents th e  spo res w ere seeded in to  corn s teep -s ta rch  m edium . 
T he cu ltu res  were th e n  supp lem en ted  w ith  5 /zg cy an o cobalam in , 50 /zg aden ine or 2280 /zg 
L -ine th ion ine  per m l an d  a f te r  48 hours sh ak in g  th e  g ro w th  w as cen trifuged  and  w ashed  tw ice 
in saline. T hen  th e  d e p o sit was resuspended in  10 m l saline an d  used  for seeding th e  fe rm e n ta 
tio n  m edium . The in o cu lu m  corresponded to  33%  of th e  volum e of th e  original cu ltu re .

Separation o f  tetracyclines was pe rfo rm ed  b y  p ap er ch ro m ato g rap h y . T he fe rm e n ta tio n  
liq u o r was acid ified , f i lte re d  and ex trac ted  w ith  p -ch lo rpheno l or n -bu tano l. W hen  th e  a n ti
b io tics were p re sen t in  low  concentra tions th e  e x tra c tio n  w as repea ted . T he e x tra c ts  were 
sp o tted  d irec tly  on th e  p a p e r  sheet. A fter c h ro m a to g ra p h y  in  va rio u s so lvent system s th e  sheets 
w ere trea te d  w ith  am m o n ia  and  tested  for fluo rescence  a t  UV lig h t, th en  th e  CTC : DMCTC 
p ro p o rtio n  was c a lcu la te d  [5]. Mainly tw o k in d s  o f so lven ts w ere used: (a) tr ich lo race tic  acid 
(5 % ) : p h ospha te  b u ffe r  (p H  2.0) =  25 : 5 : 20 [5]; (b) chloroform  : n -b u tan o l ( sa tu ra te d  w ith  
aqueous 0.3 M  H 3P O , a n d  0.1%  trich lo race tic  acid  so lu tion) = 9 : 1  [1]. Schleicher-Schuell 
2043/b and  W h a tm an  N o. 1 papers were used .

D eterm ination o f  chemical substances. T o ta l  te tracy c lin e  was de term ined  a f te r  n -b u tan o l 
e x tra c tio n  w ith  fe rric  ch loride  reagent [22].

The co n ce n tra tio n  o f biologically a c tiv e  cobam ides was assayed by  th e  ag ar d iffusion 
te s t  using  E . coli m u ta n t  113—3 [27] an d  Lactobacillus leichm anii s tra in  ATCC 7830 [28] 
a fte r  boiling th e  fe rm e n ta tio n  liquor w ith  cy an id e .
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T he cobalam in  a n ta g o n is t  used in th e  ex p erim en ts  was f irs t  show n by  K e l e m e n  a n d  
S i m o n  as a n a tu ra l m e ta b o lite  o f Propionibacterium  sherm anii [29, 30]. I t  corresponded to  
a-5 ,6 -d im ethy lbenzim idazo ly lcobam ic  acid-a,6 ,c ,< í,g-pentaam ide-cyam de (DCA PA). The a n t i 
v ita m in  effect of th is su b s ta n c e  was assayed w ith  E. coli m u ta n t  113 — 3 [29, 30].

M icrobiological a ssay  o f m ethionine w as p e rfo rm ed  tu rb id im e trica lly  w ith  E. coli 
m u ta n t  133— 3. T he d is tu rb in g  effect of cobalam ins w as e lim in a ted  w ith  DCA PA [31].

Iso tope ex am in a tio n s  w ere carried o u t b y  m eth o d s described  prev iously  [26]. A c tiv ity  
(co u n ts  pe r m inute) w as ca lcu la te d  for 1 mg te trac y c lin e  an tib io tic .

R esults

S tra ins C-13, B-28, CDSD-314 an d  A -802934 w ere com pared  for to ta l  
cobam ide, to ta l TC a n d  DMCTC p ro d u c tio n  b y  fe rm e n ta tio n  for 4 days in  a 
m ed ium  con ta in ing  1 m g cobalt ions p e r ml.

T able  I shows th a t  to ta l  TC and DMCTC p ro d u c tio n  v aried  considerab ly , 
b u t  th e re  was no s ig n ifican t difference in  th e  co n cen tra tio n  of cobam ides.

Table I

Total TC , D M C T C  and cobalamin production by S. aureofaciens strains*

Strains
T o ta l TC

iMg/ml
DMCTC

//g /m l
DMCTC

p e r  cen t
T o ta l cobalam in  

/ig /m l

S. aureofaciens C-13 1950 880 45 3.2** 2 g * * *

S. aureofaciens B-28 940 0 0 2.4 1.4

S. aureofaciens CDSD-314 1720 0 0 3.6 2.0

S. aureofaciens A-802934 4100 0 0 3.1 1.9

* E ach  figure  re p re se n ts  an  average o f 6 ex p erim en ts . 
** Assayed as cy an o cobalam in  w ith E . coli 113 — 3.

*** A ssaved as cy an o cobalam in  w ith L . leichm anii.

In  su bsequen t fe rm en ta tio n s  th e  effect of co b a lt ions and  o th e r ca tions 
on cobam ide b io sy n th esis  and  fe rm e n ta tiv e  m é th y la tio n  [21] was exam ined . 
R esults ob ta ined  fo r s tra in s  C-13 and B-28 (T able I I )  in d ica te  th a t  cobalt ions 
a t  th e  co n cen tra tio n  u sed  exerted  no  ac tion  on fe rm e n ta tiv e  m é th y la tio n , 
cobam ide syn thesis  a n d  to ta l  TC syn th esis  [32]. O th e r ions (Zn, Mg, Mn, Al, 
Cu, Fe, Pb) a t  0 .1 - 1 0 0  /ig/m l co n cen tra tio n  in  sy n th e tic  m edium  [26] also 
failed  to  influence m é th y la tio n .

T able I I  p re sen ts  d a ta  for the  effect o f cy an o co b a lam in  and  hydroxyco- 
ba lam in  as well as fo r th e  supposed in h ib ito ry  effect of cobinam ide cyan ide  
(“ B fa c to r” ) on m é th y la tio n  [33].

F rom  T ab le  I I  it  is ev iden t th a t  cobalam ins an d  even cobinam ide at 
co n cen tra tio n s as low  as 0.1 pg/m l con sid erab ly  in flu en ced  th e  fe rm en ta tiv e  
m é th y la tio n  in s tra in  C-13; DMCTC p ro d u c tio n , w ith  a p rac tica lly  u n a lte red  
to ta l  TC p rod u c tio n , decreased  by 4 0 % . W hen  cobalam in  or cobinam ide w as
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Table II

E ffect o f  cobalt ions, cyanocobalamin and hydroxycobalam in on ferm enta tive  m éthylation

A d d itio n s  a t  zero tim e

S tra in  C-13 S tra in  B-28

T o ta l
TC

//g /m l

DMCTC
//g /m l

DMCTC 
per cen t

T o ta l
cobal-
am in

/ig/m l*

T o ta l
TC

//g /m l

T o ta l
DMCTC cobal- 
p e r  c e n t am in 

/ig/m l*

Co + + 0.1 /ig/ml I860 840 45 3.0 910 0 2.8

Co + + 5.0 /ig/m l 1770 710 40 3.4 1050 0 2.5

Co +  + 10.0 /ig/ml 1710 770 45 3.2 870 0 2.9

C yanocobalam in 0.1 /ig/m l 1720 80 170 5 - 1 0 850 0

„  1.0 /ig/m l 1840 0 0 810 0

H ydroxycobalam in  0.1 /ig/m l 1790 8 0 - 1 8 0 5 - 1 0 930 0

„  1.0 //g/m l 1740 0 0 860 0

C obinam idocyanide 0.1 /fg/ml 1710 8 0 - 1 7 0 5 10 900 0

,, 1.0 //g/m l 1800 0 0 780 0

„  10.0 /«g/ml 1680 0 0 750 0

„  50.0 /ig/m l 1510 0 0 700 0

* A ssayed as cyanocobalam in  w ith  E . coli 113 — 3.

ap p lied  a t  1.0 ,ng/ml c o n cen tra tio n , s tra in  C-13 p roduced  only  th e  6-m ethy l 
d e r iv a tiv e , CTC.

T h e  effect on m é th y la tio n  of cyanocoba lam in  added  a t  d iffe ren t in te r 
vals  d u rin g  fe rm en ta tio n  is p resen ted  in  T ab le  I I I .  A fter 24 hours or la te r  th e  
a g e n t w as p rac tica lly  ineffective. W hen  added  a t th e  16th h o u r of fe rm e n ta tio n , 
th e  p a ra lle l experim en ts show ed co n sid e rab ly  v a ry ing  resu lts  as to  th e  p ropor-

ТаЫе III

E ffect o f  cyanocobalamin on ferm entative méthylation*

Tim e of 
add ition

T o ta l  TC a t  tim e 
o f add ition , 

/ig /m l

A t end  o f fe rm en ta tio n

T o ta l TC
//g /m l

DMCTC
'/g /m l

DMCTC 
p e r cen t

— 1760 790 45

0 hr. 0 1810 0 0

8 hr. 40 1880 0 0

16 hr. 120 1780 80—450** 5— 25**

24 hr. 280 1820 6 4 0 -8 2 0 * * 35 45**

36 hr. 520 1880 850 45

* C yanocobalam in co n cen tra tio n , 1.0 //g  rill.
** R ange of DMCTC co n cen tra tio n  in  p a ra lle l experim ent?.
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tio n  of DMCTC; nevertheless, th e  in h ib itio n  of DMCTC syn th esis  was still 
m ark ed .

The specific effect of cobalam ins was p roved  by  ad d in g  D CA PA  [29, 30J. 
T he cobalam in  a n ta g o n is t was ad d ed  a t d ifferen t co n cen tra tio n s  a t  th e  beg in 
n ing  of fe rm en ta tio n . As show n in T ab le  IV, D CA PA  in flu en ced  no t only fe r
m e n ta tiv e  m é th y la tio n  h u t also to ta l  TC b iosyn thesis. In  ad d itio n , it decreased 
m ycelium  p ro d u c tio n . A lthough  D C A PA  sig n ifican tly  decreased  to ta l TC 
b iosyn thesis, in  s tra in  C-13 th e re  w as a considerab le  sh ift in  th e  p ro p o rtio n  of 
DMCTC. In  th e  c u ltu re  of s tra in  B-28 DMCTC could be d e tec ted , b u t, curiously 
enough, th e  d e m e th y l analogue of TC w as ab sen t from  cu ltu re s  CDSD-314 anil 
A-802934.

Table IV

E ffect o f  D C A P A  on ferm enta tive  méthylation

A dd itio n s

S tra ins
D C A PA , 10 //g /m l D C A PA , 40 //g /m l D C A P A , 80 //g/m l

T o ta l
TC

/ 'g /m l

DMCTC
/<g/ml

DMCTC
p er ce n t

T o ta l
TC

pg /m l

DMCTC
//g /m l

DMCTC
per cent

T o ta l
TC

I'g /m l

DMCTC
//g /m l

DMCTC 
p e r cen t

C-13 1510 680 45 720 430 60 400 340 85

B-28 780 0 0 480 0— 50 0— 10 310 30 10

CDSD-314 1240 0 0 620 0 0 370 0 0

A-802934 3100 0 0 1850 0 0 680 0 0

The effect on C -6 -m ethy la tion  of o th e r cobalam in  an ta g o n is ts  was also 
exam ined . Sim ple m olecules as benzim idazo les and  pu rines h av e  been describ 
ed as w eak cyanocoba lam in  an tag o n is ts  [28]. In  th e  p re se n t experim en ts 
5 ,6 -d im ethy lbenzim idazo le , aden ine , guan ine and  x a n th in e  ex e rted  no effect 
on m éth y la tio n  b y  an y  of th e  s tra in s  te s ted .

W hen a w ash ed  inoculum  w hich  h ad  been  p recu ltu red  in  th e  presence of 
cyanocobalam in  a t  h igh  co n c e n tra tio n  was used , th e  b io sy n th esis  of DMCTC 
increased , th a t  is, m é th y la tio n  d ecreased . I t  w as s trik in g  th a t  DMCTC was p ro 
duced  if a ce rta in  am o u n t of cy an o co b a lam in  h ad  been ad d ed  to  th e  m edium  
(T able  V). S im ilar re su lts  w ere o b ta in e d  w hen th e  inocu lum  wras cu ltu red  in  
th e  presence of ad en in e . A t th e  end  o f th e  fe rm en ta tio n  DMCTC appeared  in 
a som ew hat increased  p ro p o rtio n  b u t  to ta l  TC syn thesis  rem ain ed  well below 
th e  usual level (T ab le  Y) and  m ycelium  p ro d u c tio n  also decreased .

U nder s im ila r cond itions s tra in s  B-28, CDSD-314 an d  A-802934 p roduced  
n e ith e r  DMCTC n o r 6-dem ethyl-T C .

Sim ilar ex p erim en ts  were ca rr ied  out w ith  guan ine , x a n th in e  and  w ith 
uracil. DMCTC p ro d u c tio n  was in flu en ced  only by  th e  p u rin es , b u t to  a lesser 
degree th a n  b y  aden ine .
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Table V

E ffect o f  cyanocobalamin and  adenine on ferm enta tive  méthylation in  C-13 cultures started from
washed m ycelium

A dditions to  inoculum  
m edium

A dditions to  fe rm en ta tio n  m ed iu m

- C y an o co b alam in , 0.1 jug/ml

T o ta l
TC
/<g/ml

DMCTC
/tg /m l

DM CTC
p er cen t

T o ta l
TC
jig /m l

DMCTC
/<g/inl

DMCTC
p e r  cen t

— 1820 820 45 1720 8 0 -1 7 0 5— 10
C yanocobalam in, 5 ^g/m l* 1510 750 50 1500 680 45

A denine, 50 ^g/ml* 540 350 65

A d ditions to  in o cu lu m  
m edium

A dd itio n s  to  f e rm e n ta tio n  m ed iu m

C y an o co b alam in , 1.0 /ig/m l A den in e , 50 ^ug/rnl

T o ta l
TC

/ig /m l

DMCTC
/ig /m l

DMCTC 
p e r cen t

T o ta l
TC

/ig /m l

DMCTC
//g /m l

DMCTC
p e r  cent

— 1780 0 0 1610 720 45
C yanocobalam in, 5 ^fg/ml* 1610 640 40 .
A denine, 50 //g/ml* 720 500 70

* The inoculum  w as cu ltu red  in  th e  presence of cy an o cobalam in  or aden ine  b y  shak ing  
fo r 48 hours and w ashed before  seeding.

Am ong th e  possib le  m e th y l-d o n o r and  m eth y l-p recu rso r am ino  acids 
th e  role of m eth io n in e , serine an d  g lycine was exam ined . In  th e  presence of 
m eth ion ine , S. aureofaciens C-13 p ro d u ced  DMCTC in sm aller am o u n ts , th a t  is, 
m é th y la tio n  a c tiv ity  increased  an d  in  ex trem e cases on ly  CTC could be d e tec ted  
in  th e  cu ltu re  (T able V I). Serine (in th e  presence or in  th e  absence of pyri- 
dox ine) and  glycine ex e rted  no in fluence  on fe rm e n ta tiv e  m é th y la tio n .

C-13 spores w ere  in o cu la ted  in to  a liqu id  m ed ium  con ta in in g  2400 pg 
L -m eth ion ine  per m l. A fte r  in cu b a tio n  tb e  cu ltu re  was w ashed  and  seeded in to  
co rn  s teep-starch  m ed iu m . A t th e  end  of th e  fe rm e n ta tio n  a DMCTC concen
tr a t io n  was som ew hat increased  (T able V II). The m é th y la tio n  a c tiv ity  rem ained  
u n a lte re d  w hen L -m eth io n in e  w as ad d ed  in  low er co n cen tra tio n s  (T able V I). 
A t h igher m eth ion ine  co n cen tra tio n s  on ly  CTC was p ro d u ced . I t  was in te re s t
in g  th a t  th e  effect o f m e th io n in e  w as e lim ina ted  b y  v e ry  low  co n cen tra tio n s of 
cyanocobalam in . S im ila rly  to  cyanocoba lam in  and  aden ine , m eth ion ine  exerted  
no  influence on m é th y la tio n  in  s tra in s  B-28, CDSD-314 an d  A-802934.

In  su b sequen t ex p erim en ts  a w ashed  inoculum  c u ltu re d  in  th e  presence 
of high m eth ionine co n c e n tra tio n s  w as seeded in to  sy n th e tic  m edium . M ycelium  
p ro d u c tio n  and DM CTC : CTC p ro p o rtio n  are show n in F ig . 1. T o ta l DMCTC
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Table VI

E ffect o f  am ino acids on D M C T C  production  by stra in  C-13

A d d itio n s*
T o ta l TC

/ig /m l
DM CTC
//g /m l

DMCTC
p er cen t

__ 1700 770 45

L-m ethionine 150 ^g/m l 1650 500 30

„ 500 (W g/m l 1780 80 -180 5— 10

, , 1000 jUg/ml 1620 0 0
L-serine 1 0 0 0  jU g /m l 1600 640--800 40—50

Glycine 1000 //g/ml 1640 640- 820 40—50

* Corn steep m ed iu m  contain ing  40 p g /m l  o f m eth io n in e  w as su p p lem en ted  a t  seeding 
w ith  th e  substances in d ic a te d .

Fig. 1. M ycelium, to ta l  TC a n d  DMCTC p ro d u c tio n  in  sy n th e tic  m ed ium . The inoculum  was 
c u ltu red  in th e  presence of m eth io n in e  (2380 fug/m l) by  sh ak in g  for 48 hours and w ashed before

seeding

co n cen tra tio n s ca lc u la ted  from  th e  p e rcen tag e  va lu es  an d  to ta l  TC co n ten ts 
are  also presented.

A lthough th e  s ta n d a rd  error an d  an a ly tica l d ifficu lties of th e  experi
m en t are considerable, it  m ay  he concluded  th a t  in re sp ec t to  DMCTC p ro d u c
tio n  an  optim al m e th io n in e  co n cen tra tio n  ex ists. W h en  th e  m eth ionine con-
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Table VII

E ffect o f  methionine on ferm en ta tive  m éthylation in  C-13 cultures started fro m  washed inoculum

DMCTC p e r  c e n t a f te r  fe rm en ta tio n  in  b asa l m edium ** su p p le m e n te d  w ith

A d d it io n  to  ino cu lu m  m edium * L-m ethionine
C yanocobalam in

150 /ig /m l 500 //g/m l 1000 //g /m l
1.0 /ig /m l

_ 45 30 5— 10 0 0

L -m e th io n ire  2280 /fg/m l 60 50 35 0 - 5 0

* The basal in ocu lum  m edium  c o n ta in ed  100 fig  m ethionine pe r m l. T he ino cu lu m  was 
c u ltu re d  b y  shaking for 48 hours and  w ashed  before  seeding.

** The basal fe rm e n ta tio n  m edium  co n ta in ed  40 ft g m eth ion ine  pe r m l.

c e n tra tio n  is increased , th e  p ro d u c tio n  of DMCTC decreases a lth o u g h  th e  to ta l 
TC p ro d u c tio n  m ay  increase.

T ab le  V III  sum m arizes ou r ex p erim en ts  w ith  u C -labellcd m eth io n in e . 
W hen  s tra in  C-13 w as c u ltu red  in  th e  presence of 14C -L -m eth ion ine , th e n  
p ap e r-ch ro m ato g rap h ed  and  e lu ted  [26], CTC rad io ac tiv ity  ca lcu la ted  for 1 mg 
TC w as 50%  higher th a n  DMCTC ra d io a c tiv ity . This find ing  in d ica te s  th a t  th e  
m e th y l donor in s tra in  C-13 is L -m eth io n in e  (S -adenosy lm eth ion ine) fo r b o th  
C -6-m ethy l and  C -4-N -dim ethyl g roups. A ccordingly, m e th io n in e  p lay s an 
equal ro le in  th e  in co rp o ra tio n  of all th re e  m ethy l g roups in to  th e  basic  te t r a 
cycline  s tru c tu re .

S im ilar resu lts  w ere o b ta in ed  w hen  th e  above ex p erim en t w as perfo rm ed  
w ith  w ashed  inoculum  cu ltu red  in  th e  presence of m eth io n in e  a t  h igh  concen
tra t io n s  (the  DMCTC : CTC ra d io a c tiv ity  corresponded  to  2 : 3). V alues ob
ta in e d  fo r 1 mg CTC an d  DMCTC w ere also sim ilar for b o th  k inds o f cu ltu re  
(T able  V III) .

A ccordingly , th e re  was no d ifference in th e  in co rp o ra tio n  of th e  th ree  
m e th y l groups w hen a w ashed in ocu lum  produced  in a m ed ium  con ta in in g  
m e th io n in e  at high co n cen tra tio n s  w as used. The d ifferences in DMCTC sy n 
th esis  m ay  be exp la ined  by  a d is tu rb a n c e  in th e  syn thesis  o f th e  m e th y l donor. 
P a p e r  c h ro m a to g rap h y  in chloroform  b u ta n o l solvent of cu ltu re s  s ta r te d  from 
w ashed  inocula w hich had  been grow n in th e  presence of m e th io n in e  a t high 
co n cen tra tio n s  revealed  a spot ch a rac te rized  by low ra d io a c tiv ity  an d  bluish 
fluorescence. The sp o t, s itu a te d  be tw een  th e  s ta r t  line an d  th e  TC sp o t (1% =  
=  0.12 0.15), w as nam ed  “ DM fa c to r” . T he ra d io a c tiv ity  o f one u n it  of DM
fa c to r  w as e s tim a ted  as 20 — 50%  o f CTC. P ro b ab ly  th e  sam e DM fac to r  was 
d e te c te d  in C-13 and  B-28 cu ltu res  fe rm en ted  in th e  p resence of p -am ino-ben- 
zo lsu lp lm ny lguan id ine  [5]. In  cu ltu re s  of some reco m b in an ts  producing  
DM CTC a t  low to ta l  TC levels p ro b a b ly  th e  sam e DM fa c to r  w as d em o n stra ted  
a t  h igh  co n cen tra tions. These reco m b in an ts  h ad  been o b ta in e d  from  m ethio-
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Tabló VIII

Incorporation o f  the m ethyl group o f  m ethionine into CTC and D M C T C  in  C-13 cultures
started fro m  washed m ycelium

A d d itio n  to  inoculum  
m edium *

A d d itio n  to  fe rm e n ta tio n  m edium **

4 ц с  labe lled  m eth io n in e 4  /гc lab e lled  m eth io n in e  -+• 
m eth io n in e  500 Aig/ml

T o ta l
TC

//g /m l

DMCTC
/'g /m l

DMCTC 
p e r  ce n t

C oun ts p e r m in 
p e r mg T o ta l

TC
/ig /m l

DM CTC
/'g /m l

DM CTC
p e r  cen t

C ounts p e r m in  
p e r mg

CTC DMCTC CTC DMCTC

— 1510 680 45 3410 j 1980 1600 0 0 3580 —

L -m ethionine,
2280 fig/m l 1280 640 50 3240 2150 1150 350 30 3850 1 2420

* The basal ino cu lu m  m edium  co n ta in ed  100 fig m eth ion ine  p e r m l. T he inoculum  was 
c u ltu red  b y  shak ing  fo r 48 hours an d  w ashed  before seeding.

** The b asa l fe rm e n ta tio n  m ed iu m  co n ta in ed  40 fig  m eth ion ine  p e r  ml.

n in e —cysteine au x o tro p h s  as described  for s tra in  DCM-2114 u n d e r  M aterials 
and  M ethods. T he DM  fac to r has n o t been iden tified ; it  p ro b a b ly  corresponds 
to  an  N -dem ethy l d e riv a tiv e  of DMCTC.

D iscu ssion

I t  is know n th a t  th e  C -6 -m ethy la tion  of th e  basic te tra c y c lin e  s tru c tu re  
req u ires  folic acid [5, 6]. R esu lts  p resen ted  in th is  s tu d y  in d ica te  th a t  th e  
m é th y la tio n  reac tio n  is associated  w ith  a “ B 12 enzym e” .

The C -6-n ie thy la tion  reac tio n  w as perfec tly  re s to red  in  s tra in  C-13 b y  
cu ltu rin g  in th e  presence  of cobalam ins and  cobinam ide; th e  c u ltu re  produced  
on ly  CTC. G u e s t  an d  W oods  [33] show ed th a t  in  E . coli cob in am id e  in h ib ited  
th e  b iosyn thesis o f m eth ion ine  from  serine an d  hom ocyste ine . T he p resen t 
s tu d y  revealed  no s im ila r process, i.e. a decreased  m é th y la tio n  a t  C-6 for e ith e r 
of s tra in s  C-13 an d  B-28. The fa ilu re  to  in h ib it m é th y la tio n  m a y  be exp lained  
b y  th e  ac tiv a tio n  of cob inam ide or b y  th e  in ab ility  of cob in am id e  to  serve as 
a m e th y l accep to r in  S. aureofaciens. In  c o n tra s t, cob inam ide re s t i tu te d  m é th y 
la tio n  a c tiv ity  in s tra in  C-13, th a t  is, th e  cu ltu re  p roduced  no DMCTC in th e  
p resence  of th a t  sub stan ce .

C obalt ions and  o th e r ca tio n s exerted  no effect on m é th y la tio n  and , 
accord ingly , un like in  coum erm ycin  A , b iosyn thesis by  S . rish iriensis, cations 
failed  to  s tim u la te  enzym es ta k in g  p a r t  in th is  process. A lth o u g h  th e  degree 
of cobalam in  p e rm eab ility  is n o t know n for S. aureofaciens, i t  w ould  ap p ear 
th a t  perm eab ility  is n o t such an  im p o r ta n t  fac to r  in  s tra in  C-13 as it has been 
supposed  to  be in  S . rishiriensis  [21].
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T he tim e course o f th e  e lim ina tion  of C -6 -m ethy la tion  in h ib itio n  can ad e 
q u a te ly  be followed b y  add ing  cy anocoba lam in  a t v a rio u s  in te rv a ls  du ring  fe r
m e n ta tio n . This su b s ta n c e  was ineffec tive  a fte r 36 ho u rs . T he e x p lan a tio n  is 
p ro b a b ly  th a t  th e  p o ly k e tid e  s tru c tu re  [11] was tra n s fo rm e d  in to  an  in te r 
m ed ia ry  p roduct u n a b le  to  serve as a m e th y l accep to r a t  C-6. A less likely  
e x p lan a tio n  is th a t  th e  tra n s fo rm a tio n  of cyanocobalam in  to  ac tive  cobam ide 
fo rm  can n o t tak e  p lace  in  aged cu ltu res . A n in te re s tin g  b u t  easily expla inab le  
phenom enon  is th e  considerab le  d ifference in DMCTC sy n th es is  betw een  p a ra l
lel cu ltu res  supp lied  w ith  cyano co b a lam in  a fte r 16 ho u rs . T he difference is 
d u e  p ro b ab ly  to  th e  co n d itio n  of th e  c u ltu re  and  th e  p rog ress of TC b io sy n th e 
sis. T h e  fac t th a t  a f te r  th e  d ev e lo p m en t of th e  m ycelium , th a t  is, a fte r p rim ary  
m etabo lism  had com e to  an end cobalam in  was ineffec tive  on C-6 m é th y la tio n , 
in d ica te s  th a t th e  b io sy n th esis  of a secondary  m e tab o lite , TC, is closely asso
c ia te d  w ith p rim ary  m etabo lism .

E x p erim en ts w ith  D CA PA  show  also th a t  a “ B 12 en zy m e” m ay  p lay  an 
im p o r ta n t  role in th e  general m etabo lism  of, and  in C-6 m é th y la tio n  reaction  
in , S . aureofaciens. A lth o u g h  in  2 o u t of th e  4 T C -producing  s tra in s  th e  6-dem e- 
t liy l analogue of TC could  n o t be d e tec ted , th e  effect o f D C A PA  was ev iden t 
from  th e  decreased TC syn thesis  an d  m ycelium  p ro d u c tio n  also in these  s tra in s. 
T h e  re su lt is n o ticeab le  because th e  an tag o n is tic  ac tio n  of D C A PA  has so fa r  
been  show n only fo r E . coli m u ta n t  1 1 3 —3.

T he role of “ B 12 enzym es” m ay  n o t be re s tr ic te d  m erely  to  th e  tra n sfe r  
o f m e th y l groups b u t ,  as p o in ted  o u t b y  B u c h a n a n  et al., a “ B 12 enzym e” 
ta k in g  p a r t in m e th io n in e  b iosy n th esis  m ay  ac tive ly  reg u la te  th e  co n cen tra tio n  
o f va rious folates [17, 35]. The role o f “ B 12 enzym es”  in  th e  6 -m e th y la tio n  reac 
tio n  for th e  basic TC s tru c tu re  m ay  be  associated  w ith  its  d irec t role in  m e th io 
n in e  b iosynthesis.

On supp lem en tin g  w ith  m eth io n in e  th e  fe rm e n ta tio n  m edium  of s tra in  
C-13, th e  m é th y la tio n  a c tiv ity  a t C-6 increased  and  a t  h igh  m eth ion ine  concen
tra tio n s  only CTC w as p roduced . T h is find ing  m a y b e  analogous to  th e  p h en o m 
enon  observed w ith  m e th io n in e -a u x o tro p h  m u ta n ts  [2] w hen  in  th e  presence 
of a co n stan t m eth io n in e  level DMCTC was p roduced  a t  th e  end of th e  fe rm en 
ta tio n . U n fo rtu n a te ly , it has n o t y e t been s tu d ied  w h y  th e  C-6 m é th y la tio n  
a c tiv ity  decreases in  th e  case of a re la tiv e  m eth ion ine  defic iency  w hile fo rm a
tio n  of th e  C -4-N -dim cthyl group on th e  TC p recu rso r is ta k in g  place p ro b ab ly  
com pletely . It m ay  be  supposed  th a t  the  enzym e responsib le  for C-6 m é th y la 
tio n  is m uch less ac tiv e  th a n  th e  enzym e fac ilita tin g  C -4 -N -m ethy la tion  or 
th a t  th e  m ethyl d o n o r m u st be p re se n t a t  h igher c o n cen tra tio n s  for C-6 m é th y 
la tio n  th a n  for C-4-N m éth y la tio n . T h is considera tion  m ay  explain  th e  b eh a v 
io u r of p ro to tro p h ic  C-13 s tra in , d u rin g  th e  fe rm e n ta tio n  of w hich C-6 m é th y 
la tio n  ac tiv ity  w as re s t i tu te d  w ith  m eth ion ine . I t  m ay  also be supposed  th a t  
— sim ilarly  to  E . coli in  w hich hom ocyste ine  m é th y la tio n  m ay be fac ilita ted
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b y  tw o  enzym e m echan ism s (one asso c ia ted  w ith  “ B 12 en zy m e”  and  th e  o th e r 
w ith  a folic acid p a th w a y ) in  S. aureofaciens also d iffe ren t enzym e m echa
nism s are  involved in  C-6 and  in  C -4-N  m éth y la tio n .

Q u an tita tiv e  chan g es in DMCTC p roduction  o b serv ed  w ith  w ashed  in 
ocula  grow n in th e  p resence  of re la tiv e ly  high co n cen tra tio n s  of cyanocobal- 
am in , adenine and m e th io n in e  m ay b e  d u e  to  disorders in  th e  reg u la tio n  m ech a
n ism  influencing  th e  sy n th es is  of th e  m e th y l donor. B ecause  of a re la tiv e  m e th y l 
donor deficiency th e  C-6 m éth y la tio n  reac tio n  decreases in  a c tiv ity  or a h igher 
m e th io n in e  co n cen tra tio n  is needed fo r  th e  com plete re s t i tu t io n  of C-6 m é th y 
la tio n . F u rth e r  s tu d ies  involv ing  th e  p rep a ra tio n  of a su itab le  enzym e are 
need ed  to  elucidate w h e th e r  th is  fin d in g  is a consequence o f an  a lte ra tio n  in  th e  
re g u la tin g  m echanism  o f m ethyl d o n o r syn thesis and  w h e th e r  th e  phenom enon  
is an  enzym e repression .
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Sum m ary. A to ta l  o f 725 E. coli 0 1 2 4  : K 72(B 17) stra in s  have  been  exam ined  fo r lyso- 
g en ic ity , co licinogenicity , flagellar an tigens and  lactose  fe rm en ta tio n . T he s tra in s  have been 
d iv id ed  in to  4 groups a n d  7 ty p es by  m eans of a com bined phage-colic in  ty p in g  schem e. Coli- 
c inogenic  stra in s  o ccurred  m ore freq u e n tly  th a n  lysogenic cu ltu res . T y p e  1 (colicinogenic) 
s tra in s  were th e  com m onest am ong th e  iso lates. T ype  2 (lysogenic) s tra in s  d iffered  from  th e  
re s t  in fe rm enting  lac tose  m ore rap id ly  an d  being un ifo rm ly  n o n -flage lla ted . T he m ajo rity  of 
m otile  s tra in s  bore H  an tig e n  30. Some s tra in s  in  ty p e  4 con ta ined  H a n tig en  27 or u n d e te r 
m ined  H antigens.

D ifferen tia tion  of colicins and  phages re leased  from  th e  s tra in s  w as p e rfo rm ed  b y  hea t, 
ch loroform , p H  and try p s in  sensitiv ity  te s tin g .

L ysogenicity  e x p erim en ts  w ith  ty p e  lb  (lysogenic -j- colicinogenic) s tra in s  have in d i
ca ted  th a t  un d er n a tu ra l  conditions these  o rgan ism s are derived  from  ty p e  1 (colicinogenic) 
an d  ty p e  4 (lysogenic) stra in s .

Escherichia coli serogroup 124 s tra in s  w ere f irs t iso la ted  b y  E w i n g  and 
G r a v a t t i  in  1944 [1]. D uring  th e  p a s t  24 years a n u m b e r o f foreign [2 —12] 
a n d  H u n g arian  [13 — 24] au th o rs  iso la ted  th e  organism  from  w a te r  and  food- 
b o rn e  ou tb reaks an d  sporad ic  cases an d  in v es tig a ted  its  epidem iological and  
bacterio log ical p ro p ertie s .

In  view  of th e  freq u en t incidence of E . coli 01 2 4  : K 72(B 17) (hereafter 
E . coli 0124) s tra in s  in  H u n g ary , th e  lysogenic p ro p ertie s  of th is  organism  
h a v e  ex tensively  b een  in v es tig a ted  in  ou r in s ti tu te  and  a ty p in g  schem e based  
on th e  lysis sp ec tru m  o f E . coli 0 1 2 4  te m p e ra te  phages has been  e labo ra ted  
[16, 22, 23].

F u r th e r  s tud ies show ed th a t  th e  in h ib ito ry  ac tion  of E . coli 0 1 2 4  cu ltu res 
on th e  in d ica to r s tra in s  was fre q u e n tly  n o t due to  th e  ly tic  ac tio n  of phages as 
a considerab le  n u m b e r of th e  cu ltu res  released agen ts w hich could  n o t be 
p ro p ag a ted  and w hen d ilu ted , th e y  failed  to  produce p laques on p la tes seeded 
w ith  th e  in d ica to r s tra in s . These fin d in g s in d ica ted  th a t  cu ltu res  beh av in g  in 
th is  m an n er p roduced  colicins.

H a m o n  et al. [25] e labo ra ted  v a rio u s  physical, chem ical an d  biological 
te s ts  fo r th e  d iffe ren tia tio n  of phages an d  colicins. T hey  described  pH  and  
p ro teo ly tic  enzym e sen sitiv ity  te s ts  as th e  m ost im p o r ta n t d iffe ren tia l reac 
tio n s : a t pH  3 ph ag es, in  co n tra s t to  bacterioc ins, w ere h igh ly  dam aged  or
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com ple te ly  in a c tiv a te d  w hile  to  p ro teo ly tic  enzym es th e  b ac te rio p h ag es w ere 
r e s is ta n t and  bac te rio c in s  of G ram  n eg a tiv e  ge la tin -non-liquefy ing  b ac te ria  w ere 
sensitiv e . C hloroform , w h ich  w as w ell to le ra te d  b y  th e  phages, in ac tiv a ted  
bac te rio c in s  p ro d u ced  b y  m an y  G ram  n eg a tiv e  organism s.

A ccording to  B r a n d i s  [26] phages an d  colicins m a y  a c t on th e  sam e re 
cep to rs . Our find ings h a v e  confirm ed th is  concep tion  as som e in d ica to r  s tra in s  
fo r  E . coli 0124  te m p e ra te  phages h av e  been  fo u n d  sensitiv e  to  b o th  le th a l 
ag en ts .

O ur stud ies on a g re a t n u m b er of s tra in s  h av e  show n th a t  colicinogenic 
c u ltu re s  can be c h a ra c te riz e d  an d  d iv ided  in to  ty p e s  on th e  basis of th e ir  in 
h ib ito ry  effect on a se t o f in d ic a to r  s tra in s  used in  ly so g en ic ity  te s tin g  and  on 
E . coli stra in  Row , an  in te rn a tio n a l d e tec to r of colic inogenicity .

As th e  overw helm ing  m a jo rity  of colicinogenic s tra in s  w ere iden tica l in 
in h ib itio n  sp ec tru m , i.e. th e y  belonged  to  th e  sam e colicin ty p e , fu r th e r  coli- 
c in -sensitive in d ic a to r  s tra in s  h av e  been in tro d u ced . S tra in s  of A b b o t t  and  
S h a n n o n ’s set d esc rib ed  fo r th e  ty p in g  of Sh. sonnei [27] w ere sensitive  to  
colicins released fro m  E . coli 0 1 2 4 . A ccordingly , in  o rd er to  be able to  d is tin 
guish  a g rea ter n u m b e r  of ty p es , all s tra in s  w ere te s te d  w ith  th e  tw o sets of 
in d ic a to r  cu ltures.

Previous s tu d ie s  [22] h av e  show n th a t  E . coli 0 1 2 4  s tra in s  iso lated  from  
v ario u s  foci differ in  th e  tim e  of lactose fe rm en ta tio n . On th e  basis of acid 
p ro d u c tio n  in 1%  la c to se  th e  s tra in s  could be d iv ided  in to  2 groups. S tra in s  
belonging  to  one o f th e se  groups p roduced  acid m ore ra p id ly  (a fte r 2 to  3 days) 
th a n  m em bers of th e  o th e r  g roup  w hich fe rm en ted  th is  sugar less read ily  
(a f te r  4 to  17 days). A s th e re  w as a d efin ite  associa tion  b e tw een  th e  tim e  of 
la c to se  fe rm en ta tio n  a n d  th e  ly tic  sp ec tru m  of th e  s tra in s , th e  question  arose 
as to  w hether a s im ila r associa tion  ex isted  w ith  flage lla r an tig en s. A ccordingly , 
it  seem ed desirab le to  su p p lem en t th e  observations w ith  th e  d e te rm in a tio n  of 
H  antigens.

M aterials and m ethods

E . coli 0124 stra ins. A  to ta l  of 725 s tra in s  were selected . M ost o f th em  were iso la ted  in 
v a r io u s  areas of H u n g a ry  from  o u tb reak s , spo rad ic  cases an d  carriers . Some cu ltu res were 
o b ta in e d  from  C zechoslovakia  (D r. E . A l d o v á ) ,  R o u m an ia  (D r. I . D. C o s t i n ) and J a p a n  (D r. 
H . M a t s u m o t o ) .

Detection and d iffe ren tia tio n  o f  phages and colicins. In d ic a to r  s tra in s  described in  [22] were 
u sed : E . coli B, E. coli 36, Sh . sonnei I I ,  E . coli 138 and 218 (0 1 2 4 ), Sh. fle x n er i  262, F r e d e - 
r ic q ’s stra in  derived  fro m  E . coli K 12, E . coli R ow  and  a se t o f in d ic a to r  stra in s  described 
b y  A b b o t t  and S h a n n o n  [27] for th e  ty p in g  of Sh. sonnei.

T em perate  p h ag es  a n d  colicins w ere o b ta in ed  by  grow ing E . coli 0 1 2 4  stra in s  in p H  7.2 
H a r t le y  b ro th  a t  37 °C o v e rn ig h t. T yp ing  was carried  o u t on H a r tle y  ag ar p la tes.

Lysogenicity  a n d  co lic inogen ic ity  w ere exam ined  as described  b y  P a p a v a s s i l i o u  [29]. 
T h e  b ro th  cu ltu res w ere c en trifu g ed  and  th e  su p e rn a ta n ts  were tre a te d  w ith  1/10 p a r t  of ch loro
fo rm . A num ber of c u ltu re s  w ere tre a te d  p a ralle l w ith  h ea t an d  ch loroform , th en  tw o-hour b ro th  
cu ltu re s  of the  in d ic a to r s tra in s  were m ixed  a t  0.5 m l a liquo ts in to  2 m l soft n u tr ie n t ag ar and 
lay e red  over agar p la te s . W h en  th e  lay e r h ad  h a rd en ed , d e m a rc a te d  zones were p re p are d  by  
im pressing  a sterile  g lass tu b e  15 m m  in d iam ete r in to  th e  ag ar and  th e  tre a te d  su p e rn a ta n ts
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w ere sp o tte d  o n to  th em . In  th is  m an n e r 23 s u p e rn a ta n ts  cou ld  be  te s te d  on  one p la te . T he 
p la te s  w ere re ad  a f te r  5 hours in cu b a tio n  a t  3 7 °C, th e n  le f t  to  s ta n d  a t  room  te m p e ra tu re  o v er
n ig h t and  read  again.

In  th e  co m p ara tiv e  ex am in a tio n  o f colicin ty p in g  th e  m eth o d  of F r e d e r ic q  [30] a n d  
th e  in d ic a to r s tra in s  o f  A bbo tt  a n d  Sh a n n o n  [27J w ere em ployed .

In h ib itio n  p a tte rn s  o b ta in e d  w ith  th e  in d ic a to r s tra in s  w ere d e s ig n a ted  acco rd ing  to  
H a r t’s schem e [28].

D iffe ren tia tio n  of ph ag es a n d  colicins w as pe rfo rm ed  b y  ex am in in g  th e ir  se n s itiv ity  to  
try p s in , p H , h e a t a n d  ch loroform  as described  b y  H am on  et al. [25].

Lactose ferm en ta tion . T he s tra in s  w ere c u ltu red  on  lac to se-eo sin -m eth y len e  b lue  m edium , 
th e n  in o cu la ted  in to  a  liq u id  m ed ium  co n ta in in g  B acto  p e p to n e  (D ifco), 10 g; N aC l, 5 g; 
lac tose, 10 g; A n d rad e  in d ic a to r, 10 m l; d is tilled  w a te r , 1000 ml.

Serological exam inations. Im m u n e  sera  w ere p re p a re d  fro m  E . coli ty p e  s tra in s  o b ta in e d  
from  th e  S ta te  Serum  In s t i tu te ,  C openhagen. T ype  s tra in  Sh . dysenteriae  3 (L arge-S achs Q 771) 
was rece ived  from  th e  co llection  of th e  I n s t i tu te  o f M icrobiology, U n iv e rs ity  M edical School, 
Pécs. О an d  O K  sera  w ere p re p are d  as d escribed  in  th e  l i te ra tu re  [31 — 33]. H  an tig en s  fo r im 
m u n iza tio n , a b so rp tio n  an d  a g g lu tin a tio n  w ere p re p a re d  as follow s. T he cu ltu res  w ere p assaged  
severa l tim es on  sem isolid  a g a r a t  37 °C or a t  30 °C [34], th e n  in o cu la ted  o n to  sw arm  a g a r p la te s . 
A fte r suspend ing  th e  g ro w th  in  sa line , fo rm alin  w as ad d ed  an d  th e  d e n s ity  w as a d ju s te d . F o r 
slide ag g lu tin a tio n  dense suspensions w ere p re p are d  (one loopfu l m ixed  in to  one d ro p  o f serum  
gave a suspension  o p tim a l fo r slide te s t) . F o r  tu b e  a g g lu tin a tio n  th e  suspension  w as a d ju s te d  
so as to  co rrespond  to  a s ta n d a rd  g iv ing  74%  tra n s m itta n c e  in  1 : 10 d ilu tio n  in  1 cm  c u v e tte s  
o f  th e  B eck m an  m odel D U  sp e c tro p h o to m e te r  se t a t  0.03 m m  slit a n d  530 m /и w a v e len g th ; 
tu b e  ag g lu tin a tio n  w as pe rfo rm ed  w ith  0.5 m l serum  d ilu tio n s a n d  0.05 m l b a c te r ia l suspensions.

H  a n tig en  d e te rm in a tio n  was pe rfo rm ed  b y  slide a g g lu tin a tio n ; 165 s tra in s  w ere e x a m 
ined also by  th e  single tu b e  a g g lu tin a tio n  tech n iq u e  using  sera  d ilu te d  1 : 500 or 1 : 1000 
accord ing  to  th e  t i t r e  o f th e  serum . T ube  te s ts  fo r О, К  an d  H  a n tig en  d e te rm in a tio n  w ere read  
u n ifo rm ly  a f te r  18 to  20 ho u rs  in cu b a tio n  a t  37 °C. T his tech n iq u e  y ie ld ed  no s ig n ifican t d iffe r
ences in com parison  to  th e  48 — 50 °C in cu b a tio n  d escribed  in  th e  l ite ra tu re .

H  sera  were p re p are d  in  a d d itio n  to  th e  ty p e  s tra in s  from  som e of o u r iso la tes  co n ta in in g  
H  an tig en s 30 an d  27 or H  an tig en s  n o t d e te rm in a b le  w ith  H  ty p e  sera.

W ith  th e  ex cep tio n  of th e  know n H 3 0 — H 32 re la tio n sh ip , no re m a rk ab le  H  cross re a c 
tio n s w ere rev ea led  be tw een  th e  H  ty p e  an tig en s. H 30 an d  H 32 se ra  w ere c ro ss-abso rbed  before 
use. S tra in s  n o t  co n ta in in g  an tig e n  H 30 an d  cu ltu res  g iv ing  w eak  o r a ty p ic a l ag g lu tin a tio n  
w ere checked  b y  im m o b iliza tio n  te s t  w ith  th e  hom ologous serum . Im m o b iliza tio n  w as e x am 
ined  m icroscopically  in  b ro th  cu ltu res  o r in  U  tu b es  co n ta in in g  H  sera  m ix ed  in  sem isolid- 
ag ar [31, 35, 36].

Results

D eterm ination o f  colicin and  phage types. T h e  com bined  phage-co lic in  
ty p in g  schem a developed  on th e  basis o f o u r p rev io u sly  described  m e th o d , H  
an tig en s  an d  lac to se  fe rm e n ta tio n  reac tio n s  of th e  ty p e s  are  p re se n te d  in  
T ab le  I.

O n th e  basis o f ly so g en ic ity  an d  co lic inogen ic ity  th e  s tra in s  w ere d iv id ed  
in to  4 groups. W ith in  th e  4 g roups th e  s tra in s  fell in to  7 ty p e s  acco rd ing  to  
th e ir  sp ec tru m  o f in h ib itio n  on th e  in d ic a to r  s tra in s . G roup  I  co n ta in ed  ly so 
genic, g roup  I I  colicinogenic an d  g roup  I I I  lysogenic +  colicinogenic s tra in s . 
C u ltu res ex h ib itin g  n e ith e r  lysogenic  n o r colicinogenic p ro p e r ty  w ere classified 
in to  group  IY .

T ab le  I I  show s th e  g roup  an d  ty p e  d is tr ib u tio n  of th e  ex am in ed  s tra in s . 
O u t of 725 c u ltu re s  246 (33 .9% ) belonged  to  g roup  I ,  342 (47 .2% ) to  g roup  
I I ,  28 (3 .9% ) to  g roup  I I I  an d  109 (15 .0% ) to  g roup  IV . T y p e  1 (colicinogenic) 
an d  ty p e  2 (lysogenic) s tra in s  w ere fre q u e n tly  en co u n te red  (42.8 an d  2 5 .8 % , 
respective ly ).
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T able  I

C lassifica tion  o f  E . coli 012 4  stra ins on the basis o f  lysogenicity, colicinogenicity, H  antigens
and  lactose ferm en ta tion

G roup T y p e

L ysis o r  in h ib itio n  sp e c tru m

H
a n tig en

L acto se  fe rm en 
ta t io n ,  d ay s

E. coli 
36

Sh.
sonnei

I I

E . coli 
138

E. coli 
218

Sh.
flexneri

262

E . coli 
Row

2 - 3 4 —17

2 ± + ± ± — — — +

i 4 — — + ± — — + +

6 — — — — + — d +

1 X — — — — X + +

и 2 b X X X X X X + +

i n l b X — + ± — X + +

IV N t — — — — — — d +

-|- =  lysis o r p o sitiv e  c h a ra c te r  
±  =  irreg u la rly  p o sitiv e  o r  n eg ativ e  
X =  in h ib itio n
d  =  f lag e lla ted  o r no n -flag e lla ted

Table II

D istribu tion  o f  E . coli 012 4  stra ins according to the combined phage-colicin scheme

G roup T y p e
S tra in s

G roup T y p e
S tra in s

N o. % N o. O f,o

i 2 187 25.8 и 1 310 42.8
2b 32 4.4

4 41 5.6 h i lb 28 3.9

6 18 2.5 IV N t 109 15.0

T y p ab le  s tra in s , 616 (8 5 .0% ). 
U n ty p a b le  s tra in s , 109 (15 .0% ). 
T o ta l, 725 (100 .0% ).

D i f f e r e n t i a t i o n  o f  p h a g e  a n d  c o l i c in  a c t i v i t y .  A to ta l o f 50 E .  c o l i  01 2 4  
strains belonging to  various typ es were selected. In accordance w ith  the finding  
of H amon e t  a l .  [25] it  was observed th at tem perate phages released from lyso
genic strains were more sensitive to  heating than colicins. W hile the phages 
were resistant to  chloroform , colicins showed a m arked sen sitiv ity  to  th is sub
stance: the colicin titre  was lost in one strain and considerably decreased in 
86 %  of th e  rem aining 28 colicinogenic strains. H ydrogen ion concentration  
sen sitiv ity  testin g  showed th a t the phage titre began to decrease at pH  5 and
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becam e nil a t  pH  3. No decrease in colicin a c tiv ity  w as observed a t p H  4 and  
5; a t  pH  3 th e  colicin t i t r e  in tw o cu ltu res  decreased  b u t  was no t en tire ly  lost. 
T ry p sin  t re a tm e n t ex e rted  no effect on te m p e ra te  phages b u t in a c tiv a te d  
colicins.

A lthough  ou r ex perim en ts d id  n o t inc lude  all know n tests  fo r th e  d iffe r
en tia tio n  of phages an d  colicins, th e  above find ings have  been considered  
sa tis fac to ry  for estab lish in g  our com bined  E . coli 0 1 2 4  ty p in g  schem e.

Comparative exam ination  o f  colicin-typing. A to ta l  of 370 colicinogenic 
E . coli s tra in s  w ere exam ined  for in h ib itio n  sp ec tru m  on in d ica to r s tra in s  
of our an d  A b b o t t  an d  Sh a n n o n ’s sets (T able I I I ) .

Table III

D istribu tion  o f  E . coli 0124 strains according to colicinogenic properties

H a r t ’s
schem e

P re se n t schem e T o ta l  N o. of 
s tra in s

1 lb * 2b

3 — — 12 12

ЗА — — 13 13

6 310 27 7 344

11 — 1 - —

T o ta l 310 28 32 369

* lysogenic -\- colicinogenic

I t  w as show n th a t  344 s tra in s  (9 3 .0 % ), in c lud ing  ty p e  1 and lb  cu ltu re s  
of our schem e, fell in to  H a r t ’s ty p e  6. O ne ty p e  lb  s tra in , a colicinogenic 
cu ltu re , in h ib ited  th e  g row th  of only s tra in  Row. T h irty -tw o  stra in s classified  
in to  our ty p e  2b fell in to  3 d ifferen t colicin ty p es  of th e  H a r t  schem e. E p i
dem iological s tu d ies, how ever, failed to  show  an y  association  betw een  foci 
and H a r t ’s 3 types.

E x a m in a tio n  of 80 colicinogenic s tra in s  iso la ted  from  13 differen t sm all 
o u tb reak s in d ica ted  th a t  w henever our ty p in g  m eth o d  revealed a d ifference 
betw een  s tra in s  o rig in a tin g  from  th e  sam e focus, a sim ilar d ifference w as 
d e tec ted  b y  ty p in g  accord ing  to  H a r t ’s schem e. F o r exam ple, in  a fam ily  
o u tb reak  affecting  8 persons 7 p a tie n ts  excre ted  ty p e  1, b u t from  one m em b er 
of th e  fam ily  ty p e  2b w as iso la ted  b y  severa l tim es rep ea ted  ex am in a tio n s. 
A ccording to  H a r t ’s schem e all s tra in s  b u t  ou r ty p e  2b belonged to  ty p e  6. 
T he la t te r  co rresponded  to  H a r t ’s ty p e  3.

Serological exam inations. O ut of th e  exam ined  725 E. coli 0124  s tra in s  
512 w ere flag e lla ted . W ith  th e  excep tion  o f 9 s tra in s  all flagella ted  iso la tes 
were cha rac terized  by  H  an tigen  30. T ype s tra in  E . coli 0 1 2 4  227 described  b y  
E w in g  as c o n ta in in g  H  an tig en  32 [33] w as also found  to  bear H  an tig en  30.
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S tra in  227, w hich h a d  been received  from  th e  S ta te  Serum  I n s t i tu te ,  C open
h ag en , was com pared  w ith  E . coli N  157, ty p e  s tra in  for H  an tig en  30. Cross
a b so rp tio n  ex p erim en ts  in d ica ted  th a t  th e  tw o  s tra in s co n ta in ed  iden tica l 
f lag e lla r  an tigens. In  su b seq u en t an tig en ic  analyses it  was show n th a t  E . coli 
0 1 2 4  s tra in  916 o f L á n y i  et al. [15], w h ich  h a d  been iso lated  from  an  o u tb re a k  
a n d  described as id en tica l in an tig en ic  s tru c tu re  w ith  s tra in  227, co n ta in ed  
also  flagellar an tig en  30. In  o rder to  e lu c id a te  th is  problem  we h a d  fo rw arded  
o u r d a ta  to  D r . W . H . E w i n g .

I t  is w o rth  m en tio n in g  th a t  tw o  E . coli 0 1 2 4  stra ins n o t in c lu d ed  in  th e  
T ab les  con ta ined  H  an tig en  12. T hese cu ltu re s  h ad  been o b ta in ed  from  J a p a n  
a n d  w ere u n ty p a b le  b y  our schem e.

N ine s tra in s  co n ta in in g  flag e lla r an tig en s  o th e r th a n  H 30 w ere m o stly  
lysogenic. E ig h t o f th e m  lysed in d ic a to r  s tra in  E . coli 218 an d  w ere th e re fo re  
c lassified  in to  ty p e  4. The rem ain in g  one s tra in  was n e ith e r  lysogenic nor 
colicinogenic. As to  О and  К  an tig en s th e se  cu ltu res differed in  p a r tia l a n ti
gens from  E w in g ’s s tra in  227, b u t show ed no sign ifican t an tigen ic  re la tio n sh ip s  
to  o th e r  0  and К  an tig en s of th e  E . coli an tig en ic  schem e.

F ive  of th e  above  9 s tra in s  c o n ta in e d  H  an tigen  27. T he rem ain in g  4 
s tra in s  were n o t re la te d  in  H  an tig en s to  th e  ava ilab le  46 E. coli H  an tig en  ty p e  
s tra in s  (H  1 — 12, H  14 — 21, H  2 3 —48); accord ing  to  th e  find ings th e se  s tra in s  
c o n ta in e d  3 d iffe ren t, p ro b ab ly  new  H  an tigens.

Lactose ferm en ta tion . In  ag reem en t w ith  our previous s tu d ies, th e  p resen t 
ex p erim en ts  w ith  725 s tra in s  show ed th a t  lysogenic cu ltu res be longing  to  ty p e  2 
p ro d u ced  acid in 1%  lactose w ith in  72 h ours (Table I). O th e r lysogenic and 
non-lysogen ic  s tra in s  fe rm en ted  lac to se  m ore  slowly. T he tim e  of lac tose  
fe rm e n ta tio n  was checked  w ith  834 colonies o f 86 E . coli 0124  s tra in s  belonging  
to  vario u s ty p es. T es tin g  of 339 colonies of 26 ty p e  2 stra ins in  lac to se -p ep to n e  
w a te r  resu lted  in 338 positive tu b es  w ith in  3 d ay s; only one su b cu ltu re  p roduced  
acid  a fte r  4 days. M ost su b cu ltu res  o f o th e r  ty p e s  ferm ented  lac to se  a fte r  6 to  
9 d ay s. A p art from  som e differences d u e  to  th e  size of th e  inocu lum , th e  tw o 
b iog roups could well be d is tingu ished . I t  shou ld  be no ted  th a t  w hile lactose 
fe rm e n ta tio n  in 2 to  3 days w as a c o n s ta n t p ro p e rty  ch a rac te ris tic  of ty p e  2 
s tra in s , m any  excep tions w ere n o te d  am ong  th e  “ slow -lac tose-ferm en ting” 
cu ltu re s , especially  in  th e  colicinogenic group .

D iscu ssio n

T ypes d e te rm in ed  on th e  basis  of lysogenic and  colicinogenic p ro p ertie s  
o f E . coli 0124  are  cha rac terized  as follows.

The lysogenic group  (group I) can  be d iv ided  in to  3 ty p es. T ype 2  s tra in s  
d iffe r from  o th e r m em bers of g roup  I in ex e rtin g  a sm aller degree o f ly tic  ac tion  
on several in d ica to r  s tra in s , lysing  Sh. sonnei I I ,  being n o n -flag e lla ted  and
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fe rm en tin g  1%  lactose a f te r  2 to  3 days. In  th e  lysogenic group  ty p e  2 occurred  
th e  m ost freq u en tly .

T em p era te  phages of type 4 s tra in s ly se  e ith e r  E . coli 138 or E . coli 218 
or b o th . T y p e  4 m ay  th e re fo re  be subd iv ided  on th e  basis of ly tic  ac tion  on th e  
tw o in d ic a to r  s tra in s ; in  view  of th e  low incidence  of these  s tra in s , th e  su b 
division is no t of p ra c tic a l value. All s tra in s  in  ty p e  4 w ere flagella ted  and , 
w ith  th e  excep tion  of th e  m entioned  8 s tra in s  lysing E. coli 218, co n ta ined  H  
an tigen  30. All o f th em  fe rm en ted  lactose a f te r  a p ro longed period  of tim e.

U n frcq u en tly  occurring  type 6 s tra in s  lyse Sh. flexn er i 262, ferm en t lac 
tose slow ly and  m ay  or m ay  no t be flag e lla ted .

T he colicinogenic group  (group I I)  co n ta in s  tw o  types. T y p e l ,  th e  com m on
est am ong  E . coli 0 1 2 4  s tra in s , is ch a rac te rized  by  in h ib itin g  E . coli 36 an d  
E . coli Row . T he colicin of type 2b u sually  in h ib its  th e  g ro w th  of all in d ic a to r  
cu ltu res. B o th  ty p es  are  la te  lactose fe rm en te rs  and  flagella ted .

S tra in s  belonging  to  type lb  are lysogenic and colicinogenic (group I I I ) .  
T hese cu ltu res  in h ib it th e  grow th of E . coli 36, p roduce p laques on E . coli 
138 an d  218, fe rm en t lac to se  slowly and  are  flagella ted .

On th e  basis of th e  lysis spectra  i t  w as supposed  th a t  ty p e  lb  s tra in s  
had  developed  from  ty p e  1 colicinogenic a n d  ty p e  4 lysogenic organism s. 
L ysogen iza tion  ex p erim en ts  have confirm ed  th is  th eo ry : w hen a ty p e  1 
colicinogenic s tra in  w as tre a te d  w ith phages released  from  ty p e  4, th e  re su lting  
cu ltu re  (ty p e  lb )  show ed b o th  lysogenic an d  colicinogenic p roperties.

I t  m ay  be concluded  from  these fin d in g s th a t  in th e  m a jo rity  of E . coli 
0124  s tra in s  th e  lysogenic and  colicinogenic c h a rac te rs  are n o t linked  and  only  
few iso lates possess b o th  p roperties.

G roup IV com prises s tra in s  w hich a re  n e ith e r  lysogenic n o r colicinogenic 
and  c a n n o t th ere fo re  be d iv ided  on th e  basis  o f these  cha rac te rs .

T h e  exam ined  s tra in  collection was se lec ted  so as to  rep resen t all ty p es  
w ith  a suffic ien t n u m b e r of isolates. A ccord ing ly , th e  incidence of ty p e s  
p resen ted  in  T ab le  I I  does n o t reflect th e ir  rea l d is trib u tio n  in n a tu re . In  an 
unselec ted  m a te ria l co llec ted  over a period o f one y ear th e  d is tr ib u tio n  of 486 
E. coli 0 1 2 4  iso lates w as: lysogenic s tra in s , 2 6 % ; colicinogenic s tra in s , 4 6 % ; 
lysogenic +  colicinogenic s tra in s , 4 % ; non-lysogenic , non-colicinogenic s tra in s , 
24% . T h u s colicinogenic s tra in s  occurred m ore freq u en tly  th a n  lysogenic 
cu ltu res.

In  com paring  H a r t ’s schem e and  o u r colicin ty p in g  m eth o d  we found  
th a t ,  in  respect to  E . coli 0124 , th e  fo rm er does n o t yield b e tte r  resu lts th a n  
those  o b ta in ed  w ith  th e  la t te r  m ethod. A n a d v a n ta g e  of our schem e is th a t  it  
perm its  th e  sim u ltan eo u s de te rm in a tio n  o f lysogenic and  colicinogenic c h a r 
acters in  E . coli 0 1 2 4 .

T h e  su ita b ility  of o u r schem e for su b d iv id in g  colicinogenic E . coli 0 1 2 4  
cu ltu res  has been confirm ed  by  the  follow ing fac ts . In te rn a tio n a l ty p e  s tra in
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M L E + producing  colicin E , an d  ou r s tra in s  belonging to  ty p e  1 show ed id e n ti
cal in h ib ition  p a tte rn s  on th e  in d ic a to r  s tra in s . E. coli s tra in  235 p ro duc ing  
colicin E x -f- I w as id en tica l in  in h ib ito ry  spec tru m  w ith  our ty p e  2b s tra in s . 
T h  ree of our colicinogenic iso lates d iffered  som ew hat from  b o th  ty p e  1 and 
ty p e  2b in  in h ib itin g  th e  g row th  of E . coli В, 36 and  Row . A ccording to  th e  
H a r t  schem e, th ese  cu ltu res  belonged  to  ty p e  3 and  in  in h ib ito ry  sp ec tru m  
th e y  were id en tica l w ith  ty p e  s tra in  E . coli 230 p roducing  colicin V -(- E ,. 
In  view  of th e ir  in freq u en t incidence th e se  s tra in s  w ere o m itted  from  T ab le  I I .

C om para tive  ex am in a tio n s in d ic a te  th a t  colicinogenic E. coli 01 2 4  
s tra in s  release 3 k inds of colicin.

As in E . coli 0 1 2 4  th e  colicin t i t r e  decreases a fte r  chloroform  tr e a tm e n t, 
fo r com bined colic in-phage ty p in g  i t  is adv isab le  to  h e a t th e  cu ltu re  su p e r
n a ta n ts  for th e  d e s tru c tio n  of b ac te ria . H ea tin g  a t 56 °C for 30 m inu tes is no t 
in ju rious e ith e r to  phages or to  colicins.
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STUDIES ON SWINE SERUM IMMUNOGEOBUUINS
I. P R O T E IN  F R A C T IO N S  IN  S W IN E  SE R U M

By

J .  S u r já n

P hyla x ia  State Serum In s titu te  (D irector: J .  M o l n á r ), B udapest 

(R eceived O c to b er 21, 1968)

Sum m ary . Im m unoelec trophoreses w ith  h igh  p rec ip itin  t itre  ra b b it  a n tise ra  rev ea led  28 
co m p o n en ts  in  sw ine serum . The follow ing frac tio n s  were show n: a lb u m in , 3 p rea lb u m in s , 
7 a1-g lobulins, 5 a 2-globulins, 5 /^-globulins, 4 (- j-1) /^ -g lobu lins and 2y-globulins. One of th e  ß x- 
g lobulin  frac tio n s w as p ro b ab ly  id en tica l w ith  tran sfe rrin . IgG , IgA  an d  IgM  ap p ea red  
d is tin c tly  am ong th e  globulin  fractions.

P rev io u s experim en ts using free  e lectrophoresis [15] show ed q u a n ti ta t iv e  
changes in  th e  serum  p ro te in  co m p o n en ts  of im m unized pigs. F o r s tu d y in g  
q u a lita tiv e  changes th e  im m unoelec trophoresis  techn ique  [7] w as chosen.

O n th e  basis of differences in  a n tig e n ic ity  ab o u t 30 p ro te in  co m p o n en ts  
h av e  been  d isting u ish ed  in  h u m an  seru m  [1, 6]. S tudies on a n u m b e r of m a m 
m als h av e  revealed  m ore th a n  20 d iffe ren t p ro te in  frac tions in  th e  serum  of each  
species. T h ere  are  few d a ta  as to  th e  com position  of swine serum . B r u m m e r - 
s t e d t - H a n s e n  show ed 24 p ro te in  co m p o n en ts  in  h ea lth y , a d u lt pigs [2]. L e c c e  
et al. in  s tu d y in g  th e  difference b e tw een  new born  and  a d u lt p ig s’ sera  an d  
changes occurring  during  g row th  found  19 p ro te in  com ponen ts in  fu llg row n 
pigs [9—11]. K im , B r a d l e y  and  W a t s o n  exam ined  th e  d eve lopm en t of im m u n o 
g lobulins of p ig le ts  [8]. F r a n e k  et al. s tu d ie d  a special gam m a-g lobu lin  p re se n t 
in  n ew b o rn  p ig le ts  [3, 4].

As no ag reem en t has been reach ed  in  th e  lite ra tu re  concern ing  th e  n u m - 
h er an d  classifica tion  of p ro te in  frac tio n s , we regarded  th e  e lu c id a tio n  of th e  
com position  of sw ine serum  as an  im p o r ta n t  s tep  p rio r to  s tu d y in g  im m u n o 
globulins in  d e ta il. T he p resen t p a p e r  describes im m unoelec trophore tic  s tu d ies  
of sw ine serum .

M ateria ls an d  m ethods

Sw ine sera. U n tre a te d  anim als an d  an im als  im m unized  to  h igh an tib o d y  co n te n t w ith  
v ira l an d  b ac te ria l an tig en s in th e  course o f ro u tin e  serum  p ro d u c tio n  w ere exam ined . B lood 
sam ples ta k e n  from  th e  an te rio r vena cava w ere le f t to  coagulate  and th e  c lear serum  o b ta in e d  
a fte r  th e  re tra c tio n  of th e  c lo t was used. T he se ru m  sam ples were exam ined  as a ru le w ith in  1 
to  3 w eeks; th e  te s ts  w ere som etim es re p e a te d  a f te r  several m onths. T he sera  w ere p re se rv ed  
w ith  400 — 500 u n its  pe r m l o f penicillin  a n d  0 .4 — 0.5 m g of s trep to m y cin  an d  sto red  a t  2 — 4 °C.

P recip ita ting  sera. W ell-developed ra b b its  w ere in jec ted  w ith  w hole sw ine serum . In  
o rder to  p ro m o te  th e  an tig en ic ity  of som e m in o r co m ponen ts th e  serum  w as g iven  w ith  an  a d ju 
v a n t:  to  6 p a r ts  liq u id  p a ra ffin  1 p a r t  T w een  80 w as m ixed and w ith  5 p a r ts  sw ine se ru m  an 
em ulsion  w as p rep ared . To 36 ml em ulsion 40 m g killed  M ycobacterium tuberculosis were ad d ed .
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N ine doses each consisting  o f 2 ml antigen w ere in je c te d  su b cu tan eo u sly  a t  w eekly in te rv a ls . 
T h e  ra b b its  were bled  u n d e r  general an aesth es ia  8 d ay s a f te r  th e  la s t  in jection . The serum  
w as ste rilized  by  f i lt ra tio n , p reserved  w ith  p en ic illin  an d  s trep to m y c in  as described for sw ine 
se ru m , d is trib u ted  a t  2 — 3 m l p o rtions and  s to red  in  th e  re frig e ra to r.

T he rab b its  to le ra te d  th e  in jections well e x c e p t fo r necrosis a t  th e  site of th e  in jec tions.
Two rab b its  w ere in je c te d  w ith  norm al sw ine serum , 2 w ith  h igh  titre  an ti-sw ine e ry si

pe las an d  6 w ith  an ti-h o g  cholera  serum .
Imm unoelectrophoresis. Sc h eid eg g e r ’s m icro m eth o d  [14] w as som ew hat m odified  in 

t h a t  each slide was la y e re d  w ith  4 ml gel p re p a re d  w ith  2%  ag ar in  p H  8.6 b o ra te  b u ffer a t  
0.025 ionic s treng th . T h en  a t  a d istance of 33 m m  from  th e  anode-side  end of th e  slide a n tig en  
wells 3.0 m m  in d iam ete r a n d  a b o u t 15 cu .m m  in  vo lu m e were p rep ared .

T he cu rren t was a d ju s te d  to  5 V/cm an d  e lectro p h o resis w as perform ed for 2 to  2 1/4 
h o u rs . T hen  lo n g itud inal tro u g h s  2 m m  in w id th  w ere c u t in  th e  ag ar a t  3.5 m m  d istan ce  from  
th e  a n tig en  well. A ccording to  th e  aim  of th e  e x p e rim e n t e ith e r tw o d ifferen t swine sera w ere 
p ip e tte d  in to  two wells a n d  one ra b b it  serum  sam p le  in to  a t ro u g h  o u t along the  m iddle o f th e  
slide o r a  cen tra l well w as filled  w ith  one sw ine serum  sam ple  an d  tw o peripheral tro u g h s  
w ith  tw o d ifferen t ra b b it  sera.

T he p a tte rn s  w ere allow ed  to  develop fo r 40 h o u rs  in a  m oist cham ber, th en  th e  free  
p ro te in s  were w ashed o u t a n d  th e  agar lay e r w as dried . The p re c ip ita tio n  lines were s ta in d e d  
w ith  0 .1%  acid fuchsin  d isso lved  in  10% glacial ace tic  acid. E xcess dye was rem oved by  w ash 
ing several tim es w ith  5 %  g lac ia l acetic acid so lu tion .

R esu lts

B y  m eans of th e  described  im m u n iza tio n  m eth o d , v e ry  high t i tre  precipi" 
ta t in g  sera were o b ta in e d . T ube te s ts  show ed th a t  th e  sw ine sera gave p rec ip i
ta t io n  w ith  th e  r a b b i t  sera  a t 10 “e an d  som etim es a t  10 ~7 d ilu tion . In  view  
o f th e  purpose of th is  s tu d y  th e  cap ac ity  o f th e  sera  to  reac t w ith  a large n u m 
b e r  of swine serum  com ponen ts was m ore  im p o r ta n t th a n  th e  p rec ip ita tio n  
t i t r e .  Sum m arized d a ta  fo r all ra b b it sera  te s te d  h av e  show n th a t  swine serum  
c o n ta in s  28 p ro te in  com ponen ts.

In  each of th e  in d iv id u a l ra b b it sera  less th a n  28 prec ip itins w ere re 
v ea led . T he exact d e te rm in a tio n  of th e ir  n u m b e r is d ifficu lt. The p ro d u c tio n  of 
p rec ip itin s  is in flu en ced  no t only by  th e  com position  of sw ine serum  used  as 
an tig e n  b u t also b y  th e  ind iv idual r e a c tiv ity  of th e  im m unized  ra b b it. T hus 
lowr t i t r e  p rec ip itins p ro d u ce  b u t occasionally  w e ll-de tec tab le  reactions.

T he im p o rtan ce  o f th e  re la tive  q u a n t i ty  of p ro te in  com ponents in  th e  
sw ine serum  an tig en  becam e clear w hen  th e  d e tec tio n  of im m unoglobu lins 
w as a tte m p te d . T h e  se ra  of rab b its  im m u n ized  w ith  norm al pig sera  w ere 
u n su ita b le  for th e  d e te c tio n  of IgA  an d  IgM  frac tio n s. In  co n tra s t, r a b b it  sera  
p re p a re d  w ith th e  se ra  of pigs im m unized  to  high a n tib o d y  co n ten t gave 
d is tin c t reaction  w ith  th e se  im m unoglobulins.

T he results w ith  in d iv id u a l r a b b it  se ra  are  su b jec t to  th e  physico-chem i
cal law s of im m unod iffu sion  reactions [1]. T hus th e  d ilu tio n  of th e  exam ined  
sw ine  sera was successfu lly  applied in  o rd e r to  o b ta in  a d is tin c t reac tio n  for 
p ro te in  fractions th e  p rec ip ita tio n  line o f w hich  w ould  o therw ise be red isso lved  
in consequence of th e  an tig en  excess. P re c ip ita tio n  lines for p ro te in  com ponen ts 
p re se n t in high co n cen tra tio n s  showed a sh if t to  an  u n u su a l site; th is  p h en o m 
en o n  could also be p re v e n te d  by d ilu tin g  th e  sw ine serum .
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Fig. 2. Im m u n o e lee tro p h o re tic  p a t te rn  o f an ti-hog  cholera  sw ine se ru m  exam ined w ith
tw o d iffe ren t ra b b it  sera

Fig. 3. Im m u n o e lee tro p h o re tic  p a tte rn  o f tw o d iffe ren t an ti-hog  cholera  sw ine sera exam ined
w ith  ra b b it  im m une serum

In  view  of th e  above observ a tio n s i t  is ev id en t th a t  th e  detec tio n  of all 
com ponen ts in a w hole serum  can n o t be expected  in one im m unoelectro- 
phoresis ex p erim en t, as op tim u m  cond itions for all an tig e n -a n tib o d y  reactions 
h a rd ly  p revail in  a single system . A ccord ingly , th e  com plete  p a t te rn  of sw ine 
serum  p ro te in  com ponen ts can  only  he de te rm in ed  if  sev era l experim en ta l 
resu lts  are  sum m arized . Fig. 1 show s a schem atic  d iag ram  of all frac tions 
revealed . In  Fig. 2 and  Fig. 3 th e  orig inal reac tio n s of v a rio u s p ro te in  groups 
are  p resen ted . F ig . 2 in d ica tes  all frac tions d e tec ted  in th e  alpha-globulin  
group an d  m ore ra p id ly  m ig ra tin g  be ta -g lobu lin  com ponen ts. F ig . 3 p resen ts
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in  d e ta il p rec ip ita tio n  lines o b ta in ed  fo r th e  slower b e ta 2 an d  gam m a-g lobu
lin  groups.

T he d a ta  in d ic a te d  th e  presence  o f 28 im m unologically  d ifferen t com po
n e n ts  in  swine cerum . In  th e  p re a lb u m in  group 3 p ro te in  com ponen ts (a lp h a 0 
a n d  Q fractions) w ere show n. I n  th e  a lp h a ,-g lo b u lin  g roup  m ig ra tin g  a t  ab o u t 
th e  Same speed as a lb u m in  7 frac tio n s  w ere d iffe ren tia ted . These com ponen ts 
all p roduced  p re c ip ita tio n  lines w ith in  th e  album in  arc.

T he d is tin c t a n d  un ifo rm  a lb u m in  line reached  from  th e  anode-side end 
o f  th e  p a tte rn  as fa r  as b ey o n d  th e  serum  reservoir. W ith  d ilu ted  sw ine sera  a 
fin e , sharp  line ru n n in g  p ara lle l w ith  th e  album in  arc w as som etim es observed .

The a lp h a 2-g lobu lin  group  co n ta in ed  5 frac tions lo ca ted  b y  th e  cathode- 
side  end of th e  a lb u m in  arc.

In  th e  b e ta j-g lo lm lin  group  5 frac tio n s  were d is tin g u ish ed . T here w ere tw o 
fa in t  arcs s itu a te d  closely b eyond  th e  a lp h a 2 group; 3 m ore  d is tin c t frac tions 
ap p ea red  fa r th e r  b a c k  to w ard  th e  ca th o d e . The la rg e s t, m ost d is tin c t arc 
po sitio n ed  n ea rest to  th e  r a b b it  se rum  reservo ir co rresponded  p ro b ab ly  to  th e  
tra n s fe rr in  com ponen t of h u m an  sera . T h is frac tion  a p p ea red  in  all sw ine sera 
a t  th e  sam e location  an d  alw ays as a stro n g , d is tin c t p re c ip itin  line. U n d e r th is 
line th e re  was a fra c tio n  ch a rac te rized  b y  th e  f la tte s t  a rc  revealed  in th is  group; 
th is  com ponen t w as p ro b a b ly  th e  b e ta 1 C globulin.

U nder th e  b e ta j-g lo b u lin  g roup  th e re  was an  a lm o st s tra ig h t line co rre
spond ing  to  IgM  (“ M”  in  Fig. 1). In  th e  serum  of pigs im m unized  to  h igh a n ti
b o d y  co n ten t th is  fra c tio n  ap p ea red  as a very  d is tin c t, e longated , s ligh tly  
b e n t, doubly  arch ed  line reach ing  to w a rd  th e  anode as fa r  as th e  serum  reser
v o ir o r even so m ew h at b ey o n d  it. W ith  som e ra b b it  im m u n e  sera th is  frac tio n  
ap p ea red  as tw o p a ra lle l closely spaced  arcs.

A no ther im p o r ta n t  m em b er o f g roup  b e ta 2 is IgA  (“ A ”  in Fig. 1). A large 
p a r t  o f its  arc sh ad ed  in to  th e  IgG  line; n e x t to  th e  ca th o d e  th e  tw o lines sep
a ra te d  and th e  IgA  arc  ended  in  th e  concave p a r t  o f th e  IgG  line. A t th e  
sam e site  th e re  w ere tw o  fa in t lines th e  highly co n v ex  arcs of w hich ru n  
ap p ro x im a te ly  p a ra lle l w ith  each o th e r  and  th e  anode-side  p a r ts  o f w hich 
in te rsec ted  th e  m ore  rap id ly  m ig ra tin g  b e ta -frac tio n s . T he in n er of these  
frac tio n s  m igh t co rresp o n d  to  h u m a n  beta., C, th e  o u te r  to  b e ta 2 S globulin  
frac tio n , h u t it  c a n n o t be excluded  th a t  th e y  arc im m unoglobu lins.

In  swine se rum , as in h u m an  serum , IgG  p roduces th e  longest line (“ G” 
in  F ig . 1). S ta r tin g  from  th e  serum  reservo ir it  passes as a p rac tica lly  s tra ig h t 
line th ro u g h  th e  space  of b e ta  g lobu lins, th en  ends to w a rd  th e  ca th o d e  in a 
b e n t arc rep resen tin g  th e  slow est frac tio n . The IgG  arc  often  shows a double 
end ing . W ith  som e ra b b it  a n tise ra  i t  appeared  in  th e  fo rm  of tw o sep ara ted  
p ara lle l lines.
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D iscussion

F rom  th e  p resen t find ings it m ay  be concluded  th a t  all co m p o n en ts  
correspond ing  to  th e  im p o r ta n t h u m an  serum  frac tio n s  can be d e te c te d  in  
swine serum . T he fin a l iden tifica tio n  o f th e se  frac tio n s needs fu r th e r  in v e s ti
gations. As th e  p u rp o se  o f th e  p resen t w ork  w as to  s tu d y  im m unoglobu lins 
in de ta il, in  re sp ec t to  o th e r  serum  frac tio n s  i t  is su ffic ien t to  sum m arize  th e  
resu lts of im m u n o e lec tro p h o re tic  exam in a tio n s.

In  connec tion  w ith  th e  descrip tion  of v a rious serum  frac tions i t  shou ld  
he m en tio n ed  th a t  in  o u r experim en ts th e  p rea lb u m in  arc  appeared  d is tin c tly . 
B r u m m e r s t e d t - H a n s e n  supposed th a t  th is  frac tio n  ex isted  b u t, p ro b a b ly  
owing to  its  w eak  an tig en ic ity , he fa iled  to  d e m o n s tra te  i t  [2]. T he p re se n t 
find ings in d ic a te  th a t  o u r im m u n iza tio n  m eth o d  is su itab le  for p re p a rin g  
effective p re c ip ita tin g  sera  against v e ry  w eak ly  an tig en ic  frac tions or a g a in s t 
com ponen ts p re se n t in  v e ry  small am o u n ts . T he occasional fa in t line ru n n in g  
para lle l w ith  th e  a lb u m in  arc m ay  sim ilarly  be in te rp re te d . I t  m ay be supposed  
th a t  fo r th is  ra re  phenom enon  th e  sen sitiv e  de tec tio n  of allo type a lb u m in  
m olecules w as responsib le .

T he d oub ling  o f IgG  and  IgM lines ind ica tes  also an tigenic  d ifferences 
betw een  m olecules be long ing  to  these frac tio n s . In  ag reem en t w ith  th e  fin d in g  
of F u d e n b e r g  an d  F u d e n b e r g  [5] fo r h u m a n  gam m a-globulin , R a s m u s s e n  
[13] d e m o n s tra te d  th e  p resence  of co m b in a tio n s of tw o  isoantigens in  sw ine 
serum . M e t z g e r  an d  F o u g e r e a u  [12] show ed tw o  subclasses in  swine gam m a- 
G -globulin w hich  d iffered  in  th e  com position  of th e  h eav y  p ep tid e  chains. 
The doub ling  o f th e  ca thode-side  end of th e  IgG  arc in  th e  p resen t ex p e rim en ts  
m ay  be a t t r ib u te d  to  a successful d e m o n s tra tio n  of th e se  tw o subclasses. In  
co n tra s t, th e  p a ra lle l doub le  arc ex ten d in g  over th e  w hole leng th  of th e  line 
can be re g a rd ed  as a reac tio n  given b y  d iffe ren t lig h t pep tid e  chains. T h is 
double line w as observed  on ly  w ith  som e ra b b i t  sera  w hich  alw ays gave doub le  
IgG  arcs fo r all sw ine sera . This re su lt in d ica tes  t h a t  ind iv idua l sera  m a y  
con ta in  a lte rn a tiv e ly  one or th e  o ther k in d  of ligh t p e p tid e  chains w ith in  th e  
m olecules o f an y  Ig  class. T he occasional doub ling  of th e  IgM  arc is due p ro b 
ab ly  to  th e  ex istence  of d iffe ren t subclasses. T his reac tio n  was not d e m o n s tra t
ed for all sera  an d  m ay , consequen tly , be a t tr ib u te d  to  in d iv idua l d ifferences. 
The jo in in g  of th e  tw o  doub le  arcs for IgM  an d  IgG , w hich  w ould in d ic a te  an  
an tigenic  id e n tity , w as n ev e r observed. T his find ing  also confirm s th a t  th e  
doubling of th e  IgM  arc w as n o t due to  th e  d e tec tio n  of lig h t pep tide  chains.

A m ong th e  g lobulin  frac tions show n th e  th ree  m o st im p o rta n t im m u n o 
globulins, IgG , IgA  an d  IgM  (G, A and  M in Fig. 1) can  well be recognized. 
The association  b e tw een  an tibod ies and  IgG  is well know n . The re la tio n sh ip  
of IgA  and  IgM  frac tio n s  to  an tibodies in sw ine serum  will be th e  su b je c t of 
a su b seq u en t p ap e r.
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EFFECT ON INFLUENZA VIRUS OF A MODIFIED 
FRANCIS INHIBITOR AND ITS ACETONE-SOLUBLE

FRACTION
I I I .  E X P E R IM E N T S  ON T H E  M O USE L U N G  

By

I.  H o l l ó s

N ationa l Institu te  o f  Public Health (D irector: T. B a k á c s ) .  Budapest 

(R eceived Ju n e  8. 1968)

Sum m ary . F ran c is  in h ib ito r  (K„), its d ie th y l-p -p h en y len e  d iazon ium  salt d e riv a tiv e  
(8m ) an d  th e  acetone-so lub le  frac tio n  (8ac) o f th e  la t t e r  were ex am in ed  for in h ib ito ry  a c tio n  
on th e  m u ltip lica tio n  in  th e  m ouse lung of an  (in fluenza А -l v iru s s tra in . The su b stan ces 
w ere ad m in iste red  in tra p e rito n ea lly . 8m  and  8ac p ro v e d  to  be a c tiv e  ag a in st 50 I D S0 a n d  
800 ID 50 of v irus, re sp ec tive ly . Inh ib itio n  of in fec tions w ith  larger doses needed tox ic  doses 
o f 8ac. In h a la tio n  of th e  e ther-so lub le  fraction  o f 8ac was in h ib ito ry  even if the in ocu lum  
w as as large  as 5 X 105 I D 50.

Som e chem ica l a n d  physico-chem ical p ro p e rtie s  o f th e  sub stan ces hav e  been de te rm in ed . 
The neuram in ic  acid  c o n te n t and  th e  ra te  of its lib e ra tio n  by  viral enzym e seemed to  be c h a ra c 
teris tic  featu res .

In  p rev ious ex p erim en ts  [1, 2, 3] th e  d ie thy l-p -p h en y len e-d iazo n iu m  
sa lt d e riv a tiv e  (8m) o f th e  F rancis in h ib ito r  (K 0) and , p a rtic u la rly , th e  ace 
tone-so lub le  frac tio n  (8ac) of 8m  s ig n ifican tly  in h ib ited  th e  m u ltip lica tion  o f  
in fluenza  v iru s  in  b o th  su rv iv ing  cho rio -a llan to ic  m em b ran e  fragm ents a n d  
d e -em b ry o n a ted  eggs [4, 5]. F ive mg p er m l m edium  of 8ac proved to  a ffec t 
ev en ts  ta k in g  p lace in th e  rep roduc tion  cycle betw een  30 m in u tes  and 2 h o u rs ,
7.5 m g p er m l of th e  sam e p rep a ra tio n  ap p e a re d  to  in fluence  also la te r  ev en ts  
of th e  cycle. S till la rger doses (20 mg per m l) of 8ac s to p p ed  th e  cycle an d  l ib 
e ra te d  v irions from  th e  surface.

In  th e  p re se n t s tu d y  th e  p rep ara tio n s w ere exam ined  fo r an tiv ira l e ffect 
in  th e  m ouse lung . As te s t  v iru s, an  in fluenza  А - l  v irus s tra in  was used.

T he su b stan ces w ere sub jec ted  to  a n a ly tic a l u ltra c e n tr ifu g a tio n , an d  
th e ir  n itro g en , n eu ram in ic  acid and  lip id  c o n te n ts  were de te rm ined .

M aterials and  m ethods

P re p a ra tio n  of F ran c is  in h ib ito r, th e  s ta tis t ic a l  m ethods a p p lied  and  the t i t r a t io n  of 
influenza v iru s in  H o r v a t h ’s  rolling drum  were desc rib ed  in a p rev io u s rep o rt [ 4 ] .

V irus. T he s tra in  in fluenza  А -l B u d ap est 4 /49 h a d  u ndergone  113 in tran asa l p assages 
in  w h ite  m ice of 16 —18 g b o d y  w eight, o b ta ined  fro m  th e  breed  of th is  In s titu te . T he v iru s  
m u ltip lied  in th e  lungs of th e  m ice b u t  failed to  k ill th em . Passages w ere  perform ed a t 7 2 -hour 
in te rv a ls . T he lu n g  suspension  ob ta in ed  from  p assage  113 was lyophilized . For th e  p re se n t 
ex p erim en ts th e  lyophilized  v iru s was resuspended , a n d  lung suspensions from  passage 114 
were used  as inocu la  th ro u g h o u t.
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Inoculation o f  mice. Mice u n d e r lig h t e th e r  anaesthesia  were in o cu la ted  by  in tra n a sa l 
in s tilla tio n  of v iru s in  a volum e of 0.05 m l p e r m ouse. A fter 20 m in u te s  or m ore th e  mice 
w ere  an aesth etized  again  an d  each  w as given 0.05 m l of saline in th e  sam e way.

A ntiv ira l treatment. In fec ted  m ice w ere im m ed ia te ly  d iv ided  in to  groups a t  ran d o m . 
E a c h  m ouse was in jec ted  in tra p e rito n ea lly  sev era l tim es w ith 0.5 m l o f a n tiv ira l so lu tio n  or 
sa line . The in jec tio n  schedules and  th e  t re a tm e n t  o f m ice in  E x p erim en ts  I I I  and IV  are  given 
u n d e r  R esults.

Chemical assays. N itro g en  w as d e te rm in ed  b y  a K jeldah l m ic ro -m eth o d , lip id  p h o sp h o 
ru s  an d  to ta l lip id  acco rd ing  to  F iske a n d  S u b b a  Row and g rav im etrica lly , re sp ec tiv e ly . 
C holestero l was e x tra c te d  as described  b y  W e b s t e r  [ 6 ]  and e s tim a ted  w ith  th e  L ieb erm an n  — 
B u rg h a rd  reag en t as described by  T u z s o n  et al. [ 7 ] .

Free and  fixed  neu ram in ic  acid  w as d e te rm in e d  by  W a r r e n ’s  [8] m ethod  as m odified  
b y  A m i n o f f  [9]. To d e te rm in e  fix ed  n eu ram in ic  acid , sam ples w ere h y d ro lyzed  a t  80 °C in 
0.1 iV H 2S 0 4. The o p tim u m  period  of h y dro lysis w as 20 m inutes.

E n zy m atic  h y d ro ly sis  was p e rfo rm ed  w ith  th e  PR 8 s tra in  o f in fluenza A v iru s  a t 
37 °C in th e  presence of 2 .0%  su b s tra te . In  th e  re ac tio n  m ix tu re  th e  h aem ag g lu tin a tio n  t i t r e  
o f  th e  v irus was 1 : 24, th e  period  of d igestion  w as 24 hours.

To de term ine  free (or lib e ra ted ) n eu ram in ic  acid , 0.1 ml o f 0.2 M  sodium  m e ta p e rio d a te  
d isso lved  in 9 M  so lu tion  of phosphoric  acid  w as ad d ed  to 0.2 m l o f th e  sam ple to  be te s ted . 
T h e  m ix tu re  was allow ed to  s ta n d  a t  room  te m p e ra tu re  for 20 m in u te s , th en  it  w as sh ak en  
w ith  1 m l of a 10%  so lu tio n  of sodium  a rsen ite  co n ta in in g  0.1 N  H 2S 0 4 an d  0.5 M  N a 2S 0 4. 
T h e  m ix tu re  th u s  o b ta in e d  was sh aken  a n d  3 m l o f a solution of 0 .6%  th io b a rb itu r ic  acid  in 
0.5 M  N a 2S 0 4 was added . T he tu b e  was su p p lied  w ith  a glass cap , p laced  for 15 m in u te s  in 
b o iling  w ater and  su b seq u en tly  in  m eltin g  ice. F ro m  each tube  a 4.3 m l sam ple w as sh ak en  
w ith  an  equal volum e o f b u tan o l co n ta in in g  5 %  con cen tra ted  h y d roch lo ric  acid , a n d  th e  
m ix tu re s  were cen trifu g ed  for 3 m in u tes . T he co loured  su p e rn a ta n ts  w ere exam ined  in  a 
U v ifo t p h o to m eter a t  546 m /и w ave len g th . R esu lts  w ere expressed in  / /g o f  N -ace ty ln eu ram in ic  
acid  pe r 0.2 ml.

The ex tin c tio n  cu rv e  was ca lcu la ted  from  a series of ex p erim en ts  in w hich n eu ram in e  
lac to se  was hyd ro ly zed  w ith  su lphuric  acid.

A nalytical ultracentrifugation. T he a n a ly tic a l ro to r  of the  MOM G 120 u ltra ce n trifu g e  and 
th e  P h ilp o t — Svensson op tics were used. Sw20o w as calculated on th e  basis o f th e  m oving  
b o u n d a ry  m eth o d  [10].

In h ib ito r  d e riv a tiv e s  were cen trifu g ed  a t  50,000 or 60,000 r .p .m . and  p h o to g rap h s  
w ere tak en  a t  9- o r 12-m inu te  in te rv a ls .

R esu lts

E xperim ent I .  Mice were in fec ted  w ith  50 1D 50 o f v iru s . S u b seq u en tly  
th e  anim als were in jec ted  in tra p e rito n e a lly  seven tim es, 1, 8, 15, 24, 31, 38 
a n d  48 hours a fte r  in fec tion . T he to ta l  dose p er mouse o f K 0, 8m  and  8ac was 
7 x 6 .4 ,  7 x 6 .4  and  7 x 5 .0  m g, re sp ec tiv e ly . Control m ice received  7 X 0.5 ml 
o f  saline. F rom  every  group fo u r m ice w ere d ecap ita ted  a t  24, 48, 72 an d  96 
h o u rs  a fte r in fec tion . T he lungs o f m ice o f  th e  sam e h is to ry  were pooled . T en  
p e r  cen t lung  suspensions were cen trifu g ed  fo r 15 m inu tes a t  3000 r .p .m . an d  
a 3.16-fold (0.5 log u n it)  series of d ilu tio n  w as p repared  from  each suspension . 
F ro m  every  d ilu tio n  0.1 m l was m easu red  in to  each of fo u r tu b e s  of H o r v a t h ’s 
ro lle r  d rum . T itre  w as ca lcu la ted  b y  th e  R e e d —M u e n c h  fo rm ula .

K 0 failed to  e lic it in h ib itio n . In h ib itio n  b y  8m  an d  8ac is show n in p a r t  
A o f Fig. 1. T he tw o  curves ru n  below  th e  contro l cu rv e , ap p ro x im a te ly  to 
g e th e r, except a t  24 hours w hen th e  in h ib ito ry  effect o f 8ac was m ore p ro 
nounced .
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E xperim ent I I .  In  th is  ex p erim en t th e  a p p a re n tly  ineffec tive  K 0 w as 
o m itte d  an d  800 I D 50 o f v iru s was u sed  as inoculum . O therw ise  th e  e x p e ri
m e n ta l cond itions w ere th e  sam e as in  E x p e rim e n t I.

T he resu lts  are  show n in  P a r t  В o f F ig . 1. Owing to  th e  la rg e r inocu lum , 
th e  in h ib itio n  was less conspicuous th a n  in E x p erim en t I . T h e  curve  i l lu s tr a t
ing  v iru s  m u ltip lica tio n  in  8 ac -trea ted  m ice ra n  sligh tly  below  th e  co rresp o n d 
ing cu rv e  for 8m.

F ig. 1. In h ib itio n  of in fluenza  v iru s m u ltip lic a tio n  in  th e  m ouse lung . S tra in : А - l  B u d a p es t 
4/49. In ocu lum : A: 50 I D 50, B : 800 I D 50. E x p la n a tio n : a =  C on tro l; b  =  K 0; c =  8m ;  
d =  8ac. A rrow s ind ica te  th e  tim e  of in tra p e r ito n e a l in jections. F o r fu r th e r  ex p lan atio n s, see

th e  te x t

F o r s ta tis tic a l analysis , E x p e rim e n ts  I  an d  I I  were com bined . To p ro v e  
the ex istence  of v iru s in h ib itio n , th e  sign te s t  was app lied . In  th e  presence o f 
8m  th e  v iru s  t i t re  was low er th a n  in  th e  co n tro l system  o r in  th e  presence o f 
K 0 in ev ery  case b u t  one. T h u s, p =  9 x 2 -8 «<5% . F o r 8ac, p =  2 _e < 5 % .  
In h ib itio n  was th ere fo re  s ign ifican t for b o th  substances.

E xperim ent I I I .  In  th is  e x p e rim en t we a tte m p te d  to  ad m in is te r 8ac,
i.e., th e  p re p a ra tio n  th a t  h a d  ap p ea red  th e  m ost effective, th ro u g h  th e  re s 
p ira to ry  t r a c t .  In  v iew  o f th e  tech n ica l d ifficu lties and  th e  experience d esc rib 
ed u n d e r D iscussion, we ap p lied  th e  fo llow ing p rocedure.

One and  a h a lf  gram  o f 8ac w as su sp en d ed  in 120 m l perox ide-free  e th e r  
an d  th e  suspension was p oured  in to  a cy lind rica l 2-litre  f la sk . Mice w ere in 
fec ted  w ith  103 I D - 0 of v iru s  an d  th e n  p u t  in  th e  2-litre f la sk , on a p e rfo ra ted  
p la te  over th e  e th er-su sp en d ed  8ac. T he  m ice were k e p t th e re  u n til  lig h t a n 
aesthesia  h ad  set in . T he p rocedure  w as re p e a te d  in  each o f  th e  f irs t 15 hou rs
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F ig . 2. In h ib itio n  of in flu en za  v iru s m u ltip lica tio n  in the  m ouse lu n g  b y  in h ala tio n  of e th e r  
e v ap o ra tin g  from  a  su sp en sio n  of 8ac. S tra in : А - l  B u d ap es t 4/49. In ocu lum : A: 103 I D 50, 
B: 5 x 1 0 °  I D 50. a =  C o n tro l; b =  8ac. A rrow s in d ica te  th e  tim e  o f inhala tions. F o r fu r th e r

ex p lan atio n s, see th e  te x t

an d  every second h o u r from  16 to  27 h o u rs , 21 tim es a lto g e th e r. C ontrol m ice 
w ere placed over p erox ide-free  e th e r. F o r virus t i t r a t io n  in  the  lungs m ice 
w ere killed a t  sh o rte r  in te rv a ls  th a n  in  E x p erim en ts  I  a n d  I I .
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T he an im als to le ra te d  th e  an aes th es ia  well. N one o f th o se  allow ed to  
su rv iv e  died or show ed sym ptom s of illness d u rin g  th e  9 -d ay  period  fo llow ing 
in fec tio n .

T he curves in  p a r t  A of F ig . 2 show  th e  in h ib ito ry  effect of th e  in h a le d  
e th e r  e v a p o ra te d  from  the  suspension  of 8ac. In h ib itio n  w as m ore p ro n o u n ced  
th a n  in  E x p e rim e n t I ,  in w hich th e  inocu lu m  w as l /2 0 th  o f th e  inoculum  a d 
m in is te red  in th is  experim en t.

E xperim en t I V .  In  th is  ex p erim en t th e  inoculum  w as ra ised  to  5 X 1 0 5 
I D 50; o th e r  cond itions were th e  sam e as in  E x p e rim en t I I I .  P a r t  В of F ig . 2 
show s th a t  th e re  w as a co n sis ten t in h ib itio n  even ag a in st th is  large dose of 
v iru s . In h ib itio n  w as n o t less p ronounced  th a n  in E x p erim en t I I ,  a lth o u g h  
th e  inocu lum  w as 600 tim es as large.

A pp ly ing  th e  sign te s t fo r E x p e rim e n ts  I I I  and  IV , th e  4 -hour d a ta  
w ere o m itte d , since b y  th a t  tim e th e  f irs t rep ro d u c tio n  cycle h ad  n o t com e to  
an  end . T hus seven  values w ere co m p arab le  an d  th e  co n tro l lungs show ed 
h ig h e r t i t re s  th ro u g h o u t, p =  2 ~ 7 < H % .

F o r th e  sake of com parison  i t  m ay  be n o te d  th a t  we h av e  m ade a t te m p ts  
to  ach ieve  an  a n tiv ira l  effect b y  in tra p e rito n e a lly  ad m in is te red  8ac a g a in s t 
inocula  co n ta in in g  10:i I D 50 or m ore. H ow ever, in these  cases an  obvious in 
h ib itio n  needed  le th a l doses of 8ac. T he in je c te d  anim als d ied  in 48 or 72 h o u rs . 
I f  th re e  doses w ere in jec ted  da ily , th e  pro die  L D 100 of 8ac w as 150 mg.

Preparation o f  8ac-et. T he  su rp ris in g ly  h igh  efficiency of th e  e th e r e v a p 
o ra te d  from  th e  8ac suspension could no t be a ttr ib u te d  to  th e  e th e r  itse lf, as 
in  th e  con tro l lungs v irus m u ltip lica tio n  w as u n d is tu rb ed . I t  was th e re fo re  
su p p o sed  th a t  th e  ac tive  frac tion  of 8ac is e ther-so lub le . To o b ta in  m ore e v i
dence, we p rep a red  an  e th er e x tra c t from  8ac. T hree g of 8ac an d  100 g fre sh ly  
d is tilled  e th e r  w ere shaken  for 5 m in u tes  in  a ba lloon  flask  o f 300 m l w ith  glass 
b ead s in  i t .  T he e th e r  was p o u red  in to  a cen trifuge  tu b e  a n d  cen trifu g ed  a t  
3000 r .p .m . The sed im en t was u n ite d  w ith  th e  residuum  in th e  flask . T his p ro 
cedure  w as rep e a te d  four tim es, each tim e  w ith  100 m l fresh  e th e r . T he su p e r
n a ta n ts  w ere pooled  an d  shaken  w ith  200 m l saline. T hen  th e  e th e r  was e v a p 
o ra te d  in  vacuo. T he  rem ain ing  aqueous so lu tio n  was pu rp le  in  colour and  its  
su rface  w as covered  b y  a f a t ty  film . T he f a t ty  substance  w as suspended  in  th e  
aqueous phase  b y  shak ing  an d  th e  suspension  was d ialyzed  ag a in st d is tilled  
w a te r  a t  4 °C th e n  th e  ex tra c t, te rm e d  8ac-et, w as lyophilized . T he lyoph ilized  
e x tra c t ,  w eighing 0.30 g, was p u rp le  in  co lour an d  fa t ty  in  consistence.

E xperim en t V. E x tra c t 8ac-et w as d isso lved  in  saline an d  its  a n tiv ira l  
a c t iv i ty  w as d e te rm in ed  in H o r v a t h ’s ro lling  d ru m  aga in st 103 I D 50 o f th e  
s tra in  B u d ap est 4/49. The resu lts , com pared  to  d a ta  p u b lished  in  a p rev ious 
re p o rt [4], are show n in Table I. A ccord ing ly , substance  8ac-et p roved  to  be  
4.8 tim es  m ore ac tiv e  th a n  su b stan ce  8ac.
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Table I

A n tiv ira l activity o f  F rancis inhibitor derivatives

S ub
stance

E D 5„
m g/m l

F id u c ia l
lim its R e la tiv e  efficiency

k 0 4.64 (2 .7 1 -7 .5 7 ) l ( - )
8m 0.39 (0 .1 2 -1 .2 7 ) 11.89 (9 .9 -1 3 .8 8 )
8ac 0.12 (0 .0 4 -0 .4 0 ) 38.66 (3 2 .2 -4 4 .3 )
8ac-et 0.025 (0 .0 0 8 -0 .1 2 ) 185.6 (1 6 6 .8 -2 0 1 .4 )

E xperim ent V I .  M ice were in fec ted  w ith  104 I D 50 o f v irus. In  th e  su b se 
q u e n t 72-hour perio d  each  m ouse received  12 in tra p e rito n e a l in jec tions. Con
tro l  m ice received sa lin e , th e  others 300 fig  o f  8ac-et in  0.5 m l saline each lim e . 
R esu lts  are i l lu s tra te d  in  Fig. 3.

Fig. 3. In h ib itio n  of in flu e n za  v irus m u ltip lica tio n  in th e  m ouse lung . S tra in : А- l  B u d a p e s t 
4 /49 . Inocu lum : 10* I D 50. a  =  Control: b  =  8ac-et. A rrow s in d ica te  th e  tim e of in h a la tio n s

A gainst th e  large  inoculum  th e  in h ib itio n , th o u g h  consisten t, d id  no t 
exceed  1 log u n it. As fo r  th e  sign te s t  we assum ed  a u n ila te ra l b inom ial d is tr i
b u tio n . On th e  basis  o f E x p erim en t V we p o s tu la te d  th a t  th e  v irus t i t r e  can n o t 
be  increased  b y  th e  aqueous so lu tion  o f  8ac-et. A ccording to  th e  sign  te s t ,
P =  2 - 5 < 5 % .

Acta Microbiologica Academiae Scientiarum Hungaricae 16, 1969



EFFECT OF IN FL U E N Z A  V IRU S 119

P relim inary data  o f  analytical ultracentrifugation and chemical analysis. 
C en trifugation  a t  60 ,000  r.p .m . re su lte d  in  rap id  se d im e n ta tio n  of a consider
ab le  p a r t  of K 0 a n d  8 m . The frac tio n  th a t  h ad  n o t  se ttle d  in  12 m inu tes form ed 
a w ell-defined, n o t  q u ite  hom ogeneous, b o u n d a ry  w ith  Sw20. =  16 (Fig. 4).

Substance 8ac  p roved  to  be h e te ro d isp e rse . F ig . 5 show s no d is tin c t 
b o u n d a ry . A co n sid erab le  p a rt of su b s ta n c e  8ac fa iled  to  s e ttle  a t  50,000 r .p .m . 
S u b stan ce  8ac-et b e h a v e d  sim ilarly .

T he n itrogen  a n d  lipid c o n te n ts  are show n in T ab le  I I ,  th e  neuram in ic  
acid  con ten ts in T a b le  I I I .  C om pared to  K 0 an d  8m , 8ac, a n d  especially  8ac-et, 
are  rich  in lipids, f i r s t  o f all in p hospho lip id s an d  poor in fixed  and free neu r-

ТаЫе II

Nitrogen a n d  lip id  contents

T o ta l R e e x tra c te d

S u b 
stance

N itro g e n  
p e r  c e n t

Chol
esterol

lip id

phospho
lipid ex 

pressed  in 
lec ith in

lip id

p h o sp h o 
lip id  ex 

p ressed  in 
lec ith in

T o ta l
lipid

m g p e r 100 g

* 0 6.5 68 l 25 — — 875

8m 6.5 92 2 50 — — 500

8ac 1.4 — 53 1325 — — 3750

8ac-et 8.7 2422 291 7266 241 6016 25380

Table III

N eu ra m in ic  acid contents

S u b 
s ta n c e

N eu ra m in ic  acid, 
p e r  cen t

P e r ce n t n eu ram in ic  
ac id  l ib e ra te d  from  
th e  fix ed  s ta te  b y

free fixed
F K 8 v iru s

k 0 0.76 3.47 72

8m 0.26 3.13 100

8ac 0.45 0.73 0

8ac-et 0.02 1.22 0

am in ic  acid. The co m p o n en t d e m o n s tra te d  as fixed  n eu ram in ic  acid by  th e  
m ethods applied co id d  n o t be l ib e ra te d  by  d igestion  w ith  in fluenza  v irus. W e 
c a n n o t exclude t h a t  th e  non-d igestib le  “ neu ram in ic  ac id”  w as som e o ther com 
p o n e n t, e.g., m a lo n a ld eh y d e  th a t  m ig h t have been fo rm ed  from  u n sa tu ra te d  
f a t ty  acids. I t  m a y  b e  added  th a t  in  th e  presence o f 2 %  8ac or 8ac-et th e  neu r- 
am idase  ac tiv ity  o f  th e  PR 8 v irus w as u n d is tu rb e d .
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Fig. 4. A n a ly tica l u ltra ce n tr ifu g a tio n  of su b stan ce  8m. 1% so lu tion , 60,000 r .p .m ., 12-m inute  in te rv a ls  (from  rig h t to  left)
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D iscussion

Substance K 0 w hen ad m in is te red  in tra p e rito n e a lly  fa iled  to  in h ib it 
v iru s m u ltip lica tio n  in  th e  m ouse lu n g . 8m  was ac tiv e  a g a in s t 50 ID 50, w hereas 
8ac w as active even  ag a in s t in ocu la  as large as 103 ID 50.

In  th e  course o f  an  earlier ex p e rim en t we m ade unsuccessfu l a tte m p ts  to  
increase  th e  efficiency of one of ou r su b stan ces b y  rem o v in g  lip id  co n tam in an ts . 
T he su b stan ce  w as su b jec ted  to  e th e r  e x trac tio n . T he s lig h tly  coloured e th e r  
th a t  co n ta ined  th e  e x tra c te d  lip id s was su b seq u en tly  used  fo r an aesth e tiz in g  
m ice. One of our sem i-ad ap ted  in flu en za  v irus s tra in s  w hen passaged  in  m ice 
an aes th e tized  in th is  w ay  was lo s t in  several passages. W hen  th e  sam e c o n ta m 
in a te d  e th e r  was d is tilled  in  vacuo, a coloured d is tilla te  w as o b ta in ed . T here 
is no evidence of th e  coloured su b s ta n c e  being id en tica l w ith  th e  a n tiv ira l 
ag en t, y e t, i t  m igh t b e  supposed t h a t ,  like th e  coloured  su b stan ce , a t  least p a r t  
o f th e  an tiv ira l su b stan ce  form s an  azeotropic  m ix tu re  w ith  e th e r. A n o th er 
p a r t  of th e  active su b stan ce  (8ac-et) was recovered  in  th e  aqueous e x tra c t 
a f te r  th e  solvent h a d  ev ap o ra ted .

In  previous re p o rts  [1, 2] i t  w as d e m o n s tra te d  th a t  th e  f ix a tio n  of su b 
stan ce  8m  to  th e  in flu en za  v irion  w as m uch m ore s tab le  th a n  th e  fix a tio n  of 
th e  F ran c is  in h ib ito r , th e  no rm al re c e p to r analógon  o f h u m a n  serum . T hus, 
we a t tr ib u te d  th e  a n tiv ira l  a c tiv ity  of 8m  to  a co m p e titiv e  in h ib itio n  of th e  
ad so rp tio n  of th e  v irio n  to  th e  su scep tib le  cell, a p h en o m en o n  sim ilar to  the  
nonspecific  n e u tra liz a tio n  of c e r ta in  s tra in s  of in flu en za  A-2 v iru s  b y  th e  g am 
m a in h ib ito r , an o th e r <x2-m acrog lobu lin  [11, 12], p re se n t in  th e  sera  of several 
an im al species. Since th e n  it has b een  show n [13, 14] th a t  th e  ad so rp tio n  to  
an d  e lu tion  from  re c e p to r su b stan ces are  n o t n ecessarily  re la te d  to  th e  n e u r
am in idase  a c tiv ity  o f  th e  v irion . C onsequen tly , th e  ra p id  lib e ra tio n  of n e u r 
am inic acid from  8m , p resu m ab ly  d u e  to  th e  a lkali t r e a tm e n t d u rin g  its p re p a 
ra tio n  [15],'appears to  he com patib le  w ith  its  s tab le  f ix a tio n  to  th e  v irion . T hus, 
in re la tio n  of su b stan ce  8m  our co n cep t m ay be te n a b le .

On th e  o ther h a n d , th e  m ore ac tiv e  substances 8ac an d  8ac-et, c an n o t be 
regarded  as recep to r analogons. F u r th e r  in v estig a tio n s are  n eeded  to  reveal 
th e ir  com position  an d  m echanism  o f ac tion .

I t  m ay  be p o in te d  ou t th a t  th e  v iru s s tra in  used  in  th e  m ouse ex p eri
m en ts  m u ltip lied  in  th e  m ouse lu n g  w ell, b u t  fa iled  to  k ill th e  in fec ted  m ice. 
The p ro tec tiv e  effect o f substances a g a in s t the  le th a l effect o f a fu lly -ad ap ted  
in fluenza  v irus s tra in  is under s tu d y . On th e  evidence of p re lim in a ry  resu lts , 
K 0 an d  8m  are in ac tiv e  in  th is  re sp ec t.
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INDUCTION AND MULTIPLICATION OF A-PHAGE
I I I .  T H E  E F F E C T  O F H Y D R O X Y U R E A  ON H E A T  IN D U C T IO N

B y

I. G a d ó , É va  B o r o m is s z a  and I .  H o r v á t h

D epartment o f M icrobiology (H ead : I. H o rv á th ), Research In stitu te  fo r  Pharmaceutical
Chemistry, Budapest

(R eceived S e p tem b e r 11, 1968)

Sum m ary. H y d ro x y u re a , an  an ticarc in o g en ic  and  D N A -sy n th esis-in h ib itin g  agen t, is 
sim ilar to  m itom ycin  an d  u ltra v io le t  ir ra d ia tio n  in failing to  induce  th e  h e a t-in d u c ib le  stra in  
Escherichia coli K12 (AcI-857). The effect o f h y d ro x y u rea  on  p ro p h ag e  in d u c tio n  by  h eat 
d epends on env ironm en ta l co n d itions; in co m p le te  m edium  it  delays th e  h e a t derepression  of 
p ro p h ag e. In  shift-dow n e x p erim en ts  th e  p rocess is m ore sensitive  to  h y d ro x y u rea .

H y d ro x y u rea , a recen tly  described  an ticarc inogen ic  ag en t ex e rts  a spe
cific in h ib ito ry  ac tion  on D N A  sy n th es is  [1] and  on p hage  p ro d u c tio n  b y  in 
fec ted  b ac te ria  [2]. As to  induc tive  phage p ro d u c tio n , in  c o n tra s t  w ith  the  
fin d in g  of H e in e m a n n  a n d  H o w a r d  [4] we have show n [3] th a t  h y d ro x y u re a , 
s im ila rly  to  m itom ycin , induced  s tra in  E . coli K12 (A28). T he tw o  ag en ts  d iffer
ed, how ever, in th e ir  m ode of ac tio n . W hen added  to g e th e r  w ith  m itom ycin  
in sh ift-dow n  ex p erim en ts , h y d ro x y u re a  p a r tly  in h ib ited  th e  in d u c tio n  by  
m ito m y c in . B oth  effects were due to  th e  in h ib itio n  o f D N A  sy n th esis .

T he p resen t p a p e r  describes s tu d ie s  on th e  effect o f h y d ro x y u re a  on heat- 
inducib le  E . coli s tra in  K12 (AcI-857), m ade w ith  th e  pu rpose  of o b ta in in g  new 
d a ta  fo r th e  m echanism  o f induc tio n  b y  h ea t. This w as m ade possib le  by  th e  
fa c t th a t  h y d ro x y u rea , s im ilarly  to  u ltra v io le t ir ra d ia tio n  an d  m itom ycin , 
does n o t induce A-phage p ro duc tion  in  th e  te s t  o rgan ism  a t 28 °C.

M aterials and m ethods

Organisms. H eat-in d u cib le  stra in  E . coli K12 (AcI-857) threo~ leu~  w as used as lyso
genic s tra in , E . coli C600 as in d ica to r s tra in . T he form er o rgan ism  w as k in d ly  supplied  by  
Dr. F . J acob , In s ti tu te  P a s te u r ,  Paris.

Culture media. N u tr ie n t  b ro th  was u se d  as a com plete m edium . F o r m in im al m edium  
Davis a n d  Min g io l i’s m ed iu m  [5] was su p p le m e n ted  w ith  L -leucine a n d  L -th reo n in e  (20 
iUg/ml each). H y d ro x y u rea  w as p rep ared  in o u r  in s t itu te  by  S. Só ly om . A m o la r s to ck  solution 
was p rep ared  freshly before use.

Inoculum . Com plete o r m in im al m ed iu m  w as in ocu la ted  from  ag ar s la n t cu ltu res  and 
in cu b a ted  overn igh t. T h en  th e  cu ltu re  was tra n s fe r re d  in to  10 vo lum es of th e  sam e m edium  
an d  in cu b a ted  for 2 hours. T h e  bac teria  w ere  w ashed  tw ice in d istilled  w a te r , a n d  inocu la ted  
w ith  5 X 10° cells/ml. T he in o cu lu m  cu ltu res w ere grow n a t 28 °C.

Shift-dow n experim ents. T he inoculum  c u ltu re  grow n in com plete  m ed ium  w as inocu lated  
in to  m in im al m edium .

D etermination o f the num ber o f  plaques a n d  infective centres and o f  phage y ie ld . The p laque 
co u n t from  u n trea ted  c u ltu re s  de te rm in ed  on th e  in d ica to r s tra in  a f te r  in cu b a tio n  a t  
28 °C w as regarded  as th e  n u m b e r of in fec tive  cen tres . The co n ce n tra tio n  of com p le te  phages
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w as e s tim a ted  by  in c u b a tin g  th e  p la te s  in o cu la ted  w ith  ch lo ro fo rm -trea ted  cu ltu res and  the  
in d ic a to r  stra in  a t  37 °C. P h a g e  y ields w ere d e term ined  b y  d ilu tin g  1 : 400 th e  h e a t- tre a te d  
c u ltu re s  in to  com plete m ed iu m  a t  28 °C, an d  th e  nu m b er of com ple te  phages w as de term ined  
a f te r  a  subsequent in c u b a tio n  for 100 m in u tes . O ther e x p erim en ts  w ere perform ed by  the  
s ta n d a rd  phage tech n iq u e  [6].

R esu lts

Complete m ed ium  inoculated with bacteria grown in complete m edium . I t  is 
k n o w n  th a t  h ea t- in d u c ib le  Я-lysogenic s tra in s  grow  well a t  28 3C. A t th is  te m 
p e ra tu re  our s tra in  p ro d u ced  no /.-phage sp o n tan eo u sly . I f  th e  cu ltu re  is ex-

Time in minuies 
a

4 -is
1 -  47

1 -

Í_ _ 1_ _ _ _ _ I_ _ I_ _ _ I_ _ _ _ I_ _ _ _ _ ! _ _ _ _ I_ _ _ _ _ _ 1_ _
0  10 2 0  3 0  ДО 5 0  6 0  7 5  9 0

T i m e  in m i n u t e s

b

F ig . la .  E ffect of h y d ro x y u re a  on h e a t- in d u c tio n  in com plete  m edium , a =  n u m b er of in fective  
c en tres  in  control c u ltu re ; b  =  n u m b er o f in fective  cen tres in  th e  p resence o f 0.1 M  h y d ro x y 
u re a ; c =  com plete p h ag e  y ie ld  in  cu ltu res  tran sferred  to  28 °C a t  d iffe ren t in te rv a ls  and in cu 
b a te d  fu rth er for 100 m in u te s ;  d =  com p le te  phage y ield  in  cu ltu res  tran s fe rre d  to  28 °C a t 
d iffe ren t in tervals a n d  in c u b a te d  fu r th e r  for 100 m inu tes; 0.1 M  h y d ro x y u rea  added  a t  zero 
tim e  was dilu ted  1 : 400 w h en  th e  c u ltu re  w as tran sferred  to  28 °C. In  th e  case of curves c and

d, va lues w ere m ultip lied  by  400
F ig . lb . E ffect of h y d ro x y u re a  on h e a t  in d u c tio n  in com plete  m edium , a =  v iable cell co u n t 

in control m ed iu m ; b  =  v iab le  cell co u n ts  in th e  p resence of 0.1 M  h y d ro x y u rea

posed  to  45 °C, th e  th e rm a l shock  in ac tiv a te s  th e  im m une  m a te ria l stab iliz ing  
th e  lysogenic s ta te  (repressor) a n d  th e  prophage is re leased . This induction  
p rocess is com plete in  th e  w hole p o p u la tio n  in 15 — 20 m in u tes  and  resu lts  in
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an increase in  th e  n u m b e r of in fec tive  cen tres . I f  th e  c u ltu re  is in cu b a ted  fu r th e r  
a t 45 °C th e  v eg e ta tiv e  cycle o f phage m u ltip lica tio n  s ta r ts ;  in a p ro b a b ly  la te  
s tep , how ever, th e  p rocess is in h ib ited  an d  therefore com ple te  phages are  p ro 
duced  in sm all am o u n ts . A t th e  sam e tim e  th e  p ro d u c tio n  of p ro te in  responsib le  
for lysis is n o t in h ib ite d  an d , acco rd in g ly , the  cells m a y  be lysed before  th e  
m a tu ra tio n  of th e  phages [7]; th u s  th e  n u m b er of in fec tiv e  centres decreases. 
In c o n tra s t, w hen th e  cu ltu re  is cooled a fte r 20 m in u te s  exposure to  28 °C, 
p ro d u c tio n  of com plete  phages begins rap id ly .

The above process an d  th e  effect o f h y d ro x y u rea  on i t  are p re sen ted  in 
Figs l a ,  lb ,  and  lc . I t  is seen th a t  in  th e  presence of 0.1 M  h y d ro x y u re a  th e

8 - -je

T i m e  in m i n u t e s  

c

Fig. lc. E ffec t of h y d ro x y u rea  on h e a t in d u c tio n  in com plete m edium , a =  p ro d u c tio n  of 
com plete  phages in cu ltu res  tran s fe rre d  to  28 °C a f te r  20 m inu tes; b =  p ro d u c tio n  of com ple te  
phages in cu ltu res tran sfe rre d  to  28 °C a fte r  20 m in u te s  in the  p resence  of 0.1 M  h y d ro x y u rea ; 
c =  p ro d u c tio n  of com plete  ph ag es a t  45 °C. A ll cu ltu res  were in cu b a te d  from  zero tim e a t  45 °C

increase in th e  n u m b er o f in fec tive  c en tre s  was less ra p id  th a n  in  th e  absence 
of th e  agen t, b u t th e  h igh values reach ed  persisted  also a t  45 °C (Fig. la ) .  W hile 
the  v iab le  counts decreased  rap id ly  in  th e  contro l c u ltu re , in  th e  p resence  of 
h y d ro x y u rea  th e  decrease was less s teep  (F ig . lb ) . I f  a f te r  20 m inu tes th e  cu l
tu re  hea ted  w ith h y d ro x y u re a  was cooled to  28 °C, th e  p ro d u c tio n  of com plete  
phages was in h ib ited  (F ig . lc ) .
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To prove th a t  th e  n u m b e r of in fec tive  cen tres  co rresponded  to  the n u m 
b e r  of induced cells p ro v id e d  th e  co n cen tra tio n  o f com plete phages was re la 
tiv e ly  low, th e  p h ag e  y ie ld  w as d e te rm in ed  a t  in te rv a ls  d u rin g  incu b a tio n  
a t  low te m p e ra tu re . T h e  phage y ield  for th e  n u m b e r of in fec tiv e  centres a t th e  
g iven  in te rv a l w as a p p ro x im a te ly  200, in d ep en d en tly  of th e  presence or a b 
sence  of h y d ro x y u re a  d u rin g  h e a t t re a tm e n t (F ig . la ) .

The ex p erim en ts  w ere p erfo rm ed  also a t  43 °C. The re su lts  were sim ilar, 
e x c e p t th a t  a co n sid e rab le  a m o u n t of com plete  phages w as p roduced , conse
q u e n tly  th e  n u m b e r o f  in fec tive  cen tres show ed a rise a fte r  an  in itia l decrease. 
A ccordingly , t r e a tm e n t  a t 43 °C was less su itab le  for s tu d y in g  lysis-inh i
b itio n  by h y d ro x y u re a .

Figs 2a and  b. E ffe c t o f h y d ro x y u rea  on h e a t in d u ctio n  in sh ift-d o w n  experim ent 
Fig. 2a. a =  v iab le  cell co u n ts  in co n tro l c u ltu re ; b =  v iab le  cell co u n ts  in  th e  presence of 
0.01 M  hy d ro x y u rea ; c =  v iab le  cell co u n ts  in th e  p resence of 0.1 M  h y d ro x y u re a ; d =  n u m b er 
o f  infective  cen tres in  th e  co n tro l c u ltu re ; e =  n u m b er of in fective  cen tres  in  th e  presence of 
0.01 M  hy d ro x y u rea ; f  =  n u m b er of in fective  cen tres  in th e  presence o f 0.1 M  hy d ro x y u rea ;

g =  com plete  p h a g e  y ield in  cu ltu re  tran s fe rre d  to  28 °C a f te r  20 m inutes 
F ig . 2b. a =  n u m b er o f  in fec tiv e  cen tres in con tro l cu ltu re ; b =  n u m b er o f infective cen tres  
in  th e  presence of 0.01 M  h y d ro x y u re a  ad d ed  a fte r  20 m in u tes; c =  n u m b er o f infective cen tres  
in  a cu ltu re  tran sfe rre d  fro m  43 °C to  28 °C a f te r  20 m inu tes. All cu ltu res  w ere in cubated  from

zero tim e a t  43 °C

Shift-dow n experim ents. I f  b a c te ria  grow n in co m p le te  m edium  w ere 
in o cu la ted  in to  m in im a l m edium  an d  exposed  to  43 °C, th e  increase  in the  n u m 
b e r  of infective c e n tre s  rem ain ed  a t  a h igh level for long (F ig . 2a). I f  th e  cul-
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tű re  w as cooled to  28 °C after 20 m in u te s , th e  p ro d u c tio n  of com plete  p hages 
d id  n o t begin and  even  the  n u m b er o f in fec tive  cen tres decreased  g rad u a lly  
by  a p p ro x im a te ly  95 %  (Fig. 2b). T h e  process w as reversib le; re p e a te d  exposu re  
to  b e a t re s to red  th e  h igh  levels.

I f  th e  cu ltu re  h a d  been kep t a t  43 °C fo r 90 m inu tes th e n  cooled to  28 °C, 
th e re  w as no decrease in  th e  n u m b e r o f in fec tive  cen tres an d  a sm all degree 
o f co m p le te  phage p ro d u c tio n  was o b serv ed .

H e a t in d u c tio n s  in  sh ift-dow n ex p erim en ts  were p erfo rm ed  a t  43 °C 
because  a t  45 °C th e  hyd ro x y u rea  c o n c e n tra tio n  app lied  w as b a c te ric id a l; 
a cco rd in g ly , th e  sp ec ific ity  of th e  e ffec t on ph ag e  in d u c tio n  w ould  have  been  
d o u b tfu l a t  45 °C. T h e  above d ifference  in  te m p e ra tu re  caused  no a lte ra tio n  
in th e  h e a t in d u c tio n  of control c u ltu re s .

T h e  effect o f h y d ro x y u rea  on h e a t  in d u c tio n  in sh ift-dow n  ex p erim en ts  
can  be sum m arized  as follows: 0.1 M  h y d ro x y u rea  was fo u n d  to  d elay  th e  
in crease  in  n u m b er o f infective c e n tre s ; a t  0.01 M  co n cen tra tio n  th e  a g e n t 
e x e r te d  a sim ilar th o u g h  less d efin ite  effect. T here  was no s ign ifican t b a c te r i
c ida l e ffec t (Fig. 2a). I f  0.01 M  h y d ro x y u re a  w as added  a fte r  20 m in u tes  e x 
posu re  to  h ea t, th e  n u m b e r of in fec tiv e  cen tres  rem ained  essen tia lly  u n a lte re d  
(F ig . 2b).

T able  I

Effect o f  hydroxyurea at various concentrations on heat induction

H y d ro x y 
u rea ,

M

Com plete m ed iu m S hift-dow n

N o. o f  in fec tiv e  centres 
(m l)

N o . o f v iab le  cells 
(ml)

N o. o f  com ple te  
phages (m l)

N o. o f  in fec tiv e  
cen tre s  (m l)

45° 20 ' 45° 60' 45 ° 2 0 ' 28 ’ 180' 45° ->  28°* 150' 43° 2 0 '

— 3 x io s 3 x 1 0 “ 1 . 5 x 1 0 s 5  x 10 « 1 0 s 6  X l O 4

0 . 0 0 1 2  X  1 0 s 3 x io 2 2  x 1 0 s 4 x  10« 8 x 1 0 ’ 9  x 1 0 s

0 . 0 0 3 2  X  1 0 s 3  x 1 0 s 6  x 1 0 s 1 0 " 5 x 1 0 « 5 x 1 0 s

0 . 0 1 2  X  1 0 s 5  x  1 0 3 5 X l O 4 9  X  1 0 s 2  X  1 0 6 1 0 s

0 . 3 1 0 s 1 . 5  X l O 4 1 0 s 6 x 1 0 s 8  X l O 3 8 x 1 0 '

0 .1 8 X  1 0 4 1 0 s 2  X  1 0 s 3 x i o s 1 . 5  X l O 2 4 X  1 0 °

* T em perature-shift after 20 minutes.
ЛИ cu ltures were inoculated w ith 5 X  105 cells per ml grown in complete medium.

T ab le  I sum m arizes the  effect o f  d iffe ren t h y d ro x y u rea  co n cen tra tio n s  
on th e  n u m b er of in fec tive  cen tres, n u m b e r  o f su rv iv ing  b a c te ria , p ro d u c tio n  
of co m p le te  phages in  com plete m ed iu m  an d  th e  num ber of in fec tive  cen tres  
in sh ift-d o w n  ex p erim en ts . I t  is seen th a t  a b a c te rio s ta tic  co n cen tra tio n  was 
n eed ed  fo r inducing  a n y  of the  ab o v e  effects.
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M in im a l m edium  without shift-dow n. I f  b a c te ria  grow n in m in im al m e
d iu m  were tra n sfe rre d  in to  m inim al m ed iu m , th e  rise  in  th e  n u m b er o f in 
fec tiv e  centres an d  th e  decrease in v iab le  cell coun ts w ere sim ilar to  re su lts  
o b ta in e d  in com plete  m ed ium . The re ta rd in g  effect o f h y d ro x y u rea  on th e  
rise  o f infective c e n tre s ’ t i t r e  was s tro n g e r th a n  in com plete  m edium  b u t w eaker 
th a n  in shift-dow n ex p e rim en ts  (Fig. 3).

F ig .  3 . Effect of hyroxyurea on heat induction in minim al m edium w ithout shift-down, a =  
viable cell counts in control culture; b =  viable cell counts in the presence of 0.1 M  hydroxy
urea; c =  num ber of infective centres in control culture; d =  num ber of infective centres in 

the presence of 0.1 M  hydroxyurea. All cu ltures were incubated from zero tim e a t 43 °C

D iscussion

In  these e x p e rim e n ts  th e  effect o f h y d ro x y u re a  on th e  p ro d u c tio n  of 
h ea t-in d u c ib le  Д-phage  w as stud ied  in  d e ta il. Some conclusions could be d raw n 
as to  th e  m echanism  o f induction  b y  h e a t.

H y d ro x y u rea  is know n to  be a specific  in h ib ito r  of D N A  sy n th esis  [1]. 
I t  w ould ap p ear th a t  h y d ro x y u re a  in h ib its  on ly  th e  rep lica tio n  of phage D N A . 
T h is w ould exp la in  n o t  only the  in h ib itio n  of com plete  phage p ro d u c tio n  in 
in d u ced  cu ltures tra n s fe r re d  to  28 °C b u t  also th e  phenom enon  th a t  th e  n u m 
b e r  of infective cen tre s  does no t decrease in  com plete  m edium  co n ta in in g  h y 
d ro x y u rea  a fte r 25 m in u te s  a t 45 °C. As m en tio n ed  above , th e  fall in  th e  n u m 
b e r of infective cen tre s  in  th e  con tro l c u ltu re  is due to  th e  p re m a tu ra tio n  lysis 
described  by G e o m a n  an d  S u z u k i  [7]. A sign ifican t lysis occurs on ly  w hen 
th e re  is a phage-D N A  synthesis [8].

We have o b se rv ed  th a t ,  especially  in  sh ift-dow n , h y d ro x y u rea  delays 
th e  increase in th e  n u m b e r  of induced cells. As in  h e a t induc tio n  th e  im m une
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su b s ta n c e  responsib le  for th e  lysogenic s ta te  is in a c tiv a te d , i.e ., p rophage r e 
pression  ceases, th e  experim en ts in d ica te  t h a t  h y d ro x y u rea  in te rfe res  w ith  
h ea t- in d u c e d  derepression . A ccord ingly , in  ad d itio n  to  in h ib itin g  phage-D N A  
rep lica tio n , h y d ro x y u re a  should  have  a n o th e r  s ite  of ac tion .

T his h y p o th esis  is d isp u tab le  if  we suppose  th a t  th e  in h ib itio n  b y  h y d ro 
x y u re a  is v ir tu a l:  th e  im m une m a te ria l is in a c tiv a te d  in the  p resence  of h y d ro 
x y u re a , b u t th e  m a jo rity  of cells p roduces no p laques because d u ring  th e  la 
te n c y  period  needed  for the  s ta r tin g  of phage-D N A  syn thesis  th e  im m une  
su b stan ce  is rep ro d u ced  or re a c tiv a ted .

T h is o b jec tio n  can be excluded  on th e  basis  o f th e  follow ing a ssu m p tio n . 
P ro v id e d  th a t  th e  rep lica tio n  of phage-D N A  due to  h ea t in d u c tio n  in  th e  sh ift-  
dow n cond itio n  d id  n o t s ta r t  till th e  20 th  m in u te , th e  a d d itio n  o f h y d ro x y 
u rea  o u g h t to  cause a defin ite  decrease in  th e  n u m b er of in fec tive  cen tres d u r 
ing  a su b seq u en t in cu b a tio n  for 20 m in u tes . A fte r th e  d ilu tion  o f h y d ro x y u rea  
th e  beg inn ings o f D N A  syn thesis  w ould  req u ire  a la tency  period  also in th is  
case an d  th u s  th e re  w ould  be a p o ssib ility  to  re s to re  th e  im m une s ta te . A cco rd 
ing to  th e  ex p e rim en ta l re su lts , how ever, th e  ad d itio n  of h y d ro x y u re a  ex e rts  
no effect a t all. In  view  of th is  it  rem ain s to  be proved  th a t  p hage  syn thesis  
does n o t begin  till th e  20 th  m in u te . I t  was show n th a t  cooling of th e  cu ltu re  
a t  th a t  tim e  causes a 95%  decrease in th e  n u m b e r of in fective cen tres. T he 
decrease being  reversib le , it m ust be th e  consequence of th e  re s to ra tio n  of th e  
im m u n e  s ta te . A fte r  th e  beg inn ing  o f p h age-D N A  rep lica tion  th e  im m une 
m a te ria l c an n o t in h ib it phage m a tu ra tio n  an d  th e  num ber of in fec tive  cen tres 
cou ld  n o t be decreased  a t low te m p e ra tu re .

H y p o th eses  for h ea t in d u c tio n  can be d iv id ed  in to  tw o groups. A ccord
ing to  th e  assu m p tio n  accep ted  b y  th e  m a jo rity  of au th o rs  th e  rep ressor is 
in a c tiv a te d  d irec tly  b y  hea t t re a tm e n t [9 —11]. O ther in v estig a to rs  suppose 
an  in d ire c t m echan ism  to  be invo lved . A ccord ing  to  S u ssm a n  an d  J acob  [12] 
an d  W a i n f a n  et al. [13], p roduction  of th e  rep resso r is in h ib ited . In  th e  o p in 
ion o f G o l d t h w a i t  and  J acob  [14] in m u ta n t  T44 an aden ine  d e riv a tiv e  
accu m u la tin g  as a re su lt of h e a t- tre a tm e n t in a c tiv a te s  the  rep resso r.

T he p re sen t observ a tio n  th a t  h y d ro x y u re a  inh ib its  also derepression  
c a n n o t be exp la ined  b y  a d irect h e a t- in a c tiv a tio n . The find ing  ind ica tes  th e  
role o f an  in d irec t m echanism  associa ted  w ith  D N A  m etabolism .
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BREAKDOWN OF OLIGOSACCHARIDES 
BY SOME AFERMENTATIVE YEAST SPECIES

By
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b io lo g y  (D ir e c to r : I. S z a l a i ) ,  A t t i l a  J ó z s e f  U n iv e r s i t y , S ze g e d

(Received Septem ber 16, 1968)

Sum m ary. The breakdown of m altose, sucrose and raffinose by living and acetone- 
trea ted  cells and cell-free extracts of four aferm entative yeasts has been examined. B u lié r a  
t s u g a e , S p o ro b o lo m y c e s  s in g u la r isa  D e b a r y o m y c e s  v i n i  and R h o d o to r u la  z s o l t i i  showed uniform ly 
an acetone-sensitive maltose breakdown. Enzym es similar to those playing p a rt in this process 
occur in several o ther yeasts. The iden tity  of the extracellular sucrose-decomposing enzyme of 
R .  z s o l t i i  w ith invertase is doubtful.

The tax o n o m ic  im p o rtan ce  of o ligosaccharide b reak d o w n  by  y easts  is 
well know n. I t  is clear th a t  in  ad d itio n  to  exam in ing  th e  u tiliz a tio n  reac tio n s 
o f v a rio u s species, th e  m echanism s invo lv ed  in  these processes should  also be 
s tu d ie d  [1, 7, 8]. W e have p o in ted  o u t th a t  in  th is  re sp ec t th e  f irs t s tep s  of 
o ligosaccharide m etabo lism  ( tra n sp o r t  an d  cleavage) are im p o r ta n t, since th e  
m e tab o lism  of th e  su b seq u en tly  p ro d u ced  m onosaccharides is un iform  [2 — 5, 
7, 12]. In  th is  p a p e r  we p resen t fu r th e r  ex p erim en ts  on th e  en zy m atic  basis of 
th e  u tiliz a tio n  o f d iagnostic  o ligosaccharides.

M ateria ls and m ethods

The following s tr a in s  were used. (1) B u lié r a  tsu g a e  Phaff strain  60 — 71; assim ilating 
glucose, sucrose and maltose, weakly assim ilating lactose. (2) D e b a r y o m y c e s  v i n i  our stra in  
65/X L I; assim ilating glucose, sucrose and m altose. (3) R h o d o to r u la  z s o l t i i  our strain 64/XLV; 
assim ilating glucose, weakly assim ilating galactose and sucrose. (4) S p o ro b o lo m y c e s  s in g u la r i s  
P haff strain  60 — 79; assimilating glucose and lactose.

The m e th o d s  were similar to those described in our previous papers. The yeasts were 
grown on C s i l l a g ’s molasses agar. The harvested cells were washed three times in saline and 
divided into three parts. (1) For the exam ination of living cells the centrifuged deposit was 
resuspended in М / 15 pH 7.2 phosphate buffer so th a t the suspension contained 0.5 g wet 
w eight cells per ml (usually 1.25 ml buffer for 1 g w et cells). Then to 1.5 ml suspension 1.5 ml 
of 4%  sucrose, m altose or raffinose solution was added. The m ixtures were incubated in small 
te s t tubes. Sam ples were taken a t 0, 0.5, 1, 2, 4 and 8 hour intervals. Enzyme activ ity  was 
term inated  by 2 m inutes boiling then 2^1 aliquots were chrom atographed as described in refer
ence [1]. (2) Acetonized cells were prepared by resuspending then washing the deposit tw ice in 
2 volumes of acetone a t 4 °C. A fter drying the cells a t room tem perature  a suspension was 
prepared w ith the above-m entioned phosphate buffer (representing 0.5 g w et weight cells per 
ml). F u rther experim ents were carried ou t as described above. (3) Cell-free extracts were 
prepared by grinding the deposit w ith quartz  sand in a chilled m ortar for 10 m inutes. The 
ground m aterial was washed into a centrifuge tube so th a t to 1 g of the original wet cells 1.25 
ml of the above phosphate buffer was added. The m aterial was centrifuged a t 2500 g, then  the 
superna tan t was centrifuged again a t  3000 g . The used proportion of phosphate buffer and
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cells (1.25 : 1) was fix ed  fo r th e  liv ing  suspension; fo r th e  o th er tw o p re p a ra tio n s  we a tte m p te d  
to  a p p ro x im a te  th e  sam e cell co n ten ts . In  p re p arin g  th e  e x tra c t th e  n eeded  a m o u n t o f m ate ria l 
w as c a lcu la ted  by  assum ing  a  com plete  d is in teg ra tio n  a n d  e x tra c tio n ; th is  w as in d ica ted  b y  a 
s tro n g  opalescence an d  h ig h  p ro te in  c o n ten t (u su a lly  2.0 —2.5 m g/m l) o f th e  ex tra c t. F u r th e r  
ex p erim e n ts  were pe rfo rm ed  as described above.

R esults an d  discussion

U nder sem i-anaerob ic  in cu b a tio n  co n d itio n s liv ing cells o f Buliéra tsugae 
cau sed  n e ith e r  a decrease  in  th e  am o u n t o f  th e  exam ined  th re e  sugars n o r th e  
a p p e a ra n ce  of b reak d o w n  p ro d u c ts . S im ila r o b se rv a tio n s w ere m ade w ith
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F ig s  1 and 2. Sucrose a n d  m altose  b reakdow n b y  cell-free e x tra c t  o f Buliéra tsugae. The 
sy s te m  co n ta in ed  in a fin a l v o lu m e of 3 ml М /30, p H  7.2 p h o sp h a te  b u ffer e x tra c t rep re sen tin g  
750 m g w e t w eight cells a n d  60 m g sugar. L e ft-h an d  side of ch ro m ato g ram s: sucrose, m altose  
a n d  e x tra c t  con tro ls; r ig h t-h a n d  side of ch ro m a to g ram s: glucose (D ) a n d  fructose, o r glucose 

(D ) contro ls. F ig u re s  u n d e r the  s ta r t  line  show  sam pling  in te rv a ls  in hours 
F igs 3 and 4. Sucrose a n d  m alto se  b reakdow n b y  cell-free e x tra c t o f Sporobolomyces singularis.

F o r ex p lan atio n , see F igs 1 and  2
F igs 5 and 6. Sucrose b re ak d o w n  by living cells an d  cell-free e x tra c t  o f Rhodotorula zsoltii. 
T he sy s tem  contained in a f in a l volum e of 3 ml М /30. p H  7.2 p h o sp h a te  buffer 750 mg living 
cells (F ig . 5) or e x tra c t re p re se n tin g  the  sam e a m o u n t o f w et w eigh t cells (Fig. 6) an d  60 mg 
sugar. L eft-h an d  side o f ch ro m ato g ram s: sucrose an d  suspension or e x tra c t  con tro ls; r ig h t-  
h a n d  side of ch ro m ato g ram s: glucose (D) and  fru c to se  contro ls. F o r fu r th e r  ex p lan atio n s see

Figs 1 a n d  2

a c e to n e -tre a te d  cells. I n  co n tra s t th e  cell-free e x tra c t cleaved sucrose and  
m alto se  to  m onosaccharides b u t exerted  no  effect on raffinose  (Figs 1 an d  2).

F rom  th e  re su lts  i t  has been concluded  th a t ,  (1) th e  cells p roduce n e i
th e r  in v e rta se  (raffinose is n o t a tta c k e d  a n d  sucrose is decom posed only b y  th e
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cell-free e x tra c t)  no r m elib iase (ra ffinose  is n o t a tta c k e d ); (2) th e  c u ltu re  p ro 
duces m altose- an d  sucrose-cleav ing  enzym es (a-glucosidase sen sitiv e  to  acetone  
an d  localized  in trace llu la rly ); th e se  su g ars  are  no t a tta c k e d  b y  ace to n ized  and  
liv ing  cells.

Sporobolomyces singularis  y ie ld ed  q u a lita tiv e ly  s im ila r re su lts  as B . 
tsugae b u t  was som ew hat less ac tiv e  (F igs 3 and  4). As th e  fo rm er species fails 
to  a ssim ila te  sucrose an d  m altose  i t  is ev id en t th a t  i t  co n ta in s  no tra n s p o r t  
sy stem s specific for th e  tw o d isacch arid es . T he presence o f  in tra c e llu la r  su g a r
cleav ing  enzym e(s), in  v iew  o f th e  lack  o f  tra n sp o r t  sy stem (s), in d ica te s  th a t  
S p . singularis  is derived  from  a s im ila r, b u t  sucrose an d  m alto se -assim ila tin g  
species, perh ap s from  B . tsugae w h ich  p roduces also ace to n e-sen s itiv e  in t r a 
ce llu lar enzym es ac tin g  upon  m alto se  a n d  sucrose. This h y p o th es is  is s u p p o r t
ed b y  th e  fac t th a t  in  fa iling  to  p ro d u ce  p igm ent B . tsugae resem bles S p . s in 
gu laris, w hich is th e  f irs t  colourless species described in th e  genus Sporobolo
myces an d  also b y  th e  o b se rv a tio n  th a t ,  u n like  o ther y eas ts , B . tsugae an d  Sp . 
singularis  ex ert a special effect on lac to se  (th is p ro p erty , in  v iew  o f th e  in d u c 
tiv e  n a tu re  of th e  enzym e, is n o t d e a lt  w ith  in th is  re p o rt) .

Debaryomyces v in i  was id en tica l in  sugar decom position  w ith  S p . s in 
gularis. H ow ever, as th is  species ass im ila te s  bo th  sucrose an d  m alto se , th e  
b reak d o w n  of these  sugars could  be ex p ec ted .

L iv ing  cells of Rhodotorula zso ltii e x e rte d  a very  w eak e x tra c e llu la r  sucrose 
b reak d o w n  and  did n o t a t ta c k  m alto se  an d  raffinose. A ceton ized  cells were 
in ac tiv e  ag a in st all th re e  sugars. T h e  cell-free ex tra c t c leaved  sucrose fa irly , 
raffinose w eakly  and  w as ineffec tive  in  m alto se  (Figs 5 an d  6). T he re su lts  in 
d ica te  th e  presence o f an  in v e rta se -lik e  enzym e (ex tracellu la r a c tiv ity  ag a in st 
sucrose, raffinose b reakdow n  in to  m elib iose and  fructose), w hich  is w eak ly  
ac tiv e  or is p roduced  in sm all a m o u n ts . T h e  in ac tiv ity  of ace ton ized  cells seem s 
to  sp eak  against th is  co n sid e ra tio n . O u r previous ex p erim en ts  show ed th a t  
aceton ized  cells o f in v e rta se -p ro d u c in g  y eas ts  decom posed b o th  sucrose an d  
raffinose [1, 6]. These p re p a ra tio n s  m ay  h av e  displayed a p a r tia l  ace to n e  sen 
s itiv ity  w hich, how ever, rem ained  u n d e te c te d  w ith the  se m iq u a n tita tiv e  m e th 
od used . I t  m ay  be assum ed  th a t  in  th e  p resen t s tu d y  th is  w eak a c tiv ity , 
a f te r  a possible in a c tiv a tio n  b y  ace to n e , decreased below  th e  d e te c ta b le  level 
even fo r sucrose b reakdow n  while an  in itia lly  w eaker a c tiv ity  w as responsib le  
fo r th e  d o u b tfu l b reakdow n  o f ra ffin o se . T he fac t th a t  a su b m in im al release 
o f fru c to se  is n o t suffic ien t for g ro w th  in  raffinose (negative  assim ila tio n  te s t)  
is p ro b a b ly  also due to  th e  low “ in v e r ta s e ”  level and  th e  decreased  a c tiv ity  
on raffinose . S im ilar o b se rv a tio n s w ere m ade on Rhodotorula sloo ffii [9] and  
im p o r ta n t differences w ere o b serv ed  b e tw een  in d u stria l y e a s ts  as to  th e  p ro 
du c tio n  an d  release of in v e rta se  [11]. On th e  o th e r han d , in v e rta ses  o f various 
y east species d iffered in  th e  decom p o sitio n  of tran sfe r o ligosaccharides p ro 
duced  b y  Claviceps in v e rta se  [10].
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As a general c o n s id e ra tio n  i t  should  ag a in  be s tressed  th a t  in ou r sem i- 
an aero b ic  in cu b a tio n  sy s tem  (re la tiv e ly  h igh  a m o u n ts  o f m ed ium  in n a rro w  
tu b e s  incubated  w ith o u t shak ing) liv ing cells o f th e  exam ined  a fe rm en ta tiv e  
species did no t a t ta c k  th e  o ligosaccharides. A lthough  th e  fo u r s tra in s  un ifo rm ly  
fa iled  to  produce e x tra c e llu la r  enzym es, th e  cell-free e x tra c t  o f th ree  of th em  
e x e rte d  a good su g ar-d eco m p o sin g  a c tiv ity . In  v iew  of th e  a fe rm en ta tiv e  c h a r
a c te r  of the  exam ined  species i t  m ay  be concluded  th a t  th e  lack  of an  anaerob ic  
tr a n s p o r t  a c tiv ity  is responsib le  for th e  in c a p a b ility  of th e  cells to  a t ta c k  
th e  in trace llu la rly  c leav ab le  sugars. An a lcoho l-dehydrogenase  deficiency 
c a n n o t be supposed  to  occur in  m any  species, since th e  e th an o l assim ilation  
o b serv ed  in these  o rg an ism s is s ta r te d  b y  th a t  enzym e.
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EFFECT OF ENDOTOXIN ON THE SERUM LEVEL 
OF COMPLEMENT COMPONENTS

I I .  E F F E C T  O F E N D O T O X IN  ON DOG S E R U M  C O M PL E M E N T  L E V E L  IN  V IV O
AN D  IN  V IT R O

B y

G. F ü s t  and M. K e r e s z t e s

N ational In stitu te  o f  Public H ealth  (D irector: T. B a k á c s ) ,  B udapest 

(R eceived S e p te m b e r  26. 1968)

S um m ary . The effect o f Serratia marcescens end o to x in  on th e  lev e l o f com plem ent and  
i ts  co m p o n en ts  has been ex am in ed  in th e  dog. T h e  ro le o f “ n a tu ra l” a n tib o d ie s  in th e  endo tox in - 
in d u ced  decrease of th e  co m p lem en t level has a lso  been  stud ied .

In trav e n o u s  in jec tio n  o f su b le th a l e n d o to x in  dose or in cu b a tio n  of dog serum  w ith  
e n d o to x in  in  vitro caused a s ig n ifican t decrease  in  th e  level of to ta l  co m p lem en t an d  its  four 
“ classical”  com ponents.

N o corre lation  was rev ea led  betw een  “ n a tu ra l”  a n tien d o to x in  t i t r e  and  endo tox in - 
in duced  decrease in co m p lem en t a c tiv ity  in in d iv id u a l h um an  sera  o r in pooled sera from  
v a rio u s an im als; the  decrease w as sign ifican t a f te r  th e  abso rp tion  o f an tien d o to x in .

T he resu lts  and o th e r  a u th o rs ’ d a ta  p o in t to  a p robable p a r t  o f th e  en d o to x in -ac tiv a ted  
co m p lem en t system  in th e  m echan ism  of e n d o to x in  shock. The e n d o to x in -an tien d o to x in  re ac 
tion  does n o t seem to  be assoc ia ted  w ith , o r is on ly  p a rtly  responsib le  fo r, th e  decrease in 
co m p lem en t level.

In tra v e n o u s  in jec tio n  of bac te ria l en d o to x in  causes a change in th e  serum  
co m p lem en t level. L arge  doses decrease  it  in  10 to  80 m in u te s . A fter a few 
h o u rs  th e  t i t re  rises to  th e  no rm al v a lu e  a n d  a fte r  24 to  48 h o u rs  it  exceeds th e  
o rig inal level (rehound effect [1 — 3]). I f  sm all doses are g iven  th e  com plem ent 
level reaches a m ax im um  in 48 h ours w ith o u t any  p rev io u s decrease [4]. Of 
th e  fo u r classical com plem en t co m p o n en ts  C'2 and  C'4 in crease  sign ifican tly , 
b u t  th e  o th e r tw o com p o n en ts  rem ain  u n a lte re d . This f in d in g  is p ro b ab ly  ex 
p la in ed  b y  a d irect s tim u la tin g  effect o f  end o to x in  on se ru m  p ro te in  syn thesis
[5]. In  th e  p resen t s tu d y  th e  b e h a v io u r o f  com plem ent co m p o n en ts  has been 
in v e s tig a te d  in  dogs in je c te d  in tra v e n o u s ly  w ith  sub le thal doses of en d o to x in . 
T his seem ed to  be in te re s tin g  since th e  decrease  in  to ta l com p lem en t level did 
n o t y e t  p rove th e  role o f th e  co m p lem en t system  in th e  m ech an ism  of en d o 
to x in  shock . We ex p ec ted  to  draw  m ore d e fin ite  conclusions fro m  th e  b eh av io u r 
o f th e  com ponen ts, especially  of C'3.

In  su bsequen t ex p erim en ts  th e  ro le  of “ n a tu ra l” an tib o d ie s  in endo tox in - 
induced  changes of th e  com plem ent leve l was exam ined . S ev era l au th o rs  have 
em phasized  th e  in fluence  o f a n tig e n -a n tib o d y  reaction  on th is  phenom enon , 
b u t m a n y  o thers claim ed to  have o b se rv ed  no such asso c ia tion . In  our ex p e ri
m en ts we s tud ied  th e  effect of a n tie n d o to x in  d e tec tab le  w ith  h aem ag g lu tin a- 
t io n  a n d  th e  behav iou r o f sera a fte r  th e  ab so rp tio n  of th e se  an tib o d ies .
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M aterials and  m ethods

Sera. H u m an , gu inea  pig, dog, ra b b it  an d  r a t  sera were used . U nless o therw ise in d ic a te d , 
poo led  sera from  3 to  8 an im als were p repared .

Endotoxin. Serratia marcescens en d o to x in  was p rep ared  in  tw o  d ifferen t m an n e rs: 
(i) B oivin-M esrobeanu e x tr a c t  k in d ly  supp lied  b y  D r. K . Ú j h e l y i  o f ou r in s titu te ;  (ii) e n d o 
to x in  prepared  as described  b y  Sh ea r  an d  T u r n e r  [6].

Complement reagents. R  reag en ts  for d e te rm in in g  th e  four c lassical com plem ent c o m p o 
n e n ts  were p rep ared  fro m  gu in ea  pig serum  as described by  R abat a n d  Ma y e r  [7]. The re ag e n ts  
w ere stan d ard ized  b y  th e  use  o f freeze-dried  gu inea pig reference serum .

D ilu tions w ere m ad e  w ith  p H  7.4 ve ro n al buffer.
A nim al experim ents. T he en d o to x in  w as in jec ted  in to , a n d  th e  blood sam ples w ere 

ta k e n  from , th e  fem o ra l v e in  u n d e r h e x o b a rb ita l anaesthesia .
D e term in a tio n  of th e  level o f co m p lem en t an d  its  four c o m p o n en ts  was p e rfo rm ed  as 

d escribed  p rev iously  [4] e x cep t th a t  in cu b a tio n  w ith  sensitized  e ry th ro c y te s  las ted  fo r 60 
m in u te s  (o p tim al fo r dog com plem ent).

Determination o f  the natural antibody titre  w as carried  o u t b y  h a em ag g lu tin a tio n  t e s t  
u s in g  sheep e ry th ro c y te s  sensitized  w ith  en d o to x in  as described b y  Sk a rn es  [8]. T he te s t  
w as perform ed w ith  in a c tiv a te d  sera  in  T a k á tsy ’s m ic ro titra to r  [9]. T he an tib o d y  t i t r e  w as 
expressed  as th e  rec ip ro ca l o f th e  h ig h est d ilu tio n  giving com p le te  h aem ag g lu tin a tio n . A ll 
se ra  were checked w ith  no rm al sheep e ry th ro cy te s .

Antibody absorption  w as p e rfo rm ed  by  th e  m eth o d  of Sk a r n e s  [8] w ith  en d o to x in  
sensitized  sheep e ry th ro c y te s .

R esults

I .  E xperim ents in  vivo. A to ta l  o f 11 dogs w eighing 8 to  11 kg  w as u sed  
F ir s t  th e  co n tro l ex p e rim en ts  w ere p erfo rm ed  on each  dog th en , a f te r  one 
w eek in te rv a l, th e  en d o to x in  was in jec ted .

1. P yrogen-free  saline co rrespond ing  in  vo lum e to  th e  endo tox in  dose 
w as in jec ted  in tra v e n o u s ly  to  each  o f 6 n o rm al, u n tre a te d  dogs. B lood sam p les  
o f  3 to  4 ml w ere ta k e n  before and  1 0 ,3 0 ,6 0 ,9 0  an d  120 m in u te s  a fte r  in je c 
tio n . The specim ens w ere left to  s ta n d  a t room  te m p e ra tu re  for 30 m in u te s  
th e n  th e  clot was se p a ra te d  from  th e  tu b e  w all. A fter a n o th e r  30 m inu tes s ta n d 
in g  a t  room  te m p e ra tu re  th e  specim ens w ere re fr ig e ra te d  fo r  30 m inu tes th e n  
cen trifuged . T he sera  w ere s to red  in  th e  deep-freezer ( — 16 to  —18 °C). T h e  
com plem ent level w as d e te rm in ed  on th e  n e x t day . T ab le  I p resen ts th e  t i t r e s  
in  50%  h aem o ly tic  u n its  (C 'H 50) fo r com plem ent an d  its  com ponen ts in th e  
co n tro l and  60 m in u te  specim ens.

Table I

Effect o f  saline injection and bleeding on the level o f  complement and 
complement components in dogs

T C 'l C'2 C '3 C '4

C 'H 5„ % C 'H S0 % C 'H 5„ % C 'H 5, % C H „ %

In itia l value 54 100 315 100 110 100 111 100 360 100

60 m in value 59 109 337 107 133 111 109 98 433 120

Difference H~5 +  9 +  22 +  7 +  23* +  11 - 2 - 2 +  73* - f  20

* S ign ifican t d ifference (p <  0.05).
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I t  is seen th a t  th e  titre s  for to ta l  com plem en t, C 'l  an d  C '3 rem ain ed  u n a l
te re d , tho se  for C '2 an d  C'4 increased  sign ifican tly .

T h is find ing  m ay  be exp lained  b y  th e  fac t th a t  th e  sy m p a th e tic  s t im u 
la tio n  ex erted  b y  b lood  sam pling cau se d  th e  level of th e se  co m p o n en ts  to  
increase .

2. 1.8 m g/kg S. marcescens e n d o to x in  w as given to  11 dogs in tra v e n o u s ly . 
B lood specim ens w ere ta k e n  as in th e  co n tro l exp erim en ts . In  8 o u t o f 11 dogs

Fig. 1. Effect of endotoxin on the level of complement and its components. Experiments in
dogs in  vivo

th e  com plem en t t i t r e  decreased. In  th e  rem ain ing  3 dogs no a lte ra tio n  w as d e 
m o n s tra te d  betw een 10 an d  120 m in u te s  a f te r  in jec tion . F ig . 1 shows d a ta  for 
the  8 dogs w ith  decreased  com plem ent level.

T h e  to ta l  com plem ent and co m p o n e n t levels decreased  co n sid e rab ly  as 
ea rly  as 10 m inu tes a fte r  in jection . S u b seq u en tly  th e  to ta l  com plem en t an d  
C '3 show ed a m odera te  rise. The d ecrease  in CT and C'4 w as th e  m ost m ark ed  
a f te r  30 m inu tes, t h a t  in  C'2 a fte r 60 m in u te s . The difference b e tw een  th e  in i
tia l  t i t r e  an d  levels a f te r  endotoxin  in je c tio n  was sign ifican t fo r to ta l  co m p le 
m en t an d  all its com ponen ts in th e  10, 30 and  60 m in u te  sam ples. In  th e  90 
m in u te  sam ple on ly  th e  to ta l co m p lem en t, C'2 and  C '3, in  th e  120 m in u te  
sam ple  only  to ta l  com plem ent and  C '2  show ed sign ifican t d ifferences as com 
p ared  to  th e  original levels. S ignificance w as te s ted  by  th e  t m eth o d  (F ig . 1).

3. A t th e  beg inn ing  of the  e x p e rim e n ts  it  was a lread y  observed  th a t ,  in 
c o n tra s t  to  contro l sam ples show ing n o rm a l c lo tting , b lood  specim ens ta k e n  
a f te r  en d o to x in  in jec tio n  failed to  c o a g u la te  com pletely ; in  som e of th e m  d e 
fin ite  th rom bo lysis  was revealed a f te r  sep a ra tio n  of th e  c lo t from  th e  tu b e  
w all. In  th e  deep-frozen serum  sam p les  ped u n cu la te  p re c ip ita tio n  ap p ea red  
a fte r  th aw in g . R ecalcification  tim e  o f  c itra te d  p lasm a w as d e te rm in ed  in 6 
dogs (T able  II) .

I t  was show n th a t  as opposed to  a 4 m inu te  average in  th e  co n tro l, 10 
m in u te  sam ples show ed 9 to  120, 60 m in u te  sam ples 4 1/2 to  25 m in u te  va lues.
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Table I I

Effect of intravenous injection o f S. marcescens endotoxin on the recalcification
tim e o f citrated p lasm a

No. T im e o f b lood sam p lin g , m in u tes
o f dog

0 10 60 120

2 5' 120' 25' 8 '

3 4 ' 25' 4 ' 1'30"

4 3' 9' 4 '30" 2'20"

10 4'30" 18' 8 ' 2'30"

14 3'10" 40' 4 '15" 1'45"

15 4 ' 60' 60' 5'45"

Tw o hour sam ples, w ith  tw o  exceptions, w ere ch a rac te rized  b y  recalc ifica tion  
tim es  shorter th a n  th o se  in th e  contro ls.

The above p h en o m en o n  occurred  in  all 8 sam ples show ing decreased  
com plem ent t i t re s  a f te r  th e  in jec tion  o f en d o to x in . C oagulation  was n o rm al 
in  3 dogs in w hich th e  co m p o n en t rem ain ed  a t  th e  orig inal level a fte r en d o to x in  
in jec tio n . In  tw o dogs dy in g  one d ay  a f te r  en d o to x in  in jec tio n  severe h a e m 
orrhag ic  changes w ere rev ea led  in severa l o rgans.

I I .  E xperim ents in  vitro. 1. In  vitro a lte ra tio n s  in com plem en t com ponen t 
levels due to  e n d o to x in  w ere exam ined  as follow s. One m l a liquo ts of dog se 
ru m  were in c u b a te d  w ith  0.2 ml a liquo ts o f en d o to x in  d ilu tio n s a t 37 °C fo r 
60 m inutes, th e n  th e  co m ponen t levels w ere d e te rm in ed . The con tro l se ru m  
w as in cuba ted  s im ila rly  b u t w ithou t en d o to x in . T ab le  I I I  shows changes in 
du ced  by  en d o to x in  d ilu te d  1 : 50 (72 pg /m l).

The level o f co m p lem en t and  of th e  fo u r com p o n en ts  decreased s ig n if i
c a n tly . L arger or sm a lle r  endo tox in  doses caused  s im ila r a lte ra tio n s  h u t  th e  
decrease of in d iv id u a l com ponen ts v a ried  in  p ro p o rtio n .

Table I I I

Effect o f  endotoxin on the level o f complement and 
its components in vitro

T C 'l C' 2 C '3 C '4

C H 50 % C 'H 50 1 % C 'H 5„ % C 'H 50 % C 'H S0 %

C o n tr o l ....................... 60 1 0 0 337 1 0 0 116 1 0 0 98 1 0 0 365 1 0 0

72 pg  endotoxin

per ml serum 19 32 231 69 63 54 60 61 194 53

( Т Н ^  f i x e d .............. 41* 68 106* 31 53* 46 38* 39 171* 47

* H ighly  significant d ifference  (p <  0.01).
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2. The k inetics o f th e  reac tio n  were exam ined  b y  in c u b a tin g  1 m l a li
q u o ts  o f dog serum  w ith  72 fig e n d o to x in  in  a w ate r b a th  o f 37 °C; th e  con tro l 
sam ples were in c u b a te d  in  a s im ila r m an n er w ith o u t en d o to x in . T itra tio n s  
w ere perfo rm ed  in a liq u o ts  in c u b a te d  for various in te rv a ls . F ig . 2 in d ica tes  
th e  tim e  course of th e  reac tio n  exp ressed  as th e  d ifference in  com plem en t level 
b e tw een  th e  te s t and  co n tro l serum , t h a t  is, th e  n u m b er o f fixed  C 'H 30.

A fte r 5 m inu tes in cu b a tio n  m ore  th a n  50%  of C 'H 50 w ere fixed . A fte r 
60 m in u tes  p rac tica lly  th e  to ta l  co m p lem en t a c tiv ity  w as lo st and  no fu r th e r  
change occurred d u rin g  incubation  fo r  4 hours.

3. In  subsequen t experim en ts w e exam ined  th e  f ix a tio n  o f com plem en t 
b y  72 f.ig endotoxin  in  one ho u r in c u b a tio n  a t various te m p e ra tu re s  (T able IV ).

T he num ber of fix ed  C 'H 50 d ecreased  paralle l w ith  th e  low ering of th e  
te m p e ra tu re ; how ever, com plem ent f ix a tio n  still occurred  a t  0 °C.

As th is  find ing  is in  d isag reem en t w ith  th e  o b se rv a tio n  of B l a d e n  et al.
[10] who were unab le  to  show  a decrease  in com plem ent t i t r e  in  gu inea pig 
se rum  a fte r  18 hours in cu b a tio n  a t 0 °C, we perform ed p a ra lle l ex p erim en ts  
w ith  gu inea pig and dog serum . T ab le  V shows th e  level o f to ta l  com plem ent 
an d  com ponen ts in th e  tw o  kinds of se ru m  a fte r in c u b a tio n  a t  0 °C fo r 60 
m in u te s .

F ro m  Table V i t  is ev iden t th a t  72 jig  endo tox in  p e r  m l caused a 27%  
decrease in C 'H 50 in th e  dog serum  b u t  fa iled  to  exert a n y  effect in th e  gu inea  
pig se ru m . The tw o lo w -titre  com ponen ts C'2 and  C'3 rem a in ed  u n ch an g ed  in  
th e  gu inea  pig serum ; in  dog serum  each  of them  decreased  b y  25% .
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Table TV

E ffect o f  incubation tem perature on 
endotoxin-complement reaction

In c u b a tio n
te m p e ra tu re

°C

C om plem ent
t it re

C o m p lem en t fixed  b y  en d o to x in * *

control* C 'H S0 %

37 53.1 35.1 66

30 53.9 34.3 64

22 54.4 30.4 56

16 55.9 24.0 43

10 55.9 19.8 35

0 56.0 17.6 31

* In cu b a tio n  la s te d  for 60 m in u te s  a t  th e  in d ic a te d  tem p era tu re .
** 72 pg  S. marcescens en d o to x in  pe r m l serum , 60 m inu tes in cu b a tio n .

Table V

Effect o f  endotoxin on the level o f  complement and its components in  dog and 
guinea  p ig  serum  incubated at 0 °C

C om plem ent a n d  com ponen ts  fix ed  b y  end o to x in *

T C 'l C '2 C '3 C '4

C 'H ,,0 О//о C 'H ,„  1 % C 'H 50 % C 'H 50 О //о C 'H S0 °/o

Dog serum** .......... 16.5 27 46 16 40 25 24 25 66 27
Guinea pig

serum*** ............ 29.0 8 72 6 0 0 13 3 0 0

* 72 p g S. marcescens en d o to x in  per m l serum , 60 m inu tes, 0 °C 
** In itia l C 'H 50 : T  =  61.5, C 'l  =  282, C'2 =  120, C'3 =  96, C '4  =  399 

*** In itia l C 'H 50 : T  =  366, C 'l  =  1170, C'2 =  750, C '3 =  422, C '4 =  16310

I I I .  S tud ies on the role o f  ‘‘‘'паШ гаГ' antibodies. 1. T he influence of n a tu ra l 
an tibod ies in  h u m a n  sera  on th e  en d o to x in -in d u ced  decrease in th e  com plem ent 
level is show n in T ab le  V I.

I t  is seen th a t  th e re  is no co rre la tio n  betw een  th e  n a tu ra l  an tib o d y  t i t r e  
an d  the  com plem ent level a f te r  en do tox in  t re a tm e n t. T he degree of com plem ent 
fixa tion  m ay be s im ila r in  sera  w ith  h igh  an d  w ith  low a n tien d o to x in  t i t re s , 
b u t m ay be v e ry  d iffe ren t in sera show ing th e  sam e an tie n d o to x in  t i t re . T he 
correlation  coeffic ien t b e tw een  a n tib o d y  t i t r e  and  th e  n u m b e r of fixed C 'H 50 
w as 0.18 (no t s ig n if ican t, p >  0.05).

In su b seq u en t ex p erim en ts  pooled  sera  from  v ario u s  anim al species 
w ere te s ted . S im ila rly  as in h u m an  sera, th e re  was no associa tion  betw een th e  
t i t r e  of n a tu ra l an tib o d ie s  an d  en d o to x in -in d u ced  decrease in com plem ent.
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Table VI
A nti-endotoxin  titre and endotoxin-induced decrease 

in  complement level in  in d iv id u a l hum an sera

Specim en
T itre  of 

h aem agg lu tina- 
tio n

In it ia l
CIIS0

C om plem ent fixed*

C 'H S0 %

l 3 70 49 70
2 3 69 32 46

3 3 76 17 22
4 4 58 19 33

5 4 100 31 31

6 8 78 35 45
7 12 75 41 55

8 16 91 28 31

9 16 75 40 53
10 16 84 55 67
11 16 68 35 51

12 16 95 27 28

13 16 68 28 41

14 24 87 28 32

15 24 74 41 56

16 32 80 42 53

* 72 ,ug S. marcescens endo tox in  pe r m l serum , 60 m in u te s , 37 °C

T h e h ighest am oun t of com plem ent a c tiv ity  was fixed  in  ra t  serum  c o n ta in in g  
no d e te c ta b le  am o u n t of n a tu ra l  an tib o d ies  aga in st S. marcescens en d o to x in . 
T he h ig h est abso lu te  am o u n t of C 'H 50 w as fix ed  in guinea p ig  serum  w ith  a 
low a n tib o d y  t i t re  (1 : 2). In  hum an  an d  dog sera co n ta in in g  an tib o d ie s  in 
re la tiv e ly  h igher t i tre s , a low er degree o f decrease in com plem ent a c tiv ity  was 
observed  (Table V II).

In  su b seq u en t ex perim en ts th e  effect o f tw o en d o to x in  p re p a ra tio n s  
was com pared  (Table V III ) .

T he exam ined  sera show ed id en tica l a n tib o d y  titre s  fo r th e  tw o k in d s  of 
p re p a ra tio n s . The com plem ent level-decreasing  effect of B oiv in  e x tra c t  w as 
m uch m ore m arked  th a n  th a t  o f Shear e x tra c t.

2. A bsorp tion  of n a tu ra l an tib o d ies  from  dog serum  w'ith en d o to x in - 
sensitized  e ry th ro cy tes  gave uniform  resu lts  in  four d iffe ren t ex p e rim en ts . 
The re su lts  are sum m arized  in T ab le  IX .

A lthough  n a tu ra l an tibod ies h ad  been  com pletely  rem oved , th e  decrease  
in com plem en t level a f te r  th e  ad d itio n  o f en do tox in  w as on ly  little  sm alle r
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Table VII

A n ti-en d o to x in  titre and endotoxin-induced decrease 
in  com plem ent level in pooled h u m a n  and an im al sera

S erum
T itre  of 

h aem agg lu tina- 
tion

I n it ia l
C 'H 50

C om plem ent fixed*

C 'H S0 %

H u m a n ................. 16 69 28 41

D o g ........................ 16 53 12 23
Guinea pig . . . . 2 339 161 47

R a t ........................ 0 61 52 76

R a b b i t ................. 2 10 0 0

* 36 /(g S. marcescens e n d o to x in  pe r ml serum , 60 m in u te s , 37 °C.

Table V III

A nti-en d o to x in  litre and decrease o f  complement activity by two 
different endotoxin prepara tions

Serum
In it ia l
C 'H 5,

Boivin -M esrobeanu e x tr a c t* S hear ex trac t*

T itre  of 
haem agg lu - 

tin a tio n

C om plem ent f ix ed T itre  o f 
haem agglu- 

tin a tio n

C om plem ent fixed

C 'H „ % C 'H 5, %

H u m a n ................ 51 8 37 73 12 15 31

D o g ....................... 45 2 35 78 2 9 20

G uinea pig . . . . 402 6 235 59 8 51 13

* 200 //g endo tox in  p e r m l se ru m , 60 m inutes, 37 °C.

Table IX

Effect o f  antibody absorption on endotoxin-induced decrease 
in  complement level

D og T itre  of
! haem agglu tina- 

tion

I n it ia l C om plem ent fixed*

seru m i* ci50
C 'H .o %

U nabsorbed 16 50.5 27.1 54

A bsorbed** 0 30.4 14.4 47

* 72 fig S. marcescens e n d o to x in  per ml serum , 60 m in u te s , 37 °C.
** A bsorbed tw ice a t  10 °C w ith  endo tox in-sensitized  sheep e ry th ro cy te s .

th a n  in th e  u n a b so rb e d  co n tro l serum . T he in itia l com plem ent t i tre  in th e  a b 
so rbed  serum  w as c o n sid e rab ly  lower th a n  in  th e  u n ab so rb ed  serum . W e h av e  
no exp lana tion  to  offer fo r  th is  find ing; on th e  basis of o th e r  experim en ts we 
suppose th a t  th e  d ec rease  was due to  a re a c tio n  b e tw een  e ry th ro cy te s  an d  
n a tu ra l a n ti-e ry th ro c y te  an tibodies.
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T he effect o f  endo tox in  on th e  level o f com plem ent com ponen ts in u n a b 
sorbed  an d  ab so rb ed  serum  is p re se n te d  in T ab le  X .

Table X

E ffect o f  endotoxin  on the level o f  com plem ent components in  unabsorbed and
absorbed dog serum

C om po
n e n ts

U n ab so rb ed  dog serum * D og seru m  absorbed  w ith  en d o to x in -sen sitized  
e ry th ro cy te s*  *

In it ia l Com ponents fix ed . . . In itia l C om ponents fixed***

50 C 'H 50 %
C H50

C 'H 50 %

C/l 292 186 63 168 108 64

C'2 72.0 50.2 70 39.3 29.4 75

C'3 75.0 26.4 35 60.0 15.9 27

C'4 307 127 41 257 161 37

* H a cm a g g lu tin a tio n  t itre :  16.
** H a em a g g lu tin a tio n  t i tre :  0.

* * * 7 2  fig S . marcescens endotoxin  per m l serum , 60 m inu tes, 37 °C.

I t  is ev id en t th a t  there  is no s ig n ifican t d ifference betw een  th e  tw o sera 
in th e  p ro p o rtio n  of fixed  com ponen t u n its .

D iscussion

A fte r th e  b asic  observation  o f S p i n k  an d  V ic k  [1], m any  au th o rs  [2, 3, 
10 —12] h av e  show n th a t  endo tox ins decrease th e  to ta l  com plem ent level b o th  
in vivo  an d  in  vitro. F rom  these f in d in g s lim ited  conclusions can on ly  he d raw n  
as to  th e  role o f th e  com plem ent sy s tem  in  th e  m echan ism  of e n d o to x in  shock . 
T he decrease in th e  com plem ent level per se does n o t y e t p rove th e  a c tiv a tio n  
an d  role of th e  com plem en t system  in th e  pa th o lo g ica l process since th e  decrease 
m ay  be a re su lt o f in d iv idua l changes in  th e  am o u n t o f one or m ore com p lem en t 
co m ponen ts. A ccord ingly , d e te rm in a tio n  o f to ta l  com plem ent level shou ld  
be su p p lem en ted  w ith  th e  ex am in a tio n  of each com ponen t. T he en d o to x in - 
in d u ced  a lte ra tio n  in  com plem ent co m p o n en ts  was exam ined  b y  B l a d e n  et al. 
[10] an d  G e w ü r z  et al. [11] in  gu in ea  p ig  serum  in  vitro and  b y  M i l e r  et al. 
[12] in  new -born  precolostric  pigs.

W e have show n th a t  the  in tra v e n o u s  in jec tion  of en do tox in  as w ell as 
th e  ad d itio n  of en d o to x in  to  th e  se ru m  in  vitro decreased  th e  level o f th e  fou r 
classical co m p o n en ts . This find ing  in d ic a te s  th a t  th e  end o to x in  a c tiv a te s  th e  
w hole co m p lem en t system  includ ing  th e  classical com ponen t C '3 w hich  is th e  
last in  sequence. T he extensive s tu d ie s  o f O s l e r  et al. [13] have p ro v ed  th a t
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in th e  course of th e  a c tiv a tio n  of th e  co m p lem en t system  by  a n tig e n -a n tib o d y  
com plexes a n a p h y la to x in  is p roduced  para lle l w ith  th e  decrease in th e  C '3 
level.

R ecent s tu d ies  h a v e  in d ica ted  th a t  th e  classical C '3 com ponen t co n ta in s 
sev era l subcom ponen ts (C'3, C '5, C '6, C '7 , C '8 an d  C '9). In  th e  course o f th e  
a c tiv a tio n  of th e  co m p lem en t sy stem  a n a p h y la to x in s  are p roduced  from  C'3 
an d  C '5 [14 — 16]; th e  reac tio n  needs th e  p resence  of com ponen ts ac tin g  earlie r 
in th e  sequence (C 'l ,  C '4 , C '2).

I t  is know n t h a t  a n ap h y la to x in  m ay  lib e ra te  considerab le  am o u n ts  of 
h is tam in e . Sp i n k  et al. [17] showed th a t  in tra v e n o u s  end o to x in  caused in th e  
dog an  increase in  h is ta m in e  c o n cen tra tio n  p a ra lle l w ith  th e  decrease in  com 
p lem en t level.

I f  the above d a ta  and  our re su lts  are  co m p ared  it  seems p ro b ab le  t h a t  
one s ite  of the  e n d o to x in  action  is th e  co m p lem en t system  an d  th a t  b io logically  
ac tiv e  substances p ro d u ced  from  th e  a c tiv a te d  com plem ent com ponen ts 
(an ap h y la to x in s  an d  o th e r  unknow n fac to rs) p la y  a p a r t  in th e  process o f en d o 
to x in  shock. This h y p o th es is  has been  su p p o rte d  by  th e  find ing  of G e w ü r z  
et al. [11] who show ed th a t ,  as an  effect o f chem ical d e to x ica tio n  by  d iffe ren t 
p rocedures, th e  m o u se-to x ic ity  an d  co m p lem en t-fix in g  cap ac ity  of en do tox in  
a re  undergoing  a d ecrease.

In  blood spec im ens of dogs show ing  decreased  com plem ent levels a fte r  
in trav en o u s  e n d o to x in  in jection , co ag u la tio n  d iso rders such as absence o f 
c lo ttin g , delayed c o ag u la tio n , p ro lo n g a tio n  of reca lc ifica tion  tim e  and  in som e 
cases th rom bolysis  h a v e  been d e m o n s tra te d . In  deep-frozen  p lasm a specim ens 
a ped u n cu la te  p re c ip ita te  was observed  a f te r  th aw in g . In  th e  b lood o f dogs 
show ing  no decrease in  th e  com plem ent level a f te r  endo tox in  in jec tio n  no coag
u la tio n  disorders w ere observed. G a n s  et al. [18] show ed in th e  dog a p ro lo n 
g a tio n  of reca lc ifica tio n  tim e 15 m in u tes  a f te r  en d o to x in  in jec tion . L i l l e h e i  
an d  M a c L ea n  [19] fo u n d  a pro longed co ag u la tio n  tim e  1 1/ 2 hours a f te r  th e  
in jec tio n  of le th a l e n d o to x in  dose. G a n s  et al. also d em o n stra ted  th a t  a f te r  
in trav en o u s  en d o to x in  in jec tion  th e  p lasm inogen  level decreased and  th e  a c tiv 
i ty  o f  p la sm in o g en -ac tiv a to r in creased , th a t  is, th e  p lasm inogen-p lasm in  
sy s tem  was m obilized .

In  co n trast to  th e  above find ings in  dogs, K l e i n m a i e r  et al. [20] show ed 
in c reased  coag u lab ility  and  in tra v a sc u la r  th ro m b u s  fo rm atio n  a fte r  end o to x in  
in jec tio n  in the  ra b b i t .  T he difference b e tw een  th e  tw o species is ex p la ined  by  
th e  fac t th a t in ra b b i ts  the  p lasm inogen-p lasm in  system  is n o t a c tiv a te d  b y  
en d o to x in  [21].

P a r t of our re su lts  (th rom bolysis, de lay ed  coagu la tion) can well be e x 
p la in ed  by  the effect o f th e  a c tiv a te d  p lasm in o g en -p lasm in  system . I t  has long 
been  know n th a t  p la sm in  ac tiv a tes  th e  com plem en t system  in  vitro [22, 23]. 
I t  m ay , therefore , be supposed  th a t  th e  p lasm inogen-p lasm in  system  is p a r tly
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responsib le  fo r th e  endo tox in -induced  a c tiv a tio n  of the  co m p lem en t sy stem . 
To confirm  th is  hypo thesis , fu r th e r  e x p e rim e n ts  are needed.

O ur re su lts  o b ta in ed  w ith  dog se ru m  in  vitro differ from  tho se  o f th e  
a u th o rs  using  guinea pig serum  [10, 11].

1. D urin g  in cu b a tio n  a t 37 °C, in  th e  guinea pig se ru m  only  th e  C '3 
level decreases, th e  rem ain ing  th ree  c lassical com ponents show  u n a lte re d  t i t r e s .  
In  c o n tra s t , in dog serum  all four co m p o n en ts  decrease s ig n ifican tly . The cause 
o f th e  d ifference is n o t know n; q u a lita tiv e  a n d  q u a n tita tiv e  d ifferences in  th e  
co m p lem en t com ponen ts as well as in th e  m e th o d s  used m ay  be  invo lved  [24].

2. D uring  in cu b a tio n  a t 0 °C th e  co m p lem en t level in gu inea  pig se ru m  
show s no decrease while in  dog serum  th e  decrease is s ig n ifican t. In  our 
ex p e rim en ts  th e  difference was due to  a d if fe re n t fixa tion  o f tw o  com p o n en ts  
(C '2 an d  C '3) in  th e  tw o k inds of serum .

In  su b seq u en t experim en ts in vitro  we a tte m p te d  to  e lu c id a te  th e  m ech 
an ism  of ac tiv a tio n  b y  endo tox in  of th e  com plem en t sy stem . In  m an y  c h a r 
ac te ris tic s  (ac tiv a tio n  of th e  whole co m p lem en t system , co m p lem en t f ix a tio n  
a t  0 °C) th e  endo tox in -com plem en t re a c tio n  resem bles co m p lem en t f ix a tio n  
by  a n tig e n -a n tib o d y  com plexes. The tw o  reac tio n s  are v e ry  sim ilar in  tim e  
course. A ccord ingly , th e  decreasing e ffec t o f  endo tox in  on th e  com plem en t 
level m ay  be due to  com plem ent f ix a tio n  b y  th e  reaction  b e tw een  en d o to x in  
an d  “ n a tu ra l”  an tibod ies p resen t in n o rm a l sera.

D a ta  are  c o n trad ic to ry  as to  th e  ro le o f  n a tu ra l an tibod ies in  th e  re a c tio n , 
K o s t k a  an d  St e r z l  [25] and  M il e r  et a l. [12] showed in  vivo  an d  in  vitro  
t h a t  in  p reco lostric  p ig lets free from  a n tib o d ie s , endotoxin  causes no decrease 
in  th e  com plem en t level. G i l b e r t  and  B r a u d e  [3] observed  in  th e  r a b b i t  a 
decrease in  th e  level of com plem ent and  n a tu r a l  h aem ag g lu tin a tin g  an tib o d ies  
a f te r  in tra v e n o u s  endo tox in  in jec tion ; f re q u e n tly , how ever, th e re  was no co rre 
la tio n  b e tw een  th e  change in th e  tw o t i t r e s .  T he role of an tib o d ies  is in d ic a te d  
b y  th e  o b se rv a tio n  of M u s c h e l , S c h m ö k e r  an d  W e b b  [26], w hich  has been  
con firm ed  b y  o th e r au th o rs  [11, 12], t h a t  in  im m une serum  th e  sam e dose of 
e n d o to x in  causes a h igher fall in co m p lem en t level th a n  in n o rm a l serum .

In  recen t years several d a ta  have c a s t  d o u b t on th e  ro le o f n a tu ra l a n t i 
bodies in th e  endo tox in -induced  decrease  in  com plem ent t i t r e .  M u s c h e l , 
S c h m ö k e r  an d  W e b b  [26] in d isag reem en t w ith  previous fin d in g s o b served  
a h ig h er degree of en d o tox in -induced  co m p lem en t decrease in  p reco lo stric  
p ig le ts  th a n  in  a d u lt anim als. T he sam e a u th o rs  d em o n stra ted  th a t  ab so rp tio n  
o f n o rm a l serum  b y  Salmonella typh i does n o t  decrease th e  a n tic o m p le m e n ta ry  
a c tiv ity  of en d o to x in  p rep ared  from  t h a t  o rganism . B l a d e n  et al. re p o rte d  
s im ila r find ings a fte r ab so rp tio n  w ith  V eilonella  alcalescens o r its  en d o to x in . 
A ccord ing  to  S k a r n e s  [8] th e  lysis of e ry th ro c y te s  sensitized  w ith  en d o to x in  
can  be observed  even a fte r  th e  a b so rp tio n  o f “ n a tu ra l”  an tib o d ie s  from  th e  
se rum .
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H u n g arian  w orkers have d ea lt w ith  th e  role o f an tien d o to x in s  in  th e  
S hw artzm an  p h en o m en o n . A ccording to  th e  h y p o th es is  of K ováts  [ 2 7 ] ,  in 
consequence o f a c o n s ta n t sym biosis w ith  endo to x in -p ro d u c in g  en te ric  b a c 
te ria , v e rte b ra te s  are  ‘'■naturally” h y p e rsen sitiv e  to  en d o tox ins. K o v á ts  et al. 
[28] described th a t  sk in  sym ptom s c o n s titu tin g  th e  f ir s t  phase of th e  S h w a r tz 
m an reaction  h ig h ly  resem ble th e  changes observed  in  th e  A rthus p h e n o m e 
non . The ex a m in a tio n s  of K ováts  an d  V é g h  [29] in d ic a te  th a t  th e  S h w a r tz 
m an phenom enon  is im m unospecific . In  d isag reem en t w ith th is  o p in io n , 
K e s z t y ű s  et al. [30] s ta te  th a t  th e re  is a basic  d ifference in m echan ism  b e 
tw een th e  A rth u s  a n d  th e  S h w artzm an  p h en o m en o n . A ccording to  K e s z t y ű s  
th e  S hw artzm an  re a c tio n  can n o t be re g a rd e d  as th e  re su lt of one process s t a r t 
ed by  a single en d o to x ic  effect; th e  e n d o to x in  a t ta c k s  various p a r ts  o f  th e  
body  and gives rise  to  various a lte ra tio n s  in d e p e n d e n t of one an o th e r — th e  
su m m ation  an d  in te g ra tio n  of these changes occur la te r  [31].

O ur re su lts  in d ic a te  th a t  n a tu ra l an tib o d ie s  p la y  no p a r t  in th e  p ro cess . 
No correlation  has been  found in in d iv id u a l and  pooled  sera betw een th e  t i t r e  
of n a tu ra l an tib o d ie s  an d  th e  degree o f e n d o to x in -in d u ced  decrease in  c o m p le 
m en t titre .

Two d iffe ren t p rep a ra tio n s  of S. marcescens en d o to x in  differed c o n s id e r
ab ly  in a n ti-c o m p le m e n ta ry  a c tiv ity  d e sp ite  th e  fa c t t h a t  the  a n tib o d y  t i t r e  
of th e  serum  w as s im ila r against b o th  e n d o to x in s . I t  has also been show n t h a t  
endo tox in  decreases th e  com plem ent level in  sera from  w hich the  “ n a tu r a l ”  
an tibod ies have  been  rem oved. The fa c t th a t  th e  p ro p o rtio n  of fixed c o m p le 
m en t com ponen ts w as th e  sam e in ab so rb ed  an d  in  u n ab so rb ed  sera in d ic a te s  
th a t  th e  process is in d ep en d en t of th e  p resence or absence  of an tibod ies.

A ccord ingly , m o st d a ta  in th e  l i te ra tu re  as well as ou r experim en ts show  
th a t  in n o rm al se ru m  th e  en d o to x in -in d u ced  decrease o f com plem ent is n o t ,  
o r at least n o t co m p le te ly , th e  re su lt o f a n tig e n -a n tib o d y  reaction . In  v iew  
o f these co n sid e ra tio n s th e  question  arises as to  th e  m echan ism  of the  c o m p le 
m e n t-a c tiv a tin g  effect o f endo tox in . T he follow ing ex p lan a tio n s  m ay he c o n 
sidered.

1. The en d o to x in  ex erts  a d irec t a c tiv a tin g  effect on th e  firs t c o m p o n en t 
of com plem ent an d  s ta r ts  th e  process o f com plem ent fixa tion . P e a r l m a n , 
S a u e r s  and  T a l m a g e  [2] denied th is  m echan ism  on th e  basis th a t  th e  lag  
phase of th e  com plem en t-decreasing  re a c tio n  was pro longed  in th e  r a b b i t .  
In  dogs no such p ro lo n g ed  lag phase has been  d e m o n s tra te d : the  co m p lem en t 
level decreased d e fin ite ly  10 m inutes a f te r  th e  en d o to x in  in jection  [17].

2. The role o f  serum  properd in  m ay  also be considered . P e n s k y  et al. [32] 
succeeded in p re p a rin g  h ighly  purified  h u m a n  p ro p erd in . B y im m unochem ica l 
experim en ts th e y  w ere able to  sep a ra te  p ro p e rd in  fro m  all know n im m u n o 
globulins and  co m p lem en t com ponents. T h e  id e n tity  o f p roperd in  w ith  n a t u 
ral an tibodies [24] has n o t been accep ted  b u t, as em phasized  by P e n s k y  et
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al. [32], th e re  are no su ffic ien t exp erim en ta l d a ta  w ith  pu rified  p ro p erd in  to  
decide w hich of th e  m an y  effects a t tr ib u te d  earlier to  th e  “ p roperd in  sy s te m ” 
are  rea lly  due to  p ro perd in .

3. F in a lly , it  m ay be supposed  th a t  th e  p lasm inogen-p lasm in  sy stem  is 
invo lved  especially  in th e  in  vivo com plem ent-decreasing  effect of en d o to x in . 
T he fina l elucidation  of th e  p roblem  needs fu r th e r  ex p erim en ta l d a ta .
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INVESTIGATIONS ON THE OLIGOSACCHARIDE 
DECOMPOSITION BY ENDOMYCOPSIS WICKERHAMII

VAN DER WALT
By

E .  K .  N o v a k , F. K e v e i , B . O l á h  and J .  Z s o l t

N ational In s titu te  o f  P ublic  Health (Director: T . B a k á c s ) ,  B udapest and Institu te o f  P la n t 
P hysiology and M icrobiology  (Director: I. S z a l a i ) ,  Attila  J ó zse f U niversity , Szeged

(Received O c to b e r  3, 1968)

S u m m ary . In  th e  course  of o ligosaccharide decom position  b y  th e  y eas t E ndom ycopsis  
w ickerham ii no raffinose  sp litt in g  enzym e w as d e m o n s tra te d . T he sucrose sp littin g  en zy m e is 
n o t o f th e  in v ertase  ty p e  b u t  proved  to be s im ila r  to  or id en tica l w ith  those  iso la ted  b y  u s 
from  o th e r  y eas t. The m alto se  cleaving enzym e o f  th e  in v es tig a ted  species differed from  th o se  
iso lated  fro m  o th e r y eas ts  in so fa r as it show ed a c e to n e  sensitiv ity .

T h e p a th w ay s  o f ca rb o h y d ra te  u ti l iz a t io n  of y easts  are  im p o rta n t from  
the  tax o n o m ica l as w ell as from  the  p h y sio lo g ica l p o in t o f view  and  also in th e  
fe rm e n ta tio n  in d u s try . As on the basis o f  th eo re tica l d ed u c tio n  [13, 14, 17] 
the  ex is ten ce  of m ore th a n  one p a th w ay  o f  sucrose and  m alto se  u tiliz a tio n  h a d  
been assu m ed , a series o f  experim ents d e a lin g  w ith  th e  u p ta k e  and  cleavage o f 
these o ligosaccharides w as s ta rted .

A m ong ta x o n o m is ts , th e  role of in v e r ta s e  in sp littin g  o f sucrose h ad  o n ly  
been accep ted  [5], b e fo re  th e  sucrose s p li t t in g  cap ac ity  o f m altase  (g roup- 
specific a lfa-g lucosidase) in  invertase-less y e a s ts  has been show n [3]. A cco rd 
ing to  H a l v o r s o n  [2 ],  all of the so ca lle d  y eas t-m a lta se  p rep a ra tio n s  sp lit  
sucrose as well. H e s t r i n  an d  L i n d e g r e n  [4], how ever, m en tio n ed  an enzym e 
s tu d ied  b y  th em  in a s tr a in  o f the  Carbondale pedigree and  fo u n d  it  to  be d iffe ren t 
in  a t  le a s t tw o resp ec ts  from  inv e rtase  a n d  m altase  (group-specific a lp h a-g lu - 
cosidase) as th is  sucrose sp littin g  en zy m e is located  in tra c e llu la rly  an d  sp lits  
n e ith e r raffinose  n o r m alto se  or m elezitose . T hey  q u o ted  an  u n p u b lished  e x 
p e rim en t o f C. R a u t  w ho investiga ting  th e  p H  function  of sucrose cleavage b y  
th e  enzym e in q u estio n  found  a ra th e r  s h a rp  o p tim um  in  th e  p H  range  5.8 — 
6.6, d iffe ren t from  t h a t  o f  invertase . U n fo r tu n a te ly  no fu r th e r  d a ta  concern ing  
th e  ch a ra c te ris tic s  o f th is  enzym e are a v a ila b le . A sucrose sp littin g  en zy m e 
differing  from  in v e rta se  in  its  cellular lo c a liz a tio n  and  in a c tiv ity  to  ra ffin o se  
was o bserved  by  us in  Candida solani [8] a n d  it  was show n n o t to  be id e n tic a l 
w ith  “ y e a s t-m a lta se ” . O n th e  basis o f i t s  lip o id  so lvent sen s itiv ity  a s im ila r 
enzym e w as la te r  iso la te d  b y  us [15] fro m  Procandida albicans — syn. C andida  
albicans [12] — an d  on  th e  basis of th e  b e h a v io u r  of th is  enzym e a g a in s t in 
h ib ito rs , i ts  n a tu re  d iffe rin g  from  in v e r ta se  w as confirm ed [16]. Since th e n  a
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s im ila r  enzym e h as been  show n to  occu r in  Candida requinyii, P rocandida  
stellatoidea and  P rocandida grubyi [9, 10, 11].

In v e s tig a tin g  th e  occurrence o f th is  enzym e in y eas ts , f irs t of all species 
w h ich  utilize sucrose b u t  n o t raffinose w ere te s te d . In  th e  p re se n t paper, re su lts  
concern ing  th e  sucrose , m altose and  ra ff in o se  sp littin g  c a p ac ity  of E n d o m y-  
copsis w ickerham ii a re  rep o rted . This species assim ilates glucose, sucrose a n d  
m alto se  h u t fe rm en ts  on ly  glucose. B esides, an  in te restin g  com parison  is g iv en  
b y  th e  fact th a t  Procandida grubyi [11] show s a sugar assim ila tion  p a t t e r n  
w h ich  is iden tica l w ith  th a t  o f E ndom ycopsis w ickerham ii b u t it  fe rm en ts  b e 
sides glucose also m alto se .

M aterials an d  m ethods

F or the  e x p e rim e n ts  a  s tra in  of E ndom ycopsis w ickerham ii rece ived  from  Dr. v a n  d e r  
W a l t  was cu ltiv a ted  o n  C s i l l a g ’s m olasses a g a r [1] in  R oux  b o ttle s. T he technique  of e x p e r i
m e n ts  w ith  in ta c t a n d  ace to n e  tre a te d  cells an d  cell-free  e x tra c ts  as well as th e  m ethod  o f p a p e r  
c h ro m a to g rap h y  h av e  been  described earlier [6, 7, 9].

R esu lts

Raffinose sp littin g . N either c leavage n o r u p tak e  o f raffinose w as d e 
m o n s tra te d  b y  a n y  o f  th e  p rep ara tio n s  (e.g . see th e  ch ro m ato g ram  w ith  a c e to n e  
tr e a te d  cells, F ig . 1).

Maltose sp littin g . T he liv ing an d  th e  acetone tre a te d  cells n e ith e r  sp lit  
n o r to o k  up th is  su g a r  (as an exam ple, th e  ch ro m ato g ram  of th e  living cells is 
show n in Fig. 2), w hile in  th e  cell-free e x t r a c t  m altose sp littin g  could be d e 
m o n s tra te d  (F ig . 3).

Sucrose sp littin g . T he  living an d  th e  acetone tre a te d  cells n e ith e r  sp li t  
n o r to o k  up sucrose (see in  Fig. 4 w ith  liv in g  cells), b u t in  th e  cell-free e x tr a c t  
sucrose sp littin g  o ccu rred  (Fig. 5).

D iscussion

From  in cu b a tio n s  m ade w ith  sucrose  and  raffinose it is seen th a t  th e  
sucrose  sp littin g  en zy m e of E ndom ycopsis w ickerham ii is n o t of th e  in v e r ta s e  
ty p e , since it does n o t  cleave raffinose an d  is loca ted  in tracc llu la rly . I ts  a c e to n e  
se n s itiv ity , how ever, refers to  its s im ila r ity  to , or id e n tity  w ith  th e  en zy m e 
iso la ted  by us from  som e o th e r y easts  [8, 9, 10, 11, 15, 16].

The m altose sp lit t in g  enzym e of E ndom ycopsis w ickerham ii differs c o n s id 
e rab ly  from  th o se  iso la ted  b y  us from  o th e r  yeasts [7, 8, 10, 11, 15, 16] it 
b e in g  acetone sen s itiv e  while th e  o th e rs  a re  n o t. The y e a s t in  question  m a y  
th u s  be supposed to  h av e  a d ifferen t ty p e  o f m altose sp littin g  enzym e th a n  th e  
species in v es tig a ted  b y  us earlier.
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C om paring th e  resu lts  ob ta ined  w ith  liv ing  cells o f Endom ycopsis w icker
ham ii w ith  those o b ta in e d  w ith  liv ing  cells of Procandida grubyi [11] it  can  be 
e s tab lish ed  th a t  no  m altose  co n su m p tio n  w as observed  even  in suspensions of 
a h igh density  (see F igures), i.e. th e  liv in g  cells d id  n o t tak e  up m altose . In  
c o n s tra s t, in the  case of Procandida g ru b y i m altose  u p ta k e  was d e m o n s tra te d  
in suspensions o f a low er density  to o  [11]. A ccord ing ly , of th e  tw o species
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Fig. 1. R affin o se  u tiliza tion  b y  ace to n e  tre a te d  E . w ickerham ii cells 
A cetone trea te d  750 m g live  w et cells and 60 m g raffinose  in М /30 p H  =  7.2 p h o sp h a te  b u ffer 
in 3 m l volum e. C h ro m ato g ram . Left, ra ffin o se , m elibiose an d  suspension , rig h t, glucose and  

fruc to se  contro ls. F ig u res under th e  line  re p re se n t th e  sam p lin g  in te rvals in hours

Fig. 2. M altose  u tiliza tion  by  liv in g  ( in ta c t)  E. w ickerham ii cells 
750 m g live w et cells a n d  60 mg m altose in М /30 p H  =  7.2 p h o sp h a te  buffer in 3 m l vo lum e.

L eft, m altose a n d  suspension, rig h t, g lucose con tro ls. O th ers, as ind icated  in Fig. 1

Fig. 3. M altose  u tiliza tio n  by  cell-free  e x tra c t of E . w ickerham ii cells 
Cell-free e x tra c t o f 750 m g q u a rtz  sa n d -d is in te g ra te d  live w et cells and 60 mg m alto se  in 

M /30 pH  =  7.2 p h o sp h a te  buffer in 3 m l vo lum e. O th ers, as ind ica ted  in Fig. 2

Fig. 4. Sucrose  u tiliza tio n  by  liv in g  ( in ta c t)  E . w ickerham ii cells 
750 m g live w et cells a n d  60 mg sucrose in M /3 0  p H  =  7.2 p h o sp h a te  buffer in 3 ml vo lum e. 
L eft, sucrose and su sp en sio n , rig h t, glucose a n d  fru cto se  con tro ls. O th ers, as in d ica ted  in F ig . 1

Fig. 5. Sucrose  u tiliza tio n  by cell-free  e x tra c t  of E . w ickerham ii cells 
Cell-free e x tra c t of 750 m g q u a rtz  sa n d -d is in te g ra te d  live w et cells a n d  60 mg sucrose in М /30 

p H  =  7.2 p h o sp h a te  buffer in 3 m l vo lum e. O thers, as in d ica ted  in Fig. 1



152 E. К . NOVAK e t al.

b e in g  able to  grow  on  m altose  aero b ica lly  o n ly  th a t  capab le  o f  fe rm en tin g  i t  
an ae ro b ica lly  ( Procandida g ru b y i)  to o k  u p  th is  sugar in  a d em o n strab le  a- 
m o u n t. T aking  in to  co n sid e ra tio n  th a t  o u r in cu b a tio n  m eth o d  p rov ides p ra c ti
ca lly  anaerobic  co n d itio n s, it  is p lau sib le  t h a t  only  th e  species h av in g  an  a n 
ae ro b ic  m altose m e tab o lism  ta k e s  u p  th is  su g ar, and  th u s  re su lts  confirm  in 
th e  case of m altose  u tiliz a tio n  th e  ex is ten ce  o f tw o typ es (an ae ro b ic  an d  ae ro 
b ic) o f tra n sp o rta se  system s or enzym es respec tive ly , or m ore  co n v en ien tly  
th e  in d u c tiv e  n a tu re  ( =  dependence  n o t o n ly  on th e  presence o f an  in d u cer 
b u t  also on ae ra tio n ) o f  one ty p e  o f  th is  sy s tem  a t least b y  som e yeasts .
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OBSERVATIONS ON PRIMARY BACTERIAEMIA*
By
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(Received O ctober 22, 1968)

S u m m a r y .  M ouse-virulent Salmonella en teritid is  and apathogenic Escherichia coli 
0111 : B4 : H2 cultures were adm inistered to  mice orally. The results indicated th a t the 
developm ent of prim ary bacteriaem ia may no t be associated with the ability  of the organism 
actively to penetrate  the in testinal mucosa, b u t depends considerably on the experim ental 
m ethod. The relevant literature  has been discussed.

P rim a ry  b ac te riaem ia  has long b een  a prob lem  in m ouse salm onellosis 
[1 —13]. T he association  betw een  p r im a ry  b ac te riaem ia  an d  th e  v iru lence  of 
th e  ag en t, in fec tive  dose an d  m ode o f in fe c tio n  has no t y e t been  e lu c id a ted . 
In  th e  p re se n t s tu d y  th e  association  b e tw e e n  p a th o g en ic ity  an d  ab ility  to  
cause p rim a ry  b ac te riaem ia  an d  th e  in flu en ce  o f th e  conditions o f o ral in fec tion  
h av e  been in v estig a ted .

M aterials an d  m ethod s

Organisms. M ouse-virulent S. enteritidis  and  apathogenic E. coli 0111 : B4 : H2 (resis 
ta n t to 5000 ^ag/ml streptom ycin) were used. B oth  stra ins were obtained from  the collection 
of our institu te .

A nim als.  The mouse strain  of the In s titu te  for Serobacteriological Production and 
Research “ H um an”  B udapest, was used.

Oral infection. A 20 hour agar slant culture was suspended in saline and adjusted to the 
density  required by comparing to opacity standards. The suspension was injected into the 
stom ach of the anim al a t 0.5 or 0.1 ml am ounts w ith  a catheter fitted  to a syringe.

A utopsy and bacteriological examination. The mice were sacrificed by  damaging their 
medulla. The skin, then the pectoral and abdom inal wall were disinfected w ith iodine. A fter 
opening the pleural cavity  heart blood samples were taken  with a sterile capillary. Then the 
abdom inal cavity  was opened and the spleen and p a r t of the liver were rem oved. Each step 
of the procedure was performed w ith separate sterile  instrum ents. The heart blood and organs 
were placed separately in tubes containing bro th . A fter 24 hours incubation the organs were 
crushed w ith sterile glass rods and the tubes were incubated  for another day. After p la tting  
on Endo agar the organisms were identified by th e  usual methods.

R esu lts

In  th e  f irs t  s tep  of th e  ex am in a tio n s tw o  groups of m ice each  com prising  
55 an im als w ere in fec ted  w ith  0.5 m l a liq u o ts  o f suspensions rep re sen tin g  5 X 
108 cells o f v iru le n t S. enteritidis  and  a p a th o g e n ic  E . coli. R esu lts  are  show n in 
co lum ns 1 an d  2 of T ab le  I.

* Presented in p art a t the Meeting of the H ungarian  Society of Microbiologists, November 
30, 1967.
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In  4 m ice S. enteritid is  was c u ltu re d  from  all th re e  k inds of sp ec im en . 
In  11 mice only  one or tw o kinds o f specim en  were po sitiv e  for th is  o rg an ism  
(10 liver, 9 spleen a n d  9 h e a r t blood cu ltu re s). F rom  40 an im als no Salm onellae 
were recovered . A m ong mice in fected  w ith  E . coli all specim ens were p o s itiv e  
for 3 an im als. T he d is tr ib u tio n  of p o sitiv e  cu ltu res  w as as follows: 4 h e a r t  
b lood , 11 liver an d  9 sp leen  specim ens. N ega tive  re su lts  were ob ta in ed  fo r  42 
m ice.

Table I

Recovery o f S. enteritidis and coli 0111 : B4 : H2 fro m  organs o f mice
infected orally

Number of mice giving positive culture after infection v ith

Organs S. e n te r i t i d i s  
5X Ю8 cells 
in 0.5 ml

2
E .  c o l i  

5X108 cells 
in 0.5 ml

3
S .  e n t e r i t i d i s  
5X 10s cells 
in 0.5 ml

4
E .  c o l i  

5 x  10s cells 
in 0.5 ml

5
E .  c o li  

5X l05 cells 
in 0.5 ml

6
E .  c o l i  

5X 105 cell» 
in 0.1 ml

H e a r t  -j- l iv e r  - f  s p l e e n ........... 4 3 2
H e a r t  -f- l i v e r ................................. 1 — — — — —

H e a r t  -f- s p l e e n .............................. 3 l 1 l l —

L i v e r  -j- s p l e e n .............................. 1 3 3 5 l —

H e a r t .................................................... 1 — — 1 — - ■

L i v e r  .................................................... 4 4 3 3 2
S p le e n  ................................................. 1 2 1 — — i

T im e  in  m in u te s  b e tw e e n  i n 
f e c t io n  a n d  a u to p s y  ........... 10 10 20 20 10 10

T o t a l  n o . o f  p o s i t iv e  m ic e 15 13 10 10 4 l
N o . o f  n e g a t iv e  m ic e  ........... 40 42 30 30 46 49

A lthough  th e  tw o  s tra in s  d iffered  considerab ly  in p a th o g en ic ity , th e re  
w as no sign ifican t d ifference in th e ir  inc idence  in  th e  v a rious specim ens.

The n ex t e x p e rim e n t was carried  o u t on tw o groups of 40 anim als each . T h e  
only  difference from  th e  f irs t ex p erim en t, in  w hich th e  organs were c u ltu re d  10 
m in u tes  a fte r  in fec tio n , w as th a t  th e  an im als  w ere sacrificed  20 m in u tes  a f te r  
a d m in is tra tio n  of th e  te s t  organism s. R esu lts  are show n in colum ns 3 a n d  4 o f  
T ab le  I . In  each o f th e  tw o  groups th e  in fec tiv e  ag en ts  w ere recovered from  10 
an im als. In  m ice in fec ted  w ith  S. enteritid is  3 h e a r t b lood , 8 liver and  7 sp leen  
cu ltu res, in  those  rece iv ing  E. coli 2 h e a r t  b lood, 8 liver and  6 spleen c u ltu re s  
were positive.

S im ilarly  to  th e  resu lt of th e  f irs t ex p e rim en t, th e  difference w as n o t 
s ign ifican t s ta tis tic a lly . A ccordingly, on th e  basis o f ea rlie r and  th e  p re se n t 
find ings, it  has been  concluded th a t  p rim a ry  b ac te riaem ia  occurring  a f te r  
artific ia l o ral in fec tio n  is no t associa ted  w ith  th e  p a th o g en ic ity  or v iru len ce  
of th e  organism .

As th e  re su lts  w ere iden tical for S . enteritidis  an d  E . coli, su b se q u e n t 
experim en ts  w ere c a rr ie d  ou t only w ith  th e  la t te r  o rgan ism . In  order to  ex am -
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ine w h e th e r th e  in fective dose in fluences th e  incidence o f p rim a ry  b ac te ri-  
aem ia , 50 mice were in fec ted  w ith  0.5 m l a liq u o ts  of suspension  rep resen tin g  
5 X 105 cells. R esu lts are d e m o n s tra te d  in co lum n 5. The b a c te r ia  were re c o v e r
ed on ly  from  4 mice (1 h e a r t b lood , 3 liv er and  2 spleen specim ens), th u s  th e  
n u m b e r o f positive cu ltu res w as sm aller th a n  in th e  f irs t  ex p erim en ts .

In  th e  fo u rth  ex p erim en t th e  in fluence  of th e  vo lum e o f th e  b ac te ria l 
suspension  was exam ined . T he 0.5 m l dose used in th e  above ex p erim en ts  seem 
ed to  be too large for one m ouse — in m an  it  would co rresp o n d  to  a 1.5 litre  
o ral in ta k e  of flu id . The resu lts  o b ta in ed  w ith  0.1 m l \o lu m e s  of E . coli su s 
pension  are  show n in colum n 6. O u t of 50 m ice only one y ie lded  a positive spleen 
c u ltu re ; th e  organs of th e  rem ain in g  49 m ice were s te rile . T h is fin d in g  in 
d ica tes  th a t  th e  ap p earan ce  o f p rim ary  bac te riaem ia  is in fluenced  by  b o th  
th e  ab so lu te  num ber of cells an d  th e  vo lum e of th e  suspension .

D iscussion

In  exam in ing  th e  p a th o m ech an ism  o f m ouse salm onellosis only p a r t  o f 
th e  a u th o rs  recognize th e  ex istence  of p r im a ry  b ac te riaem ia .

A ccord ing  to  M ü l l e r  [1] p rim ary  b ac te riaem ia  occurs u n d e r  sym ptom less 
co n d itions as th e  firs t phase o f th e  in fec tion . In  his opinion o n ly  s tra in s  e x h ib 
itin g  a m ax im um  degree of v iru lence  are  able to  inv ad e  th e  blood s tre a m  
from  th e  in te s tin a l t r a c t .  H e app lied  large doses of th e  in fec tiv e  agen t. E l k e - 
l e s  [2] was of th e  sam e op in ion . S e i f f e r t  [3] d e m o n s tra te d  Salm onellae in 
sm all n u m b ers  some hours a f te r  in fection  in  th e  blood, ly m p h  nodes an d  v is 
ceral o rgans. K l ig l e r  an d  O l it z k i  [4] show ed th e  te s t  b a c te r ia  w ith in  24 
hours in th e  organs of som e o f th e ir  an im als  in fected  w ith  large doses (10!l 
cells in 0.05 ml volum e). D esp ite  th is  fin d in g  th e y  claim ed th a t  th e  ex istence  
of p rim a ry  b acteriaem ia  could be excluded  an d  th e  b a c te ria  in v ad ed  th e  blood 
s tre a m  via  th e  ly m p h a tic  sy stem . P rio r to  th e ir  observa tions a sim ilar con c lu 
sion h ad  been draw n by  D anish  au th o rs  [5 — 7] who were u n ab le  to  d em o n stra te  
p rim a ry  bac te riaem ia . L a n g e  and  Y o s ii i o k a  [10] were o f th e  sam e op in ion . 
G e r i c h t e r  [11], in o rder to  th ro w  ligh t on th e  co n trad ic to ry  fin d in g s, in fec ted  
m ice w ith  S. typh i, S . p a ra typ h i-A  and  S . p a ra typ h i-B . H e o bserved  p rim ary  
b a c te riaem ia  20 to 30 seconds a fte r  th e  ingestio n  of these  n o n -m o u se-v iru len t 
o rgan ism s. He supposed  th a t  i t  was th ro u g h  th e  p o rta l veins th a t  th e  b a c te ria  
en te red  th e  blood stream  as th e y  w ere fre q u e n tly  p resen t in th e  liver. G e r i c h 
t e r  observed  a d irec t re la tio n sh ip  b e tw een  th e  n um ber o f b ac te ria  and  th e  
incidence of p rim ary  b ac te riaem ia , b u t found  th a t  the  vo lum e of th e  su sp en 
sion ex e rted  no influence. R a u s s  et al. [12] observed  early  b ac te riaem ia  a fte r  
o ral in fec tio n  w ith  v iru len t S. enteritidis  an d  th e y  show ed a s im ila r p h en o m e
non  in th e  case of av iru len t Salm onellae, to o . M o r e l l o  et al. [13] fed m ice 
w ith  0.5 ml of a suspension co n ta in in g  10° cells and recovered  b o th  a v iru le n t
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a n d  v iru len t sa lm onellae  from  the  blood an d  organs in  som e o f th e  mice 6 hours 
a f te r  infection. In g e s tio n  o f lO 1’1 cells p ro d u ced  no su ch  m an ifesta tio n . M c 
G u i r e  and F l o y d  [14, 15] show ed th a t  in  ex p e rim en ta l shigellosis th e  te s t 
o rgan ism  could be reco v ered  from  th e  b lood  o f one th i rd  o f mice in fec ted  w ith  
108 cells, a lthough  i t  is g en era lly  accep ted  th a t  shigellae h a v e  no invasive pow er 
u n d e r  th e  cond itions ap p lied . A ccording to  R a e t t i g  [16, 17] phages an d  v i
ruses are able to  e n te r  th e  blood stream  from  th e  in te s tin a l t r a c t .  The p h en o m 
enon  is no t asso c ia ted  wdth th e  p a th o g en ic ity  of v iru ses an d  can be d em o n 
s tra te d  some m in u te s  a f te r  th e  ingestion  of th e  ag en t. A fte r oral a d m in is tra 
tio n  of labelled S . ty p h i-m u r iu m  to  m ice, ra d io a c tiv ity  in  th e  blood increased  
a lth o u g h  killed cells w ere  given. F u r u t a  et al. [18] show ed E. coli in th e  
o rgans of a small p a r t  o f m ice infected  o ra lly . H i l d e b r a n d  et al. [19] observed  
th a t  th e  num ber o f b a c te r ia l  cells or v iru s  partic les in  th e  lym ph  of ra ts  d e 
p en d s on th e  n u m b e r in g es ted . I f  th e  m ucosa is in ta c t,  o n ly  few  te s t o rgan ism s 
e n te r  th e  ly m p h a tic  sy s tem . H i l d e b r a n d  et al. failed to  show  the  ag en ts  in 
p o r ta l  blood. W o l o c h o w  et al. [20] em phasized  th a t  th e  n u m b er of m icroo r
ganism s en tering  th e  ly m p h a tic  system  as a re su lt of a “ non-in fec tive  p rocess” 
w as usually  low an d  w as in fluenced  b y  severa l fac to rs.

I t  is ev iden t from  th e  p resen ted  d a ta  th a t  th e  ex is ten ce  of p rim ary  bac- 
te r iaem ia  is a d e b a te d  p rob lem . From  o u r ex p erim en ts  th e  following con c lu 
sions can be d raw n . B o th  pathogen ic  an d  ap a th o g en ic  b ac te ria  m ay  e n te r  
th e  blood stream  a n d  v iscera l organs a f te r  oral in fec tio n . T he phenom enon  
m a y  n o t be assoc ia ted  w ith  p a th o g en ic ity  or v iru lence . A d irec t re la tio n sh ip  
seem s to  exist be tw een  th e  num ber o f in fec tiv e  cells an d  th e  volum e of th e  
b a c te ria l suspension . I t  follow s th a t  th e  so-called p rim a ry  b ac te riaem ia  c an n o t 
be p a r t  of th e  m ech an ism  of the  in fec tion  in  th e  u su a l sense. A ccording to  
som e au tho rs, p rim a ry  b ac te riaem ia  is a re su lt o f a d ire c t ac tiv e  invasion  from  
th e  in tes tin a l t r a c t  b y  o n ly  v iru len t [1, 2, 12] or also b y  av iru len t [11] o rg a n 
ism s. All in v es tig a to rs  w ho d em o n stra ted  th is  p h en o m en o n  had  infected  th e ir  
an im als w ith  High doses (m ain ly  in th e  ran g e  of 109 cells). All au th o rs  ex cep t 
M ü l l e r  [ l ] a n d  E l k e l e s  [2] used c a th e te rs  for in fec ting  th e  mice using th u s  a 
m e th o d  no t resem bling  n a tu ra l  in fec tion . L as t b u t n o t le a s t, all th e  a u th o rs  
ex cep t th e  above c ited  a n d  K l ig l e r  et al. [4] in tro d u ced  th e  b ac te ria  in to  th e  
s to m ach  w ith 0.5 m l o f flu id . This vo lum e seem s to  be to o  large for a m ouse 
a n d  it m ay cause an  ab n o rm a l in tra - in te s tin a l p ressu re . T his change m ig h t 
p la y  a role in th e  in d u c tio n  of p rim ary  b ac te riaem ia  as well as in th e  o th e r 
differences ex isting  b e tw een  artific ia l an d  n a tu ra l in fec tio n . This has also been 
p o in ted  ou t by W a l d m a n n  and  R o s t o w a  [21]. A t p re se n t th e  role of these  
fac to rs  is no t y e t e x a c tly  know n. The b a c te ria  m ay p e n e tra te  the  in te s tin a l 
w all in d ep en d en tly  o f th e  effect o f p ressu re  and  vo lu m e o f ingested  vehicle  
f lu id  b u t  depend ing  on  th e  num ber o f cells ingested  an d  th e  process m ay  
be  in d ependen t of a n y  p a r tic u la r  ac tiv e  p e n e tra tin g  c a p a c ity . The observa-
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tions of R a e t t i g  [17] su p p o rt th is c o n sid e ra tio n . P e n e tra tio n  of th e  o rg a n 
ism s m ay  th eo re tica lly  be  prom oted  b y  p e rso rp tio n  [22] and  perh ap s b y  
p h a  gocytosis. In  th a t  p h ase  of the  in fec tio n  th e  v iru len ce  fac to r (ab ility  to  
m u ltip ly  in  th e  tissues) m a y  p lay  a role b y  d e te rm in in g  th e  n u m b er of b a c te ria l 
cells p resen t in  th e  in te s tin e s  and in te s tin a l w all. The p e rm eab ility  of th e  in 
te s tin e  an d  th e  p e n e tra tin g  capacity  of b a c te r ia  aw ait fu r th e r  in v estig a tio n s.

On th e  basis of o u r find ings [12, 23] we are  of th e  op in ion  th a t  th e  co n 
cept of D an ish  au th o rs  [5 — 9] is co rrec t in  th a t  th e  Salm onellae f irs t e n te r  
th e  in te s tin a l v a il  w here th e y  m ultip ly  a n d  th e n  th e y  in v a d e  th e  blood s tre a m  
and  v iscera  via  th e  ly m p h  vessels. In  th is  m a n n e r b a c te riaem ia  develops w hich , 
in in fections w ith  v iru le n t s tra in s, becom es m ore an d  m ore grave an d  th e  
an im al dies. A fter in fec tion  w ith an a v iru le n t s tra in  an  equ ilib rium  w ith o u t 
b ac te riaem ia  develops.

T hese hypo theses a re  supp o rted  b y  th e  o b serv a tio n s o f S p r in z  et al. [24], 
G a i n e s  et al. [25] and  T u l l y  et al. [26 — 28] in ch im panzees and  of S c h u b a r t  
et al. [29] in hum an  v o lu n tee rs  infected a r tif ic ia lly  w ith  S . typ h i. These au th o rs  
d e m o n s tra te d  th a t  b a c te ria em ia  developed  no t im m ed ia te ly  a fte r  th e  in fec tion  
b u t in la te r  stages of th e  disease.

O ur resu lts  m ay th ro w  some lig h t on b a c te riaem ia  in  food-borne in fec
tions o b serv ed  in som e, b u t  no t all p a t ie n ts  in  th e  a c u te  stage . Am ong m an y  
o th e r fa c to rs  th e  n u m b er o f cells ingested  m ay  p lay  a role in  th is  phenom enon .

I f  i t  is tru e  th a t  th e re  is no ac tiv e  p e n e tra tin g  pow er, as it was im a g in 
able on th e  basis of o u r re su lts , our d a ta  w ould exp la in  w hy  large am o u n ts  of 
“ fa c u lta tiv e ly  p a th o g e n ic ”  bac te ria  m ay  cause sy m p to m s of food poisoning .
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Sum m ary , (i) A h ig h  m ouse-pro tective  a n tib o d y  level induced  in ad u lts  by  p a re n te ra l  
v acc in a tio n  w ith  ad so rb ed  dysen tery  vaccine w as pro longed  du rin g  an  o b se rv atio n  period  of 
6 m o n th s by  oral a d m in is tra tio n  of the  5-fold p a re n te ra l  dose (a b o u t 0.5 mg d ry  B oivin a n tig en  
for each co m p o n en t) a t  in te rv a ls  of one or tw o w eeks. W hen given a t  in te rv a ls  of th ree  or four 
weeks th e  sam e dose o f vaccine failed to m a in ta in  suffic ien t im m u n ity .

(ii) T he im m une response to oral rev ac c in a tio n  of ch ild ren  who h ad  received e ith e r one 
or tw o doses o f ad so rb ed  vaccine as basic im m u n iza tio n  was sim ilar to  th a t  of adu lts.

(iii) T he re su lts  h av e  ind ica ted  th a t ,  co n sid erin g  the sa fe ty  lim it, ro u tin e  rev acc in a tio n s 
should  be perfo rm ed  a t  10-day in tervals.

(iv) As show n b y  m ouse-pro tective  a n tib o d y  level d e te rm in a tio n s , an  effective basic 
im m u n ity  w as in d u ced  in  ad u lts  w ith  tw o o ra l doses rep resen tin g  a 30-fold p a ren te ra l dose 
(a b o u t 3 m g d ry  B oiv in  an tig en  for each co m p o n en t). Im m u n ity  w as m ain ta in ed  b y  oral 
rev acc in a tio n s carried  o u t  a t  in te rvals of no t m ore th a n  14 days. W ith o u t rev acc in a tio n  th e  
a n tib o d y  t it re s  d ecreased  rap id ly .

(v) C hildren developed  m ouse-pro tective  a n tib o d ies  less read ily  a fte r  oral basic im m u n i
zation  w ith  doses co rresp o n d in g  to , or h igher th a n , those  given to  a d u lts . A fter rev acc in a tio n  
th e  t itre s  rose sa tis fac to rily . T his finding was a t t r ib u te d  to  th e  beneficial effect o f p ro longed  
an tig en  stim u li.

(vi) U nifo rm ly  h igh  an tib o d y  titre s  w ere show n at least for tw o m on ths a fte r th e  o ral 
rev acc in a tio n  course reg ard less w hether basic im m u n iza tio n  had  been perform ed p a ren te ra lly  
or o ra lly . T his o b se rv a tio n  again  ind icated  th e  im p o rtan ce  of p ro longed sm all an tigen  stim u li.

(vii) T he a d v a n ta g e  of B oivin an tigen  o v er co rp u scu la r vaccines and  th e  im p o rta n ce  of 
epidem iological o b se rv a tio n s  for e stim ating  th e  v a lu e  of la b o ra to ry  re su lts  in v a cc in a tio n  
ag a in st in fectious d iseases have  been po in ted  ou t.

I t  has been show n previously  [1] t h a t  high t i t r e  m ou se-p ro tec tiv e  a n t i 
bodies p roduced  in  h u m an  beings a f te r  su b cu tan eo u s in jec tio n  of ad so rb ed  
ty p h o id - te ta n u s -d y se n te ry  vaccine [2] can  be m a in ta in e d  b y  oral re v a c c in a 
tion* w ith  Shigella an tig en s in doses fo u n d  effective in an im al experim en ts  [3].

In  view  of th is  fin d in g  it seem ed desirab le  to  s tu d y  th e  effect o f sm all 
o ral b o o ste r doses ad m in iste red  a t d iffe re n t in te rv a ls . T he effectiveness of 
o ral rev acc in a tio n  in d ica ted  th a t  a basic  im m u n ity  could  p ro b ab ly  be in d u ced  
b y  giv ing th e  an tig e n  b y  m outh . T he im m une  response of ch ildren  to  o ra l 
v acc in a tio n  was also to  be e lucidated . T h e  p resen t p a p e r gives an acco u n t of 
investig a tio n s in to  th ese  problem s.

* T he te rm  “ re v a c c in a tio n ”  refers in th is  p a p e r  to  a p rolonged oral ad m in is tra tio n  of th e  
an tig en s in o rder to  m a in ta in  a basic im m u n ity  in d u ced  by  p a re n te ra l or oral vacc ina tion .
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M aterials a n d  m ethods

Vaccinated persons. A  to ta l  of 200 a d u lt  v o lu n te e rs  and  605 ch ild ren  aged 5 to 15 y ea rs  
w ere  exam ined.

Parenteral im m u n iza tio n . A dsorbed ty p h o id - te ta n u s -d y se n te ry  vaccine e lab o ra ted  p re 
v io u sly  [2] was used. In a d d itio n  to  te ta n u s  to x o id  i t  con ta in ed  B oivin  e x tra c ts  of S. ty p h i , 
Sh . f le x n e r i  2a, Sh. f le x n e r i  3 an d  Sh. sonnei ad so rb ed  in th e  o p tim a l a d ju v a tio n  zone [4] to  
A l(O H )n gel as m odified  b y  R É th y  [5]. Two su b c u tan e o u s  in jec tio n s w ere given a t  in te rv a ls  
o f  4 weeks.

Oral vaccination. F reeze-d ried  an tig en s  p re p are d  from  B oivin  e x tra c ts  p re c ip ita te d  
w ith  4 volum es of e th a n o l w ere ta b le tte d  [1]. E a c h  ta b le t  co n ta in ed  a 5-fold a m o u n t o f th e  
p a re n te ra l  dose, th a t  is, 50 h a e m a g g lu tin a tio n -in h ib itin g  un its  (a b o u t 0.5 m g d ry  a n tig en ) for 
e ach  c o m ponen t (Sh. flexn eri  2a, 3, Sh. sonnei). A n tigen -free  placebo ta b le ts  w ere used as co n tro ls . 
T h e  ta b le ts  were g iven  in  th e  m orn ing  a p p ro x im a te ly  1/2 hour before  b re ak fa s t. The schedu le  
fo r o ra l v acc ina tion  an d  re v acc in a tio n  will be  d e ta iled  in sub seq u en t p a r ts  of th is  p aper.

Blood samples w ere ta k e n  before p a re n te ra l  o r o ra l basic v acc in a tio n , a f te r  basic v a c c in a 
tio n  (before  rev acc in a tio n ) a n d  a fte r  re v ac c in a tio n  as d e ta iled  below. In d iv id u a l sera fro m  each  
g ro u p  w ere m ixed a t  e q u a l vo lum es an d  s to re d  in  th e  deep freezer.

M ouse protection test. G raded  am o u n ts  o f  th e  m ixed serum  sam ples were g iven  s u b 
c u ta n eo u s ly  to groups of m ice each consisting  of 4 to  5 an im als [1, 3]. T he m ice were challenged  
18 h o u rs  a fte r im m u n iza tio n  w ith  Shigella c u ltu re s  suspended  in 5%  m ucin . The re su lts  w ere 
re a d  a f te r  3 days o b se rv a tio n .

Statistical evaluation. L D 50 and  E D 50 v a lu es w ere e s tim a ted  as described b y  K ä r b e r  [6]. 
In  o rd e r to  sim plify co m p ariso n , th e  re la tiv e  p o ten c y  (R P ) was ca lcu la ted  by  considering  th e  
p re -im m u n iza tio n  t i t r e  as 1. S ignificance of th e  d ifferences was ana ly sed  by  th e  /у  m e th o d  a t  
th e  5%  level.

R esu lts

1. A du lts receiving subcutaneous basic im m uniza tion  and oral revaccina
tion . In  order to  su p p lem en t our p rev io u s d a ta  [1] we exam ined  the  n eed ed  
freq u en cy  of o ra l rev acc in a tio n , i.e. th e  longest in te rv a l o p tim a l for m a in ta in 
in g  im m u n ity  in d u ced  b y  p a re n te ra l im m u n iza tio n . The d u ra tio n  of im m u n ity  
p ro longed  by oral b o o ste r  doses w as also s tu d ied .

The v o lu n tee rs  w ere d iv ided  in to  g roups of 30 in d iv id u a ls . All persons 
w ere  given tw o su b cu tan eo u s  in jec tio n s o f adso rbed  v accine , th e n  four w eeks 
a f te r  th e  second in je c tio n  oral re v a c c in a tio n  was begun as follow s. One vacc in e  
ta b le t  was a d m in is te red  a t  in te rv a ls  of one week to  g roup  I, tw o w eeks to  
g ro u p  I I ,  th ree  w eeks to  group I I I  an d  fo u r weeks to  g roup  IV ; m em bers of 
g ro u p  V received p lacebo  ta b le ts . R ev acc in a tio n  lasted  fo r 5 m on ths. M ouse- 
p ro te c tiv e  a n tib o d y  t i t r e s  were ex am in ed  before basic im m u n iza tio n , fo u r 
w eeks a fte r th e  second in jec tion  (before rev acc in atio n ), tw o weeks a f te r  
f in ish in g  rev acc in a tio n  (6 m on ths a f te r  b asic  im m unization ) an d  tw o m o n th s  
a f te r  fin ish ing  rev acc in a tio n  (eigh t m o n th s  a fte r basic im m u n iza tio n ).

The resu lt of passive  p ro tec tio n  te s ts  for mice challenged  w ith  Sh . f l e x 
neri 2a is p resen ted  in T ab le  I .

I t  is ev iden t th a t  th e  h igh p ro te c tiv e  a n tib o d y  level induced  b y  th e  
ad so rb ed  vaccine w as m a in ta in ed  w hen  rev acc in atio n  w as ad m in is te red  a t  
in te rv a ls  of one or tw o  w eeks. B ooster doses given a t  in te rv a ls  o f 3 or 4 w eeks 
w ere in suffic ien t: th e  decrease in t i t r e  w as sim ilar to  th a t  observed  in th e  p la 
cebo groups.
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T ab le  I
M ouse-protective po tency against Sh. f le x n e r i  2a o f  sera fro m  adults given  

adsorbed vaccine subcutaneously as basic im m u n iza tio n  and 
oral revaccination over a period  o f  5 m onths 

(Challenging d o se : 200 L D 50)

G ro u p s ; rev acc in a tio n  a t in te rvals

T im e o f  ta k in g  serum  
sam ples

I
1 w eek

I I
2 w eek s

I I I
3 w eeks

IV
4 w eeks

V
N o t

rev a c c in a te d

E D 60 a n d  R P *

Before im m uniza tion 0.016 (1)**

1 m o n th  a f te r  basic im 
m u n iza tio n  ................ 0.0005 (32) 0.0005 (32) 0.0005 (32) 0.0005 (32) 0.0005 (32)

2 weeks a f te r  revaccina
tio n  (6 m o n th s after 
basic im m unization) 0.0016 (10) 0.0009 (17) 0.009 (1.7) 0.009 (1.7) 0.016 (1)

2 m o n th s a f te r  revacci
n a tio n  (8 m o n th s after 
basic im m uniza tion ) 0.0005 (32) 0.0009 (17) 0.028 (— 1) 0.028 (— 1) 0.016 (1)

* B ra ck e te d  figures in d ic a te  re la tiv e  po ten cy .
** A verage fo r rev acc in a ted  a n d  no t re v ac c in a te d  groups.

As m o u se-p ro tec tio n  te s ts  w ith  S h . fle x n e r i  3 a n d  Sh. sonnei gave s im ila r 
re su lts , i t  w as ju s tif ie d  to  average th e  re la tiv e  p o tencies (Table II) .

F ro m  th e  average  re la tiv e  p o ten c ies  in d ica tin g  th e  effectiveness o f im 
m u n iza tio n  i t  m ay be concluded th a t  re v a c c in a tio n  a t  w eekly  or tw o-w eek ly  
in te rv a ls  m a in ta in ed  th e  original m o u se -p ro tec tiv e  a n tib o d y  level d u rin g  th e  
5 -m on th  observ a tio n  p erio d .

T ab le  I I
Average relative mouse-protective p o ten cy  against Sh. f le x n e r i 2a, 3 and  

Sh . sonnei o f  sera fr o m  adults given adsorbed antigen subcutaneously as basic 
im m uniza tion  and  oral revaccination over a period  o f  5 months

G roups; rev a c c in a tio n  a t  in te rvals

T im e of tak in g  
serum  sam ples

I
1 w eek

II
2 w eeks

I I I
3 w eeks

IV
4 weeks

V
N o t

rev a c c in a te d

A v erag e  R P  values

Before im m uniza tion  ................................. l *

1 m on th  a f te r  basic im m u n iza tio n  .........

2 weeks a f te r  revaccina tion  (6 m onths

24 2 2 24 26 22

afte r basic im m unization) .....................

2 m on ths a f te r  revaccination  (8 m onths
16 14 1.7 2.2 1.4

afte r basic  im m unization) ..................... 17 11 1.4 1.2 1

* A verage fo r rev acc in a ted  a n d  no t re v ac c in a te d  groups.
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From  T ab le  I I  i t  is also clear th a t  th e  sam e doses ad m in is te red  a t in te r 
v a ls  o f th ree  or fo u r  weeks failed  to  m a in ta in  th e  level; in  fa c t, th e  re la tiv e  
p ro te c tiv e  p o ten cy  fo u n d  for these  g roups show ed no difference from  th a t  fo r  
th e  placebo g roup . In  accordance w ith  o b se rv a tio n s to  be p re sen ted , i t  w as 
c lea r th a t  oral re v a c c in a tio n  p ro longed  th e  im m u n ity  for a considerab le  p e rio d  
a f te r  rev acc in a tio n  h a d  been d isco n tin u ed : fa ir ly  high t i t r e  m o u se-p ro tec tiv e  
an tib o d ie s  were d e m o n s tra te d  e igh t m o n th s  a fte r  th e  second p a re n te ra l im 
m u n iza tio n . T hese f in d in g s in d ica te  t h a t  o b se rv in g  th e  p ro p er in te rv a l o f s tim u li 
is im p o r ta n t n o t o n ly  fo r m a in ta in in g  b u t  also for p ro longing  th e  im m u n ity .

2. A du lts receiving oral basic im m u n iza tio n  and oral revaccination. Tw o 
g ro u p s were fo rm ed : as a basic im m u n iza tio n  each  m em ber o f g roup  A received  
5 ta b le ts  in one dose (25-fold p a re n te ra l  dose, ab o u t 2.5 m g d ry  an tigen  fo r 
each  com ponen t). M em bers of g roup  В rece iv ed  f irs t 3 ta b le ts  th e n  a fte r  a one 
w eek  in te rv a l 3 ta b le ts  again  (2 X 15-fold p a re n te ra l dose, a b o u t 2 x 1 .5  m g  
an tig en ).

One week a f te r  th e  basic im m u n iz a tio n , m em bers of b o th  groups w ere 
g iv en  one ta b le t  w eek ly  as a b o o ste r dose. T he con tro l g roups received  p lacebo  
ta b le ts .

Blood sam ples w ere ta k e n  one w eek a fte r  basic im m u n iza tio n  in g ro u p  
A  a n d  one w eek a f te r  each dose in  g roup  B. One week a fte r  rev acc in atio n  (5 
w eeks a fte r basic  im m u n iza tio n ) an d  5 w eeks a fte r  rev acc in a tio n  (10 w eeks 
a f te r  basic im m u n iza tio n ) th e  v o lu n tee rs  w ere sam pled  again .

M ouse-p ro tec tive  t i tre s  of th e  se ru m  sam ples against Sh. fle x n e r i  2a are  
p re se n te d  in  T ab le  I I I .

I t  is seen t h a t  o ra l basic im m u n iz a tio n  re su lted  in an  im m u n ity  id en tica l 
in  o rd e r of m a g n itu d e  w ith  th a t  o b ta in e d  in  th e  su b cu tan eo u sly  v a cc in a ted  
c o n tro l group. B asic  im m u n iza tio n  w ith  2 X  3 ta b le ts  seem ed to  be  m ore effec
tiv e  a lthough  th e  d ifference from  group  A w as n o t sign ifican t (T able IY). T ab le  
I I I  in d ica tes  also t h a t  th e  m o u se-p ro tec tiv e  a n tib o d y  level w as m a in ta in e d  
b y  w eekly  oral rev acc in a tio n s  b u t  fell ra p id ly  in  n o t re v a c c in a te d  persons.

As m ouse p ro te c tio n  te s ts  for Sh . fle x n e r i  3 and  Sh. sonnei gave id e n tic a l 
re su lts , th e  re la tiv e  p o tencies of th e  sera fo r th e  th ree  te s t  s tra in s  w ere averaged  
(T ab le  IV).

T ab le  IV  d e m o n s tra te s  th a t  th e  av erag e  m o u se-p ro tec tin g  p o ten cy  in 
c reased  a fte r a single dose of 5 ta b le ts  10.8 tim es while a fte r  tw o  doses each  
com p ris in g  3 ta b le ts ,  19.3 tim es. A lth o u g h  in  th e  re su ltin g  a n tib o d y  t i t r e  
th e re  was no s ig n if ic a n t difference b e tw een  single-dose an d  tw o-dose v a c c in a 
tio n , it  would a p p e a r  th a t  th e  la t te r  w as m ore effective. A ccord ing ly , sm alle r 
re p e a te d  stim u li a re  p re fe rab le  to  a single la rge  one. A m ore conv incing  d iffe r
ence  o f th e  sam e k in d  w as revealed  in  ch ild ren  (see below).

The effectiveness o f rev acc in a tio n  w as clearly  d e m o n s tra te d  by  th e  fac t 
t h a t  doses of one ta b le t  w eekly m a in ta in e d  th e  a n tib o d y  ti tre s  a t  a level reach ed
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T able  III

M ouse-protective potency against Sh. f le x n e r i  2a o f  sera fro m  adults vaccinated and  
revaccinated orally over a period o f  4 weeks 

(Challenging dose: 75 L D -4)

G ro u p  A G roup В

Basic im m u n iza tio n

T im e o f  ta k in g  
serum  sam ples l X  5 ta b le ts 2 X 3  tab le ts

R e v a c c in a ted N o t rev acc in a ted R ev acc in a ted N ot rev a c c in a te d

E D ft0 an d  R P *

Before im m unization** ....................... 0.05 ( i ) 0.05 ( i )

1 week afte r the  f ir s t  dose o f 3 ta b 
lets** ........................................................ 0.003 (17)

1 week a fte r com plete basic im m uni
zation  (before revaccination)** . . 0.003 (17) 0.0016 (31)

1 week a fte r 4 doses o f revaccination  
(5 weeks a fte r basic im m unization) 0.003 (17) 0.016 (3) 0.003 (17) 0.028 (1.7)

5 weeks a fte r re vacc in a tio n  ( 1 0  weeks 
a fte r basic im m u n iz a tio n ) ................ 0.003 (17) 0.028 (1.7) 0.0016 (31) 0.028 (1.7)

Control: 4 weeks a f te r  adsorbed  vac
cine in jection  ....................................... 0.005 (10)

* B rack e ted  figures in d ic a te  re la tive  p o ten cy .
** A verage for re v ac c in a te d  and no t re v ac c in a te d  groups.

a fte r  basic  im m u n iza tio n , whereas in  th e  placebo group  th e  t i t re  decreased  
s ig n ifican tly  (P  =  0.05) below th e  im m u n ity  level. I t  w as s trik ing  th a t  fiv e  
weeks a fte r  th e  d isco n tin u a tio n  of rev acc in a tio n  (21/2 m on ths a fte r basic  
im m un iza tio n ) th e  p ro tec tiv e  t i tre s  re m a in e d  a t  m ax im u m  levels and  show ed 
a s ta tis t ic a l  h o m o g en e ity  as com pared to  th e  resu lt o f th e  co n tro l subcu tan eo u s 
im m u n iza tio n  w ith  adsorbed  vaccine (P  =  0.99) s im ila rly  to  th e  im m uno log 
ical s ta te  observed  a f te r  p a ren te ra l b a s ic  an d  oral b o o ste r  vaccination .

3. Children receiving subcutaneous or oral basic im m uniza tion  and oral 
revaccination. In  a co m m u n ity , 525 c h ild ren  aged 5 to  15 y ears  were d iv ided  a t  
ran d o m  in to  3 g roups of 175. G roup I  w as im m unized  w ith  tw o  doses of 0.5 m l 
ad so rbed  ty p h o id - te ta n u s-d y se n te ry  v acc in e  a t  in te rv a ls  o f fou r weeks. G roup  
I I  received  a single in jec tion  of 0.5 m l vaccine . G roup I I I  was given tw o  
o ra l doses each com prising  3 tab le ts  a t  5 -d ay  in te rv a ls . O ral rev acc in atio n  w as 
com m enced four w eeks a fte r basic im m u n iza tio n  in G roups I  and  I I  an d  one 
week a fte r  basic  im m u n iza tio n  in G roup I I I .  A ll th ree  g roups were su b d iv id ed  
in to  five subgroups o f  35. E ach  m em ber o f  every  subgroup  received one ta b le t  
as a rev acc in a tio n  dose a t  in tervals  o f 1, 2, 3 and  4 w eeks, resp ec tiv e ly ; th e  
f if th  subgroup  se rv ed  as a n o t rev acc in a ted  con tro l. B lood sam ples w ere ta k e n  
fo u r weeks a fte r p a re n te ra l  basic im m u n iza tio n  and  one w eek a fte r  th e  second
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T able  IV

Average relative mouse-protective po tency  against Sh. f le x n e r i 2a, 3 and  
Sh . sonnei o f  sera fr o m  adults vaccinated and  revaccinated orally over a period  o f  4 weeks

B asic im m u n iz a tio n

1 X 5  tab le ts 2 X 3 tab le ts

T im e  o f  ta k in g  
se ru m  sam p les

R ev acc in a ted
N o t

rev acc in a ted R ev a c c in a ted
N o t

rev acc in a ted

A verage R P  values

B efore im m unization  ........................................................ l l

J w eek a fte r the  f irs t dose o f 3 t a b l e t s ........................ 7.7

1 w eek a fte r com plete b asic  im m unization  (before 
re v a c c in a tio n ) .................................................................... 10.8* 19.3*

1 w eek a fte r 4 doses o f rev accin a tio n  (5 weeks a f te r  
b asic  im m unization) ...................................................... 10.8** 2.6** 14.7 2.6

5 w eeks a fte r rev acc in a tio n  (10 weeks a fte r  basic 
im m unization) .................................................................. 12.3*** 1.2 17.0 1.9

C ontro l: 4 weeks a fte r  ab so rb ed  vaccine in jec tio n  . . 15.1***

X2 analy sis : * =  0.503 (P  =  0.5); ** =  3.839 (P  =  0.05); *** =  0.056 (P  =  0.99).

dose o f oral basic  im m u n iza tio n . T h e  e ffec t o f rev acc in atio n  was checked one 
a n d  fo u r weeks a f te r  th e  d isco n tin u a tio n  o f revacc ination  (17 or 13 weeks an d  
21 or 17 weeks a f te r  basic  im m u n iza tio n , respective ly ). T he serum  sam ples 
w ere pooled acco rd in g  to  subgroups a n d  w ere te s ted  fo r m o u se-p ro tec tiv e  
p o te n c y .

T he average re la tiv e  potencies a g a in s t Sh. flexn eri 2a, 3 and  Sh. sonnei are 
su m m arized  in  T ab le  У.

T he effect o f tw o  subcu taneous in jec tio n s was essen tia lly  iden tica l w ith  
t h a t  observed in  a d u lts  (see Table I I ) .  O ne single dose gave also rise to  a su ffi
c ien t im m une resp o n se  s ta tis tic a lly  hom ogeneous w ith  th e  t i t r e  for th e  tw o- 
dose group. The re su lt  o f rev acc in atio n s w as also sim ilar to  find ings in a d u lts . 
R ev acc in a tio n s a d m in is te red  at in te rv a ls  o f one week or even of tw o w eeks 
m a in ta in e d  th e  p ro te c tiv e  an tib o d y  t i t r e s  a t  h igh levels; w hen , how ever, th e  
b o o s te r  doses w ere g iven  at in te rv a ls  o f m ore th a n  tw o w eeks, th e  t i t re s  fell 
to  th e  range o b serv ed  in  th e  no t re v a c c in a te d  contro l g roup . T he p ersistence  
o f  effective im m u n ity  fo r four weeks a f te r  rev acc in atio n  (21 weeks a fte r basic  
im m un iza tio n ) in ch ild ren  rev acc in a ted  a t  w eekly or tw o-w eek ly  in te rv a ls  
was also ev iden t (co m p are  w ith  T ab le  FI).

I t  is in te re s tin g  th a t  th e  im m u n e  response  in the oral g roup  of ch ild ren  
w as considerab ly  w e a k e r th a n  in a d u lts  t r e a te d  in a sim ilar m an n e r (see d a ta  
in T ab le  IV). A d u lts  g iven  2 x 3  ta b le ts  show ed a 19.3-fold increase in re la tiv e
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Table V

Average relative mouse-protective po tency against Sh. f le x n e r i 2a, 3 and 
Sh . sonnei o f  sera fro m  children g iven  one or two doses o f  adsorbed vaccine 

subcutaneously or oral antigen as basic im m u niza tion  and  
revaccinaled orally over a period  o f  12 weeks

A verage R P  va lu es

Group
Basic

im m u n iza 
tion

In te rv a ls  
o f oral

revaccinations
B efore
b as ic

A fte r  basic 
im m u n iza

tio n
1 week 4 w eeks

(weeks) im m u n iz a 
tio n

(before 
rev acc i n a 

tion) a fte r  rev acc in a tio n

I A dsorbed l 17.8°
vaccine 
2 X  subc. 2 12.4

3 l 34“ 3.9
4 2.6

N o t revaccinated 3.1

II A dsorbed 1 13.1° 14.7d
vaccine 
1 X  subc. 2 17.0 10.0

3 l 24“ 6.2 4.9

4 3.4 1.7

N o t revaccinated 1.7 1

I I I Oral 1 © CO 6.1 '
vaccine 
2 x 3  tab le ts 2 7.7 3.2

3 l 4.9b 1.9 1.3

4 1.2 1.2

N ot revaccinated 1.2 1

4 weeks (a), 1 w eek (b), 17 w eeks (c), 21 weeks (d ), 13 weeks (e) a f te r  basic im m u n iza tio n .

po tency  w hile am o n g  ch ild ren  th e  increase  w as four tim es less (4.9). A fte r 
receiv ing  w eekly  doses fo r 12 weeks, h o w ev er, th e  re la tiv e  po tency  increased  
to  10.8, ap p ro ach in g  th e  t i tre s  observed  in  rev acc in a ted  ad u lts . I f  th e  effect 
of v acc in a tio n  is an a ly sed  fo r in d iv id u a l com p o n en ts  of th e  vaccine it  is seen 
th a t  th e  low est rise  o f p ro te c tiv e  an tib o d ies  w as found  for Sh. sonnei (1.7-fold). 
R ev acc in a tio n  re su lte d  in  a 5.5-fold rise  o f  an tibod ies a g a in s t th is  o rgan ism . 
The m ost sa tis fa c to ry  im m une  response w as observed  ag a in st Sh. fle x n e r i  3 
(10-fold rise befo re  an d  17-fold rise a fte r  rev acc in a tio n ). Sh. flexn eri 2a occu 
pied a m ed ium  p o sitio n  (3.1-fold rise b efo re  an d  10-fold rise a fte r re v acc in a 
tion). R ev acc in a tio n s  p erfo rm ed  a t in te rv a ls  o f tw o weeks caused a sm all b u t  
defin ite  rise in  p ro te c tiv e  titre s ;  if, how ever, th e  b o oste r doses were g iven a t 
in te rv a ls  of th re e  or fo u r weeks, s im ila rly  as in th e  con tro l group , th e  t i t r e s  
fell below  th e  levels observed  a fte r basic  im m u n iza tio n . F o u r weeks a fte r
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f in ish in g  th e  rev acc in a tio n  course (17 w eeks a fte r basic im m un iza tio n ) th e  
degree of im m u n ity  show ed a s im ila r d is tr ib u tio n , i.e. th e  h ighest p ro te c tiv e  
p o te n c y  was rev ea led  in  th e  g roup  re v a c c in a te d  w eekly (6-fold rise), w hile th e  
t i t r e s  for persons rev acc in a ted  a t  in te rv a ls  of tw o weeks fell below th e  level 
o f basic  im m u n ity ; in  groups receiv ing  th e  booster doses a t  longer in te rv a ls  
th e  t i tre s  were in  th e  range show n befo re  im m unization .

In  su b seq u en t ex p erim en ts  th e  im m u n e  response to  2 doses, each co m p ris
in g  3 or 5 ta b le ts , w as com pared  in  tw o  sm all groups. In  b o th  groups th e  basic  
t i t r e s  rose to  levels d e m o n s tra te d  in  d e ta il in  th e  above ex p erim en ts . T he n e x t 
tw o  groups g iven 3 x 5  or 4 X 5 ta b le ts  show ed no h igher rise in basic t i t r e .  
In  v iew  of th e  re su lts  o f ea rlie r e x am in a tio n s  these  groups w ere rev a c c in a te d  
w ith  6 doses given a t  10-day in te rv a ls . P ro te c tiv e  an tib o d y  ti t re s  rose s im ila rly  
as in  th e  prev ious ex p erim en ts . B asic im m u n iza tio n  w ith  2 x 5  ta b le ts  gave 
b e t te r  resu lts th a n  w ith  2 x 3  ta b le ts , b u t  no fu r th e r  increase  in  t i t re  w as o b 
se rv ed  a fte r g iv ing  3 x 5  or 4 X 5 ta b le ts .

T hough we a re  unab le  to  ex p la in  th e  difference in  im m une response  
b e tw een  adu lts  an d  ch ild ren , th e  f in d in g s in d ica ted  again t h a t  p ro longed sm all 
a n tig e n  stim u li w ere m ore effective th a n  la rg e r doses given a t  sh o rte r in te rv a ls . 
E lu c id a tio n  o f th e  seem ingly  d iffe ren t im m u n e  m echanism  in ch ildren  a n d  in 
a d u lts  aw aits fu r th e r  in v es tig a tio n s . N ev erth e less , on th e  basis of m o u se -p ro 
te c t iv e  a n tib o d y  t i t r e  d e te rm in a tio n s  it  m a y  be s ta te d  th a t  in ch ild ren  an  
e ffec tiv e  im m u n ity  can  be p ro d u ced  b y  th e  prolonged a d m in is tra tio n  o f o ra l 
v acc in e . A p ro longed  dosage is n ecessa ry  n o t on ly  for m a in ta in in g  the  a n tib o d y  
lev e l b u t  also fo r increasing  th e  im m u n e  response.

D iscu ssion

One p u rp o se  o f th e  in v e s tig a tio n s  p resen ted  here w as to  su p p lem en t 
o u r previous d a ta  [16] fo r th e  o p tim a l in te rv a ls  of o ral rev acc in a tio n  — a f te r  
e s ta b lish in g  su b cu tan eo u sly  a basic  im m u n ity  — w ith  an tig en  doses fo u n d  
e ffec tiv e  in ea rlie r ex p erim en ts  (50 h aem a g g lu tin a tio n -in h ib itin g  u n its  fo r 
e a c h  com ponen t =  a b o u t 0.5 m g d ry  an tig en ). T he o th e r p u rp o se  was to  s tu d y  
w h e th e r or n o t o ral v acc in a tio n  p ro d u ced  a su ffic ien t basic  im m u n ity . B o th  
k in d s  of in v es tig a tio n  were p erfo rm ed  on ad u lts  and ch ild ren .

In  th e  a d u lt g roups receiv ing  ad so rb ed  vaccine as a basic  im m u n iza tio n , 
rev acc in a tio n  w as ca rried  o u t for five  m o n th s  a t d iffe ren t in te rv a ls . I t  w as 
fo u n d  th a t  th e  m ax im um  p ro te c tiv e  t i t r e  reached  a fte r  basic  im m u n iza tio n  
co u ld  he m a in ta in ed  w ith  oral rev acc in a tio n s  perform ed a t in te rv a ls  o f one 
o r  tw o  weeks. T he level of p ro te c tiv e  an tib o d ies  in th e  co n tro l (not r e v a c c in a t
ed ) group fell d u rin g  th is  period  to  t i t re s  d em o n stra ted  befo re  basic im m u n iz a 
tio n . I t  was also observed  th a t  in  persons rev acc in a ted  a t  in te rv a ls  o f 3 o r 4 
w eeks the  average  p ro tec tiv e  t i t r e s  also fell to  the  level of th e  con tro l. T he
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fa ilu re  of th e  la t te r  m ethod  o f re v a c c in a tio n  m ay  be ex p la in ed  p a r tly  b y  a 
red u c tio n  in th e  n u m b er of an tig en  s tim u li, p a r tly  b y  th e  len g th  o f th e  perio d  
e lapsing  betw een  th e  stim uli. T h e  g re a t im p o rtan ce  of th e  p ro p e r in te rv a ls  
b e tw een  an tig en  s tim u li will be  p o in te d  o u t la te r  in  th is  p a p e r . T hus ta k in g  
in to  considera tion  th e  safety  lim its  a n d  th e , th o u g h  n o t sig n ifican t, ten d en cy  
to  a decrease of im m u n ity  in  persons rev acc in a ted  a t  14-day  in te rv a ls , in  
ro u tin e  im m u n iza tio n  th e  oral doses shou ld  be given a t 10-day  in te rv a ls .

T he p e rsistence  of im m u n ity  in th e  successfully  re v a c c in a te d  g roups w as 
rem ark ab le . T here  was no decrease in  m o use-p ro tec tive  a n tib o d y  ti tre s  e ig h t 
m o n th s a fte r  basic  im m u n iza tio n ; th is  was p ro b ab ly  due to  th e  effec tiveness 
o f p ro longed  im m u n iza tio n  w ith  fre q u e n t an tig en  stim uli.

Children w ere exam ined  fo r th e  tim e  course of im m une response to  one 
an d  tw o su b cu tan eo u s in jec tions o f  ad so rb ed  vaccine and  fo r th e  effect of 
o ra l rev acc in a tio n . B o th  adso rbed  a n d  o ra l vaccines w ere g iven  in  doses id e n 
tic a l w ith  those  ad m in is te red  to  a d u lts . I t  has been show n th a t ,  regard less 
w h e th e r one or tw o in jec tions h ad  been given , th e  p ro tec tiv e  a n tib o d y  t i t r e  
w as sim ilar to  th a t  o b ta in ed  in  a d u lts , i.e. a single su b cu tan eo u s  in jec tio n  
y ie ld ed  a su ffic ien t basic im m u n ity . T here  w as no difference betw een  ch ild ren  
a n d  ad u lts  in th e  re su lt o f re v a c c in a tio n . B ooster doses given a t  in te rv a ls  o f 
one or tw o weeks m ain ta in ed  th e  an tib o d ies  a t  levels reach ed  a fte r  basic  im 
m u n iza tio n . In  c o n tra s t, rev acc in a tio n s  a t  in te rv a ls  o f th re e  or fou r w eeks 
re su lted  in  a fall o f th e  titre s  to  th e  level d e m o n s tra te d  in th e  co n tro l g roup  or 
befo re  basic  v acc in a tio n . As in  th e  g roup  rev acc in a ted  a t 14 -day  in te rv a ls  th e  
p ro te c tiv e  a n tib o d y  ti tre s  te n d e d  to  decrease, a period of te n  days has been  
considered  th e  o p tim a l in te rv a l o f rev acc in a tio n . The long d u ra tio n  of im m u n 
i ty  in  groups im m unized  successfu lly  w as observed  in  b o th  ch ild ren  an d  a d u lts . 
T he p ro tec tiv e  a n tib o d y  titre s  rem a in ed  a t  h igh  levels for a t leas t 30 days a f te r  
rev acc in a tio n .

O ral basic  im m u n iza tio n  y ie ld ed  po sitiv e  resu lts  in  th e  a d u lt g roup . In  
m o u se-p ro tec tiv e  an tib o d y  ti t re s  th e re  was no d ifference from  g roups v a c c in a t
ed  p a re n te ra lly  w ith  adsorbed  an tig en . B asic im m u n iza tio n  w as p erfo rm ed  
w ith  a single dose of 5 ta b le ts  o r w ith  tw o doses of 3 ta b le ts  g iven  a t  a 7 -d ay  
in te rv a l. A lthough  th e re  was no s ig n ifican t d ifference in  effectiveness b e tw een  
th e  1 x 5  an d  2 x 3  ta b le t  doses, th e  la t te r  te n d e d  to  p ro d u ce  a m ore s a t is 
fa c to ry  im m u n ity . The dose o f 2 X  3 ta b le ts  rep resen ted  a 30-fold a m o u n t o f 
th e  p a re n te ra l dose (abou t 3 m g d ry  an tig en  p er com ponen ts). As show n in 
m ice [3] th e  above doses of o ra l an d  p a re n te ra l vaccine are  im m uno log ica lly  
e q u iv a len t. F ive  ta b le ts  rep re sen ted  a 25-fold am o u n t of th e  p a re n te ra l dose 
(a b o u t 2.5 m g d ry  an tigen  p e r co m p o n en ts). A ccord ingly , i t  is im p ro b ab le  
th a t  th e  difference in  a n tib o d y  response  shou ld  have  been due to  th is  sm all 
d ifference in  doses; th e  b enefic ia l effect of rep ea ted  s tim u li is m uch  m ore  
likely .
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The rap id  fa ll in  th e  t i tre s  of in d iv id u a ls  n o t re v a c c in a te d  was observed  
in  b o th  groups; f iv e  w eeks a fte r b asic  im m u n iza tio n  th e  p ro tec tiv e  p o ten cy  
w as n o t h igher th a n  th e  no rm al t i t r e .  I n  c o n tra s t , w eek ly  rev acc in atio n  w ith  
th e  m en tioned  dose re su lte d  in th e  m a in te n a n c e  of a n tib o d y  levels reached  
a f te r  basic im m u n iz a tio n . I t  was re m a rk a b le  th a t  m ou se-p ro tec tiv e  an tib o d ies  
w ere p resen t in  a m a x im u m  t i t r e  5 w eeks a f te r  f in ish in g  th e  rev acc in atio n  
course n o t only  in  p e rsons given p a re n te ra l  b u t also in persons given oral 
basic  im m u n iza tio n . T h is  m ust have been  due  to  th e  effectiveness of p ro longed  
an tig en  stim uli.

O ral basic im m u n iz a tio n  of ch ild ren  y ie ld ed  d iffe ren t re su lts . T he im m une  
response of ch ild ren  to  2 x 3  ta b le ts , a dose su ffic ien t for ad u lts , was re 
m ark a b ly  w eak. H o w ev er, u n d er th e  e ffec t o f w eekly rev acc in a tio n s th e  t i tre s  
rose an d  fina lly  re a c h e d  th e  levels show n in  ad u lts  a f te r  rev acc in a tio n . T he 
im m une  response w as less sa tis fac to ry  w hen  rev acc in a tio n  h ad  been perfo rm ed  
a t in te rv a ls  o f tw o w eeks, and  to ta lly  ineffec tive  w hen th e  b o oste r doses had  
been  given a t in te rv a ls  o f  th ree  or fo u r w eeks. In  th e  la t te r  groups th e  average  
t i t re s  corresponded  in  o rd e r of m ag n itu d e  to  th a t  d e m o n s tra te d  in th e  contro l 
g roups or before b asic  im m u n iza tio n . A ccord ing ly , a s im ila r ru le is va lid  for 
th e  in te rv a ls  of o ra l rev acc in a tio n  in  b o th  ad u lts  and  ch ild ren . A p ro longa tion  
o f p ro tec tiv e  a n tib o d y  ti tre s  could also be d e m o n s tra te d : one m o n th  a fte r  
rev acc in atio n  th e  t i t r e s  were co n sid e rab ly  h igh . A 2-w eek in te rv a l be tw een  
rev acc in atio n s h ad  an  u n fav o u rab le  in flu en ce  on th e  d u ra tio n  of th e  im m une 
response: th e  t i tre s  fell below  the levels reach ed  a f te r  basic  im m u niza tion .

The ex p erim en ts  w ere rep ea ted  in  sm alle r g roups, giving 2 x 3  or 2 x 5  
ta b le ts . B oth  doses ra ise d  th e  orig inal t i t r e s  in  an  o rd e r correspond ing  to  th a t  
observed  in th e  f irs t exp erim en ts . A d m in is tra tio n  o f 3 x 5  or 4 x 5  ta b le ts  
y ie lded  no h igher in crease . R evacc ina tion  — in th ese  ex perim en ts a t  10-day 
in te rv a ls  raised  th e  t i t re s  w ith  th e  sam e re g u la r ity  as th a t  observed  in  th e  
f irs t exam in a tio n : th e  p ro tec tiv e  p o te n c y  was som ew hat h igher a fte r  2 x 5  
ta b le ts ;  larger doses ( 3 x 5  or 4 x 5  ta b le ts )  ensu red  no fu r th e r  im p ro v em en t.

I t  m ay he con c lu d ed  th a t ,  as d e m o n s tra te d  in m ouse-p ro tec tion  te s ts , 
ch ild ren  can he im m u n ized  orally as successfu lly  as a d u lts . T here is no e x p la 
n a tio n  a t p resen t as to  th e  difference b e tw een  ad u lts  an d  ch ildren  in th e  d ev e l
o p m en t of im m une response . The increase  in  th e  level o f p ro tec tiv e  an tib o d ies  
d u rin g  rev acc in atio n  m ay  be a t tr ib u te d  to  th e  effect o f rep ea ted  an tigen  s tim 
u li. This co nsidera tion  is supp o rted  b y  th e  fac t th a t  a f te r  prolonged rev acc i
n a tio n  th e  m o u se-p ro tec tiv e  an tib o d y  level pers is ts  in  b o th  ad u lts  and  ch ild ren  
fo r a t  least tw o m o n th s  in d ep en d en tly  o f th e  m ode o f basic  im m u n iza tio n . As 
find ings in ch ildren  in d ic a te , rev acc in a tio n  is essen tia l n o t only  for m a in ta in 
ing b u t  also for in c reas in g  im m u n ity .

The p resen t s tu d ie s  confirm ed p rev io u s find ings [9] as to  th e  excellen t 
an tig en ic ity  of co llo idal Boivin e x tra c t.  D oses of 2 X 3 ta b le ts  used for o ral
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basic  im m u n iza tio n  rep resen ted  th e  B oiv in  e x tra c t of ab o u t 9 X 1010 Shigella  
cells fo r each co m p o n en t. R ev acc in a tio n  w as carried  ou t w ith  doses re p re se n t
ing ab o u t 1.5 x l O 10 cells for each a n tig e n . A s a  com parison  it  m ay  be m en tio n ed  
th a t  M e l  et al. [7] im m unized h u m an s  w ith  2.5 X 1011 liv ing s tre p to m y c in  d e 
p e n d e n t cells fo r each  serotype a n d  F o r m a l  et al. [8] im m unized  m onkeys 
w ith  th e  sam e dose of living a v iru le n t o r w ith  5 X 1010 liv ing  sem i-v iru len t 
sh igellae . The a d v a n ta g e  of B oivin  an tig en  is ev id en tly  due to  d im ensional 
d ifferences ensu ring  a more fav o u rab le  ab so rp tio n  of an tigen  e x tra c ts . T he 
p re se n t in v es tig a tio n s  have rev ea led  an  im p o r ta n t fac t, viz., t h a t  in im m u- 
n o g en ic ity  the  B o iv in  antigen is e q u iv a le n t w ith  F o r m a l ’s liv ing  sem i-v iru len t 
c u ltu re  an d  is su p e rio r  to  av iru len t s tra in s  [9]. C onsequen tly , B oivin  an tig en s 
ind u ce  an  o p tim al im m une response w ith o u t th e  danger arising  from  th e  use 
o f live vaccines. R a e t t i g , on th e  basis  o f his own an d  o th e r a u th o rs ’ d a ta , 
has also  em phasized  th a t  oral vacc ines p re p a re d  from  killed b a c te r ia  shou ld  
g iven preference o v e r th e  dangerous live d y se n te ry  vaccines [10].

F in a lly , le t us em phasize th e  im p o rta n c e  o f epidem iological o b se rv a tio n s  
for e s tim a tin g  th e  v alue  of la b o ra to ry  re su lts  in te s tin g  th e  effectiveness o f 
v acc in a tio n  ag a in s t infectious d iseases.
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Sum m ary . T he a n tiv ira l  ac tiv ity  o f g u an id in e  an d  its  16 d e riv a tiv e s  on P R 8  s tra in  o f 
th e  in fluenza AO v iru s  an d  on the  Sendai s tra in  o f  p a ra in flu en za  1 v iru s was ex am ined  in 
su rv iv ing  ch orioa llan to ic  m em brane frag m en ts . Som e re la tio n  w as d e m o n s tra ted  betw een  th e  
chem ical s tru c tu re  a n d  th e  an tiv ira l effect o f th e  de riv a tiv es.

T he a n tiv ira l a c tio n  of guan id in e  has been know n since 1961 [1]. G u an i
dine in h ib its  the  m u ltip lica tio n  of n u m ero u s  p ico rnav iruses in  vitro, being m ost 
ac tiv e  ag a in st po liov iruses [2]. I t  h a s  been  show n th a t  a H erpes sim plex (H S) 
v iru s  s tra in  [3] and  m easles virus [4] a re  also sensitive  to  guan id ine  an d  th e  H S 
an d  vaccin ia  v iru ses a re  inh ib ited  b y  ce rta in  guan id ine d e riv a tiv es  [5, 6].

PÁCSA et al. [7] repo rted  on th e  a n tiv ira l  ac tion  o f N -su b s titu te d  g u a n i
dine d e riv a tiv es  on polio , echo, coxsack ie  an d  HS v iruses. In  th e  p resen t in v es
tig a tio n s  th e  a n tiv ira l  action  of g u an id in e  an d  of som e o f its  deriv a tiv es  w as 
s tu d ied  in  vitro. T h e  P R 8  stra in  o f in flu en za  AO v iru s  and  th e  Sendai s tra in  
of p a ra in flu en za  1 v iru s  were used as te s t  viruses.

M aterials and m ethods

Cell cu ltu res, c u ltu re  m edia, m a in ten an ce  a n d  sto rage of v iruses, and  th e  m ethods of 
d e te rm in a tio n  of tox ic  a n d  an tiv ira l effects o f v iruses have  been described  prev iously  [8. 9].

R esults an d  d iscussion

F ro m  th e  d a ta  in  Tables I a n d  I I  th e  follow ing conclusions m ay  be 
d raw n.

(1) T here is no appreciable d ifference  betw een  th e  tw o v irus s tra in s  in 
th e ir  sen s itiv ity  to  th e  com pounds u n d e r  s tu d y .

(2) On th e  b asis  o f the  q u o tie n t -|----1- tox ic  dose/low est effective dose
com pounds H -904, H-9U0, H-901 a n d  V-53 p ro v ed  to  be m ost selective; V-130 
and  V-144 proved to  he less effective th a n  guan id ine , an d  V-139 and  V-140 
were ineffective.
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T ab le  I

The com pounds tested

Deeig-
n a tio n

, M olecular 
C hem ica l s tru c tu re  w eigh t

G uanid ine
HC1

.NH
N H „ -C < f  • HC1 

Ч Ч Н ,
95.575

H-900
-NH

I. Z ’
L  JJ—CH., — N H  — C \
Л  N  /  -  \ n h 2

• H 2S 0 4 398.45

H-902
1 .  1 L c h „ - N H - C <

" N v h 2
• H 2S 0 4 398.45

H-903
N ^=5s-..

n .N H
J - C H 2- N H - G f

■ \ n h 2
• H ,S 0 4

2

398.45

H-901
. 1  - C H 2—N H  — Cy 

С Н /  ^  N \ n H 2
• H 2S 0 4 426.52

H-904 > 1  . /N H  
1 J J - C H . - N - C /
^  N ■ NVH., • H..SO, 

C H 3 1 ,

426.52

H-540 X NHU J C H , N H  -cf
\ n h 2

• H 2S 0 4 396.45

H-539 ,N II
n ß  - C H , - N H - C < f  • 1 /2H .,S 04 
u  '  N V H ,

188.20

PY G
(V-53)

.N H
'v  ! CH.,— C H ..-N H  C < f 
^  N /  ‘  'NH.,

165.224

H-915
.N H

^ - C H , - C H  — N H - N H  - C f  „  c n
N " .  J 1 " ” N v h J '  - U)

456.535

Y 130
^ ^ I L NH- c/ NH • I I C I

n h 2

206.072
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Table I  (co n tin u ed )

D esig- .
n a tio n  C hem ical s tru c tu re

M o lecu lar
w e ig h t

V-137 .N H
L .. I l - N H - C t f  . HC1

н о /  -  M U

187.64

187.64V-138
------  ,N H

H O  — ,- /  > - N H - C < f  • HC1
\ = /  M l ,

V-139 .N H
. U  I J - N H - C / '  • HC1 

0 2N /  / /  -N H ,

216.64

V-140
.------ . N H

< f  > —N H  —N H  —С /  • HC1 
' - = /  / N H ,

186.67

V-144
. —. .N H

> - N H - G f  • 2HC1 • H „0
/ = < (  \N H „

/-N H .. • HCI

241.12

V-145
.------ч .N H

H » N - < f  > - N H - C f  • HCI 
/N H . ,

186.647

(3) S u b s titu tio n  b y  a pyrid ine rin g  (H -900) of th e  benzo l ring  in H -540 
or of th e  fu ran e  rin g  in  H -539 increases th e  a c tiv ity  of th e  com pound.

(4) T he positio n  o f th e  side-chain  o f th e  p y rid in e  rin g  is of im p o rtan ce . 
A side-chain  a t  s ite  2 (H-900) is m ore fav o u rab le  th a n  th e  sam e s ide-chain  
a t site  3 (H -902) or 4 (H -903).

(5) S u b s titu tio n  o f th e  p y rid in e  r in g ’s H  a to m  a t  s ite  6 by  a m e th y l 
group (H-901 vs. H -900) does no t m odify  th e  effect o f th e  com pound.

(6) S u b s titu tio n  o f a H atom  of one o f  th e  am ino g roups of guan id ine b y  
a h y d ro x y p h en y l g roup  resu lts  in a m ore se lec tive  su b stan ce . The p -h y d ro x y - 
pheny l d e riv a tiv e  (V-138) is m ore se lec tive  th a n  th e  m -h y d ro x y p h en y l d e r iv 
a tive  (V-137).

(7) T he o -ch lo ropheny l (V-130) an d  m -n itro p h en y l (V-139) d e riv a tiv e s  
are of l i ttle  effect.

(8) An am in o p h en y l group in p a ra  p o sitio n  (V-145) increases, in o th e r  p o 
sition (V-140 and  V-144) decreases, th e  effect of guan id ine .

Acknowledgements. T h e  au th o rs  are in d e b te d  to  th e  U n ited  W orks of P h a rm aceu tica l 
a n d  D iete tic  P ro d u c ts , B u d a p e s t,  for supply ing  som e of th e  d e riv a tiv e s, an d  to Mr. J .  M á r t o n , 
Mrs. Zs. H e r p a y  and  Mrs. L. J e n k e y  for exce llen t tech n ica l assistance .
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Table I I

Selective an tiv ira l effect o f  g u a n id in e  and its 16 derivatives

D esignation
of

deriva tive

C o n cen tra tio n  
causing  

4- -f- tox ic  
effect

S m alle st a n tiv ira l 
co n c en tra tio n , fxg /m l, against

E ffec tiv ity
index

P R 8 Sendai P R 8 Sendai

G uan id ine-H C l 3 000 500 500 6 6

H-900 3 000 75 75 40 40
H-902 4 000 750 750 5 5

H-903 16 000 1 500 1 500 10 10

H-901 1 750 75 37.5 23 46
H-904 4 000 50 75 80 50
H-540 500 37.5 37.5 13 13

H-539 750 75 75 10 10

V-53 (PYG) 4 000 125 50 32 80

H-915 12 000 1 500 1 500 8 8

V-130 3 000 1 000 n.t. 3 n .t.

V-137 750 75 75 10 10

V-138 750 50 37.5 15 20

V-139 1 000 >  500 n.t. < 2 n .t.

V-140 250 >  200 n.t. < 2 n .t.

V-144 4 000 1 500 n.t. 3 n .t.

V-145 2 000 200 200 10 10

n .t .  =  n o t tested .
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Sum m ary , (i) I n  r a ts  w ith  a n ap h y lac tic  shock , th e  sm all in te s tin e , lungs an d  h e a r t  
c o n ta in ed  h igh  a m o u n ts  o f  131I — OA, p a r t  o f w hich  w as p ro b ab ly  fix ed  to  specific an tib o d ies  
p re sen t in these o rgans. I t  h a s  been concluded th a t  th e se  organs, especially  th e  sm all in te stin e , 
are invo lved  in  th e  m ech an ism  of r a t  an ap h y lax is .

(ii) In  m ouse a n ap h y lax is  th e  h ig h est a m o u n t o f 131I —OA w as d e m o n s tra ted  in  th e  
lungs, b u t  ra d io a c tiv ity  in  th e  sm all in te s tin e  an d  sk in  also exceeded sig n ifican tly  th e  v a lu es 
fo r th e  con tro l an im als. A ccord ing ly , in  m ouse a n ap h y la x is  th e  lung  h as a  defin ite  role.

(iii) An assoc ia tion  h as  been rev ea led  b e tw een  a n ap h y lac tic  sy m p to m s and  loca lization  
o f an tib o d ies  in th e  o rgans. I t  has been concluded  th a t  a ll a n ap h y lac tic  sym ptom s can  be 
ex p la in ed  b y  a d isfu n c tio n  o f various o rgans im p a ired  b y  th e  an tig e n -a n tib o d y  reaction .

In jec tio n  of th e  e lic iting  an tigen  causes an a p h y la c tic  sym p to m s v a ry in g  
w ith  th e  species o f th e  sensitized  an im al. T h e  d ifference in sy m ptom s depends 
n o t on ly  on th e  v a rio u s  m ed ia to r su b stan ces  b u t  also on th e  shock  organs c h a r
ac te ris tic  of th e  an im al.

T he severe m orpho log ica l in ju ries  in  a n a p h y la x is  are p ro b a b ly  associa ted  
w ith  th e  am o u n t of an tib o d ies  fixed  in  th e  o rg an . F o r th e  d e te rm in a tio n  of th e  
so called “ cy to p h ilic”  (sessile) an tib o d ies  re sponsib le  fo r an ap h y lax is  severa l 
m eth o d s have  b een  e lab o ra ted . O f th ese  th e  e s tim a tio n  o f th e  am o u n t o f 
labelled  an tigens o r in  passive  an ap h y lax is  th e  tra c in g  an d  q u a n tita tiv e  d e te r 
m in a tio n  o f labelled  an tib o d ies  m ay  be considered  th e  m ost su itab le  techn iques.

In  an a p h y la c tic  shock  th e  lungs of g u in ea  pigs sensitized  ac tive ly  or 
p assive ly  co n ta in ed  2 to  4 tim es h ig h er a m o u n ts  of labelled  an tig en  th a n  th e  
lungs of th e  co n tro l an im als  [8, 15]. I n t r a p o r ta l  elic iting  in jec tio n s of olC r-oval- 
bu m in  resu lted  in  a tw ofo ld  increase o f ra d io a c tiv ity  in  th e  liver, th e  shock  
organ  of th e  dog [2]. T a l m a g e  et al. [13] a n d  D i x o n  an d  M a u r e r  [5] consid 
ered  th e  e lim ina tion  o f labelled an tib o d ie s  from  th e  c ircu la tion  of ra b b its  
as an  in d ica to r  of th e  degree of sen sitiza tio n  a n d  of th e  a n tig e n -a n tib o d y  re a c 
tion  in  vivo. In  m ice, M a s o u r e d i s  et al. [9] an d  in com ple ting  experim en ts  
M e l c h e r  et al. [10] d em o n stra ted  th e  e lim in a tio n  from  th e  c ircu la tion  and  
f ix a tio n  to  th e  tissu es  an d  p lasm a of 131I -a n tio v a lb u m in -ra b b it  globulin an d  
131I-o v a lb u m in  a n tig e n  an d  es tim a ted  th e  tis su e  levels for th e  a n tig en -an tib o d y  
reac tion . R a d w a n  a n d  W e s t  [12] show ed t h a t  131I-labelled  horse serum  in-

Acta Microbiologica Academiae Scientiarum Hungaricae 16, 1969



176 В. CSABA e t al.

je c te d  in to  sensitized  ra ts  increased  cap illa ry  p e rm eab ility  in  th e  sm all in te s 
tin e  in  such a degree th a t  ra d io a c tiv ity  could  be d e m o n s tra te d  in th e  p e r i to 
n ea l c av ity . In  recen t ex p e rim en ts  [3] we h av e  show n th a t  in  ra t  a n a p h y la x is  
h ig h  am o u n ts  of labelled  o v a lb u m in  a p p ea red  in th e  sm all in te s tin e  an d  th e  
lu ng .

T he pu rpose  of th e  p re se n t in v es tig a tio n s  was to  collect fu r th e r  d a ta  
fo r th e  shock organs in ra ts  an d  m ice a n d  to  im prove o u r know ledge o f  th e  
m echan ism  o f an ap h y lax is .

M aterials and m ethods

Sensitiza tion  and challenging. W is ta r  a lb in o  ra ts  w eighing 200 — 300 g were in je c te d  
in tra p e rito n e a lly  a t  tw o d ay  in te rv a ls  w ith  3 doses o f 60 m g c ry sta llin e  ov a lb u m in  (OA ) 
d isso lved  in 1 ml saline. T og eth er w ith  th e  f ir s t  a n tig en  dose th e  an im als received in tr a p e r i 
to n ea lly  Bordetella pertussis  vacc ine  (B P V ) com prising  5 X 109 cells. A sim ilar dose of B P V  was 
g iven  to  each an im al in tra m u sc u la rly  4 d ay s before  eliciting an ap h y lax is . On th e  1 2 th  day  
60 m g 131I — OA w ere in jec ted  in tra v en o u s ly  as th e  eliciting  dose. F a ta l  a n ap h y lac tic  shock  
developed  in 80 — 90%  of th e  co n tro l an im als .

A lbino m ice of b o th  sexes w eighing 15 — 20 g were sensitized  in tra p e rito n ea lly  w ith  3 
doses o f 30 mg c ry sta llin e  OA a t  tw o d a y  in te rv a ls . In  order to  enhance  th e  effect o f se n sitiz a 
tio n , each  m ouse w as given 2 doses o f B P V  a d ju v a n t  w ith  2 X 109 cells. T he shock w as e lic ited  
b y  th e  in trav en o u s in jec tion  of 30 m g 131I — О A in  0.5 ml volum e. E ig h ty  pe r cen t o f th e  con
tro l  m ice developed fa ta l an ap h y lax is .

The con tro l an im als rece ived  w ith o u t p re -tre a tm e n t 60 m g (ra ts )  or 30 m g (m ice) 
131I — OA in trav en o u sly .

D eterm ination o f  the antigen d istribution . Im m ed ia te ly  before d e a th  (betw een  30 a n d  60 
m in u te s  a f te r  th e  e lic iting  in jec tio n ) th e  an im a ls  w ere bled  by  d eca p ita tio n . The co n tro l ra ts  
a n d  m ice were sacrificed  30 m in u te s  a f te r  th e  in tra v en o u s  in jec tion  of 131I —OA. B lood, liver, 
lu n g , sm all in te stin e , h e a rt, sp leen  an d  a b d o m in a l skin specim ens w ere p laced in to  c en trifu g e  
tu b e s  in  1 m l or 1 g am o u n ts  ( ra ts )  or in  0.1 m l o r 0.1 g am o u n ts  (m ice). R a d io a c tiv ity  was 
m easu red  by th e  use o f a w ell-tvpe  sc in tilla tio n  co u n te r supplied  w ith  a N aI(T l)-B o h rlo ch  
c ry s ta l. T hen th e  haem oglobin  c o n te n t o f th e  specim ens was d e te rm in ed  and  th e  ra d io a c tiv ity  
for th e  blood rem ain in g  in  th e  organs w as su b tra c te d  from  th e  to ta l  co u n ts  [7]. D a ta  show  
a c tiv itie s  co rrec ted  in th is  m an n e r in  cpm /g  or in  percen tag e  of th e  co n tro l values.

The d is tr ib u tio n  of I3,I —OA w as d e te rm in ed  in 10 con tro l a n d  10 te s t  r a ts  a n d  in 15 
co n tro l and  23 te s t  mice. S ta tis tic a l sign ificance w as tes ted  by  S t u d e n t ’s t m ethod .

R esu lts

In  ra ts  sensitized  w ith  OA an d  challenged  w ith  131I  — OA a m ark ed  d e 
crease in an tig en  a c tiv ity  was o b serv ed  in  liver and spleen. In  blood a n d  sk in  
th e  levels w ere p rac tica lly  u n a lte re d . In  th e  sm all in te s tin e , lung an d  h e a r t ,  
th e  a c tiv ity  increased  s ig n ifican tly  (F ig . 1A).

In  Fig. IB  th e  v alues are  exp ressed  in p ercen tage  of th e  co n tro l. I t  is 
seen th a t  th e  sm all in te s tin e  an d  th e  lungs had  fixed  m ore th a n  doub le  th e  
a m o u n t of an tig en  fixed  b y  th e  co n tro l p rep ara tio n s .

As th e  values w ere co rrec ted  fo r th e  ra d io a c tiv ity  of residua l b lood , th e y  
in d ica ted , a t least p a r tly , th e  a m o u n t o f an tigen  fixed  to  an tibod ies in  th e  
co rrespond ing  organs. A ccord ing ly , th e  m ost in tensive  an tig e n -a n tib o d y  re a c 
tio n  occurs in  th e  sm all in te s tin e . As th e  am o u n t of an tig en  fixed  in th e  lungs
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Fig. 1. D is tr ib u tio n  of 131I — OA in ra ts  w ith  a n ap h y lac tic  shock. A =  specific a c tiv ity  in 
various o rgans; B =  131I —OA a c tiv ity  in va rio u s o rgans in p e rcen tag e  of contro l

c pm
1 “

3J3 * 10*

15 * 10*

p < 0.1

LIVER LUNG INTESTINE HEART SKIN SPLEEN BLOOD

400 -

300^

LIVER LUNG INTESTINE HEART SKIN SPLEEN BLOOD

Fig. 2. D is tr ib u tio n  of 131I — О A in mice w ith  a n ap h y lac tic  shock. A =  specific a c tiv ity  in 
various o rgans; В =  131I — OA a c tiv ity  in va rio u s o rgans in  p e rcen tag e  of contro l

an d  h e a r t is considerab le , these  organs shou ld  also be considered  to  p lay  a role 
in r a t  an ap h y lax is .

In  su b seq u en t ex p erim en ts  an ap h y lax is  was e lic ited  w ith  131I  — О A in 
mice sensitized  w ith  OA. As in  th e  r a t  ex p erim en ts , th e  an tig en  a c tiv ity  in  th e  
blood rem ain ing  in  th e  organs was su b tra c te d  from  th e  to ta l  a c tiv ity .
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A ntigen  a c tiv ity  in  th e  c ircu la tio n  decreased  m ark ed ly  in  th e  course of 
a n a p h y la c tic  shock. A m in im al decrease w as observed  in  th e  spleen an d  th e  
liver. In  th e  lungs, th e  sk in  and  th e  sm all in te s tin e  th e  a c t iv i ty  increased  sig
n if ic a n tly  (Fig. 2A).

As in d ica ted  by  th e  p e rcen tag e  com parison , th e  lungs fix ed  a b o u t th ree  
tim es , th e  sm all in te s tin e  an d  th e  sk in  a b o u t one and  h a lf  tim es  m ore an tigen  
th a n  d id  th e  co rrespond ing  organs of th e  con tro l an im als (F ig . 2B ). As in  an y  
o rg an  th e  am o u n t of a n tig e n  is an  in d ic a to r  of th e  a m o u n t o f specific a n t i 
bod ies, i t  m ay  he s ta te d  th a t  in  m ouse an ap h y lax is  th e  lungs p lay  th e  m ost 
im p o r ta n t p a r t ,  b u t th e  sm all in te s tin e  an d  th e  skin are  also in v o lved  in  th e  
m echan ism .

D iscussion

O ur stud ies on th e  d is tr ib u tio n  o f th e  eliciting  an tig en  in d ica te  th a t  in 
th e  m echanism  of a n ap h y lax is  in  th e  r a t  m ain ly  th e  sm all in te s tin e  an d , to  a 
sm alle r e x te n t, th e  lungs and  th e  h e a r t are  involved . T he severe fu n c tio n a l 
an d  organic lesions o b served  are due to  th e  a n tig e n -a n tib o d y  reac tio n  ta k in g  
p lace in th e  organs. T he find ings ex p la in  th e  observ a tio n  o f D a w s o n . St a r r  
an d  W e s t  [4] th a t  h aem o co n cen tra tio n  an d  haem orrhages a re  p resen t in  th e  
h e a r t  and  sm all in te s tin e  an d  som etim es in  th e  lungs of an im als  dy ing  20 m in 
u te s  a fte r  challenge. T he ex p lan a tio n  o f th e  severe haem orrhages in th e  sm all 
in te s tin e  and  of th e  d y spnoea  m arked  b y  slow and  irreg u la r  re sp ira to ry  m ove
m en ts  is also ev iden t from  our re su lts . T he progressive c irc u la to ry  collapse and  
h y p o th e rm ia  are caused b y  various m ed ia to rs  (h istam ine , 5 -h y d ro x y try p ta m in e , 
b ra d y k in in )  released from  th e  o rgans. T h e  h e a r t failure a g g rav a te s  th e  sy s te m 
a tic  c ircu la to ry  insuffic iency .

A naph y lac tic  shock  in  mice is ch a rac te rized  by  p rogressive  c ircu la to ry  
insuffic iency , cyanosis an d  oedem a [11]. H a r r is  and F u l t o n  [6] an d  B e r g 
m a n  and  M unoz  [1] ex p la in ed  th e  ab o v e  sym ptom s o f tissu e  h y p o x ia  b y  a 
fa ilu re  of th e  p e rip h era l c ircu la tio n  due to  an  effusion o f p lasm a from  th e  c ir
cu la tion  in to  th e  tissues. T he p resen t ex p erim en ts  in d ica te  th a t  in m ouse a n a 
p h y lax is  th e  g rea test a ccu m u la tio n  o f an tig en  occurs in  th e  lungs, h u t  a c tiv 
ity  in  sm all in te s tin e  a n d  skin is also s ig n ifican tly  h igher th a n  in th e  respective  
organs of th e  con tro l an im als . As i t  is ju s tif ie d  to  s ta te  th a t  an tig en  accu m u la 
tio n  is due to  th e  p resence of specific an tib o d ies  in th e  o rg an s, i t  m ay  be con
cluded  th a t  th e  lungs p la y  a ca rd in a l ro le in th e  a n a p h y la c tic  reac tio n . The 
shock m ed ia to rs re leased  in  consequence o f a fu n c tio n a l in ju ry  of th e  lungs 
ra p id ly  cause tissue  h y p o x ia , a change responsib le  for all th e  o th e r sy m p to m s. 
H aem o rrh ag e  in  th e  sm all in te s tin e  an d  oedem a in  th e  sk in  a g g ra v a te  th e  c ir
c u la to ry  failu re  and  f in a lly  th e  an im al succum bs to  a n a p h y la c tic  shock.
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SOME PROPERTIES OF ALKALINE PHOSPHATASE 
IN BACILLUS SPECIES

B y
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Sum m ary . B . anthracis , B . cereus, B . m egaterium  and  B. sub tilis  co n ta in ed  rep ressib le  
p h o sp h a tase . B . subtilis p h o sp h a tase  w as rep re ssed  a t  th e  low est a n d  B . cereus p h o sp h a tase  
a t  th e  h ig h est p h o sp h a te  co n cen tra tio n  in  th e  m edium .

T he four stra in s  show ed sm all differences in  su b s tra te  sp ec ific ity  for p a ra -n itro p h e n y l 
p h o sp h a te , be ta -g ly ce ro p h o sp h a te , adenylic  acid , g lu co se-l-p h o sp h a te , g lucose-6-phosphate  
and p y ro p h o sp h a te  hydro lysis.

T he M ichaelis c o n s ta n t for th e  s tra in s  ra n g ed  betw een  2.8 X 1 0 -5  a n d  4. 1 x l O “ 5 M .
T he sen sitiv ity  of p h o sp h a tase  to  com plex-form ing  substances a n d  h ea t showed d iffe r

ences ch arac te ris tic  of th e  stra in s .

T he w idespread  occurrence of a lk a lin e  p h o sp h a tase  in  m am m alian  tissu es  
and  m icroorganism s is w ell-know n [1, 2]. T h e  p roperties o f p h o sp h a ta se  h av e  
ex ten siv e ly  been in v e s tig a te d  in  Escherichia coli [3, 4], B acillu s subtilis [5, 6], 
Serratia marcescens [7], Pseudom onas fluorescens  [8], N eurospora crassa an d  in  
som e y e a s ts  [10]. P h o sp h a ta se s  in  th ese  m icroorganism s a re  sim ilar in m a n y  
resp ec ts  such  as a lkaline  p H  o p tim u m , m o d era te  su b s tra te  spec ific ity , d iv a le n t 
cation  req u irem en t fo r a c itiv ity , and  co m p e titiv e  in h ib itio n  b y  inorganic p h o s
p h a te  [2]. In  o th e r p ro p e rtie s , e.g. m o lecu lar w eight, am ino  acid  com position , 
M ichaelis c o n s tan t, e tc ., th e  p h o sp h a ta se s  m ay  be d iffe ren t [6, 8, 11, 12].

T he p roperties o f p h o sp h a ta se  in  th e  genus Bacillus  h a v e  been ex am in ed  
only  for B . subtilis. T here  are m ore d a ta  fo r th e  repression o f  a lka line  p h o sp h a 
tase  sy n th esis  in  som e B acillus  species [13 —16]. In  th e  p re se n t s tu d y  we h av e  
there fo re  com pared  th e  enzym ologic p ro p e rtie s  of B . anthracis, B . cereus, 
B . megaterium  and B . subtilis  a lka line  p h o sp h a ta se  in ad d itio n  to  s tu d y in g  th e ir  
rep ressib ility .

M aterials an d  m ethods

Strains. B. anthracis V ollum  (non-capsu logen ic  m u ta n t) , B . cereus W , B . megaterium  
899 an d  B . subtilis M arburg  w ere u sed . T he c u ltu re s  w ere m ain ta in ed  as spo re  suspensions.

Cultivation. LA m ed ium  [15] a d ju s te d  w ith  0.02 M  K 2H P 0 4 to  0.3 m M  p h o sp h a te  
c o n cen tra tio n  was used. T his p h o sp h a te  c o n ce n tra tio n  ensured  su b o p tim a l g row th  b u t  m a x i
m um  a lka line  p h o sp h a tase  a c tiv ity  for a ll s tra in s .

T he m edium  was seeded w ith  103 spores p e r m l, th en  in cu b a ted  b y  a e ra tio n  on a  G yro- 
to ry  shak er (240 rev /m in ) fo r 16 to  18 hours a t  37 °C. A t th e  end of th e  in cu b a tio n  th e  cu ltu res  
were in th e  early  s ta tio n a ry  phase.
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Enzym e extracts. T h e  cu ltu re  was c en trifu g ed  a t  4 °C th e n  w ashed  twice in 0.05 M , 
p H  8.5 Tris-HCl buffer. A fte r  w ash ing  th e  cells w ere resuspended  to  1/20 of th e  original volum e 
in  th e  same buffer a n d  t r e a te d  in a M SE u ltra so n ic  pow er u n it a t  0 °C. T he cellular debris was 
th e n  sedim ented a t  4000 g a t  4 °C for 30 m in u te s  an d  th e  su p e rn a ta n t  was used as crude 
e x tra c t  th ro u g h o u t th e  experim en ts .

Enzym e assay. T o 2 m l ap p ro p ria te ly  d ilu te d  crude e x tra c t 2 m l reagen t (0 .5%  p ara- 
n itro p h en y l p h o sp h a te  d isso lved  in  0.05 TVf, p H  8.5 Tris-H C l buffer) w as added. A fter in cu b a 
tio n  a t  37 °C for 10 m in u te s  th e  reac tio n  w as te rm in a te d  w ith  1 m l 2 TV N aO H . The p a ra -n itro -  
p heno l released was d e te rm in e d  by  th e  use of a S p ectrom om  201 sp e c tro p h o to m ete r a t  410 m/u. 
E n zy m e ac tiv ity  w as ex p ressed  in  un its , 1 u n it  correspond ing  to th e  a m o u n t of enzym e re leas
in g  1 m //M  p a ra -n itro p h e n o l in 1 m inu te  u n d e r th e  above cond itions. Specific enzym e a c tiv ity  
w as expressed as 1 u n i t  enzym e per 1 mg p ro te in . P ro te in  d e te rm in a tio n  was perform ed b y  th e  
colorim etric  m eth o d  of L o w r y  et al. [17].

The m ethod  fo r e s tim a tin g  th e  su b s tra te d  specificity  of a lk a lin e  p h osphatase  differed  
fro m  th e  above p ro ced u re  in  th e  use of T ris-H C l b u ffer co n ta in in g  5 m M  am oun ts o f v a rio u s 
p h o sp h a te  esters a n d  in  d e te rm in in g  inorgan ic  p h o sp h a te  a fte r s to p p in g  th e  reac tion  b y  th e  
m eth o d  of L o w r y  a n d  L o p e z  [ 1 8 ] .

A lkaline phosphatase repression  was ex am in ed  as described p rev io u s ly  [15]. B y ad d in g  
0.02 TVf solution to  LA m ed iu m , a series o f m ed ia  co n ta in ing  0.3, 0 .5, 0.7, 0.9 and  1.1 m M  
ino rgan ic  p h o sp h a te  w as p rep ared . A fter 16 h o u rs  c u ltiv a tio n  c ru d e  e x tra c ts  were p rep ared  
fro m  the  cu ltu res a n d  th e ir  specific a c tiv itie s  w ere p lo tte d  on a g ra p h  by considering  th e  
enzym e a c tiv ity  o f th e  c u ltu re  grow n a t 0.3 m M  p h o sp h a te  c o n ce n tra tio n  as 100% .

R esu lts

R epression co n d itio n s  fo r a lka line  p h o sp h a ta se  sy n th es is  in B . anthracis, 
B . cereus, B . m egaterium  and  B. sub tilis , su b s tra te  sp ec ific ity  and  a ff in ity  of 
phospha tases, in h ib ito ry  a c tiv ity  o f p h o sp h a te , s e n s itiv ity  to  some com plex
fo rm ing  substances a n d  h e a t in a c tiv a tio n  of th e  p h o sp h a ta se s  were com pared .

Crude e x tra c ts  p rep a red  from  th e  fo u r Bacillus species showed d iffe ren t 
a lkaline p h o sp h a ta se  a c tiv itie s . A fter c u ltiv a tio n , 90 to  9 5 %  of the  to ta l  p h o s
p h a ta se  a c tiv ity  w ere sed im en ted  w ith  th e  cells on cen trifu g a tio n  a t 4000 g 
fo r 20 m inutes. In  re p e a te d  ex p erim en ts  th e  specific sed im en ted  a c tiv ity  v a ried  
betw een  9 .8—13.5 u n its /m g  for B . anthracis, 26.5 — 32.8 u n its /m l for B . cereus,
11.7 — 16.2 u n its /m g  fo r B . megaterium  an d  18.2 — 23.3 u n its /m g  for B . subtilis.

Fig. 1 in d ica te s  th e  re la tiv e  p h o sp h a ta se  a c tiv ity  o f th e  cu ltures p lo tte d  
ag a in st the  ino rg an ic  p h o sp h a te  c o n te n t o f th e  m edium . In c reasin g  of th e  p h o s
p h a te  ion c o n te n t o f th e  m ed ium  caused  a decrease in  a lkaline  p h o sp h a ta se  
p roduction  by  all s tra in s  exam ined . B . subtilis  p h o sp h a ta se  was rep ressed  a t 
th e  lowest and  B . cereus p h o sp h a tase  a t  th e  h ighest p h o sp h a te  c o n cen tra tio n . 
T he repression cu rves fo r B . anthracis an d  B . megaterium  w ere sim ilar and  o ccu 
p ied  an in te rm e d ia ry  position  betw een  th e  curves fo r th e  form er o rgan ism s.

A lkaline p h o sp h a ta se  is know n to  be sligh tly  specific  [2]; it ca ta ly ses th e  
hydro lysis of a w ide v a r ie ty  of com pounds bearing  a te rm in a l p h o sp h a te  
group . In  T ab le  1 th e  su b s tra te  sp ec ific ity  o f our fo u r s tra in s  is p resen ted . All 
s tra in s  h y d ro lysed  p a ra -n itro p h e n y l p h o sp h a te , b e ta -g ly ce ro p h o sp h a te  and  
adenylic  acid w ith  a sim ilar degree of a c tiv ity . A lp h a-g lu co se -l-p h o sp h a te  and 
a lpha-g lucose-6 -phosphate  were less read ily  a tta c k e d . O f th e  exam ined  sub-
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s tra te s  th e  low est a c tiv ity  was o b se rv ed  for p y ro p h o sp h a te . A ccord ingly , in  
su b s tra te  specific ity  th e  s tra in s  d isp lay ed  sm all differences.

In  o rd er to  ch a rac te rize  the  s u b s tra te  a ff in ity  of p h o sp h a tases  th e  M ichae
lis c o n s ta n t w as de te rm in ed  as d esc rib ed  b y  L i n e w e a v e r  an d  B u r k  [19].

Fig. 1. E ffec t of p h o sp h a te  concen tra tion  in th e  m edium  on alkaline  p h o sp h a tase  syn thesis, 
a =  B . cereus; h =  B . anthracis; c =  B. m egaterium ; d =  B. subtilis

Table I

Substrate specificity  o f alkaline phosphatase in  B acillus species

Substrate B .
anthracis

B .
cereus

B .
megaterium

B.
subtilis

para-N itro p h eu y l-p h o sp h a te  ........... 100 100 100 100

beta-G lycerophosphate  ......................... 107 102 94 112

Adenylic acid .......................................... 89 93 100 98

G lucose-1-phosphate .............................. 52 65 60 48

G lucose-6-phosphate .............................. 64 54 48 57

P y r o p h o s p h a te .......................................... 21 8 12 15

E nzym e a c tiv ity  w as assayed by  d e te rm in in g  ino rgan ic  p h o sphate  released  from  th e  
su b s tra te . R e la tiv e  enzym e a c tiv ity  is expressed  as p e rcen tag e  of th e  ra te  of p a ra -n itro p h e n y l 
p h o sp h a te  hydro lysis.

G raded  am o u n ts  of p a ra -n itro p h en y l p h o sp h a te  w ere dissolved in 0.05 M  p H
8.5 T ris-H C l b u ffe r an d  from  the  en zy m e ac tiv itie s  e s tim a ted  a t d iffe ren t su b 
s tra te  co n cen tra tio n s  th e  K m value w as ca lcu la ted . T he M ichaelis c o n s ta n t in  
M  p e r litre  was 2 . 8 x l 0 ~ 5 for B. anthracis, 3 . 3 x l 0 ~ 5 for B . cereus, 4.1 x l O -5 
for B . m egaterium  an d  3 . 9 x l 0 - ° for B . subtilis.

A lkaline p h o sp h a ta se  in B. su b tilis , s im ila rly  as in o th e r species, w as 
effec tively  in h ib ited  by  inorganic p h o sp h a te  [2]. The re la tiv e  p h o sp h a ta se
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a c tiv itie s  a t  v a rious p h o sp h a te  c o n c e n tra tio n s  in  th e  reac tio n  sy s tem  are p re 
sen ted  in  T ab le  I I .

Table II

E ffe c t  o f  p h o s p h a te  c o n c e n tr a tio n  o n  a lk a l in e  p h o s p h a ta s e  a c t iv i ty

P h o s p h a te
c o n c e n tra t io n ,

m M

B .
anthracis

B .
cereus

B .
megaterium

B .
subtilis

— 1 0 0 1 0 0 1 0 0 1 0 0

0.1 98 1 0 0 1 0 0 1 0 0

0.5 92 95 89 97

2.0 87 85 88 79

4.0 53 61 45 58

1 0 . 0 28 36 22 27

R ela tiv e  p h o sp h a ta se  a c tiv ity  is ex pressed  as p e rcen tag e  of enzym e a c tiv ity  in  p h o sp h a te  
free system .

In  th e  p resence  o f 4.0 to  10.0 m M  p h o sp h a te , enzym e a c tiv ity  decreased  
considerab ly  in  all s tra in s . The cu ltu re s  show ed sm all d ifferences in  th e  degree 
o f in h ib itio n  a t  v a rio u s  p h o sp h a te  c o n cen tra tio n s .

T ab le  I I I  in d ic a te s  th e  se n s itiv ity  o f th e  exam ined  s tra in s  to  co m p lex 
fo rm in g  su b stan ces. T hese com pounds b in d  d iv a le n t cations needed  fo r th e  
h y d ro ly tic  a c tiv ity  o f  th e  enzym e [2]. T h e  fo u r s tra in s  show ed a s im ila r degree 
o f se n s itiv ity  to  E D T A ; B . anthracis p h o sp h a ta se  ex h ib ited  an increased  re s is 
ta n c e  to  triso d iu m  c i t r a te  and  B . cereus p h o sp h a ta se  to  p o ta ss iu m  cyan ide .

Table III

E ffe c t  o f  c o m p le x - fo r m in g  s u b s ta n c e s  o n  a lk a l in e  p h o s p h a ta s e  a c t iv i ty

A dditions
B .

anthracis
B .

cereus
B .

megaterium
B .

subtilis

_ 100 100 100 100

ED TA 10"1 M 100 93 95 100

1 0 - 3 M 52 39 45 38

1 0 -2 M 0 5 0 0

T risod ium c itra te  10-3 M 82 68 65 54

5 X  10-3 M 74 37 26 31

10“ 2 M 42 8 8 3

KCN 1 0 '2 M 82 100 73 74

Ю '1 M 23 87 14 7

R e la tiv e  p h o sp h a ta se  activ ities a t  d iffe re n t co n ce n tra tio n  of com plex-form ing  su b ' 
s ta n c e s  expressed  as p e rc e n ta g e  of enzym e a c t iv ity  in  th e  co n tro l system .
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H e a t se n s itiv ity  te s tin g  a t  55 °C in d ica ted  th a t  50%  o f p h o sp h a ta se  in 
B . anthracis, B . cereus and  B . m egaterium  w ere in a c tiv a te d  in 4 to  14 m in u tes , 
w hile B . subtilis  p h o sp h a tase  show ed a decrease of only  8 %  even a f te r  20 m in 
u te s  exposure  (F ig . 2).

A t 70 °C B . subtilis p h o sp h a ta se  lost 50%  of its  a c tiv ity  in  4 m in u te s ; 
th e  enzym e in th e  o th e r s tra in s  w as im m ed ia te ly  in a c tiv a te d  a t  th a t  te m p e ra 
tu re  (F ig . 3).

F ig .  2 . H e a t- in ac tiv a tio n  of alkaline p h o sp h a ta se  a t  55 °C. A bscissa: re la tiv e  p h o sp h a tase  
a c t iv ity  in p e rcen tag e  of enzym e a c t iv ity  w ith o u t h e a tin g . O rd ina te : tim e  o f exposure, 

a =  B . s u b t i l i s ;  b =  B . a n th r a c is  ; c  =  B . c e r e u s ;  d =  B . m e g a te r iu m

F ig .  3 . H e a t- in ac tiv a tio n  of alkaline p h o sp h a ta se  a t  70 °C. a =  B .  s u b t i l i s ;  b =  B .  a n th r a c is ;
c — B .  c e r e u s ;  d =  B .  m e g a te r iu m

D iscu ssion

H o r i u c h i  et al. [20], T o r r i a n i  [21] an d  G a r e n  an d  L e v i n t h a l  [22] 
described  a lka line  p h o sp h a tase  in  E . coli as a repressib le  enzym e. A t low in o r
ganic p h o sp h a te  co n ten t th e  c u ltu re  ex e rts  a h igh , w ith  an excess o f p h o sp h a te , 
a low  p h o sp h a ta se  a c tiv ity . O th e r s tra in s  w ere show n to  b eh av e  s im ila rly : 
B . anthracis [14, 15], B . cereus [14] a n d  B . subtilis  [13 ,16]. In  th e  p re se n t s tu d y  
we observed  p h o sp h a tase  rep ression  a t  excess p h o sp h a te  co n cen tra tio n s  in
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fo u r d ifferen t B acillus  s tra in s , b u t th e  op tim a l p h o sp h a te  ion co n cen tra tio n  
v a ried  from  s tra in  to  s tra in .

In  E . coli, p h o sp h a ta se  is localized  b e tw een  th e  cell wall an d  th e  cell 
m em b ran e  [23], an d  on cen trifu g a tio n  it sed im en ts w ith  th e  cells. P ro to p la s ts , 
in c o n tra s t, release th e  enzym e in to  th e  m edium  [24]. Ca s h e l  and  F r e e s e  
[25] observed  th a t  d u rin g  cu ltiv a tio n  9 0 %  o f B . subtilis  p h o sp h a tase  are  p re 
sen t in th e  m edium  a n d  on ly  10%  rem ain  in  th e  cells. In  c o n tra s t, acco rd ing  to  
T a k e d a  an d  T s u g it a  [6 ],  alkaline p h o sp h a ta se  in  B . subtilis  is s tro n g ly  b o u n d  
to  th e  cell wall and  cell m em brane. In  th e  p resen t ex p erim en ts  we found  th a t  
in  o u r 4 s tra in s  9 0 %  to  95%  of enzym e a c tiv ity  sed im en ted  w ith  th e  cells 
a f te r  cu ltu rin g  for 16 h o u rs . This fin d in g  in d ica tes  th a t  ou r s tra in s  are n o t essen
tia lly  d iffe ren t in  th e  localiza tion  of p h o sp h a ta se .

As regards th e  M ichaelis c o n s ta n t, su b s tra te  specific ity  and  in h ib ito ry  
effect o f inorganic  p h o sp h a te  offer som e e x p la n a tio n s  fo r th e  n a tu re  o f enzym e- 
su b s tra te  b ind ing .

T a k e d a  and  T s u g it a  [6] d e te rm in ed  th e  K m va lu e  for B . subtilis  c ry s
ta llin e  alkaline p h o sp h a ta se  ac tin g  up o n  p a ra -n itro p h e n y l p h o sp h a te  as 
З .б х Ю - 5 M  p e r l i tre . O ur ex p erim en ts  rev ea led  s im ila r values n o t on ly  for 
B . subtilis  b u t also fo r  th e  o th e r 3 B acillus  species.

W ith in  th e  e x p e rim e n ta l lim its o f e rro r ou r s tra in s  were id en tica l in  su b 
s tra te  specific ity . In  rep ression  by  p h o sp h a te  th e re  w ere only  sm all d ifferences 
betw een  th e  s tra in s .

A ccordingly, o u r Bacillus s tra in s  d iffered  b u t  slig h tly  in su b s tra te  a ff in 
i ty , su b s tra te  sp ec ific ity  and  rep ress ib ility . T hese find ings show th a t  th e  4 
s tra in s  were v e ry  s im ila r  in respect to  e n zy m e-su b s tra te  b ind ing .

F or th e  fu n c tio n  o f alkaline p h o sp h a ta se  in E . coli, В . subtilis an d  o th e r  
b ac te ria , d iv a len t c a tio n s  are needed [2, 6]. B y b in d in g  these  ions, co m p lex 
fo rm ing  substances in h ib it  p h o sp h a tase  a c tiv ity . In  o u r experim en ts th e  e x a m 
ined 3 substances e x e r te d  d ifferent effects. T risod ium  c itra te  and  p o tassiu m  
cyanide in h ib ited  B . anthracis and  B . cereus p h o sp h a ta se  less defin ite ly  th a n  
did th e  enzym es o f th e  o th e r s tra in s . E D T A , in c o n tra s t , exerted  a sim ilar in h i
b ito ry  a c tiv ity  on th e  p h o spha tase  of all s tra in s .

H e p p e l  et al. [3] show ed th a t  E . coli p h o sp h a ta se  was h ighly  h e a t-s ta b le : 
in  th e  presence of 1 0 -2 M  Mg it was re s is ta n t to  10 m inu tes exposu re  at 
90 °C. As to  our c u ltu re s , p h o sp h a tase  was rap id ly  in ac tiv a ted  a t 55 °C in 
B . anthracis, B . cereus an d  B. m egaterium , h u t in B. subtilis  it was d estroyed  
o n ly  a t  70 °C.

T he d iffe ren t se n s itiv ity  to  com plex-fo rm ing  substances and  th e  h igh 
h e a t resistance  of B . sub tilis  p h o sp h a tase  in d ica te  th a t ,  a lthough  th e  4 enzym es 
are  sim ilar in  en zy m e-su b stra te  b ind in g , th e y  d iffer in  o th e r p ro p ertie s .

Acta Microbiologica Acadetniae Scientiarum Hungaricae 16, 1969



SOME P R O P E R T IE S  OF A LK A LIN E PHO SPHATASE 187

R E F E R E N C E S

1. R o c h e , J . :  T he E n zy m es. 1st ed., Vol. 1, p. 473.
2. S t a d t m a n , T. C.: T h e  E nzym es. 2nd e d .,  Vol. 5, p. 55.
3. H e p p e l ,  L. A .. H a r k n e s s , D. R ., H i l m o e , R . J . :  J .  biol. Chem. 237, 841 (1962).
4. S c h l e s i n g e r , M. J . :  J .  biol. Chem. 240 , 4293 (1965).
5. D e m a i n , A. L ., H e n d l i n , D.: J . B ac t. 94, 66 (1967).
6. T a k e d a , K ., T s u g i t a ,  A.: J . B iochem . 61, 231 (1967).
7. L e v i n t h a l , C., S i n g e r ,  E . R . ,T e t h e r o l f , K .: Proc. n a t.  A cad. S e i.(W ash.) 4 8 ,1230(1962).
8. F r i e d b e r g . I ., A v i g a d , G.: Europ. J .  B iochem . 1, 193 (1967).
9. N y c , J .  F . ,  K a d n e r ,  R . J . ,  C r o c k e n , B. J . :  J .  biol. Chem. 241, 1468 (1966).

10. S t a d t m a n , T. C.: B ioehim . biophys. A c ta  (A m st.) 32, 95 (1959).
11. R o t h m a n , F ., B y r n e , R .: J . molec. B iol. 6, 330 (1963).
12. E c h o l s , H ., G a r e n ,  A., G a r e n , S., T o r r i a n i , A.: .1. molec. Biol. 3, 425 (1961).
13. M i k i , T., M i n a m i , Z., I k e d a , Y.: G enetics 52, 1093 (1965).
14. L a n to s , J . ,  I v á n o v ic s , G.: A cta m icrob io l. A cad. Sei. hung . 11, 351 (1964).
15. D o b o z y , A., M a r j a i , E ., I v á n o v i c s , G .: A c ta  m icrobiol. A cad. Sei. hung. 15, 261 (1968).
16. D o b o z y , A., H a m m e r ,  H .: A cta m icrob io l. A cad. Sei. hung . 15, 181 (1968).
17. L o w r y ,  O. H ., R o s e b r o u g h , N. J .,  F a r r , A. L., R a n d a l l , R. J . :  J . biol. Chem. 193, 265

(1951).
18. L o w r y ,  0 . H ., L o p e z , A.: J . biol. C hem . 162, 421 (1946).
19. L i n e w e a v e r , H ., B u r k ,  D.: J . A m er. chem . Soc. 56, 658 (1934).
20. H o r i u c h i ,  T ., H o r i u c h i , S., M i z u n o , D .: N a tu re  (L ond .) 183, 1529 (1959).
21. T o r r i a n i , A.: B ioeh im . biophys. A c ta  (A m st.)  38, 460 (1960).
22. G a r e n , A., L e v i n t h a l , C.: Bioehim. b io p h y s . A cta  (A m st.) 38, 470 (1960).
23. Done, J., Shorey, C. D., Lore, J. P., P ollak, J. K.: Biochem. J. 96, 27 (1965).
24. Malam y , M., M o r e c k e r , B. L.: B iochem . b iophys. Res. C om m un. 5, 104 (1961).
25. C a s h e l , M., F r e e s e , E .: Biochem. b io p h y s . R es. C om m un. 16, 541 (1964).

A d d ress  o f  the authors:
A t t il a  D obozy ,
D e p a r tm e n t  o f D e rm a to lo g y , U n iv e rs i ty  M edical S choo l, Szeged, H u n g ary  
H e l g a  H am m er ,
D e p a r tm e n t o f O p h th a lm o lo g y , U n iv e rs ity  M edical S ch o o l, S zeged, H u n g a ry

Acta  V/icrobiologica Academiae Scientiarum Hungaricae 16, 1969





Acta microbiol. Acad. Sei. hung. 16, 189— 196, 1969

HEART GLYCOSIDES IN POLIOVIRUS 
HOST CELL INTERACTION

I .  E F F E C T  O F  D I G O X I N  A N D  D I G I T O X I N  A N D  T H E I R  A G L U C O N S  O N  O N E  S T E P

G R O W T H  C U R V E S

B y

A. K o c h  a n d  E m e s e  G y ö r g y  

N ational Institu te o f Public Health  ( D irector : T .  B akács), Budapest 

( R e c e i v e d  M a r c h  1 0 ,  1 9 6 9 )

S u m m a r y .  I n  a  s y s t e m  c o n s i s t i n g  o f  t y p e  1 ( M a h o n e y )  p o l i o v i r u s  a n d  P M K  I I I / l  p e r m a 
n e n t  m o n k e y  c e l l  l i n e  i n  H a n k s ’ b a l a n c e d  s a l t  s o l u t i o n  w i t h  g l u c o s e ,  c o n s i d e r a b l e  r e d u c t i o n  
o f  f i n a l  v i r i o n  y i e l d  a n d  a n  a p p a r e n t  p r o l o n g a t i o n  o f  t h e  l a g  p h a s e  t o o k  p l a c e  i n  t h e  p r e s e n c e  
o f  10 ~ 6 o r  10 “ 7 М /1 f i n a l  c o n c e n t r a t i o n s  o f  d i g o x i n  o r  d i g i t o x i n  o r  t h e i r  a g l u c o n s .  I n  t h e  c o n 
c e n t r a t i o n  r a n g e  f r o m  10 _ 8  t o  10- u  М /1, b o t h  g l y c o s i d e s  i n d u c e d  a  c o n c e n t r a t i o n - d e p e n d e n t  
i n c r e a s e  o f  t h e  y i e l d  a n d  s h o r t e n i n g  o f  t h e  l a g  p h a s e .  D i g o x i g e n i n  e x e r t e d  a  c o n c e n t r a t i o n -  
d e p e n d e n t  i n h i b i t o r y  a c t i o n  i n  t h e  10_ 6  t o  1 0 -10 М /1 c o n c e n t r a t i o n  r a n g e .  T w o  i n h i b i t i o n  
m a x i m a  a n d  t w o  m i n i m a  w e r e  o b s e r v e d  a t  1 0 - 6  a n d  10 - 8  М /1 a n d  a t  10 “ 7 a n d  10 ~ u  M f1 
c o n c e n t r a t i o n s ,  r e s p e c t i v e l y .  T h e  i n h i b i t o r y  a c t i o n  o f  d i g i t o x i g e n i n  t e n d e d  t o  d e c r e a s e  i n  t h e  
r a n g e  f r o m  10 -G  t o  10 -8 М /1, w h e r e a s  n o  e f f e c t  w a s  p r o d u c e d  a t  10 ~ 9 М /1 a n d  l o w e r  c o n c e n 
t r a t i o n s .

C a m p b e l l  an d  K u e c h l e r  [1] h a v e  re p o rte d  o u ab a in  to  b lock th e  a t ta c h 
m en t o f Mengo v iru s  to  L cells. L i n k  e t a l .  [2] observed  in h ib ition  of th e  cyto- 
p a th ic  effect o f N ew castle  disease (N D ) v iru s  in  r a b b it  lung f ib ro b la s t m ono- 
la y e r  cu ltu res  on p re tre a tm e n t w ith  2 m g/m l o f lan a to sid e  C or 25 /tg/m l of 
o u ab a in . B o th  h e a r t  glycosides fa iled  to  a ffec t v ira l c y to p a th o g en ic ity  w hen 
a d d ed  to  th e  system  24 hours a fte r th e  in fec tio n . As fa r  as we are in fo rm ed  no 
fu r th e r  or m ore d e ta ile d  system atic  s tu d ie s  h av e  been perfo rm ed  a long  th is  
line. O u r earlier fin d in g s concerning th e  effect of s a tu ra te d  fa tty  acids [3] and 
som e o th e r  surface ac tiv e  agents [4] on th e  v irio n  h o st cell in te ra c tio n  suggested  
c e r ta in  co n fo rm atio n a l changes of th e  cell m em b ran e ’s bu ild ing  u n its  to  be 
o f decisive im p o rtan ce . H eart glycosides know n fo r th e ir  w ell-defined specific 
ac tio n  on th e  a c tiv ity  and  con fo rm ation  o f  A T Pase in th e  cell m em b ran e  were 
se lec ted  for fu r th e r  s tud ies on th e  re la tio n s  of m em b ran e  s tru c tu re  an d  v irion  — 
cell in te ra c tio n .

M aterials an d  m ethods

Cells and virus. T h e  P M K  I I I / l  p e r m a n e n t  m o n k e y  k i d n e y  c e l l  l i n e  a n d  t h e  t y p e  1 
( M a h o n e y )  p o l i o v i r u s  s t r a i n  w e r e  t h e  s a m e  a s  u s e d  i n  p r e v i o u s  s t u d i e s  [ 5 ] .  A l l  v i r u s  t i t r a t i o n s  
w e r e  p e r f o r m e d  b y  p l a q u e  a s s a y .

One step growth curves. V i r u s  w a s  a d s o r b e d  t o  s u s p e n d e d  c e l l s  i n  t h e  s m a l l e s t  p o s s i b l e  
v o l u m e  ( 1 0 7 c e l l s  0 . 1  m l )  a t  1 i n p u t  m u l t i p l i c i t y .  A d s o r p t i o n  w a s  a l l o w e d  t o  t a k e  p l a c e  u n d e r  
c o n s t a n t  s t i r r i n g  f o r  1 0  m i n u t e s  a t  r o o m  t e m p e r a t u r e  a n d  f o r  a n  a d d i t i o n a l  5  m i n u t e s  i n  a  
3 7  ° C  w a t e r  b a t h .  U n a d s o r b e d  v i r u s  w a s  r e m o v e d  b y  t w o  s u b s e q u e n t  w a s h i n g s  i n  H a n k s ’ 
b a l a n c e d  s a l t  s o l u t i o n  w i t h  g l u c o s e  ( H B S ) .  C e l l s  f r o m  t h e  f i n a l  s e d i m e n t  w e r e  t h e n  d i s t r i b u t e d  
i n t o  1 0 0  m l  a i r t i g h t ,  s i l i c o n e d  E r l e n m e y e r  f l a s k s  c o n t a i n i n g  1 0  m l  H B S  i n  5 %  C O . ,  a t m o s p h e r e
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s o  a s  t o  m a k e  a  f i n a l  c o n c e n t r a t i o n  o f  1 0 °  c e l l s / m l .  T h e  f l a s k s  w e r e  i n c u b a t e d  u n d e r  c o n s t a n t  
g e n t l e  r o t a t i o n  a t  3 7  ° C  i n  a  w a t e r  b a t h .  I n c u b a t i o n  w a s  s t a r t e d  e x a c t l y  3 0  m i n u t e s  a f t e r  t h e  
c o m m e n c e m e n t  o f  a d s o r p t i o n .  T h i s  t i m e  w a s  r e g a r d e d  a s  t h e  z e r o  p o i n t  o f  t h e  o n e - s t e p  g r o w t h  
e x p e r i m e n t .  T h e  c u r v e s  w e r e  o b t a i n e d  b y  t i t r a t i n g  t h e  v i r u s  c o n t e n t  o f  s a m p l e s  t a k e n  a t  
a p p r o p r i a t e  t i m e  i n t e r v a l s .  T h e  t e s t  s u b s t a n c e s  w e r e  a d d e d  t o  t h e  s y s t e m  a t  t h e  t i m e s  i n d i c a t e d  
i n  t h e  i n d i v i d u a l  e x p e r i m e n t s .

Chemicals. A l l  h e a r t  g l y c o s i d e s  u s e d  i n  t h i s  s t u d y  w e r e  s t a n d a r d i z e d ,  c r y s t a l l i n e  p r o d u c t s  
o f  G .  R i c h t e r  P h a r m a c e u t i c a l  C o .  L t d . ,  B u d a p e s t .  S t o c k  s o l u t i o n s  a n d  d i l u t i o n s  w e r e  p r e p a r e d  
i n  a b s o l u t e  e t h a n o l .  F i n a l  d i l u t i o n s  i n  a q u e o u s  m e d i a  w e r e  m a d e  i n  a  s i n g l e  1 0 0 - f o l d  s t e p .

E xperim en ta l

Direct tests on monolayers. PM K  I I I / l  cells were grow n in tu b e s  in a 
m ed iu m  con ta in ing  40 vo l. H B S, 45 vol. P a rk e r  199, 10 vol. calf serum  an d  5 
vo l. o f  5%  la c ta lb u m in  h y d ro ly sa te . C onfluen t m onolayers were o b ta in e d  in  3 
d ay s . A t th a t  tim e  th e  g row th  m ed ium  was rep laced  hy  m ain ten an ce  m edium  
(95 vo l. P a rk e r 199, 2 vo l. calf se rum , 3 vol. 10%  bovine a lb u m in  so lu tion ) 
to w h ich  ap p ro p ria te  d ilu tio n s o f glycosides w ere added . W ith  each d ilu tio n  
5 tu b e s  were p rep a red  an d  re in cu b a ted  a t  37 °C. R eadings were m ade d a ily  fo r 
3 d ay s . D igoxin, d igox igen in , d ig ito x in  an d  d ig itox igen in  were te s te d  a t final 
co n cen tra tio n s  ran g in g  from  1 0 “ 5 to  1 0 ~ u М / 1. N one of th e  te s t  su b stan ces  
p ro d u ced  m icroscopically  visible lesions in  72 hou rs  a t co n cen tra tio n s o f 10 ~7 
M /l o r  low er. All o f th e m  in h ib ited  fu r th e r  g ro w th  and  caused g ra n u la tio n  of 
th e  cells in  24 hours w hen  added  a t 10~5 or 1 0 _e M /l  co n cen tra tio n . A n o ta b le  
cell d e ta c h m e n t o ccu rred  only w ith  10~5 M /l .

Exposure test. Cells suspended  in H B S a t 105/m l co n cen tra tio n  were 
exposed  to  10 _e M /l  o r lower fina l co n cen tra tio n s  in H BS of each  te s t  su b 
s ta n c e  u n d er co n d itions co rrespond ing  to  those  o f a one-step  cycle ex p e rim en t. 
A fte r  various periods o f exposure th e  cells w ere h a rv es ted  from  th e  re sp ec tiv e  
fla sk s , w ashed and  e x p la n te d  in to  tu b e s  a t  a 3.3 X 105 cell/tube ra te , w ith  com 
p le te  g row th  m edium  ad d ed . The tu b e  cu ltu res  w ere in cu b a ted  a t  37 °C in a 
s la n te d  s ta tio n a ry  p o sitio n . R eadings were m ade once daily  for 3 days. R esu lts  
are  show n in T ab le  I .

E xposure  of cells to  H D 6 M  co n cen tra tio n s  of th e  in d iv idua l su b stan ces  
for 10 m inu tes d id  n o t  affect th e ir  a b ility  to  fo rm  a confluen t m o n o lay er in 
24 h o u rs . D ig itox in  an d  digoxigenin  ap p eared  to  cause some im p a irm en t a f te r  
3 to  5 hours exposure  w hich, how ever, seem ed to  d isap p ear on fu r th e r  in c u b a 
tio n . D ig itox igenin  a n d  digoxin caused  an  ex p o su re-d ep en d en t increase  of 
g ro w th  in h ib ition . M orphologically  no conspicuous difference w as observed  
b e tw een  tre a te d  an d  u n tre a te d  in d iv id u a l cells, excep t for som e g ra n u la tio n  
a p p e a rin g  in those  exposed  to  th e  drugs for 7 hou rs. R esults o b ta in e d  w ith  
h ig h er d ilu tions h av e  n o t  been ta b u la te d  in v iew  of th e  absence of effects on 
g ro w th  and  m orpho logy  even a fte r  7 hours of exposure .

Effect o f heart glycosides on the virus. A liquo ts of a v irion  suspension  co n 
ta in in g  1 .4 5 x l0 8 P F U /m l in  H BS w ere exposed to  10~° M /l final d ilu tio n s of
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T ab le  I

R ecultivation o f  cells exposed to 10~r> M j l  heart glycosides fo r  various periods

N u m b er o f  crosses

D i g i t o x i n

D i g i t o x i g e n i n

D i g o x i n

E x p o su re
period

G ro w th  a fte r

24h 48h 72b

1 0  r u i n . +  +  +  + +  +  +  + +  +  +  +

1 h o u r +  +  +  + +  +  +  + +  +  +  +

3 h o u r s + + +  + +  +  +  + +  +  +  +

5  h o u r s + + +  + +  +  +  + +  +  +  +

7  h o u r s + +  + +  +  +  + +  +  +  +

1 0  m i n .

1 h o u r  

3  h o u r s  

5 h o u r s  

7  h o u r s

D i g o x i g e n i n

1 0  m i n .

1 h o u r  

3  h o u r s  

5 h o u r s  

7 h o u r s  

1 0  m i n .

1 h o u r  

3  h o u r s  

5 h o u r s  

7  h o u r s  

1 0  m i n .

1 h o u r  

3  h o u r s  

5 h o u r s  

7 h o u r s

- +  +

+  +

+  +  +  +
+  +  +  -

+  +  +  
+  +  +  

+  +  
+

+ + + + 
+ + + 

+  + +  +  +

+  +  +  , +  +  +  +

C e l l s  a t t a c h e d  t o  t h e  g l a s s ,  s o m e  d i v i s i o n s  s e e n .

+  +  +  -

+  +  +  -

M ean

4

4

4

4

3 . 6  

4

4

3

3 . 6

4  

4  

4  

4

3 . 6  

3

3 . 6

3 . 6

3

1 . 3

1 . 3

4

3 . 6  

3

3

3 . 6

1 9 . 6

1 8 . 6

1 8 . 6

12.8

1 7 . 2

E x p l a n a t i o n :  +
+  +  C e l l s  a t t a c h e d  t o  t h e  g l a s s ,  i s l a n d s  o f  o u t g r o w t h  s e e n .

+  +  +  N u m e r o u s  i s l a n d s  o f  o u t g r o w t h ,  b u t  n o  c o n f l u e n t  m o n o l a y e r  f o r m e d .  
• •  [  f-  C o n f l u e n t  m o n o l a y e r .

th e  substances te s te d . Incuba tion  w as m ad e  a t  37 °C for 2 hours. U n tre a te d  
v irions in  H BS served  as controls. A t a p p ro p r ia te  in te rv a ls  sam ples were ta k e n  
an d  im m ed ia te ly  d ilu te d  in g lycoside-free H B S. V irus d ilu tions of 1 0 -5 , 10~8 
an d  10~ 7, rep re sen tin g  1 0 -11, 10-12 a n d  1 0 “~13 M /l co n cen tra tio n s  of th e  te s t  
su b s ta n c e  were used  fo r p laque count d e te rm in a tio n s  on PM K  I I I / l  m onolayers. 
B y th is  m ethod  no m easurab le  (m ore th a n  J ;2 0 % ) change was d e tec tab le  in 
th e  P F U /m l co n ten ts  o f th e  tre a te d  a n d  u n tre a te d  v irion  suspensions.
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Effect o f  various concentrations o f  test substances on the f in a l  virion p ro 
duction . One s tep  g ro w th  curves w ere p lo tte d  fo r various co n cen tra tio n s  of th e  
in d iv id u a l te s t su b s ta n c e s . The su b stan ces  w ere added  a t zero tim e  of th e  cycle

F ig. 1. E ffect of d ig ito x in  an d  d ig itox igen in  a t  v a rio u s co n cen tra tio n s on th e  one step  g ro w th  
cu rv e  of ty p e  1 p o lio v iru s in  PM K  I I I / l  cells. A. D ig itox in , a: 10 -6 М /1; b: 10~7 М /1; c: 1 0 “ 8 
M /l;  d: 10~9 Л7/1 : e: C on tro l. B. D ig itox igen in . a: 1 0 -6 М /1; b: 10~7 М /1; c: 10 -8 М /1; d: 1 0 -9

М /1; e: C ontro l

ex p e rim en t (see M ethods) and  w ere p re se n t th ro u g h o u t. R eference curves w ere  
those  o b ta in ed  in  p la in  H B S. R esu lts  o b ta in e d  w ith  d ig ito x in  an d  d ig ito x ig e 
n in  are  show n in  F ig s  1A and IB .
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D ig itox in  a t co n cen tra tio n s u p  to  10 _7 M /l ap p eared  to  red u ce  th e  v irion  
yield  b y  9 0 —99 %  and  to  pro long  th e  lag  p h ase . A t 10 -8 and  1 0 -9 M /l concen
tra tio n s , a 2 — 3-fold increase  of th e  y ield  an d  a redu c tio n  of th e  lag  ph ase  to o k

Fig. 2. E ffec t of d igoxin an d  digoxigenin a t  va rio u s co n cen tra tio n s on th e  one step  grow th  
cu rve  o f ty p e  1 po liov irus in PM K  I I I / l  cells. A. D igoxin . a: 10 -6 M / l ;  b: 10 -7 M /l :  c: 10-8 
M /l;  d: 1 0 - 9 M / l ;  g: C ontro l. B. D igoxigenin. a: 1 0 - 6 M /l ;  h: 1 0 "7 M /l ;  c: 10~ 8 M /l ;  d: 

I O '9 M / l ;  e: I t ) - 10 M /l ;  f: 1 0 “ 11 M / l ;  g: C ontrol

place. D ig itox igen in  a t  1 0 _e M /l c o n c e n tra tio n  reduced  th e  yield  b y  ab o u t 
90%  an d  caused an  a p p a re n t p ro lo n g a tio n  of th e  lag phase . B o th  effects ten d ed  
to  decrease on fu r th e r  d ilu tin g  th e  su b s ta n c e . In te re s tin g ly , how ever, th e re
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w as no  s ign ifican t d ifference in  th e  d ig itox igen in  effect a t  10 ~7 an d  1 0 -8 
М / 1 co n cen tra tio n s, as co n sis ten tly  o b served  in  re p e a te d  ex p erim en ts . A t 
10 ~9 M /l or low er co n cen tra tio n s , th e  d ru g  fa iled  to  cause an y  change in  th e  
v ira l cycle curve.

G row th curves o b ta in ed  in  th e  p resence  o f d igoxin  an d  d igoxigenin  a t  
v a rio u s  co n cen tra tio n s  are p re sen ted  in  F igs 2A an d  2B .

Fig. 3. E ffec t o f glycosides a n d  aglucons on th e  lag  phase

D igoxin a t 1 0 _e M /l co n c e n tra tio n  red u ced  th e  v irion  y ield  b y  n e a rly  1 
log u n it  and  cau sed  a p ro lo n g a tio n  o f th e  lag  p h ase . B o th  effects p ra c tic a lly  
d isap p eared  in th e  presence of d igox in  a t  10 _7 M /l co n cen tra tio n . In  10 ~8 
M /l  d ilu tion , th e  su b s ta n c e  b ro u g h t a b o u t a m ark ed  increase o f y ield  an d  a 
red u c tio n  of th e  lag  p h ase . A t co n cen tra tio n s  o f 10~9 M /l o r low er, n o t show n 
in  th e  g raph , b o th  effects ten d ed  to  decrease. D igoxigenin  reduced  th e  y ield  
b y  99%  a t  10 -5 M /l  co n cen tra tio n  a n d  b y  95%  a t  10~6 M /l c o n cen tra tio n . 
In  b o th  cases th e  lag  phase  ex h ib ited  m ark ed  a p p a re n t p ro longation . D igoxin  
a t  1 0 -7 and  1 0 -11 M /l  c o n cen tra tio n  p ra c tic a lly  fa iled  to  affect th e  v ira l cycle’s 
n o rm al course. A m ark ed  c o n c e n tra tio n -d e p e n d e n t a p p a re n t increase of th e  
lag  an d  red u c tio n  o f  th e  y ield  w as o b serv ed  a t  d ilu tions of 10 -8, 1 0 -9 an d  1 0 -10 
M / l .

Effects on the tem poral course o f  the viral cycle. T he curves p re sen ted  in 
F ig . 3 show th e  changes in  th e  cycle’s te m p o ra l course as effected  b y  v a rio u s
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co n cen tra tio n s  o f th e  te s t  su b stan ces. P o in ts  of th e  cu rves were o b ta in ed  by  
a rb itra r ily  e x tra p o la tin g  th e  s tra ig h t p a rts  o f th e  in d iv id u a l cycle curves 
to  a tim e  axis (abscissa) d raw n  from  th e  in te rsec tio n  of th e  g row th  curve in 
H B S and  th e  v irion  c o n cen tra tio n  axis (o rd inate) as zero p o in t. In  Fig. 3 th e  
o rd in a te  rep resen ts  th e  a p p a re n t p ro longation  in p lus m in u tes  and  th e  “ sh o rte n 
ing”  in m inus m inu tes, re la tiv e  to  th e  lag phase in th e  system  in H BS 
(zero).

The effect o f d ig itox in  on th e  tem p o ra l course was rem ark ab le , w hereas 
d ig itox igen in  caused a m o d era te  p ro longation  w hich ten d ed  to  decrease rap id ly  
w ith  th e  increase of th e  d ilu tio n . D ig itox in  a t 10 ~6 or 10 _7 M /l fin a l co n cen tra 
tio n  induced  a considerab le  p ro longation  of th e  lag. T h is effect n o t only  d is
ap p eared  com plete ly  a t th e  n e x t 10-fold d ilu tio n  s tep , b u t also changed  in to  a 
reverse  phenom enon . T he lag  reducing  effect rem ain ed  p rac tica lly  a t the  
sam e level w ith in  th e  c o n cen tra tio n  range of 1 0 -8 to  1 0 -11 M /l.

D igoxin a t  10~e M /l co n cen tra tio n  pro longed  th e  lag phase by  ab o u t 50 
m inu tes. A t 10 ~7 M /l n e ith e r  pro longation  n o r a sh o rten in g  of th e  lag was 
observed , w hereas at 10 8 M /l  th e  drug  reduced  th e  lag phase b y  ab o u t 40 
m inu tes. W ith  increasing  d ilu tio n , th e  lag reducing  effect ten d ed  to  decrease 
u n til  it d isap p eared  a t a co n cen tra tio n  of 10 _ n  M /l .  T he curve  rep resen tin g  
th e  effects of vario u s d igoxigenin  con cen tra tio n s on th e  lag p h ase  shows tw o 
p ro lo n g a tio n  m ax im a. T he f i r s t  was a t  1 0 _e M /l an d  th e  second a t  10~8 M /l , 
w hereas a t 10 ~7 M /l th e  lag  p h ase  was un affec ted . A t d ilu tio n s h igher th a n  
1 0 -8 M /l , th e  pro long ing  effect ten d ed  to  decrease rap id ly . O f th e  digoxigenin  
co n cen tra tio n s te s te d , none h ad  reduced  the  lag phase .

D iscussion

D igita lis d e riv a tiv es  a t th e  con cen tra tio n s te s te d  h ad  no n o tab le  in fluence 
on e ith e r th e  v irions or th e  cells, b u t  when ad d ed  a t  zero tim e  to  suspended  
cells ca rry ing  adso rbed  v irio n s, th e  sam e com pounds considerab ly  a ffec t
ed th e  v ira l cycle’s fu r th e r  course. D ig itox in  an d  d igoxin  w ere e ith e r  s tim u la 
to ry  or in h ib ito ry  depend ing  on th e ir  ac tu a l c o n c e n tra tio n . D ig itox igen in  and 
digoxigenin  w ere e ith e r in h ib ito ry  or in ac tiv e  th ro u g h o u t th e  co n cen tra tio n  
ranges te s te d . T he a b ru p t red u c tio n  of th e  in h ib ito ry  effect o f digoxigenin  a t 
10_7 M /l  as well as th e  re a p p ea ran ce  of th e  p h enom enon  a t  low er c o n c e n tra 
tio n s was re m ark ab le , th o u g h  h a rd  to  exp la in .

E arlie r s tud ies in  th is  la b o ra to ry  on th e  effect on th e  v ira l cycle of cer
ta in  s a tu ra te d  f a t ty  acids an d  su rfa c ta n ts  [3, 4] have  show n th a t  these  su b 
stances ex e rted  th e ir  s tim u la to ry  or inh ib ito ry  ac tio n s w ith in  re la tiv e ly  narrow  
ranges of c ritica l co n cen tra tio n s .

H igh co n cen tra tio n s o f d ig ita lis  glycosides (10 _6—10 _7 M /l)  were re q u ir
ed to  reduce th e  fina l v irion  y ield  b y  90 — 99% . C alcu la ting  th e  m ean  m inim al
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sp h e rica l surface area o f  a P M K  I I I / l  cell from  d iam e te r  m easu rem en ts  on 
e lec tro n  m icroscopic p ic tu re s  o f su spended  cells, a va lue  of 1 X 1011 Â 2 (rad ius =  
10 fj.) w as ob ta ined . A ssum ing  th a t  th e  ad so rp tio n  o f glycosides w as com plete 
a n d  irreversib le , and  ta k in g  A v o g ad ro ’s n u m b er ( 6 x l 0 23) in to  considera tion , 
th e  n u m b e r of glycoside m olecules p e r cell surface a rea  was one m olecule per 
16 a n d  160 Â2 for 10 _e a n d  1 0 ^ 7M /1 co n cen tra tio n s , re sp ec tiv e ly . A t a m olecular 
d e n s ity  o f th is  o rder, th e  co a tin g  of cells seems to  be h igh ly  p ro b ab le . D a ta  p re 
se n te d  b y  o thers h av e  in  fa c t show n th a t  p re tre a tm e n t o f cells w ith  h ea rt 
g lycosides a t  such c o n c e n tra tio n s  re su lted  in  an  ex tensive  in h ib itio n  o f virion 
a d so rp tio n  [1]. In  th e  p re se n t ex p erim en ts , th e  v irions were a lread y  adso rbed  to  
th e  cells, b u t ce rta in ly  o n ly  p a r t  of th em  was a tta c h e d  irrev e rs ib ly . In  th is 
c o n te x t, we refer to  o u r v iew  th a t  th e  irreversib le  a tta c h m e n t is in fac t a firm  
b in d in g  o f 3 vertices on one an d  th e  sam e v irion  face t to  3 co m p lem en tary  
re c e p to r  sites on th e  cell m em b ran e  [4]. The process o f irrev e rs ib le  a tta c h m e n t 
is su p p o sed  to  involve an  o rd e rly  sequence of sh o rt range (van  d er W aals type) 
in te ra c tio n s  consecutive to  th e  a d so rp tio n  b y  long range (C oulom bic) forces. 
L e t us suppose th a t  a t  zero  tim e  of th e  cycle, p a r t  of th e  v irions is only  adsorbed , 
p a r t  of th em  p a rtia lly  a t ta c h e d , w hile a v e ry  sm all fra c tio n  is irreversib ly  
a t ta c h e d  b y  all th e  3 v e rtic e s  req u ired . C oating of such  cells b y  glycoside will 
c e r ta in ly  n o t only in te rfe re  w ith  the  fu r th e r  progress o f irrev e rs ib le  v irion  
a t ta c h m e n t, b u t also h in d e r  th e  energy  requ irin g  phase o f eclipse. T hus at 
h igh co ncen tra tions th e  in h ib ito rs  ap p eared  to  have  a t leas t tw o p o in ts  o f a tta ck .

C learly , th is ty p e  o f  ex p la n a tio n  is n o t va lid  for th e  effects observed  a t 
low er co ncen tra tions o f th e  g lycosides, w here th e  d en sity  o f ad so rb ed  glyco
side m o lecules was one p e r  each  1600, 16 000 or 160 000 Â2 of th e  cell surface 
a rea . Y e t we believe t h a t  th e  low er co n cen tra tio n s shou ld  be used  for th e  
d e ta ile d  analysis of th e  m ech an ism  o f th e  s tim u la to ry  or in h ib ito ry  ac tions of 
d ig ita lis  derivatives. F u r th e r  s tu d ies  along th is  line are in  p rogress.
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S um m ary . D ig itox in , d igoxin and th e ir ag lucons a t  10 M j  1 or 10 ~8 to 10 ~9 М / 1
co n cen tra tio n s w ere ad d ed  to  suspended  PM K  I I I / l  cells a t  d ifferen t p o in ts  of tim e follow ing 
th e  ad so rp tio n  of ty p e  1 (M ahoney) poliovirus. T h e  effect was d e tec ted  by  p lo ttin g  one s tep  
v iral cycle cu rves. T he tim e  o f a d d itio n  was co n sid erab ly  affecting  th e  efficiency of b o th  in h ib i
tio n  and  stim u la tio n . M ax im u m  effect was co n sis ten tly  observed if  th e  ad d itio n  h a d  been 
m ade a t  zero tim e . Low c o n ce n tra tio n s  of th e  su b s tan ces  p roved  in effic ien t if  added  a f te r  one 
hour or la te r.

A t h igh  c o n ce n tra tio n s  th e  la te r  th e  ad d itio n  h a d  tak en  place th e  w eaker was th e  in h ib i
to ry  ac tiv ity . W ith  d ig ito x ig en in . digoxin an d  d igoxigen in , a su d d en  decrease o f th e  effec t 
occurred  be tw een  th e  f irs t  a n d  second hour. A p p a ren tly , d ig ita lis d e riv a tiv e s in te rfered  w ith  
th e  irreversib le  a tta c h m e n t a n d /o r  w ith  som e e a rly  step  of th e  u p ta k e  (eclipse) of ab so rb ed  
virions.

D epend ing  on th e ir  co n cen tra tio n , h e a r t  glycosides have been show n to  
reduce or to  increase  th e  f in a l v irion y ie ld . A glucons w ere e ith e r  in h ib ito ry  or 
inac tive  u n d e r  sim ilar cond itions [1]. To id e n tify  th e  d ig ita lis  sensitive phase  
of host cell v irion  in te ra c tio n , we have  s tu d ie d  th e  in fluence  of th e  tim e  o f 
add ition  of th e  ac tiv e  su b stan ces a t d iffe ren t co n cen tra tio n s on th e  course of 
th e  v ira l cycle.

M aterials and  m ethods

The v iru s, cells, an d  m eth o d s  used have b een  described p rev io u sly  [1].

E xperim en ta l

T ype 1 (M ahoney) po liovirus was ad so rb ed  to  cells o f PM K  I I I / l  p e rm a 
n en t m onkey  k id n ey  line  a t 1 in p u t m u ltip lic ity . The suspensions of cells w ith  
adsorbed  v irions were in c u b a te d  in a 37 °C w a te r h a th  u n d e r c o n s tan t gen tle  
ro ta tio n . T he su b stan ces  w ere added a t d iffe ren t co n cen tra tio n s a t 0, 1, 2, or 
3 hours tim e  o f th e  v ira l cycle. Sam ples fo r v irion  c o n te n t (P F U /m l) d e te rm i
n a tio n  w ere ta k e n  a t p red e te rm in ed  in te rv a ls  to  o b ta in  cycle curves. C ontro ls 
in H an k s’ b a lan ced  sa lt so lu tion  w ith glucose (H B S) were se t up  w ith  each te s t .  
For fu r th e r  d e ta ils  o f th e  p rocedure, an  ea rlie r p ap e r shou ld  be consu lted  [2].
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Fig. 1. E ffect of th e  tim e  of ad d itio n  on th e  y ield  red u ctio n  action . A. D igitoxin , 10 _G М /1. 
T im e of d rug  ad d itio n , a: 0; b: 1 hour; c: 2 h o u rs; d: 3 hours; e: C ontrol. B. D ig itox igen in , 
1 0 _G М /1. T im e of d rug  ad d itio n , a; 0; b: 1 h o u r; c: 2 hours; d: 3 ho u rs; e; C ontrol. C. D igi
to x in , 10 -8 М /1. T im e o f d ru g  ad d itio n , a: 0; b: 1 h o u r; c: C ontrol. D igitoxigenin , 10~8 M /l .

Tim e of d ru g  a d d itio n , d: 0

R ep resen ta tiv e  sets of curves o b ta in e d  w ith  d ig itox in  and  d ig itox igen in  
a re  show n in Figs 1A, IB , an d  1C; th o se  o b ta in ed  w ith  d igoxin  an d  digoxige- 
n in , in Figs 2A, 2B an d  2C.

F or de ta iled  analy sis  of re su lts , f in a l y ields were p lo tte d  aga in st th e  tim es
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Fig. 2. E ffect o f th e  tim e of a d d itio n  on th e  y ield  reducing ac tio n . A. D igoxin, 10 -6 М /1. 
T im e o f d ru g  ad d itio n , a: 0; b: 1 h o u r; c: 2 h o u rs ; d: 3 hours; e: C ontro l. B. D igoxin , 10 _s M /l .  
T im e o f d ru g  ad d itio n , a: 0; b: 1 h o u r; c: 2 h o u rs ; d: 3 hours; e: C ontro l. C. D igoxigenin , 1 0 “ . 

M /l .  T im e of d rug  a d d itio n , a: 0: b: 1 h o u r; c: 2 hours; d: 3 h o u rs : e: C ontrol

o f ad d itio n , referred  to  th e  con tro l in H B S  as u n it. A cu rv e  o b ta in ed  in  earlie r 
s tu d ies  [3] using arach id ic  acid has also been included fo r com parison .

D ig itox in  an d  d ig itox igen in  (F ig . ЗА) were exam ined  a t co n cen tra tio n s  
o f  10~6 M /l , 1 0 -8 or 1 0 -IJ M /l. A nalysis o f th e  1 0 _e M /l d ig ito x in  cu rves show 
ed a s te a d y  decrease of th e  in h ib ito ry  ac tio n  w ith  th e  tim e  o f ad d itio n . T he 
decrease  was 5.66-fold from  0 to  th e  f irs t h o u r, 5.9-fold from  th e  f irs t to  th e  second 
h o u r an d  2.50-fold from  th e  second to  th e  th ird  hou r. T h e  to ta l  decrease in 
in h ib ito ry  a c tiv ity  was a b o u t 33-fold in th e  period from  0 to  th e  second h o u r,
i.e ., 13.2 tim es m ore th a n  in th e  period  from  th e  second to  th ird  h o u r. D ig ito x i
genin  a t th e  sam e co n cen tra tio n  caused  only  a 1.4-fold decrease of in h ib ito ry  
ac tio n  up  to  th e  f irs t h o u r; an ab o u t 8 .5-fold decrease occu rred  from  th e  f irs t
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F ig . 3. R ela tive  y ield  re d u c in g  action  of su b s tan ces ad d ed  a t  d iffe ren t con cen tra tio n s a t 
d iffe ren t poin ts o f tim e. log Y / Y j ; : ra tio  o f y ield in th e  presence (Y) a n d  in th e  absence (Y j-j) 
o f  ac tive  substance. T he y ie ld  in H B S (Yh ) was ta k e n  as u n it. H ours: ho u rs  elapsed before d ru g  
ad d itio n  A. a: a rach id ic  ac id  10~5 М /1; b: d ig itox in  1 0 -G М /1; c: d ig ito x in  1 0 -8 М /1; d: digi- 
tox igen in  10“ 6 М /1; e: d ig ito x ig en in  10-8 М /1. B. a: d igoxin  10 -6 М /1; b: digoxin 10 -8 M / l ;  

c: d igoxigen in  10“ c M /l: d: d igoxigen in  10 _8 M /l

to  th e  second h o u r a n d  up  to  th e  th ird  h o u r th e  decrease w as only 1.5-fold in 
c o n tra s t to  ab o u t 12-fold  d u rin g  th e  f irs t tw o  ho u rs . A t low  co n cen tra tio n s, d ig i
to x in  exh ib ited  a s tim u la to ry , while d ig itox igen in  an  in h ib ito ry , action  ex c lu 
siv e ly  when ad d ed  a t  0 tim e .

The resu lts  o b ta in e d  w ith  d igoxin an d  d igoxigenin  a t  v a rious c o n c e n tra 
tio n s are show n in F ig . 3B . A t 1 0 ~e M /l c o n c e n tra tio n , th e  in h ib ito ry  effect 
o f b o th  digoxin an d  d igox igen in  was found  to  decrease a b ru p tly  in th e  in te rv a l 
be tw een  the  f irs t  a n d  second hours of th e  cycle. 1 0 -8 M /l o f digoxigenin was 
in h ib ito ry  when a d d e d  a t 0 tim e , h u t increased  2-fold th e  fin a l yield w hen 
ad d ed  a t the  end  o f th e  f irs t ho u r of th e  cycle.

vícto XIicrobiologica Academiae Scientiarum JHlungaricae 16„ .1969



H EA R T GLYCOSIDES, II 201

D iscussion

Previous s tu d ie s  [1] of q u a n tita tiv e  re la tio n s of th e  effect of d ig ita lis 
d e riv a tiv es  on th e  v ira l cycle h av e  been suggestive of tw o  possible ty p es of 
ac tion .

(1) The presence  of h e a r t glycosides a t  high co n cen tra tio n s  (10 ~6 and 
10 M /l)  seem ed to  in h ib it th e  process of th e  v irio n s’ irrev e rs ib le  a tta c h m e n t 
th ro u g h  coating  th e  to ta l  ava ilab le  cell surface (one m olecule p er each 16 or 
160 A2 area) an d  to  h in d er th e  eclipse by  in h ib itin g  th e  m em b ran e  A T Pase. 
D istu rb an ce  of c e r ta in  cellu lar m etabo lic  processes req u ired  fo r th e  p ro d u c tio n  
of a full v irion  y ie ld  seem ed un lik e ly  as in th e  absence of v iru s  no conspicuous 
cellu lar dam age w as d em o n strab le  a fte r  exposure  to  th e  su b stan ces a t 1 0 -e  
M /l co n cen tra tio n  fo r 7 hours a t 37 °C.

(2) At low co n c e n tra tio n s , th e  d ig ita lis d e riv a tiv e s  c a n n o t form  a coher
e n t coat, b u t w ill a t ta c h  in a h igh ly  specific w ay  to  th e ir  recep to r, th e  ion 
tra n s fe r  A TPase enzym e. As show n b y  stud ies on p u rified  enzym e p re p a ra 
tio n s [4] d ig italis d e riv a tiv e s  a t 1 0 -8 to  1 0 -10 M /l co n c e n tra tio n  will gener
a lly  induce a less th a n  10%  in h ib itio n  o f enzym e a c tiv ity . S im ilar co n cen tra 
tio n s w ere, how ever, found  to  s tim u la te  co n trac tio n s  of single cu ltu red  m yo
ca rd ia l cells [5]. T h u s , th e  effect on th e  v ira l cycle of d ig ita lis  con cen tra tio n s of 
th e  given orders o f m ag n itu d e  are very  likely  caused b y  m echan ism s o ther th a n  
coating  of th e  cell su rface  an d  m assively  in h ib itin g  th e  fu n c tio n in g  of a tra n sfe r  
A TPase.

The p resen t re su lts  revealed  th a t  w h a tev er th e  m echan ism  of v irion  
y ield  red u c tio n , i t  m an ifests  itse lf  d u rin g  th e  a tta c h m e n t an d /o r pen e tra tio n  
period  of th e  v ira l cycle. W ith  low co n cen tra tio n s of d ig ita lis  de riv a tiv es , th e  
in h ib ito ry  effect w as lim ited  to  a p h ase  accom plished  be tw een  0 and  one h o u r. 
W ith in  th is  perio d  o f tim e , irreversib le  a tta c h m e n t is c e rta in ly  com pleted , 
w hile th e  eclipse h as  ju s t  s ta r te d . T he com plete lack  o f effec tiveness on ad d itio n  
a t  1 h ou r m akes a s ig n ifican t in h ib itio n  o f th e  eclipse v e ry  im p ro b ab le . T hus i t  
seem s th a t  low co n c e n tra tio n s  will in te rfe re  ch iefly  w ith  th e  process of irrev e r
sible a tta c h m e n t.

W ith  h igher co n cen tra tio n s , th e  in h ib ito ry  ac tio n  w as n ea rly  th e  sam e 
a t  zero tim e  and  b y  th e  end of th e  f irs t hou r, b u t  d im in ished  s ign ifican tly  b y  
th e  end  of th e  second  hour. This im plies th a t  h igh co n cen tra tio n s  will in terfere  
w ith  a process n o t  com pleted  b y  th e  end  of th e  f irs t  h o u r, b u t  irreversib ly  
accom plished  soon a fte rw ard s . A ccording to  th e  general v iew , th is  process is 
th e  u p ta k e  (or eclipse) of th e  irrev e rs ib ly  a tta c h e d  v irion . T h is phase requires 
energy , th u s  it  is v e ry  likely  sensitive  to  th e  m assive in h ib itio n  of m em brane 
A T Pase. T hus, th e  in h ib itio n  of a tta c h m e n t and  eclipse seem  to  be th e  m ain  
effects a t zero an d  one h o u r, resp ec tiv e ly . The p ersistence  of an  excess am o u n t 
of th e  in h ib ito r ad d e d  a t  h igh co n cen tra tio n  a t  zero h o u r in te rfe red  fu r th e r  w ith
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th e  p e n e tra tio n  of th o se  v irions w hich  h ad  escaped th e  in h ib itio n  of irreversib le  
a tta c h m e n t. W hen th e  in h ib ito r  w as added  a fte r one h o u r, p a r t  of th e  in itia lly  
irrev e rs ib ly  a tta c h e d  v irions w ere a lre a d y  in  the  eclipse p h ase  an d  were no 
m ore  accessible to  th e  in h ib ito r . B y  th e  end  of th e  second h o u r, a tta c h m e n t 
a n d  eclipse had  obv io u sly  been co m p le ted  and  th e  a d d itio n  of glycosides 
a p p ea red  to  lack  an y  s ig n ifican t effect on th e  fu r th e r  course of th e  v ira l cycle. 
T h e  persistence of a ro u g h ly  50%  y ie ld  reducing  a c tiv ity  o f 10~e М / 1 of d ig i
to x in  on ad d itio n  as la te  as th e  th ird  h o u r appears to  suggest th e  invo lve
m e n t of some g enera l effect o f th is  su b stan ce  on cell m e tab o lism  u n d e r th e  
g iven  ex p erim en ta l co n d itions.

A ckn o w led g em en t . T he v a luab le  tech n ica l assistance of Miss E d it h  T akács is g ra te fu lly  
acknow ledged.
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INHIBITION OF THE DEVELOPMENT OF PRIMARY 
ANTITOXIC IMMUNITY BY HETEROLOGOUS 

ANTILYMPHOCYTE SERUM *

By

L. R é t h y  a n d  L. H e g e d ű s

Institu te  fo r  Serobacteriological Production and  R esearch“ H u m a n ”  (Director : G. V e r e s ) ,  B udapest

(R eceived F e b ru a ry  7, 1969)

Sum m ary . M ice were prim ed  w ith  g ra d ed  doses of te ta n u s  to x o id  and  su b jected  to  to x in  
challenge te s t  in  o rd e r to  dem o n stra te  th e  e ffec t of he tero logous an tily m p h o cy te  serum  (A L S) 
on th e  d ev elo p m en t o f active  im m u n ity  a g a in s t  te tan u s .

(i) ALS e ffec tiv e ly  in h ib ited  th e  d ev e lo p m en t o f p rim a ry  im m u n ity  ag a in st te ta n u s .
(ii) Im m u nosuppression  by ALS w as e ffec tive  only in  th e  early  s tage  of p rim ing . A d m in 

is tra tio n  of ALS sh o rtly  before and sh o rtly  a f te r  im m u n iza tio n  e x erted  th e  sam e effect.
(iii) In  th e  p ro d u c tiv e  stage of a n tito x ic  im m u n ity  A LS w as ineffective.
(iv) As to  th e  m ode of action of A L S o u r  ex p erim en ts confirm ed  theo ries based  on th e  

“ b lin d fo ld in g ”  phenom enon .
(v) A n tigen ic  co m p etition  in th e  im m u n o su p p ress iv e  effec t o f A LS could be ex c lu d ed  

u n d e r th e  e x p e rim e n ta l conditions.

A n tily m p h o c y te  serum  (ALS) is know n to  be a su itab le  agen t fo r th e  
in h ib itio n  of ce ll-m ed ia ted  im m une  reac tio n s. I t  pro longs th e  su rv ival of 
a llo g rafts  an d  in h ib its  th e  re jec tio n  o f xen o g rafts , ab ro g a tes  th e  second-se t 
reac tio n , i.e. th e  increased  im m une re a c tio n  a fte r  a re p e a te d  tra n s p la n ta t io n  
[1—5]. ALS in h ib its  th e  dev e lo p m en t of tu b e rc u lin - ty p e  “ d elayed”  allerg ic 
reac tio n , or, p ro b a b ly  by  erasing im m unolog ica l m em ory , decreases or e lim 
in a te s  th e  s ta te  o f sensitiv ity  e s tab lish ed  b y  th e  an tig en ic  stim u lus [6 — 8] ; 
i t  m ay  also suppress th e  p roduction  o f h u m o ra l an tib o d ies  ag a in s t he tero logous 
e ry th ro c y te s , b a c te r ia l  antigens o r hetero logous a lb u m in  [9—12].

T he p re se n t stud ies were u n d e r ta k e n  in  view  of th e  fac t th a t  th e  im 
m u n o su p p ressiv e  effect of ALS h as  n o t  sa tis fac to rily  been  e luc ida ted  in  
im m unolog ical reac tio n s based m a in ly  on c ircu la ting  an tibod ies. As a m odel, 
a n tito x ic  im m u n ity  developing on p rim in g  w ith  te ta n u s  to x o id  was chosen. 
T h e  follow ing p ro b lem s were exam in ed .

1. E ffec t on  im m unosuppression  of ALS a d m in is tra tio n  (a) before th e  
an tig en ic  s tim u lu s ; (b) w ith in  som e days a fte r  th e  an tig en ic  stim ulus, i.e. 
in  th e  in d u c tiv e  p h ase  of im m u n ity ; (c) in  th e  p ro d u c tiv e  stage  of a n tib o d y  
fo rm atio n .

2. As A LS m ig h t ac t as a p ro te in  an tigen , the  role of an tigen ic  com 
p e titio n  f 18, 19] in  th e  im m unosuppressive  effect was also exam ined .

* P a r t  of th is  s tu d y  was perform ed d u rin g  a  W .H .O . fe llow ship in  th e  N a tio n a l I n s t i 
tu te  fo r M edical R esea rch , Mill H ill, L o ndon .
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M aterials an d  m ethods
1. Test antigen. O ne m l an tigen  co n ta in ed  12.5 B U  te ta n u s  to x o id  (p u rified  w ith  t r i 

c h lo ro ace tic  acid; p u r i ty  g ra d e  900 B U /m g P N ) ad so rb ed  to  a lum in ium  p h o sp h a te  rep resen ting  
1 m g  A1+ + + [20, 21 ].

2. Active im m u n iza tio n . R andom -bred  Swiss m ice were d is tr ib u te d  in to  groups of 15 and  
w ere  in jec ted  w ith  g ra d ed  doses o f te ta n u s  to x o id : tw ofo ld  serial d ilu tio n s were acm in is te red  
in  single doses of 0.5 m l.

T ox in  challenge te s t  w as perform ed 21 d ay s  a fte r  im m u n iza tio n : each  m ouse w as 
in je c te d  w ith  20 L D 50 o f te ta n u s  to x in  [13].

3. Checking o f  active im m u n ity . A nim als su b je c ted  to to x in  challenge were observed for 
6 d a y s . T he num ber o f d e ad  an im als was reco rd ed  d a ily . P D 50 va lues (50%  p ro tec tiv e  doses 
o f te ta n u s  toxoid) were e s tim a te d  for each group  fro m  th e  p ro p o rtio n  o f surv iva ls .

4. Preparation o f  A L S .  T he th y m u s of m ale  m ice w eighing 9— 10 g w as rem oved  a fte r  
b leed in g  by  d e cap ita tio n . T h e  hom ogenized m a te ria l  was suspended  in  H a n k s ’ so lu tion  and 
th e  tis su e  debris was se d im en ted . L iving th y m o c y te s  were adsorbed  to  a lum in ium  ph o sp h a te  
a d ju v a n t  and used fo r th e  im m u n iza tio n  of ra b b its  in  tw o in tra m u sc u la r  doses a t tw o-w eek 
in te rv a ls . E ach  dose re p re se n te d  3 x l 0 8 th y m o c y te s  per kg body  w eigh t. Seven days a fte r 
th e  second  dose the  ra b b its  w ere bled. The sera  w ere pooled and sto red  in  th e  deep freezer w ith 
o u t  in ac tiv a tio n .

5. A ssay  o f  the effect o f  A L S .  5.1. L ym phoagglu tina ting  and lym phocytotoxic effects were 
a ssa y e d  in  vitro a fte r in a c t iv a tio n  of ALS a t 56 °C. F o r th e  cy to to x ic  te s t  th e  system  w as 
su p p le m e n ted  w ith  r a b b it  se ru m  com plem ent [14, 15].

5.2. I n  vivo tests. 5 .2 .1 . Graft-protectivity. T h e  ta il-sk in  of in b red  CBA fem ale mice was 
t ra n s p la n te d  to ra n d o m -b re d  Swiss fem ale m ice w eighing 18— 20 g. T he p rocedure  was p e r
fo rm ed  u n d e r p e n to b a rb ita l  anaesthesia  as d esc rib ed  by  B i l l i n g h a m  and  M e d a w a r  [16]. 
E a c h  g ra fted  m ouse w as in je c te d  w ith  0.5 m l A L S , 2 and 5 d ay s a f te r  g ra ftin g . T he g ra fts  
w ere  fix ed  w ith  p las te r  o f  p a ris  for 9 days. A fte r  rem o v a l of ban d ag es th e  cond ition  of th e  
g ra f ts  w as checked d a ily . M ed ium  surv ival tim e  (M ST) was calcu la ted  and  used  fo r ch arac te riz 
in g  th e  g ra ft p ro tec tiv e  p o te n c y  of ALS.

As contro ls, u n tr e a te d  g rafted  m ice, a n d  g ra fted  mice in jec ted  w ith  no rm al ra b b it  
se ru m  (N R S ) were used .

5.2.2. Im m u n o su p p ress io n  o f  the effect o f  tetanus toxoid. The schedule  o f th e  experim en ts 
is p re se n te d  in T able  I.

5.2.3. Tonicity test. F iv e  doses of 0.5 m l A L S w ere in jec ted  in to  m ice a t  tw o -d ay  in te r 
v a ls . T he anim als were o b se rv ed  for 30 days. A LS w as reg ard ed  as “ n o n -to x ic”  if  all anim als 
su rv iv e d  and had lo st n o t  m ore  th a n  20%  of th e ir  w eigh t or show ed no sy m p to m s in d ica tin g  
h aem olysis.

6. E valuation o f  the results. P D 50 v a lu es w ere calcu la ted  fo r each  group  and  com pared 
to  th e  con tro l. In  th is  m a n n e r  th e  re la tive  p o ten c y  (R P ) ob ta in ed  u n d e r d iffe ren t experim en ta l 
c o n d itio n s  was e s tim a ted .

S ta tis tica l sign ificance  w as estim a ted  b y  th e  t te s t.  The 95%  confidence lim its were also 
c a lcu la te d .

Table I
Schedule o f  the experiments

G roups of mice D a y s  befo re  o r a fte r  im m u n iza tio n

D es ig 
n a tio n T rea tm en t - 5 G +  2 +  5 +  16 + 1 9 +  21

l — prim ing — — — — т
2 ALS + 2 + 5 — — prim ing ALS ALS — — T

3 ALS - 2— 5 ALS ALS prim ing — — — T

4 ALS +  16 +  19 — — prim ing _ ALS ALS T

5 N R S + 2 + 5 — prim ing N R S N R S — T

6 N R S—2— 5 N R S NRS prim ing _ — T

ALS =  a n tily m p h o cy te  serum , 0.5 m l p e r dose 
N R S =  norm al ra b b it  serum , 0.5 m l p e r  dose 

T  =  tox in  challenge, 20 L D 50 per m ouse

A cta  MUrobiologica Academiae Scientiarum Hungaricae 16, 1969
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R esults

R esu lts  of in  vitro  te s ts  w ith  he te ro logous ra b b it-a n ti-m o u se  a n ti
ly m p h o cy te  serum  an d  w ith  contro l n o rm a l r a b b it  se rum  are  p resen ted  in  
T ab le  I I .

I t  is seen th a t  ALS show ed 1 : 128 ly m p h o a g g lu tin a tin g , 1 : 512 c y to 
to x ic  a n d  1 : 8 h e te ro h aem ag g lu tin in  t i t r e ;  th e  n o rm al se ru m  was inac tiv e .

Table II

I n  vitro effect o f  heterologous antilym phocyte serum

T e s t
R e s u l t

A L S N R S

L ym phoagglu tination 1 : 128-1—h 1 : 2 +

C ytotoxicity 1 : 512 +  + 1 : 2?

Mouse e ry th ro cy te  agg lu tination 1 : 8 +  + negative

Fig. 1. G ra ft p ro tec tiv e  a c tiv ity  o f hetero logous a n tily m p h o c y te  serum  in  m ice. C =  u n tre a te d  
con tro ls , MST =  11.3 d ay s; A L S =  he tero logous a n tily m p h o c y te  se ru m -tre a te d  an im als, 
MST =  26.1 days; N R S  =  n o rm a l ra b b it  se rum , MST =  11.6 d ays. Tw o 0.5 ml doses o f A L S 

and N R S  w ere in jec ted  on th e  2nd  an d  5 th  d ay s  a f te r  g ra ftin g

T ox ic ity  te s t  in  m ice in d ica ted  th a t  n e ith e r  A LS n o r  N R S was to x ic .
T he dynam ics of th e  g ra ft p ro te c tiv e  effect o f ALS are  show n in F ig . 1.
F ig . 1 shows th a t  in  dynam ics of re jec tio n  a lm ost id en tica l resu lts w ere 

o b ta in e d  in  u n tre a te d  a n d  in  N R S -tre a te d  m ice (MST =  11.3 an d  11.6 d ay s, 
respective ly ), m m unolog ica l re jec tion  o f th e  g ra fts  beg an  on th e  9 th  or 1 0 th  
d ay ; none of th e  g ra fts  su rv ived  fo r m ore  th a n  14 days.

R ejection  of g ra fts  in  A L S -trea ted  m ice began  16 d ay s a fte r  g ra fting  a n d  
w as com plete by  th e  3 5 th  day. The MST fo r A L S -p ro tec ted  g rafts  was 26.1

1* Acta Microbiologica Academiae Scientiarum  Hungaricae 16, 1969
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days. Im m unological re jec tio n  of th e  g ra fts  occurred  p ro p o rtio n a lly  befo re  and  
a f te r  th e  p o in t of tim e  co rrespond ing  to  th e  M ST-value.

In  im m u n iza tio n  w ith  a d ju v a n te d  te ta n u s  to x o id  th e  A LS ch arac te rized  
b y  th e  above d a ta  ac ted  as show n in  F ig . 2.

Colum n 1. No. T he co n tro l g roup  received only  te ta n u s  to x o id  p rim in g  
a n d  was c h a llen g ed  w ith  te ta n u s  to x in  a fte r  21 days. I t  is seen th a t  0.075 m

I 95 p c confidential limits of R.P

Ö  o  Ö
0.15 0.18 0.2 PD50 ml

F ig . 2. Suppression  of th e  p r im a ry  im m u n e  e ffec t o f adsorbed  te ta n u s  to x o id  w ith  h e te ro lo 
gous ALS. 1 =  u n tre a te d  co n tro l o f ac tiv e  im m u n ity  to  te ta n u s ; 2 =  A L S -tre a tm e n t on  d ay s 
2 a n d  5 follow ing; 3 =  A L S -tre a tm e n t on  d ay s  5 an d  2 p rio r to ; 4 =  A L S -tre a tm e n t on  d ay s 
16 an d  19 follow ing; 5 =  N R S -tre a tm e n t on  d ay s 2 and  5 follow ing, a n d  6 =  N R S -tre a tm e n t 
o n  d ay s 5 and  2 p rio r to , im m u n iza tio n  w ith  te ta n u s  toxoid . C olum ns =  degrees o f  re la tiv e  

po ten cy -v a lu es as co m p ared  to  th e  efficacy of u n tre a te d  co n tro l

o f te ta n u s  to x o id  p ro te c te d  50 %  of th e  an im als aga in st challenge w ith  20 L D 50 
p e r m ouse of te ta n u s  to x in .

Colum n No. 2. I f  ALS w as a d m in is te re d  2 and  5 day s a f te r  im m u n iza tio n , 
th e  v alue  of P D 50 increased  to  0.179 m l. A ccordingly , th e  R P  o f te ta n u s  
to x o id  in  th e  te s t-g ro u p  decreased  to  0.42 in  re la tion  to  th e  u n tre a te d  co n tro l 
g roup .

C olum n No. 3. I f  ALS w as g iven  5 and  2 days b efo re  im m u n iza tio n , 
PD -,, was 0.2 m l, co rrespond ing  to  a R P  of 0.37.

C olum n No. 4. W hen  A LS w as in je c te d  16 an d  19 day s a f te r  p rim in g  
w ith  te ta n u s  to x o id  (i.e. 2 an d  5 days before  th e  to x in -cha llenge) P D 30 w as
0.082 ml, co rrespond ing  to  a R P  o f 0.98.
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C olum ns No. 5 a n d  6. Control e x p e rim e n ts  perfo rm ed  in  order to  show  
th e  p resence or absence o f antigenic c o m p e titio n  in d ic a te d  th a t  N RS d id  n o t  
in fluence th e  im m unolog ical effect o f  te ta n u s  to x o id . I n  th e  group tr e a te d  
w ith  N R S befo re im m uniza tion  0 .85 , in  th a t  t r e a te d  a f te r  im m u za tio n
0.98 R P  values w ere dem o n stra ted .

T he s ta tis t ic a l  analysis  of th e  d ifferences is p re sen ted  in  T able I I I ,  w h ere  
th e  degrees o f sign ificance are expressed  in  p e r  cents.

Table I I I

Results o f  statistical analysis in  per cent

Contro l
A L S

+  2 +  5
ALS

- 2 - 5
A L S 

+  16 +  19
N R S

+  2 +  5

A L S + 2 + 5 o . ]

A L S—2— 5 0.01 <~5.0

ALS +  1 6 + 1 9 hom og. 0.2 0 .1

N R S + 2 + 5 hom og. 0.1 0.01 hom og.

N R S - 2 - 5 > 5 .0 0.1 0.01 > 5 .0 hom og.

C om parison o f th e  resu lts  show n in  F ig . 2 an d  T ab le  I I I  allow ed th e  
follow ing conclusions.

1. A s ta tis tic a lly  sign ifican t decrease  in  th e  im m unolog ical effectiveness 
of te ta n u s  to x o id  w as d em o n stra ted  o n ly  w hen ALS tre a tm e n t h a d  b een  
p erfo rm ed  sh o rtly  b efo re  or after p rim in g . A LS a d m in is te red  on th e  1 6 th  a n d  
19th  d ay  caused  no  suppression  (P c o n tro l —► ALS +  2 — 5 <C 0 .1% ).

2. In  co n tro l m ice tre a te d  w ith  n o rm a l ra b b it  serum  th e re  w as no 
im m unosuppression  or antigenic co m p e titio n .

3. A s ta tis tic a lly  sign ifican t d ifference  w as d e m o n s tra te d  betw een  th e  
im m u n ity  of ALS an d  N R S -trea ted  g roups (P  ALS —*- N R S  <C 0.1% ).

D iscussion

T he above resu lts  allowed th e  fo llow ing  conclusions.
1. A n tily m p h o cy te  serum  sig n ifican tly  decreases th e  p rim ary  a n tib o d y  

response to  te ta n u s  to x o id  if  im m u n o su p p ressiv e  t r e a tm e n t is a d m in is te red  
sh o rtly  before or a f te r  p rim ing .

2. A fte r th e  e s tab lish m en t of a c tiv e  im m u n ity  A LS ex erts  no im m u n o 
suppressive  effect.

3. In  th e  m ode o f ac tio n  of ALS th e  an tig en ic ity  o f hetero logous p ro te in s  
causes no co m p e titiv e  effect.

In  th e  ex p e rim en ts  ALS was in je c te d  w hen
(a) th e  an tig en  h a d  n o t y e t c o n ta c te d  th e  im m unolog ica lly  c o m p e te n t 

cells (5 an d  2 days befo re  prim ing);
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(b) th e  an tig en  h a d  a lread y  c o n ta c te d  th e  co m p eten t cells, h u t a n tib o d y  
p ro d u c tio n  was y e t n il or v e ry  slight (2 a n d  5 days a fte r  p rim ing );

(c) th e re  w as a m an ifest a n tib o d y  p ro d u c tio n  (16 an d  19 days a f te r  
p rim ing).

The defin ite  im m u n o su p p ressio n  e x e rte d  by  ALS g iven  sh o rtly  b efo re  
o r a fte r  p rim ing  m a y  be  exp la ined  as follow s.

I t  m ay be su p p o sed  th a t  ALS cau sed  ly m p h o cy te  d ep le tion  [3]. A LS 
g iven  before p rim in g  could  p rev en t th e  a n tig e n  to  c o n ta c t a su ffic ien t n u m b e r  
o f  com peten t cells.

W hen ALS w as ad m in is te red  a f te r  p rim ing  th e  ly m p h o cy te  d ep le tio n  
co u ld  resu lt in th e  d e s tru c tio n  of p rim ed  com peten t cells. H ow ever, fo r 
effectively  su p pressing  im m u n ity  b y  ly m p h o cy te  d ep le tio n  or decrease, a 
ch ro n ic  ly m p h o p en ia  shou ld  be m a in ta in e d , for exam ple  b y  th o rac ic  d u c t 
d ra in ag e . The la t te r  co n d itio n  is a sso c ia ted  w ith  a decrease in  res is tan ce  a n d , 
th e re fo re , had  it  p lay ed  an  im p o r ta n t ro le  in  our ex p erim en ts , th e  to x ic  effect 
o f  th e  serum  w ould h a v e  p red o m in a ted . As b o th  th e  te s t  g roups an d  th e  a n i
m als used for to x ic ity  con tro l rem ain ed  in  norm al co n d itio n  th ro u g h o u t th e  
ex p erim en t, it m ay  be  supposed  th a t ,  co rrespond ing  to  d a ta  in  th e  l i te ra tu re , 
in  our anim als th e  decrease in ly m p h o cy te  count was on ly  tra n s ie n t.

The im m unosu p p ressiv e  effect o f A L S is due, accord ing  to  m an y  a u th o rs , 
to  th e  adso rp tion  o f A LS on th e  surface o f  lym p h o cy tes  in  th e  form  of c o a tin g . 
O n  th e  o ther h a n d , an  excessive b la s to id  tra n sfo rm a tio n  of ly m p h o c y te s  
u n d e r  th e  effect of A LS m ay  also be in v o lv ed  [2].

On th e  basis o f ou r experim en ts  th e  “ b lind fo ld ing”  th e o ry  seem s to  
o ffer th e  m ost p ro b a b le  ex p lan a tio n .

ALS tre a tm e n t before prim ing , accord ing ly , in h ib its  th e  recogn ition  
o f  th e  an tigen  a n d /o r th e  u p ta k e  of in fo rm a tio n . T hus th e  f irs t  s tep  o f th e  
im m unological p rocess is o m itted . ALS tre a tm e n t sh o rtly  a fte r  th e  an tig en ic  
s tim u lu s  m igh t a c t in  a sim ilar m an n e r, a lth o u g h  d u rin g  th e  period  b e tw een  
p rim in g  and  ALS in je c tio n  th e re  m a y  b e  a co n tac t b e tw een  th e  c o m p e te n t 
cells and  th e  a n tig en . I t  shou ld  be n o te d  t h a t  a prolonged re so rp tio n  of a n tig e n  
fro m  th e  depo t m a in ta in s  som e an tig en ic  stim uli also a f te r  ALS tre a tm e n t .

A ccordingly, tw o  d iffe ren t m ech an ism s m ay be invo lved . On th e  one 
h a n d , th e  coating  fo rm ed  on p rim ed  cells in h ib its  th e  secre tion  of a n tib o d ie s  
a n d , on th e  o th e r, th e  in h ib ito ry  effect o f  A LS p rev en ts  th e  co n tac t o f im m u - 
nologically  c o m p e te n t cells w ith  th e  a n tig e n  reso rbed  la te r  from  th e  d ep o t.

ALS caused  no  com plete  p re v e n tio n  of im m unolog ical even ts. T h is 
fin d in g  m ay be ex p la in ed  b y  th e  co n sid erab le  p ro lo n g a tio n  of th e  re lease  
o f  an tigen  b y  using  ad so rb ed  vaccine. T h u s  th e  an tig en  m ay  e n te r  th e  c ir
c u la tio n  w hen th e  c o m p e te n t cells h a v e  a lread y  been re leased  from  th e  su p 
pressive action  o f A LS or w hen th e  t i t r e  o f  ALS has decreased  to  a level n o t 
suppressing  th e  a lre a d y  reg en e ra ted  c o m p e te n t cells. O u r stud ies in d ic a te
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th a t  th e  half-life o f g ra f t  p ro te c tiv ity  of A LS is 5 —6 d ay s , iden tica l w ith  th e  
in  vivo  half-life o f A LS heterologous p ro te in  [17].

ALS given on th e  16th  and 19th d a y  of th e  ex p e rim en t caused no su p 
pression. This fin d in g  m ay  be exp lained  b y  th e  fact th a t  a n ti- te ta n u s  im m u n ity  
can  be ch a rac te rized  m ain ly  w ith  th e  a m o u n t of c ircu la tin g  an tibod ies a t  
th is  m om ent.

In  prev ious ex p e rim en ts  [13, 18] we show ed th a t  14 to  21 days a f te r  
im m u n iza tio n  th e  a n tito x in  level did n o t in crease  lo g arith m ica lly . A ccordingly , 
a t  th e  tim e  of ALS a d m in is tra tio n  th e  an im als possessed an  am o u n t of c irc u la t
ing  an tibod ies su ffic ien t to  surv ive th e  to x in  challenge even if ALS reac ted  
w ith  th e  ly m phocy tes.

The su p p re ss ib ility  w ith  ALS of secondary  an tig en ic  stim ulus an d  
im m unological m em ory  w ill be th e  su b je c t of fu r th e r  experim en ts.

In  th e  p re sen t s tu d y  it  has been show n th a t  A LS is h igh ly  effective in 
suppressing  th e  d ev e lo p m en t of p rim ary  a n tito x ic  im m u n ity . The in h ib itio n  
is n o t  associa ted  w ith  an tigen ic  co m p e titio n .

A c k n o w le d g e m e n ts . T he a u th o rs  are in d eb te d  to  D r. V. P . J u há sz  for s ta tis tica l ana ly sis  
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THE EFFECT OF BORDETELLA PERTUSSIS VACCINE 
ON THE HISTAMINE METABOLISM OF RAT TISSUES
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D e p a r tm e n t  o f  P a th o p h y s io lo g y  (D ir e c to r : L. K eszty ű s),
U n iv e r s i ty  M e d ic a l  S c h o o l, D eb recen

(R eceived  F e b ru a ry  15, 1969)

Sum m ary. U n d er th e  effect o f B o r d e te lla  p e r tu s s i s  vaccine (B PV ) th e  h is tam in e  level 
in  th e  tissues an d  th e  free h istam in e  c o n te n t o f th e  u rin e  increased . P a ra lle l w ith  these  changes 
th e  h is tam in e-d estro y in g  a c tiv ity  o f th e  tissu es decreased . T he p eak  of th ese  a lte ra tio n s  was 
o bserved  4 d a y s  a fte r  v acc ina tion . H is tid in e  decarb o x y lase  a c tiv ity  in creased  considerab ly  
on ly  in th e  g as tr ic  pylorus.

T he increase  in  h istam ine  level h a s  been  a tt r ib u te d  p rim arily  to  th e  d ecreased  h istam ine- 
d es tro y in g  a c tiv ity  of th e  tissues. In  ad ren a lec to m ized  an im als B PY  tr e a tm e n t  caused  no 
increase  in  h is tam in e  level or decrease  in  h is tam in e  d estru c tio n . C ortisone e lim in a ted  or 
s ig n ifican tly  decreased  th e  effect o f  B PV . I t  has  b een  concluded th a t  B PV  ac ts  in d irec tly  on 
h is tam in e  m etab o lism  by inducing  ad ren a l insu fficiency .

I t  has long been know n th a t  Bordetella pertussis  vaccine (В РУ ) increases 
th e  se n s itiv ity  of ra ts  and  m ice to  h is ta m in e  [1, 2]. The increased  sen sitiv ity  
ap p ears  as soon as 24 hours a fte r  t r e a tm e n t, its  p eak  is on th e  4 th  or 5 th  day  
an d , d epend ing  on th e  dose app lied , it  la s ts  for 8 to  18 days.

A n increased  h is tam in e  se n s itiv ity  has been  show n in  ad ren a lec to m ized  
ra ts  [3], to o , an d  o th e r a lte ra tio n s  are  also sim ilar in  ad ren a lec to m ized  and 
in  B P Y -tre a te d  anim als [4, 5], A d ren a lec to m y  induces deep changes in  th e  
h is tam in e  m etabo lism  of th e  tissu es , increases considerab ly  th e  h is tam in e  
level in  d iffe ren t r a t  tissues an d  decreases th e ir  h is tam in e-d estro y in g  a c tiv ity  
[6, 7]. H is tam in e  to x ic ity  is p ro b a b ly  assoc ia ted  w ith  endogenous h is tam in e  
levels [8] a n d  th e  ac tu a l am ine m etab o lism  of th e  tissues.

In  th e  p re sen t w ork  we exam ined  th e  effect of B PV  on th e  h istam ine  
level in  r a t  tissues, on h is tid in e  d eca rb o x y lase  a c tiv ity , h is tam in e-d es tro y in g  
a c tiv ity  an d  free h istam ine  c o n te n t o f th e  u rine .

As our resu lts  in d ica ted  th a t  B PV  tre a tm e n t caused a lte ra tio n s  in  tissue 
h is ta m in e  m etabo lism  sim ilar to  th o se  o bserved  a fte r  ad ren a lec to m y , we have 
su p p o sed  th a t  B PV  tre a tm e n t causes a d re n a l insufficiency an d  th u s  exerts  an 
in d ire c t a c tio n  on tissue h is tam in e  m etab o lism . In  o rder to  confirm  th is  th eo ry  
we exam ined  th e  effect of B PV  on ad ren a lec to m ized  and  c o rtiso n e -tre a te d  ra ts .
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M aterials and  m ethods

W is ta r  ra ts  of b o th  sexes w eighing 200 to  250 g w ere u sed . The an im als w ere fed  on 
a s ta n d a rd  d ie t and w ere g iv en  w a ter ad lib itum .

B PV  was given in  a single  in tra p e rito n ea l in jec tion  co n ta in in g  9 X 109 organism s. D iffer
e n t g ro u p s of anim als w ere  sacrificed  1, 4 an d  12 days a fte r  th e  in jec tio n , th en  h is tam in e  level, 
h is tid in e  decarboxylase  a c t iv ity  and h is tam in e-d estro y in g  a c t iv ity  in  th e  tissues w ere d e te r 
m ined . C o rtiso n e-trea ted  r a ts  received 10 m g per kg  of co rtiso n e  (A dreson, O rganon) in t r a 
m u scu la rly  a t tw o-day  in te rv a ls  over a p e rio d  of 12 days. A d ren a lec to m y  and sh am -o p era tio n  
of th e  co n tro l anim als w ere  p e rfo rm ed  in  h ex o b a rb ita l an aesth es ia .

B PV  was in jec ted  8 d a y s  a fte r th e  o p e ra tio n  or t r e a tm e n t  to  one group  of ad ren a l- 
ec tom ized  and to  one g ro u p  o f  co rtiso n e -trea ted  anim als. T he r a ts  w ere sacrificed 12 d ay s  la te r  
an d  h is tam in e  level an d  h is tam in e-d e stro y in g  a c tiv ity  o f  th e  tissu es were d e te rm in ed . T he 
sa lin e -tre a te d  sh a m -o p e ra te d  con tro l an im als were sacrificed  4 days a fte r B PV  in jec tio n .

D e term in a tio n  o f tis su e  h istam in e  level was pe rfo rm ed  as described  b y  Sh o r e  et al. [9]. 
F o r  h is tid in e  decarb o x y lase  a c tiv ity  th e  m eth o d  of T el fo r d  a n d  W est  [10], for h is tam in e- 
d es tro y in g  a c tiv ity  th e  m e th o d  of Cohn  and  Sh o r e  [11] w as u sed . A m ine levels were expressed  
as //g  h istam in e  basis p e r  g o r m l tissue. E a c h  ex p erim en ta l re su lt p resen ted  in d ica te s  th e  
av erage  of d a ta  o b ta in e d  in  a t  least 10 an im als and th e  co rresp o n d in g  s ta n d a rd  d ev ia tio n s . 
S ign ificance was e s tim a te d  b y  St u d e n t ’s t te s t.

F ree  h istam ine  e x c re tio n  w ith  u rin e  w as d e te rm in ed  se p a ra te ly  fo r m ale an d  fem ale 
ra ts  in  view  of th e  co n sid erab le  sexual d ifference in  th is  re sp ec t [12]. One week before th e  e x p e ri
m e n t th e  anim als were p lac ed  in to  m etabo lic  cages in  o rd e r to  m ak e  th em  accustom ed  to  th e  
specia l c ircum stances. B efore  beg inn ing  th e  24 hour u rine  co llection  1 m l 5 N  HC1 w as p ip e tte d  
in to  th e  vessel to  in h ib it  b a c te r ia l  and chem ical d estru c tio n  o f h is tam in e . F ree  h is tam in e  con
te n t  w as de term ined  as d e sc rib ed  by  Co d e  [13]. A verage v a lu es fo r 3 days p rio r to  B P V  in je c 
tio n  w ere regarded  as c o n tro ls . A fter in jec tin g  B PV , free h is tam in e  values were d e te rm in e d  
in  th e  sub seq u en t 24 h o u rs  a n d  on th e  4 th , 8 th  and 12 th  d a y . T he ex p erim en ts w ere ca rried  
o u t in  5 fem ale and  5 m ale  ra ts . Significance was e s tim a te d  b y  th e  t tes t.

R esu lts
T w en ty -fo u r h o u rs  a fte r BPV  in jec tion  a s ig n if ican t increase in h is tam in e  

level was observed o n ly  in  th e  gastric  py lo rus. A fte r  4 days every  exam ined  
r a t  tissu e  show ed levels  s ig n ifican tly  h igher th a n  th e  no rm al (Fig. 1). W ith  
th e  excep tion  of th e  lu n g s , a fte r 12 days th e  h is ta m in e  co n cen tra tio n  decreased  
to  th e  original va lue .

H istid ine  d eca rb o x y lase  a c tiv ity  was d e te rm in e d  only  in  th e  liver, p y lo 
rus an d  duodenum  as th e  a c tiv ity  o f th is enzym e is v e ry  low in o th e r tissues 
an d  can  be m easu red  on ly  by  th e  iso tope te c h n iq u e . T he a c tiv ity  in creased  
considerab ly  in  th e  p y lo ric  area as soon as a fte r  24 h o u rs ; s im ilarly  in creased  
levels were d e m o n s tra te d  on th e  4 th  and  12 th  day s (F ig. 2). A lthough  th e  
decrease in th e  liv e r a n d  th e  increase in  th e  d u o d en u m  differed s ig n ifican tly , 
we d id  n o t reg a rd  th e se  as im p o r ta n t changes.

M ore d efin ite  a lte ra tio n s  w ere revealed  in  th e  h is tam in e-d es tro y in g  
a c tiv ity  of th e  tissu es  (F ig . 3). T he decrease w as ap p rec iab le  a fte r  one d ay  
and  becam e sig n if ican t on th e  4 th  day. V alues m easu red  on th e  12tli d ay  
d id  n o t differ from  th e  contro l levels.

Fem ale an d  m ale  ra ts  d iffered  in  ab so lu te  v a lu es  for free h is tam in e  ex 
cre tio n , b u t  a fte r B P V  in jec tion  th e  changes te n d e d  to  be sim ilar in  b o th  sexes 
(T able  I). The free u r in a ry  h is tam in e  c o n te n t in c rea sed  a fte r B PV  in jec tio n  
to  a p eak  on th e  4 th  d a y , th e n  decreased  g rad u a lly . T h e  changes w ere d efin ite  
in b o th  sexes.
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a  b c d 
pyloric 

stom ach
F ie . 1. E ffec t o f B P V  on  h istam ine leve l in  r a t  tissues, a  =  co n tro l; Ь =  24 h o u rs  a fte r  B PV ; 

c =  4 days a fte r  В Р У ; d =  12 d ay s a fte r  BPV

35-
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F ig . 2. E ffect o f B P V  on histid ine d eca rb o x y la se  a c t iv ity  in  r a t  tissues. See legend  o f  F ig . 1

Fig. 3. E ffec t o f B P V  o n  h is tam in e-d estro y in g  a c tiv ity  in  r a t  tissues. See legend  of F ig . 1
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Table I

Effect o f  Bordetella pertussis vaccine on the free  histam ine content o f  rat urine

D e sig n a tio n  and  sex Free h is ta m in e  e x c re tio n  as  h is ta m in e  basis  p e r  24 h o u rs
o f  ra ts

C ontro l 1st d a y 4 th  d a y 8 th  day 1 2 th  d ay

1 ¥ 6.5 8.0 9.9 8.7 4.6
2 ? 6.2 11.3 19.2 12.0 5.2
3  ? 4.2 4.0 7.4 8.9 3.5
4 ? 3.7 8.0 8.6 7.9 2.8
5  ? 5.4 8.7 12.8 8.3 3.0

A v e r a g e  +  S . D . 5.2 +  1.2 8.0 +  1.8 11.8 +  4.2 9.2+1.5 3.8 +  1.1
P <  5% P<2% P<1%

6 3 0.6 1.3 2.2 1.4 0.7
7 3 1.0 1.1 1.6 1.0 0.4
8 3 0.7 1.6 1.6 1.1 0.6
9 3 0.9 1.7 2.3 1.0 0.6

10 3 0.9 1.3 2.1 1.6 0.5

A v e r a g e  +  S . D .

NО+
1

соÖ 1.4 +  0.2 2.0 +  0.3 1.2 +  0.3 0.6 +  0.1
P <  2% P < 1% P<5%

Fig. 4.  E f f e c t  o f  В Р У  o n  h i s t a m i n e  c o n t e n t  o f  t i s s u e s  i n  c o r t i s o n e - t r e a t e d  r a t s ,  a  =  c o n t r o l ;  
b  =  B P V ;  c  =  c o r t i s o n e ;  d  =  c o r t i s o n e  +  B P V .  S i g n i f i c a n c e  w a s  r e l a t e d  t o  c o r t i s o n e - t r e a t e d

a n i m a l s

C ortisone t r e a tm e n t  decreased th e  h is ta m in e  level in all o rgans excep t 
th e  p y lo ru s  (Fig. 4). T h is find ing  was in  acco rd an ce  w ith  previous o b serv a tio n s
[7]. W h en  cortisone a n d  B PV  were g iven  s im u ltan eo u sly , th ere  w as no increase 
in h is ta m in e  levels b u t , p a rad o x ica lly , th e  h is ta m in e  co n ten t of th e  duod en u m  
decreased .
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blood liver lung pyloric duodenum skin
stomach

Fig.  5 .  E f f e c t  o f  В Р У  o n  h i s t a m i n e  c o n t e n t  o f  t i s s u e s  o f  a d r e n a l e c t o m i z e d  r a t s ,  a  =  s h a m  
o p e r a t i o n ;  b  =  s h a m  o p e r a t i o n  +  В Р У ;  c  = =  a d r e n a l e c t o m y ;  d  =  a d r e n a l e c t o m y  +  B P V .  

S i g n i f i c a n c e  w a s  r e l a t e d  t o  a d r e n a l e c t o m i z e d  a n i m a l s

blood liver lung pyloric duodenum skinstomach

Fig. 6. E f f e c t  o f  B P V  o n  h i s t a m i n e - d e s t r o y i n g  a c t i v i t y  i n  t i s s u e s  o f  c o r t i s o n e - t r e a t e d  r a t s .  
S e e  l e g e n d  o f  F i g .  4 .  S i g n i f i c a n c e  w a s  r e l a t e d  t o  a d r e n a l e c t o m i z e d  a n i m a l s

T h e tissue  h is tam in e  level w as in c reased  by  ad ren a lec to m y  even  m ore 
d e fin ite ly  th a n  b y  В РУ . In  ad ren a lec to m ized  an im als B PY  ex erted  no  h is ta 
m ine-increasing  effect; th e  blood h is ta m in e  level w as sign ifican tly  low er th a n  
in ad ren a lec to m ized  ra ts  no t tre a te d  w ith  BPY  (Fig. 5).

In  co rtiso n e -trea ted  anim als t h e  tissues show ed a h igh h is tam in e- 
d estro y in g  a c tiv ity . B PV  in jection  in  co r tiso n e -tre a te d  ra ts  decreased  h is tam in e
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d e s tru c tio n  only in  th e  liv e r  and  du o d en u m , b u t  th e  values w ere considerab ly  
h ig h er th a n  in ra ts  in je c te d  w ith  B PV  on ly  (F ig . 6).

A dren a lec to m y , s im ila rly  to  B PV , d e fin ite ly  decreased  th e  h istam ine- 
d estro y in g  a c tiv ity  o f  th e  tissues (F ig . 7). B PV , in  c o n tra s t, exerted  no in 
flu en ce  on tissue h is ta m in e  d estru c tio n  (w ith  th e  excep tion  of th e  duodenum ).

Fig.  7 .  E f f e c t  o f  B P V  o n  h i s t a m i n e - d e s t r o y i n g  a c t i v i t y  i n  t i s s u e s  o f  a d r e n a l e c t o m i z e d  r a t s .  
S e e  l e g e n d  o f  F i g .  5 .  S i g n i f i c a n c e  w a s  r e l a t e d  t o  a d r e n a l e c t o m i z e d  a n i m a l s

D iscussion

T he p resen t ex p e rim en ts  have  show n th a t  B PV  in jec tion  sig n ifican tly  
increases th e  h is ta m in e  level in  r a t  tissues. T he increase  is associa ted  p rim arily  
w ith  th e  decrease o f tis su e  h is tam in e-d es tro y in g  a c tiv ity . M a t s u i  et al. [14] 
h av e  show n th a t  B P V  tre a tm e n t decreases th e  h is tam in e-d estro y in g  a c tiv ity  
of th e  r a t  lung. T he p re s e n t experim en ts rev ea led  a sim ilar change in  a n u m b er 
of o th e r  tissues. T h e  increase  in  h is tam in e  level m ay  be associa ted  w ith  an  
in creased  h istid in e -d eca rb o x y lase  a c tiv ity  on ly  in  th e  gastric  pylorus. As 
h is tid in e  d ecarb o x y lase  in  th e  py lo rus is m a in ly  an  inducib le  enzym e [15], 
i t  m a y  be supposed  t h a t  B PV  exerts  its  effect b y  enzym e in d u c tio n , as i t  has 
been  d em o n stra ted  in  m ice [16]. C hanges in  h is tam in e  anabo lism  and  c a 
tab o lism  are in  a g re e m e n t w ith  our re su lts  on free  h is tam in e  excretion . T h e  
in creased  u rin a ry  free  h is tam in e  level is ex p la in ed  by  th e  decreased  d e s tru c 
tio n  an d  b y  th e  in c rea sed  p ro d u c tio n  of h is ta m in e  in som e tissues, m ain ly  
in  th e  py lo rus. T he d ifference in h is tam in e  ex c re tio n  betw een  m ale and  fem ale 
r a ts  reflec ts  p ro b a b ly  a sexual difference in  h is tam in e  ca tabo lism  [17].
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A d ren a lec to m y  a n d  BPV caused  v e ry  s im ila r changes in  h is tam in e  m e 
tab o lism . In  p rev ious stud ies we h a v e  show n th a t  increased  tissu e  h is tam in e  
levels are associa ted  w ith  a decrease in  h is tam in e-d estro y in g  a c tiv ity  [7]. 
T he effect of B PY  on h istam ine  m etab o lism  can  be e lim inated  or s ig n ifican tly  
decreased  w ith  co rtiso n e . In  ad ren a lec to m ized  an im als B PY  fails to  ex e rt 
an  am ine  level-increasing  and tissu e  h is ta m in e  m etabo lism -decreasing  effect. 
A d ren a l insuffic iency  in  B P V -trea ted  ra ts  an d  m ice is in d ica ted  also b y  an  
increased  sen s itiv ity  to  stressors [5, 18, 19], p ro longed  hypog lycaem ia  [20] 
an d  decreased  v ita m in  C co n ten t o f th e  ad ren a l co rtex  [21]. I t  is also know n  
th a t  ad ren a lec to m ized  an d  B P V -trea ted  an im als show  an increased  se n s itiv ity  
to  5 -h y d ro x y try p ta m in e  [22, 23]. A cco rd ing ly , i t  m ay he concluded  th a t  
a f te r  B PV  tre a tm e n t an  ad ren o co rtica l in su ffic ien cy  develops w hich induces 
changes in  tissue  h is ta m in e  m etabo lism .

As re la ted  to  its  ac tion  in n o rm a l an im als, B PV  causes opposite  changes 
in  h is tam in e  b lood  level an d  h is tam in e -d es tro y in g  a c tiv ity  in ad rena lec tom ized  
an im als  an d  in th e  h is tam in e  c o n te n t o f th e  d u o d en u m  in co rtiso n e -trea ted  
an im als. This a d d itio n a l (p robably  d irec t)  effect of B PV  can n o t y e t be in te r 
p re ted .

As to  th e  in crease  in  h istam ine  se n s itiv ity  o f ra ts  and  m ice u n d e r  th e  
effect o f BPV  in jec tio n  some theories h av e  been  advanced . F i s h e l  et al. [24] 
an d  S t r o n k  an d  P it t m a n n  [25] a t t r ib u te d  im p o rta n c e  to  th e  d irec t effects 
of th e  vaccine. T he ro le  of a change in  tissu e  h is tam in e  m etabo lism  w as sug 
gested  by  M a t s u i  et al. [14] and S c i i a y e r  an d  G a n l e y  [16]. B ased on m ouse 
ex p erim en ts , th e  la t te r  au tho rs em phasized  th e  im p o rtan ce  of th e  increased  
a c tiv ity  of inducib le  h istid ine  decarb o x y lase . In  o u r opinion th e  change in 
tissu e  h is tam in e  m etab o lism  m ay p la y  a role in  th e  developm ent o f in creased  
h is ta m in e  sen s itiv ity , b u t  in ra ts  th e se  changes a re  m ain ly  due to  a decrease 
in  h is tam in e -d es tro y in g  ac tiv ity . T h is con cep tio n  is su p p o rted  by  th e  fac t 
th a t  th e  peak  changes coincide w ith  th e  m ax im u m  o f h istam ine  se n s itiv ity . 
T he increased  endogenous h istam ine  level and  h is tam in e  sen s itiv ity  m ay  be 
p a ra lle l [8] and  m ay  p la y  a p a rt in th e  in creased  h is tam in e  sen s itiv ity  due to  
B PV . F o r a fin a l ev idence of th e  im p o rta n c e  o f th e  decrease in  h is ta m in e  
decom posing a c tiv ity  fu r th e r  studies a re  needed  on th e  role of various enzym es 
in v o lv ed  in h is tam in e  catabolism .
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FATTY ACIDS ITS STAPHYLOCOCCUS AUREUS 
AND ESCHERICHIA COLI CULTURED TN VIVO
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Institu te  o f M icrobiology (Director: L. VÁczi),
U niversity M edical School, Debrecen

(R eceived F e b ru a ry  21, 1969)

S u m m a ry , (i) T he cytological p ic tu re  o f p e rito n ea l ex u d a te  in  gu inea p igs varies w ith  
th e  in d u cin g  ag en t. A fte r th e  in jec tion  of 1 %  I n d ia in k ,  94—96%  p o ly m o rp h o n u c lea r n e u tro 
p h ils  an d  4 —6 %  ly m p h o cy tes  were d e m o n s tra ted . D e x tran  (4 % ) induced  th e  ap p earan ce  
o f 70— 80%  po ly m o rp h o n u c lea r and 14— 2 4 %  m o nonuclear leukocytes, and  4— 8%  ly m p h o 
cy tes. T en  pe r c en t casein in d uction  re su lte d  in  a  sim ilar d is tr ib u tio n  of w h ite  b lood cells w ith  
th e  a d d itio n a l ap p earan ce  of 8—10%  ep ith e lia l cells.

(ii) D is tr ib u tio n  o f to ta l  fa tty  acids in  p e rito n ea l ex u d a te  w as: Cl2 or sh o rte r  chain  f a t ty
acids, 21 — 6 6 % ; p a lm itic  acid, 10 2 3 % ; s tea ric  acid, 9 —2 8 % ; u n sa tu ra te d  f a t ty  acids,
8 - F9% ..

(iii) O f th e  to ta l  f a tty  acid c o n te n t o f Staphylococcus aureus cu ltu red  in  vivo, 23— 4 2 %  
corresponded  to  u n sa tu ra te d  fa tty  acids. T h e  m ain  f a t ty  acids w ere: an te iso-C 15 acid , 10— 25%  
p a lm itic  acid , 12 — 19% ; stearic  acid. 6— 2 8 % ; oleic acid, 12— 2 2 % ; linoleic acid , 6 .1 —14% ; 
a rach ic  acid , 3— 11% .

(iv) In  th e  f a t ty  acid spec trum  of E scherichia coli cu ltu red  in  vivo, cyclop ropane  f a t ty  
acids w ere d e tec ted  on ly  in traces. T he m ain  com ponen ts w ere: p a lm itic  acid, 2 4 .8% ; stearic  
acid , 22 .2 % ; oleic acid , 15.7% ; linoleic acid , 12.4% .

T he fa c t th a t  th e  v iru lence  o f p a th o g en ic  b a c te ria  can  be enhanced  
b y  p assage  in  suscep tib le  anim als in d ica tes  th a t  m e tabo lites asso c ia ted  w ith  
v iru len ce  are  p ro d u ced  in  g rea te r a m o u n ts  in  vivo  th a n  in  vitro. A s  b iochem ical 
an d  bio logical s tud ies requ ire  la rge  q u a n titie s  of p u re  b ac te ria l p re p a ra tio n s , 
l i t t le  is y e t kn o w n  ab o u t m e tab o lite s  an d  m etabo lic  processes ch a rac te riz in g  
th e  increase  of v iru lence in  vivo. A ccord ing  to  G e l l e n b e c k  [1] th e  m e ta b 
olism of staphy lococci increases u n d e r cond itions in  vivo. B e i n i n g  and  
K e n n e d y  [2] show ed in 1963 th a t ,  as com pared  to  cu ltiv a tio n  in  vitro , Stapli. 
aureus  p ro d u ced  in  vivo h igher a m o u n ts  of desoxyribonuclease, a lp h a  haem o- 
ly sin , leukocid in , and  hyalu ro n id ase , changed  its  sen s itiv ity  to  gam m a g lob 
u lin , increased  its  m ouse and  r a b b it  p a th o g en ic ity  and  developed  tw o new  
an tig en s . S e g a l  et al. [3] in  co m p arin g  M . tuberculosis cu ltu re d  in  vitro and  
in  vivo  show ed th a t  b ac te ria  h a rv e s te d  from  m ouse lung  co n ta in ed  ab o u t 25 %  
m ore  to ta l  lip ids and  in  th e ir  f a t ty  acid sp ec tru m  sh o rt c a rb o n -ch ain  com 
p o u n d s  p red o m in a ted . YÁCZI et al. [4 ]  d e m o n s tra te d  th a t  th e  lip id  an d  f a t ty  
acid  com position  of staphylococci depended  up o n  th e  in g red ien ts  of th e  m e
d iu m , its  p H  a n d  tem p era tu re . In  p rev ious p ap ers  [5, 6] we h av e  show n th a t  
S taph , aureus in fection  caused a d is tu rb a n c e  in  th e  h o s t’s lip id  m etabo lism .

In  th e  p re sen t w ork we re p o r t  on stud ies on th e  f a t ty  acids of b a c te r ia  
c u ltu re d  in  th e  peritoneal c a v ity  o f gu inea pigs.

2 Acta Microbiologica Academiae Scientiarum Hungaricac 16, 1969



220 I. R É D A I et al.

M aterials and m ethods

Organisms. S taph , aureus  s tra in s  53 a n d  80/81 were iso la ted  in  our in s titu te  from  h u m an  
m a te ria l. E . coli 0111  s t r a in  30006 was o b ta in e d  from  th e  C u ltu re  Collection, N a tio n a l In s t i 
tu te  o f  Pub lic  H e a lth , B u d a p e s t.

Cultivation in  vivo. G roup  1. G uinea p igs w eighing 500— 600 g were in jec ted  in tra p e ri-  
to n ea lly  w ith  a p p ro x im a te ly  2 X  1010 cells o f 18 h o u r cu ltu res  o f Staph, aureus s tra in s  53 and  
80/81. T he anim als d ied  a f te r  12— 14 hours, b u t  th e  p e rito n ea l c av ity  was opened only a f te r  
18 h o u rs . T hen  th e  e x u d a te  w as harv ested , th e  p e rito n ea l c av ity  w as w ashed tw ice w ith  10 пЛ 
a liq u o ts  of pH  6 saline. A fte r  un itin g  th e  e x u d a te  u ltra so n ic  t re a tm e n t  was p e rfo rm ed  in  
a  M SE  hom ogenizer (1.5 w a tt/c m 2), th en  th e  m a te ria l was cen trifu g ed  a t  4 °C and  3000 r.p .m ., 
w ashed  tw ice w ith  4 °C d is tilled  w ater, re su sp en d ed  in  ace tone  and  re frig e ra ted  a t  4 °C fo r 
24 h ours.

G roup 2. G uinea p ig s w ere infected  as described  for G roup  1 and  were sacrificed  6 hours 
a f te r  th e  in jection . H a rv e s tin g  and tre a tm e n t o f  b a c te r ia  w ere carried  o u t as in  G roup 1.

G roup 3. The 18 h o u r  cu ltu re  o f Staph, aureus s tra in  80/81 was cen trifuged  a t  4 °C and  
3000 r .p .m . for 20 m in u te s . T he deposit w as w ashed , th e n  su sp en d ed  in  saline to  th e  orig inal 
vo lu m e. In order to  in h ib i t  phagocy tosis, e ach  an im al w as g iven  in tra p e rito n ea lly  1 m l per 
100 g body  w eight o f 4 %  d e x tra n  4 hours before  in fec tion . T h en  ap p ro x im ate ly  2 X  1010 liv ing  
cells w ere in jec ted  in tra p e rito n e a lly . The an im als  w ere bled  18 hours a fte r  th e  in fection . T he 
e x u d a te  was collected a n d  th e  peritonea l c av ity  w as w ashed  tw ice  w ith  iso ton ic  c itra te . A fte r 
u n itin g  th e  frac tions, th e  b a c te r ia  were su b jec ted  to  d iffe ren tia l c en trifu g a tio n  as described 
b y  G e l l e n b e c k  [1].

G roup 4. In  v ivo  c u ltiv a tio n  of E . coli w as p e rfo rm ed  as in d ica ted  for G roup 3, w ith  
th e  excep tio n  th a t  th e  a n im a ls  received 1%  d e x tra n  w hich  in h ib ited  sa tisfac to rily  th e  p h ag o 
cy tosis.

F a t ty  acid sy n th esis  b y  E . coli in vitro  was ex am ined  in  1%  dex trose-C asitone (Difco) 
and  in  5%  hum an  se ru m -C asito n e  (Difco) m edia .

E ac h  group co n sis ted  of 3 X  6 an im als an d  each  d e te rm in a tio n  was perfo rm ed  w ith  
b a c te r ia  harv ested  fro m  6 an im als.

Cytological exa m in a tio n  o f  peritoneal exudates. The co n tro l an im als were d iv ided  in to  3 
g roups of 12 each. E ac h  ex am in a tio n  was p e rfo rm ed  w ith  th e  pooled  cells o f 4 anim als. G roup 
1 rece iv ed  sterile 1%  case in  m edium  (D ifco) co n ta in in g  1%  In d ia  ink , 1 ml pe r 100 g w eight. 
G roup  2 was given ste rile  1 0 %  casein m ed ium , G roup 3 sterile  4 %  d e x tra n , 1 m l pe r 100 g 
w e ig h t, in trap erito n ea lly .

T he anim als w ere sac rificed  6 hours a f te r  th e  in tra p e rito n e a l in jec tio n , th e  ex u d a te  was 
h a rv e s te d  and the  p e r ito n e a l c av ity  was w ashed  tw ice w ith  10 m l iso ton ic  c itra te . Cell counts 
w ere de te rm in ed  in  a B ü rk e r  cham ber and q u a n ti ta t iv e  d is tr ib u tio n  of th e  cells was exam ined  
a f te r  M ay — G rünw ald— G iem sa  stain ing .

T he ex udate  was se d im en ted  a t  4 °C, th e  cells w ere w ash ed  tw ice in  saline, resu sp en d ed  
in  ace to n e  and sto red  a t  4 °C for 24 hours. L ip id  e x tra c tio n  and  f a t ty  acid analysis were p e r
fo rm ed  as described in [7].

R esu lts

W hen exam in ing  th e  cellular m a te r ia l of b a c te ria  cu ltu red  in vivo, th e  
p re p a ra tio n  should  n o t  co n ta in  la rg e r am o u n ts  of m a te ria ls  o rig ina ting  from  
th e  h o s t. A ccordingly , a t  th e  beginning  of th e  ex p erim en ts  various substances 
w ere given in tra p e rito n e a lly  to  guinea pigs and  th e  d is tr ib u tio n  of cells in th e  
re su ltin g  exudate  a n d  f a t ty  acid com position  w ere dete rm in ed  (T able I).

F ro m  T ab le  I  i t  is ev id en t th a t  cell co u n ts  w ere sim ilar (5 X 10e to  9 X 10° 
p e r m l) in exudates in d u c e d  b y  d iffe ren t su bstances. T he d is tr ib u tio n  of cells, 
h ow ever, showed re m a rk a b le  differences. One p er cen t In d ia  in k  p roduced  
94 —9 6 %  p o ly m o rp h o n u c lea r leukocy tes an d  6 %  lym phocy tes. In je c tio n  
of 4 %  d ex tran  re su lte d  in  th e  ap p earan ce  of a b o u t 75%  p o lym orphonuclear 
leu k o cy te s ; th e  p ro p o rtio n  of ly m p h o cy tes  w as th e  sam e as w ith  In d ia  ink ,
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b u t 14 to  24 %  m on o n u clear p h ag o cy tin g  cells ap p eared . Ten p er cen t case in  
induced  73 %  p o ly m o rp h o n u clear leu k o cy tes , 12%  m ononuclear leu k o cy tes , 
6%  ly m p h o cy tes  a n d  9 %  of th e  cells w ere ch a rac te rized  b y  a foam y n u c le a r  
s tru c tu re  a n d  s lig h tly  basophilic  cy to p lasm . T hese cells w ere p ro b a b ly  ep i
th e lia l in origin.

Table I

Percentage distribution o f cells in  guinea p ig  peritoneal exudate

Inducing agent Cell count
Polymorpho

nuclear
leukocytes

Lymphocytes Mononuclear
leukocytes Other cells

1%  In d ia  ink 9 x 1 0 e 94—96 4—6 — —

4%  D ex tran 5 X106 7 0 - 8 0 4— 8 1 4 - 2 4 —

10%  Casein 7 X106 71 — 75 5— 7 11— 13 8— 10

R anges of 3 p a ra lle l determ inations

Table I I

Percentage distribution o f  fa tty  acids in  peritoneal exudate cells

Fatty acid
Inducing agent

1% India ink 4% Dextran 10% Casein

< c 12 17.0 30.1 59.3

Cl 2 4.8 4.9 7.2

Cia 0.8 + +

4.4 3.3 5.5

Cl4 3.5 6.5 5.2

1.7 2.1 3.1

Ci6:i 0.9 + +

Cie 23.7 20.1 9.8

C18 1.8 1.0 1.6

Cls:2 3.1 1.7 +

Ci8:i 10.2 5.5 2.9

Cj8 28.3 22.8 9.0

M ean values o f 3 paralle l de term inations

In  T ab le  I I  th e  f a t ty  acid analysis o f th e  e x u d a te s  is p resen ted . E x u d a te s  
induced  b y  d iffe ren t s tim uli co n ta ined  cells d iffe ren t in  fa t ty  acid com p o si
tion . In  th e  p e rito n ea l ex u d a te  f a t ty  acids occu rred  in  th e  following p ro p o r
tio n s: su b stan ces w ith  less th a n  12 ca rb o n  a tom s, 17 — 59 % ; Cie, 9 .8 - 2 3 .7 % ,  
C l8, 9 - 2 8 .3 % ;  C12, 4.8  -7 .2 % ; C14, 3.5 —6 .5 % ; C18:1, 3 - 1 0 .2 % ;  C18;2,
0 .2—3.1% . T hus th e  f a t ty  acid sp ec tru m  w as ch a rac te rized  m ain ly  b y  th e
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p resence  of sh o r t ca rb o n  cha in , C16 a n d  C18 com pounds. F a t ty  acids c h a ra c 
te r is tic  of b a c te r ia  (b ran ch ed  chain , cy c lo p ro p an e , C2n or longer carb o n  chain  
substances) w ere  n o t d em o n stra ted .

These d a ta  w ere de te rm in ed  in  o rd e r to  check b ac te ria l p re p a ra tio n s  
c u ltu re d  in vivo in  case o f a possib le  c o n ta m in a tio n  w ith  gu inea p ig  f a t ty  acids.

Table I I I

Percentage distribution o f  fa tty  acids in  Staph, aureus 80/81 
cultured in  vivo

Fatty acid
Cultivation for

6 hours* 18 hours* 18 hours -f- 
4% dextran**

Ci2 0.6 0.9 1.3

С,, 1.4 — 1.0

C[4;i 2.2 0.3 2.5

Cl4 1.9 0.7 1.8
aiCi5 25.7 10.1 10.1

c 15 — 0.3 1.8

c u;1 1.1 0.6 —

c ie 12.6 17.3 19.2
c 17 0.8 0.3 —

C17;l — — 1.8

aiC17 2.9 1.4 2.0

^18:2 6.1 14.4 6.1

Cl8:l 11.9 22.2 12.6

C,8 16.8 25.3 28.3

^19 ;i 1.3 — —

^19 0.9 — —

c2u;2 6.5 4.2 —

c 2„ 7.3 2.6 10.8

T o ta l u n sa tu ra te d 29.1 42.0 23.0

Mean values o f 3 p a ralle l de term inations.
* P repared  w ith  u ltra so n ic  trea tm e n t.

** Prepared  w ith  d iffe ren tia l cen trifugation .

Table I I I  p re se n ts  f a t ty  acid d is tr ib u tio n  in  Staph, aureus s tra in  80/81. 
B a c te r ia  cu ltu red  in  d iffe ren t m an n ers  a n d  fo r d ifferen t tim es co n ta in ed  
th e  sam e f a t ty  acids. T he q u a n tita tiv e  d is tr ib u tio n , how ever, w as d iffe ren t. 
I n  anim als in fec ted  w ith  w hole cu ltu re , an te iso -C ls f a t ty  acid  w as d em o n 
s t r a te d  in  25 .7% . F u r th e r  m ain  co m p o n en ts  w ere: stea ric  acid , 16 ,8% ;
p a lm itic  acid, 1 2 .6 % ; oleic acid, 12% ; lino leic  acid, 6% . U n sa tu ra te d  com 
p o u n d s  com prised  2 9 %  of th e  to ta l  f a t ty  ac id  co n ten t. B ac te ria  h a rv e s te d
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a fte r  18 h o u rs  co n ta in ed  on ly  10%  an te iso -C 15. S tearic  acid  rep resen ted  2 5%  
of th e  to ta l  f a t ty  acids; oleic and lino leic acids increased  co nsiderab ly  (22.2 
an d  14 .4% , respective ly ). T here  was no  essen tia l change in  th e  p ro p o rtio n  
of p a lm itic  acid (17.3). T h e  m ain d ifference  consisted  in  th e  increase in  u n 
s a tu ra te d  f a t ty  acids (4 2 %  of to ta l f a t ty  acids). In fe c tio n  w ith  w ashed  b a c 
te r ia  re su lte d  a fte r  18 h o u rs  in  th e  follow ing d is tr ib u tio n  o f f a t ty  acids: s tea ric , 
28.3; p a lm itic , 19.2; u n s a tu ra te d , 2 3 % ; an teiso-C 15, 1 0 % .

S taph , aureus 53 c u ltu re d  in vivo show ed  essen tia lly  th e  sam e sp ec tru m  
as s tra in  80/81. A nteiso-C 13 occurred in  1 7 .5 % ; oleic an d  linoleic acids w ere 
p resen t in  som ew hat h ig h e r  am ounts a n d  u n s a tu ra te d  com pounds w ere 
d e tec ted  in  36 .8% .

T ab le  IV  p resen ts f a t ty  acid d is tr ib u tio n  in  E . coli 30006 cu ltu red  u n d e r  
d iffe ren t cond itions. In  b a c te ria  grow n in  C asitone m edium  pa lm itic  acid 
occurred  in  4 0 % , cyc lop ropane  com pounds in  32% , w hile u n sa tu ra te d  f a t ty

Table IV

Percentage distribution  o f fa tty  acids in  different E . coli cultures

F a t ty  acid
C asitone
(D ifco)

Ц- 1% g lu co se  1

Casitone
(Difco)
+ 5%

h u m an  serum

I n  vivo + 1% 
d e x tra n

c „ 4.6 3.6 2.1

C i3 — - 2.1

C H :I + 6.6 +

Cu 10.8 8.0 2.9

aiC15 2.5 1.6 2.3

C u 0.9 1.7 2.0

b e ta -O H — Cjj 6.2 1.9 +

^16 :1 3.4 1.5 5.3

c „ ; 39.5 43.4 24.8

/1C17 21.6 11.9 2.5

^ 1 7 :1 — — 3.9

aiCl7 — 1.8

C,g:2 + 3.0 12.4

Cl8:l + 4.0 15.7

C,8 — 4.3 22.2

zlC ]9 10.5 5.7 +

T o ta l u n sa tu ra ted 3.4 15.1 37.3

M ean v a lu es of 3 p a ra lle l de term inations, 
ai =  an te iso  fa tty  acid.
A  =  cyclopropane f a t ty  acid.
F ig u re  a f te r  colon =  n u m b er of u n sa tu ra te d  bonds.
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acids only  in 3 .4 % . In  5 %  h u m an  se rum -C asitone  m ed ium  cu ltu res  u n s a tu ra te d  
f a t ty  acids w ere p re se n t in  15 .1%  an d  th e  am o u n t of b e ta -h y d ro x y m y ris tic  
ac id  an d  cyc lop ropane  com pounds w as considerab ly  less th a n  in  sim ple Casi- 
to n e  m edium  cu ltu res .

I f  cu ltu res m ad e  in  vitro an d  in  vivo  are  com pared , i t  is s trik in g  t h a t  
in  th e  la t te r  h igh  am o u n ts  of u n s a tu ra te d  f a t ty  acids o ccu rred  while c y c lo 
p ro p a n e  fa t ty  acids w ere p rac tica lly  a b se n t. F a t ty  acids con ta in in g  less th a n  
16 carbon  a to m s com prised  23 to  25 %  of th e  to ta l  f a t ty  acids in  vitro  b u t  
o n ly  11%  in  vivo. T h e  am o u n t o f p a lm itic  acid was n ea rly  40 %  less in  th e  
la t te r .  These re su lts  in d ica te  th a t  S taph , aureus an d  E . coli, if  grow n in p ro te in  
( lip o p ro te in )-co n ta in in g  m edium , increase  th e ir  u n s a tu ra te d  fa t ty  acid c o n 
te n t .  D uring c u ltiv a tio n  in vivo th e  increase  in u n sa tu ra te d  f a t ty  acids is s till 
h igher.

D iscussion

O ur resu lts  h a v e  confirm ed th a t  th e  lip id  com position  of b a c te ria  d e 
p en d s  on c u ltu ra l co n d itions [7 —11]. In  th e  in te rp re ta tio n  of th e  p re s e n t 
d a ta  i t  should  f ir s t  o f all be considered  w h e th e r th e  o bserved  changes re a lly  
re flec t lipid m e tab o lism  a lte ra tio n s  in  th e  te s t  b ac te ria  or are  due to  c o n ta m 
in a tio n  o rig ina ting  from  th e  host.

F a t ty  acid  d e te rm in a tio n  in  cells in  p e rito n ea l ex u d a te s  in d u ced  b y  
d iffe ren t agents show ed  th a t  m a in ly  f a t ty  acids con ta in in g  less th a n  12 c a rb o n  
a to m s and  C12 com pounds w ere p re se n t in  h igh am o u n ts  (21 — 66% ). U n 
s a tu ra te d  fa t ty  acids w ere d e tec ted  in  8 19% . In  guinea p ig  cells fa t ty  ac id s
ch a ra c te ris tic  o f b a c te r ia  (an te iso , cy c lop ropane , C20 or longer chain  c o m 
p o u n d s) were a b se n t. T hese d a ta  allow ed to  conclude th a t  o u r m ethods w ere  
su ita b le  for p ro d u c in g  p u re  b ac te ria l p re p a ra tio n s  and , th e re fo re , it  is ju s t if ie d  
to  assess changes in  th e  lip id  m e tab o lism  of b ac te ria . In  b a c te ria  c u ltu re d  
in  vivo  th e  p ro p o rtio n  of u n s a tu ra te d  f a t ty  acids was 2 3 —4 2 % . T hus, b a c 
te r ia  seem to  be  ab le to  in co rp o ra te  sh o rte r  ca rbon-chain  f a t ty  acids fro m  
th e  env ironm en t.

T he observed  changes in  lip id  m e tab o lism  have  con firm ed  th a t  b a c te r ia l  
m etab o lism  increases in  vivo [1, 2]. A ccu m u la tio n  of u n s a tu ra te d  f a t ty  ac id s  
causes th e  loosening o f th e  m em b ran e  s tru c tu re , w hich m ay  be fav o u ra b le  
fo r  th e  increase in  m etabo lic  processes.
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EFFECT OF EMETINE ON THE MULTIPLICATION 
OF PSEUDORABIES AND SEM U K  I FOREST VIRUSES 

AND ON THE INTERFERON PRODUCTION 
BY CULTURED CELLS

B y

I. R o s z t ó c z y

In s titu te  o f  Microbiology (D irector : G. I v á n o v i c s ) ,
U niversity  M edical School, Szeged

(R eceived F e b ru a ry  28, 1969)

Sum m ary . E m e tin e  and  2-dehydroem etine  w ere found  to  in h ib it  m u ltip lic a tio n  of 
p seudorab ies and  Sem liki F o re s t v iruses in  c o n ce n tra tio n s  in h ib itin g  cell div ision  in  chick  
em bryo  f ib ro b la s t cu ltu res . T he in itia l period  of v ira l  m u ltip lica tio n  cycle is th e  m ost sensitive  
to  th e  effect o f th e  d rugs. In te rfe ro n  syn thesis in d u ce d  b y  adenov irus ty p e  8 in  chick  em b ry o  
fib ro b la s ts  is in h ib ited  b y  o n e -te n th  of th e  co n ce n tra tio n  in h ib itin g  v ira l  g row th . T he effect 
o f in te rfe ro n  is in h ib ited  b y  em etine  a t  low c o n cen tra tio n s . N e ith e r em etine  no r 2 -dehydro - 
em etine  in flu en ced  th e  su rv iv a l of p seu d o rab ies-in fec ted  mice.

T he a n tiv ira l  effect o f em etine  and 2 -d eh y d ro em etin e  m ig h t be  ex p la in ed  by  th e  p ro te in - 
syn thesis-b lock ing  effec t o f th ese  drugs. I t  is su p p o sed  th a t  th e  fav o u rab le  clinical re su lts  
o b ta in ed  w ith  em etine  in  som e hu m an  v ira l d iseases can n o t be exp la in ed  by  th e  a n tiv ira l  
ac tion  of th e  drug.

E m etin e  is one o f th e  alkaloids o f Uragoga ipecacuanha. I ts  e x p e c to ra n t 
an d  em etic  effect has been  know n for long . D ue to  th e ir  am oebocidal a c tiv ity , 
b o th  em etine  and  its  less to x ic  d e riv a tiv e , d eh y d ro em etin e , are  w idely ap p lied  
in  th e  th e ra p y  of Entam oeba histolytica  in fections. M oreover, th e re  are d a ta  
suggestive  of an  a n tib a c te r ia l ac tion  o f em etine  [1—4] an d  an  an tim y co tic  
ac tion  o f d eh y d ro em etin e  [5, 6]. F a v o u ra b le  resu lts  h av e  been  o b ta in ed  w ith  
em etine  in  th e  t r e a tm e n t  of nonspecific  g ranu lom as [8] an d  in  th e  local t r e a t 
m en t of scorpion b ite  [12]. E m etine  h as  been found an tip h lo g is tic  [10, 11]. 
D eh y d ro em etin e  w as effective in  th e  th e ra p y  of schistosom iasis [7]; i t  gave 
rise to  rem ission  in  cases of chronic m yelo id  leukaem ia  [9]. E m e tin e  was 
found  m u tag en ic  fo r C orynebac te rium  [13].

A th e ra p e u tic  effect b y  em etine in  v ira l disease w as f irs t observed  by  
V i d a l  [14]. H is re su lts  h av e  been co n firm ed  and  com ple ted  b y  fu r th e r  d a ta  
[10, 15 — 18]. M ost a u th o rs  a ttr ib u te  th e  fav o u rab le  effect p rim arily  to  th e  
an tip h lo g is tic  ac tion  o f th e  drug, b u t  a v iro c id a l or v iro s ta tic  effect h as  also 
been  p roposed  [10, 11].

D a ta  being  scarce on th e  v iru s-in h ib itin g  effect o f em etine  and  d e h y d ro 
em etine [19 — 21] a n d  as to  our b e s t know ledge c h em o th e rap eu tic  s tu d ies  
in  vitro  h av e  n o t b een  ca rried  ou t, we h a v e  in v es tig a ted  th e  effect o f em etine  
an d  d eh y d ro em etin e  on th e  m u ltip lica tio n  of p seudorab ies an d  Sem liki F o rest 
viruses.
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M aterials and  m ethods

The chick em b ry o  f ib ro b la s t (C E F ) m o n o lay ers  and  tu b e  cu ltu res , an d  the com position  
of th e  m edia used hav e  been  described  elsew here [22].

Viruses. The p seu d o rab ie s  v iru s  an d  ty p e  8 ad en o v iru s w ere k in d ly  supplied  b y  D r. 
I .  B É L Á D i  (Szeged), th e  Sem lik i F o re s t v iru s b y  D r. I . S. P o r t e f i e l d  (L ondon). P seu d o rab ies  
v iru s  and  Sem liki F o re s t v iru s  were p ro p a g a ted  in  C E F  cu ltu res , a d en o v iru s  was p ro p a g a te d  
in  H E p -2  cells.

M aterials. A com m erc ia l e m e tin e  p re p a ra tio n  and  2 -d ehydroem etine  (rac-2 -dehydro - 
em e tin e -ch lo ro h y d ra te -h y d ra te , k in d ly  su p p lied  by  th e  R esearch  In s t i tu te  for P h a rm ac eu tica l 
C h em istry , B u d ap est) w ere u sed .

The drugs w ere d isso lved  in  d is tilled  w a te r  an d  d ilu ted  to  a c o n cen tra tio n  of 1 m g/m l. 
F u r th e r  d ilu tions w ere m ad e  from  th ese  s to ck  so lu tions.

Toxicity  tests. T h e  c y to to x ic  effec t o f v a ry in g  d ru g  co n cen tra tio n s  was exam in ed  in  
C E F  m onolayers and  tu b e  cu ltu res , and  th e  in h ib itio n  of in te rfe ro n  p ro d u c tio n  was te s te d  
in  C E F  cells [23].

Interferon production  and assay. To p roduce  in te rfe ro n , ad en o v iru s ty p e  8 was ad d ed  
to  one-day-o ld  C E F m o n o lay ers [24, 25]. In te rfe ro n  p ro d u c tio n  w as e s tim a te d  in C E F m ono- 
lay e rs  b y  the  p laq u e -red u c tio n  te s t,  using  Sem liki F o re s t v iru s as challenge virus.

Inh ib ition  o f  interferon production. A d en o v iru s ty p e  8 was allow ed to  adsorb  to  C E F  
m o n o lay ers for 2 hours a t  37 °C. T he m o n o lay ers  w ere th e n  w ashed th ree  tim es w ith  H a n k s ’ 
b a la n ce d  sa lt so lu tion , an d  3 ml m edium  co n ta in in g  v a ry in g  am o u n ts  o f alkalo id  was a d d ed . 
In te r fe ro n  p ro d u c tio n  w as d e te rm in ed  a f te r  in c u b a tio n  a t  37 °C fo r 48 hours.

Inhib ition  w ith em etine o f  the action o f  interferon. H a n k s’ so lu tio n  co n ta in ing  5 U /m l 
in te rfe ro n  and v a ry in g  co n cen tra tio n s  o f th e  d ru g  w as ad d ed  to  C E F m onolayers , 3 m l to  each . 
A fte r  four hours in c u b a tio n  a t  37 °C th e  m o n o lay ers w ere w ashed th re e  tim es w ith  H a n k s ’ 
so lu tio n  and each o f th e m  w as in fec ted  w ith  150 P F U  of Sem liki F o re s t v irus, ad d ed  in  a 
v o lu m e of 0.5 ml. A fte r  an  ad so rp tio n  p e rio d  of 2 h o u rs  th e  flu id  ph ase  w as rem oved  an d  th e  
c u ltu re s  were covered w ith  a  sem isolid ov erlay . T he p laq u es  w ere co u n ted  a f te r  48 hours in c u b a 
tio n  a t  37 °C. F o r com p ariso n , m ono layers w ere t r e a te d  w ith  in te rfe ro n  only .

Virocidal effect. O ne m g of em etin e  or o f 2 -d eh y d ro em etin e  w as ad d ed  to  1 m l o f a 
v i ra l  suspension co n ta in in g  108 P F U  of v iru s. T he suspensions w ere th e n  k ep t for 3 h o u rs  
in  a w a te r  b a th  a t  37 °C an d  t i t r a te d  b y  th e  p laq u e  techn ique.

Estim ation  o f  the an tiv ira l effect by the agar-d iffusion  test [26, 27]. T he m ethod  h as b een  
desc rib ed  elsewhere [22].

Determ ination o f  the antiv ira l effect o f  vary ing  concentrations o f  emetine and 2-dehydro- 
em etine. C E F m ono layers w ere in fec ted  a t  a m u ltip lic ity  ra te  of 10 P F U /ce ll. A fter an  a d so rp 
t io n  p e rio d  of 2 hours a t  4 °C th e  m ono layers w ere w ashed  w ith  H a n k s’ so lu tion  th ree  tim es . 
T h en  3 m l n u tr ie n t m ed iu m  co n ta in in g  v a ry in g  am o u n ts  o f a lkalo id  w as ad d ed  to  each c u ltu re . 
T h e  m onolayers in fec ted  w ith  Sem liki F o re s t v iru s  a n d  th o se  in fec ted  w ith  pseudorab ies v iru s  
w ere  in cu b a ted  a t  37 °C fo r 7 and  12 h o u rs , re sp ec tiv e ly , and  su b seq u en tly  frozen a t  — 25 °C. 
T h e  cu ltu res  were th e n  th aw ed , pooled, an d  cen trifu g ed  a t  4000 g  fo r 5 m in u tes . V irus w as 
d e te rm in e d  in  th e  su p e rn a ta n t  b y  th e  p laq u e  tech n iq u e .

Inh ib ition  o f  the one-step growth cycle. C E F  m o no layers w ere in fec ted  w ith  10 P F U /ce ll 
o f  v iru s  and  th e  v iru s w as allow ed to  ad so rb  fo r 2 h o u rs  a t  4 °C. S u b seq u en tly , th e  m o n o lay ers  
w ere w ashed w ith  3 X 3 m l o f H a n k s’ so lu tion . To p a r t  o f th e  cu ltu res  3 m l n u tr ie n t m ed iu m  
co n ta in in g  0.3 //g /m l a lka lo id , to  th e  re m a in d e r a lka lo id -free  m edium  o f th e  sam e vo lum e, w as 
a d d ed . A t in te rv a ls  o f one h o u r tw o cu ltu res  fro m  each  group w ere frozen . These w ere th e n  
th a w e d , the  paralle ls w ere m ixed  and  cen trifu g ed . T he v iru s in  th e  flu id  ph ase  was d e te rm in ed  
b y  th e  p laq u e  tech n iq u e .

To determ ine in  w h ich  period  of th e  g ro w th  cycle th e  a lkalo id  is a c tiv e , C E F m ono- 
la y e rs  were in cu b a ted  a t  37 °C w ith  2.5 m l n u tr ie n t  f lu id  each, and  in  ev ery  h o u r of in c u b a tio n  
tw o  m onolayers were su p p lem en ted  by  0.5 m l n u tr ie n t  m ed ium  c o n ta in in g  1.8 p g /m \  a lka lo id . 
T h e  cu ltu res  in fected  by  Sem lik i F o re st v iru s an d  pseud o rab ies  v iru s  w ere frozen a f te r  7 an d  
1 2 -h o u r incu b a tio n , re sp ec tiv e ly . V irus w as d e te rm in e d  in  th e  f lu id  ph ase  b y  th e  p laq u e  
tec h n iq u e .

Effect o f  emetine pretreatm ent on v iru s m ultip lica tion . M onolayers w ere in cu b a ted  fo r 
v a r io u s  tim es a t 37 °C, each  w ith  3 m l m ed iu m  co n ta in in g  0.5 p g/m l a lka lo id . S u b seq u en tly , 
e ach  m onolayer w as w ashed  w ith  3 m l H a n k s’ so lu tio n  th ree  tim es an d  in fec ted  w ith  10 P F U / 
cell v iru s . A fter an  ad so rp tio n  period  o f 2 h o u rs  th e  cu ltu res  were w ashed  again  an d  3 m l 
m ed iu m  was added  to  each  one. A fter in cu b a tio n  for 7 hours (Sem liki F o re s t  v iru s) or 12 h o u rs  
(p seudorab ies v irus), th e  cu ltu res  w ere frozen  an d  v iru s  was d e te rm in ed  as described abo v e .
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Tests in  vivo. A lbino m ice w eighing 20 g on  th e  average, were in fec ted  w ith  pseud o rab ies  
v iru s in trav en o u s ly . T he in d iv id u a l dose o f v iru s  w as 20 LD  (l. E m e tin e  or d eh y d ro em etin e  
w as in je c te d  in  0.5 m l saline th ree  tim es, in tra p e r ito n e a lly : th e  f ir s t  dose w as given s im u lta n e 
ously  w ith  th e  in fection , th e  second and  th ird  doses on  th e  n e x t tw o days. C ontro l m ice were 
given 0.5 m l o f saline and  th e  su rv iva l tim es w ere com pared .

R esu lts

B o th  em etine an d  d eh y d ro em etin e  fa iled  to  d isp lay  a v iro c id a l ac tion . 
E m etin e  and dehyd ro em etin e  p ro v e d  to  be a p p ro x im a te ly  eq ua lly  to x ic :

0.2 to  0.3 pg/m l alkalo id  slowed dow n cell d iv ision  to  an  app rec iab le  degree. 
H ow ever, 1 ,«g/ml was req u ired  to  sh o rte n  th e  su rv iv a l tim e  o f th e  cu ltu res . 
In te rfe ro n  p ro d u c tio n  induced  b y  ad en o v iru s  ty p e  8 was in h ib ite d  a t  co n 
c e n tra tio n s  as low as 0.02 to  0.05 /ig /m l (T able  I). This im plies th a t  p ro te in  
sy n th esis  in  C E F cells is d is tu rb ed  even  a t  such low  co n cen tra tio n s.

T ab le  I

Effect o f  emetine and 2-dehydroemetine at different 
concentrations on interferon production by C E F  cells

A lkaloid
In te rfe ro n  t it re

designation
fig /m l

c o n c en tra tio n

Nil — 128

E m etine 0.01 128

0.02 64

0.05 32

0.1 1 6 - 3 2

0.3 8

0.5 2— 4

1.0 < 2

2-dehydroem etine 0.01 128

0.02 64— 128

0.05 64

0.1 32

0.3 4— 8

0.5 2

1.0 < 2

L ike o th e r in h ib ito rs  of p ro te in  sy n th es is  [28 — 31], em etine  d e fin ite ly  
reduced  th e  an tiv ira l effect of in te rfe ro n ; 0.1 ^ig/ml w as found  to  be th e  low est 
effective dose. L arger doses, besides in h ib itin g  th e  a n tiv ira l effect of in te r 
feron , in h ib ite d  p laq u e  fo rm ation  b y  Sem liki F o re s t v irus. T he re su lta n ts  
of th e  tw o  fac to rs are  show n in T ab le  I I .
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Table II

Suppression  by emetine o f  the antiviral effect 
o f interferon in  C E  F  cells

E m e tin e
c o n c en tra 

tio n
/ j g /m l

P laq u e  co u n t*  in  th e Suppression  
o f  in te rfe ro n  

a c tio n , 
p e r  cent**

absence presence

o f  in te rfe ro n

___ 100*** ___ ___

— — Q* * * * —

0.01 100 0 0

0.05 100 < 1 < i

0.1 100 8 8
0.2 4 7 11 23

0.3 9 6 6 6

0.5 0 0

* Average from  4 paralle ls in per cen t re la ted  to  th e  contro l.
** 100 X p laque  co u n t in  the  presence of in te rfero n  per p laque coun t in  th e  absence 

of in terferon.
*** v irus control.

**** in terferon  contro l.

Fig. 1. E ffec t of 70 /ig /m l of em etine on  p laq u e  fo rm atio n  by  pseudorab ies v irus

U sing th e  agar-d iffu sion  tech n iq u e , 150 /ig/m l w as fo u n d  to  be  th e  low est 
to x ic  co n cen tra tio n  o f each  alkalo id . F ig . 1 show s th e  effect o f 70 /ig/m l em 
e tin e  on p laq u e  fo rm a tio n  by  pseu d o rab ies  v iru s . A sim ilar degree of in h ib i
t io n  w as dem o n strab le  w ith  Sem liki F o re s t v iru s. T he degree of in h ib itio n  w as 
th e  sam e w h e th e r em e tin e  or 2 -d eh y d ro em etin e  w as used  in  th e  agar-d iffusion  
te s t.
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U sing d iffe ren t a lkalo id  co n c e n tra tio n s  in  th e  sam e te s t ,  we fo u n d  th a t
0.2 /ig/m l em etine or 2 -d ch y d ro em etin e , in  a volum e o f 3 m l, was th e  low est 
co n cen tra tio n  to  in h ib it th e  m u ltip lie a tio n  of e ither of th e  tw o  v iruses (F igs 
2 an d  3).

0 0.1 02 03 04 05
Concentration pg/mi

93

Concentration jig/ml
Fig. 2. E ffec t o f em etine  an d  2 -dehydro- 
em etine  a t  d iffe ren t con cen tra tio n s on  th e  
m u ltip lic a tio n  of pseudorab ies v iru s, a: 
em etin e ; b : 2 -dehydroem etine; c: a d so rb 

ed v irus

F ig . 3. E ffec t o f e m e tin e  and  2 -d ehydro - 
em etine  a t d iffe ren t c o n cen tra tio n s  on  
th e  m u ltip licatio n  of Sem lik i F o re s t v iru s, 
a: em etine; b: 2 -d eh y d ro em etin e ; c: a d 

sorbed  v iru s

As regards th e  effect on th e  on e-step  grow th  cycle, we h av e  show n th a t  
th e  in itia l period  of th e  cycle is th e  m o s t sensitive  to  th e  d ru g . E m e tin e  a d 
m in is te red  a t  th e  s ta r t  of th e  cycle s ig n ifican tly  prolonged th e  eclipse period , 
b u t  d id  n o t p re v e n t th e  rep lica tio n  itse lf  w h ich  was, how ever, less effective th a n  
in  th e  co n tro l cu ltu res (Figs 4 an d  5). I f  em etin e  was ad d ed  2 h ou rs a fte r  th e  
p seudorab ies v iru s or 1 h ou r a fte r  th e  Sem liki F o rest v iru s , in h ib itio n  w as 
less p ronounced .

W hen  cell cu ltu res were p re - in c u b a te d  in  an  em etin e-co n ta in in g  m ed ium  
fo r one h o u r, in h ib itio n  was m ore in te n s iv e  th a n  a fte r a 30 -m inu te  p re 
in cu b a tio n . H ow ever, a fu r th e r  p ro lo n g a tio n  of th e  p re -in cu b a tio n  period  fa iled  
to  increase  th e  in h ib itio n  (Fig. 6). T his is in  good accordance w ith  earlie r ob-
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serv a tio n s [21] su g g estin g  th a t  em etine  p e n e tra te s  in to  th e  cells and  ex erts  
its  effect rap id ly .

A daily  dose o f  5 m g/kg  o f em etine  o r 10 m g/kg o f  dehydroem etine  on 
th re e  successive d ays d id  n o t  change th e  life sp an  of n o n in fe c te d  mice. A da ily

Time in hours

Fig. 4. E ffec t o f 0.3 ^ g /m l o f em etine  on 
the  one-step cycle o f p seu d o rab ie s  v iru s, a: 
co n tro l; b: e m e tin e - tre a te d ; 1 — 6: log
P F U /m l in e m e tin e - tre a te d  cu ltu res 12 
hours a fte r in o cu la tio n . T he s ta rtin g  
p o in t o f each d o tte d  line show s th e  tim e 

of em etine  a d d itio n

9-1

Time in hours

F ig. 5. E ffec t o f  0.3 /«g/ml o f em etine  on 
th e  one-step  cycle o f Sem liki F o rest v iru s, 
a: co n tro l; b ; e m e tin e -trea ted ; 1 — 5: log 
P F U /m l in  em e tin e -tre a te d  cu ltu res  7 
h o u rs  a fte r  in o cu la tio n . The s ta r tin g  p o in t 
o f each  d o tte d  line  shows th e  tim e  of 

em e tin e  add ition

dose of 2.5 m g/kg em e tin e  d id  n o t change , w hereas 5.0 m g/kg sh o rten ed  th e  
su rv iv a l of m ice in fe c te d  w ith  p seu d o rab ies  v irus. T h e  v irus could be  re 
iso la ted  from  th e  b ra in  o f th e  dead m ice. T he m ice g iven  10 m g/kg d e h y d ro 
em etine lived lo n g er th a n  th e  con tro l m ice, b u t  th e  d ifference could n o t be 
ap p rec ia ted  (T able I I I ) .
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Table I I I

Effect o f  emetine and 2-dehydroemetine on the survival o f  mice 
infected w ith  pseudorabies virus

A lkalo id C u m u la tiv e  d e a th  ra te ,  p e r  c e n t’

designation single dose 
m g/kg*

2 3 1 4 1 5

d a y s  a fte r  inocu la tion

Nil — 0 0 40 80 100

E m etine 0.5 0 0 30 100

1.0 0 0 50 70 100

2.5 0 10 60 100

5.0 0 80 100

2-dehydroem etine 2.5 0 0 10 80 100

5.0 0 0 0 60 100

10.0 0 0 0 20 50

* Three tim es in traperitonea lly
** A verage o f two experim ents. E ac h  group consisted of 20—30 m ice.

Fig. 6. E ffec t o f em etin e  p re -tre a tm e n t on  th e  m u ltip lica tio n  of p seudorab ies and  Sém iik 
F o re s t v iruses, a: p seud o rab ies  v iru s; b: Sem liki F o re st v iru s
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D iscussion

G r o l l m a n  [21, 32, 33] d e m o n s tra te d  th a t  em etine  selectively  inh ib its  
p ro te in  syn thesis, its  p o in t o f a tta c k  being  th e  sam e as th a t  of cyclohexim ide. 
Y o u n g n e r  et al. [34, 35] have show n th a t  cyclohexim ide in h ib its  in te rfe ro n  
p ro d u c tio n . We th e re fo re  supposed  th a t  th e  in h ib ito ry  effect of em etine  on 
in te rfe ro n  p ro d u c tio n  is due to  th e  in h ib itio n  of p ro te in  syn thesis .

W  e have  show n in  th e  p re se n t s tu d y  th a t  in te rfe ro n  p ro d u c tio n  b y  
C E F  cells is in h ib ite d  b y  10 tim es low er co n cen tra tio n s  of em etine or d eh y d ro 
em e tin e  th a n  th e  c o n cen tra tio n s  in h ib ito ry  fo r pseudorab ies or Sem liki F o rest 
v iru s . T his m eans t h a t  th e  in h ib itio n  o f v iru s  m u ltip lica tio n  requ ires a lkalo id  
co n cen tra tio n s  se riously  in ju rin g  p ro te in  syn thesis .

L ike cyclohex im ide  [36], em etin e  failed  to  in h ib it v iru s m u ltip lica tio n , 
ex cep t in  doses re d u c in g  th e  cell d iv ision  ra te . H ow ever, to  sh o rten  th e  life 
sp a n  o f th e  cells, 5 t im e s  g rea te r c o n cen tra tio n s  w ere requ ired . T his m ay  be 
considered  a s lig h tly  selective effect. T he se lec tiv ity  of th e  effect o f em etine 
is su p p o rte d  by  G r o l l m a n ’s [21] ex p e rim en t in  w hich cellu lar R N A  syn thesis  
p ro v e d  to  be m uch  m o re  re s is tan t to  em etin e  th a n  th e  syn th esis  of v ira l R N A .

T he alkalo ids a t  a c o n cen tra tio n  of 0.3 fig/m l reduced  in te rfe ro n  p ro d u c 
tio n  b y  94% . This is suggestive  of an  in ten s iv e  suppression  of p ro te in  syn thesis . 
In  sp ite  of th is  v iru s  m u ltip lica tio n  p roceeded  even a t  such  h igh  a lkalo id  
co n cen tra tio n s  (F igs 4 an d  5). We th e re fo re  suppose  th a t  in th e  agar-d iffusion  
te s t  th e  tru e  to x ic ity  o f  th e  alkalo id  fa iled  to  m an ifest itself.

G r u n b e r g  a n d  P r in c e  [20] cla im ed  th a t  em etine  and  d eh y d ro em etin e  
w ere  a n tiv ira l in  vivo. O ur ex p erim en ts  w ith  pseudorab ies v iru s  fa iled  to  
co n firm  th is.

T he high to x ic ity  and  th e  lack  of an  effect in  vivo suggest t h a t  th e  fa 
v o u ra b le  th e ra p e u tic a l resu lts ach ieved  w ith  em etine can n o t be a t tr ib u te d  
to  an  an tiv ira l e ffect.
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S u m m ary . U n d er th e  effec t o f d ilu tion  L -scrine  deam in ase  of S. typ h i-m u riu m  and  
B . cereus is ra p id ly  in a c tiv a te d . The ra te  of in a c t iv a tio n  o f th e  S. typh i-m urium  enzym e can  
be d ecreased  b y  L-serine. In a c tiv a tio n  of th e  L -se rin e  d eam in ase  from  B . cereus d ep en d s 
on ly  on th e  d ilu tio n  of th e  enzym e.

T he enzym es are spec ific  for L-serine in  b o th  o rgan ism s a n d  do n o t a tta ck  o th e r  am ino  
acids. T h e ir  p H  o p tim u m  is 8 .5 ; cofactor re q u ire m e n t h as n o t b een  d em o n stra ted . T he d ep en 
dence o f re a c tio n  ra te  on  su b s tra te  co n ce n tra tio n  does n o t follow  th e  sim ple M ichaelis— 
M e n ten -ty p e  k inetics. T h e ir  a c tiv ity  is c o m p e titiv e ly  in h ib ited  b y  L -cysteine and  D -serine .

O ur know ledge a b o u t bacteria l L -se rin e  deam in ase  is very  lim ited . I t  
w as b elieved  for long  t h a t  L -tb reon ine  deam in ase  a n d  L-serine d eam in ase  
w ere id e n tic a l enzym es [1]. B o y d  and  L i c h s t e i n  [2] a n d  P a r d e e  an d  P r e s - 

t i d g e  [3] h av e  show n th a t  L-serine a n d  L -th reo n in e  deam in a tio n  b y  Esche
richia coli m ay  be a lte re d  in d ep en d en tly , in  o th e r  w ords th e  ex istence  o f  a 
d is tin c t L -serine deam in ase  m ay be  su p posed . L -serine-specific enzym es 
w ere e x tra c te d  from  C lostridium  acid i-uric i b y  B e n z i m a n  et al. [4] a n d  from  
Streptom yces rim osus b y  S z e n t i r m a i  a n d  H o r v á t h  [5]. In  a prev ious p a p e r
[6] we h a v e  show n t h a t  L -serine d eam in ase  o f E . coli is highly  specific  for 
L -serine, in  su b s tra te  sa tu ra tio n  e x p e r im e n t i t  does n o t follow th e  sim ple 
M ichaelis — M enten k in e tic s , and it  is a s tru c tu ra lly  lab ile  m olecule w hich  
can co m p e titiv e ly  be  in h ib ited  by D -se rin e  and  L -cysteine.

I t  seem ed in te re s tin g  to  in v es tig a te  therefo re  w h e th e r th e  high la b ility  
of th e  m olecule and  an o m a ly  in su b s tra te  s a tu ra tio n  a re  cha rac teris tic  o n ly  fo r 
E . coli enzym e or also fo r  enzym es from  o th e r  b a c te r ia . In  th e  p re sen t p a p e r  
we describe  stud ies on  L-serine deam in ase  from  Salm onella  typ h i-m u riu m  an d  
B acillus cereus as c o m p ared  to  th e  sam e enzym e o f E . coli.

M aterials a n d  m ethods

B acteria. S. typ h i-m u r iu m  isolated in  o u r  in s t i tu te  a n d  B . cereus s tra in  W S fro m  th e  
collection  o f D r. G. Iv á n o v ic s  were used.

C ultivation. T ry p to n e -y e a s t e x trac t m ed iu m  [6] rep ress in g  L -th reon ine  deam in ase  p ro 
d u c tio n  a n d  inducing  o p tim a l L-serine deam inase  p ro d u c tio n  w as u sed . C ulturing  w as p e rfo rm ed  
as d escribed  in [6].
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E nzym e preparation . L a te  lo g arith m ic  p h a se  cu ltu res  were cen trifu g ed , w ashed  w ith  
0.02 M  p h o sp h a te  b u ffe r  p H  7.5, an d  resu sp en d ed  to  co n ta in  m ore th a n  10 m g per m l p ro te in . 
T h e n  th e  b ac te ria  w ere su b je c ted  to  u ltra so n ic  t r e a tm e n t  in  ice b a th  b y  60 w a t t  M SE  a p 
p a r a tu s  in  2.5 m l a liq u o ts  fo r 60 seconds. T he t r e a te d  b ac teria  were used  d irec tly  fo r en zy m e  
d e te rm in a tio n .

A ssa y  o f  enzym e activ ity  w as pe rfo rm ed  o n  th e  basis o f F r ie d e m a n n  and  H a u g e n ’s 
m e th o d  [6] by  d e te rm in in g  p y ru v a te  re leased  a t  30 °C. The reac tio n  w as te rm in a te d  a f te r  
5 m in u te s  in  su b s tra te  sa tu ra tio n  ex p erim en ts  a n d  a f te r  10 m in u tes  in  o th e r  e x p e rim e n ts . 
P ro te in  c o n ten t w as d e te rm in ed  as described  by  L o w r y  et al. [7].

R esults

U ltrason ic  t r e a tm e n t  of S. ty p h i-m u r iu m  p a rtly  in a c tiv a te s  L -serin e  
d eam in ase . This in a c tiv a tio n  is in h ib ite d  b y  L- or D-serine. T h e  effect o f u l t r a 
son ic  tre a tm e n t on B . cereus is in d e p e n d e n t from  th e  p resence  or ab sen ce  
o f  se rin e  (Table I). W h en  so n ica lly -trea ted  cu ltu res  were in c u b a te d  a t  30 °C, 
th e  enzym e a c tiv ity  o f B . cereus show ed  p rac tica lly  no  a lte ra tio n . T h e  
a c t iv i ty  of S. typ h i-m u r iu m  enzym e re m a in e d  sim ilarly  u n c h an g ed  if  t r e a t 
m e n t h a d  been p erfo rm ed  in  b u ffe r o r in  th e  presence o f D -serine. I f  th e  
b a c te r ia  w ere, how ever, t r e a te d  in  th e  p resence  of L -serine, th e  a c t iv i ty  o f 
th e  enzym e decreased  (T able I).

Table I

L-serine deaminase activity o f  S. typ h i-m u r iu m  and o f  B . cereus

T im e  a fte r
S t y p h i - m u r i u m В . c e r e u s

u ltra so n ic
t r e a tm e n t,

m in u te s Buffer
B uffer- 

80 //m oles 
L -serine/m l

B uffer- 
300 //m oles 
D -serin e /m l

Buffer
B uffer-

80 //m oles 
L -serin e /m l

B uffer- 
300 //m o les  
D -serin e /m l

0 56.0 94.0 73.5 114.0 114.0 1 1 1 . 0

30 50.0 52.8 66.5 101.0 104.0 97.2
60 45.0 51.4 66.3 90.5 104.0 90.5

S o n ica lly -trea ted  b ac te ria l suspensions w ere in cu b a ted  in w ater b a th  a t  30 °C. A c tiv ity  
d e te rm in a tio n s  were carried  o u t a t  th e  in d ica ted  in te rv a ls . A ctiv ity  is expressed  as a m o u n t 
o f  p y ru v a te  in m /im oles/m l/10  //g p ro te in  p ro d u ced  du rin g  10 m inutes.

W hen th e  so n ica ted  e x tra c ts  w ere d ilu te d  th e  enzym es w ere ra p id ly  
in a c tiv a te d . T he ra te  o f in a c tiv a tio n  d ep en d ed  upon  th e  degree  of d ilu tio n .
S . ty p h i-m u r iu m  enzym e was m ore sensitiv e  to  d ilu tio n  (Fig. 1A) th a n  B . cereus 
en zy m e (Fig. IB ). T he k in e tic s  of enzym e in a c tiv a tio n  was n o t in flu en ced  if  
th e  b a c te ria l e x tra c t  w as d ilu ted  w ith  enzym e-free  so n ica lly -trea ted  b a c te r ia l  
p re p a ra tio n , o r w ith  a so lu tion  co rresp o n d in g  in  p ro te in  c o n c e n tra tio n  to  
th e  in itia l va lu e  o f th e  e x tra c t .  T hus, th e  in ac tiv a tio n  w as d u e  to  th e  d i
lu tio n  of th e  enzym e. T h e  enzym e of S. typ h i-m u riu m  can p a r tia lly  be p r o te c t 
ed  fro m  in a c tiv a tio n  b y  L -serine (F ig. 2A), b u t  th e  in a c tiv a tio n  of B . cereus 
en zy m e  was n o t in flu en ced  b y  th e  p resence  o f th e  su b s tra te  (F ig . 2B). F ro m
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F ig . 1. In a c tiv a tio n  of enzym es by  d ilu tio n . S o n ica lly -trea ted  b a c te ria  were d ilu te d  rand 
in c u b a te d  in  w ater b a th  a t  30 °C. A: S. ty p h i-m u r iu m  enzym e. P ro te in  c o n te n t o f  suspension  
d u rin g  incu b a tio n : 16,500 ^ g /m l (open c irc les); 1650 /^g/ml (open  trian g les ); 410 jughvl (solid 
circles). B : B . cereus enzym e. P ro te in  c o n te n t  o f suspension d u rin g  in cu b a tio n : 6 0 0 0 /^g/ml 
(open  circles); 6000 //g /m l (open triangles); 150 /ig /m l (solid circles). T h e  curves re p re se n t ac 

t iv i ty  decreases in  th e  p rep ara tio n s ex p ressed  as 41 jug (A) o r 15 jig  (B) p ro te in  a c tiv ity

F ig. 2. In a c tiv a tio n  of enzym es by d ilu tion  a t  d iffe ren t L -serine co n cen tra tio n s . A: S. typh i-  
m u riu m  enzym e; p ro te in , 260 /ig/m l. B: B . cereus enzym e; p ro te in , 130 /ig /m l. T he cu rves r e 
p re se n t in ac tiv a tio n  o f enzym es d ilu ted  to  id e n tic a l co n cen tra tio n s b u t  in cu b a ted  in th e  p resence 
of d iffe re n t L-serine c o n cen tra tio n s  a t 30 °C . T h e  figu res n e x t to  th e  cu rv es in d ica te  L -serine 

co n cen tra tio n s a t  th e  b eg in n in g  of in cu b a tio n

Figs 2A  an d  2B i t  is ev iden t th a t ,  w h en  d ilu ted , b o th  enzym es w ere p a r t ly  
in a c tiv a te d  even a t  h igh  su b stra te  c o n c e n tra tio n s  (40 /tm oles/m l). H ow ever, 
as show n in Figs ЗА an d  3B, a t high L -se rin e  co n cen tra tio n s  th e  a c t iv i ty  of b o th  
enzym es was lin ear. B o th  enzym es e x e r te d  o p tim u m  a c tiv ity  a t  p H  8.5.
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F ig . 3. K e to  acid p ro d u c tio n  as a fo n c tio n  o f tim e . A : S . typ h i-m u r iu m  en zy m e; p ro te in , 
32 /ig /m l. B : B . cereus enzym e; p ro te in , 13 /ig /m l. S u b s tra te  co n ce n tra tio n , 40 /«moles 

L -serine pe r m l ( in  b o th  experim en ts)

A
160-

F ig . 4. S u b s tra te  s a tu ra tio n  e x p erim en ts , w ith  B . cereus enzym e. R e ac tio n  t im e , 5 
m in u te s ;  p ro te in , 40 /íg /m l. A: K eto  acid  p ro d u c tio n  p lo tte d  ag a in st L -serine  co n cen tra tio n . 
B : V alues o b ta in ed  in  th e  range  of 0.5 — 13.3 /«moles o f  L -serine/m l expressed  b y  th e  double  
rec ip ro ca l m ethod . C: V alues o b ta in ed  in t  he  ran g e  of 10 — 5 0 /«moles o f L -serine/m l expressed

by  th e  d o ub le  recip roca l m eth o d

In  su b s tra te  s a tu ra tio n  ex p e rim en ts  b o th  enzym es show ed sigm oid 
cu rv es  and , if  th e  values w ere p lo tte d  accord ing  to  th e  doub le  rec ip rocal 
m e th o d , no s tr a ig h t  lines b u t concave curves w ere o b ta in ed . I f  va lu es  m easu red  
n e a r  to  th e  s u b s tra te  sa tu ra tio n  w ere on ly  p lo tte d , from  th e  re su ltin g  s tra ig h t 
lin  es th e  K m v a lu e  could be e s tim a te d . T hese a p p ro x im a te d  6.60 X 10 3 
M  fo r b o th  enzym es w ith  L -serine (Figs 4 an d  5).
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F ig. 5. S u b s tra te  s a tu ra tio n  ex p erim en t, w ith  S . typ h i-m u r iu m  enzym e. R eac tio n  tim e , 5 
m in u te s; p ro te in , 24 /ig /m l. K eto  acid p ro d u c tio n  p lo tte d  ag a in st L -serine co n ce n tra tio n  
(left). V alues o b ta in ed  in  th e  range of 10— 50 //m oles o f L -serine /m l expressed  b y  th e  double

reciprocal m eth o d  (rig h t)

F ig. (i. S im u ltan eo u s d e te rm in a tio n  of L -serine  deam inase  in ac tiv a tio n  and su b s tra te  b re a k 
dow n. A: S. typ h i-m u r iu m  enzym e, p ro te in , 46 //g /m l. B : B . cereus enzym e, p ro te in  30 //g/m l. 
E ffec t o f d ilu ted  enzym es on 7 //m oles (solid circles) an d  15 //m oles (open circles) o f 
L -serine  p e r m l a t  30 °C. A t th e  in d ica ted  in te rv a ls , su b s tra te  b reak d o w n  w as te rm in a te d  
w ith  d in itro p h e n y lh y d ra z in e  (1.0 ml to  0.1 m l sy s tem , curves s ta r tin g  from  zero p o in t) . A t th e  
sam e tim e  1.0 m l a liq u o ts  were added  to  0.1 m l so lu tio n  c o n ta in in g  40 //m oles L -serine  and  
in cu b a ted  for fu r th e r  10 m in u tes  a t  30 °C in  o rd e r to  d e te rm in e  th e  rem ained  a c t iv ity  a t  s a tu 

r a te d  su b s tra te  co n ce n tra tio n  (u p p e r curves)
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Fig. 7. In h ib itio n  o f S . typ h i-m u riu m  enzym e b y  L -cy ste in e  an d  D -serine. S u b s tra te  con
c e n tra tio n , 10— 50 /<m oles/m l. A : E ffec t o f L -cyste ine . Solid circles: co n tro l; open t r ia n 
gles: 5 /tm oles o f L -cy ste in e /m l. O pen circ les: 10 //m oles o f L -serine/m l. B : E ffec t of D -serine. 
Solid  circles: co n tro l; o p en  trian g les : 20 //m oles o f  D -serine/m l; open circles: 40 //m oles o f

D -serine/m l

[S] [S]

F ig . 8. In h ib itio n  of B . cereus enzym e b y  L -cy ste in e  an d  D -serine. S u b s tra te  c o n cen tra tio n , 
13.4— 50 //m oles/m l. A: E ffec t of L -cyste ine . Solid circles: con tro l; open trian g les : 5 //m oles 
o f L -cyste ine/m l: open  circles: 10 //m oles o f L -cyste ine /m l. B: E ffec t o f D -serine. Solid c ir c le :  
co n tro l: open trian g les : 5 //m oles o f D -serine/m l; open circles: 40 //m oles o f D -serine/m l
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T h e b es t ex p lan a tio n  of th e  an o m aly  of th e  sa tu ra tio n  curves w ould 
be th a t  S. typ h i-m u riu m  enzym e is in a c tiv a te d  m ore rap id ly  a t  low s u b 
s tra te  c o n c e n tra tio n s  th a n  a t h igh  s u b s tra te  co n cen tra tio n s  an d , acco rd ing ly , a t  
low s u b s tra te  co n cen tra tio n s  th e  v a lu es  are  sm aller th a n  expec ted . A lth o u g h  
the d ilu te d  B . cereus enzym e is in a c tiv a te d  a t  a un ifo rm  ra te  in  th e  p resence  
of low  an d  h igh  su b s tra te  co n cen tra tio n s  (F ig. 2B ), th e  effect of in a c tiv a tio n  
w ould be m ore  ev id en t a t low th a n  a t  h igh  su b s tra te  co n cen tra tio n . S hould  
th is  e x p la n a tio n  be co rrec t, no lin ea r  response  could be o b ta in ed  a t low s u b 
s tra te  c o n c e n tra tio n s  in th e  f irs t  5 m in u tes .

In  F ig . 6 i t  is clearly  seen th a t  d u rin g  th e  f irs t  6 to  8 m in u tes  e n z y m a t
ic a c t iv i ty  w as a p p ro x im a te ly  lin e a r  even a t  low su b s tra te  c o n c e n tra 
tions d esp ite  o f  th e  s im u ltaneous in a c tiv a tio n  of th e  enzym es. As in  s u b 
s tra te  s a tu ra t io n  experim en ts 5 m in u te  reac tio n  periods w ere exam ined , th e  
sigm oid sa tu ra t io n  curves can n o t be  ex p la in ed  alone w ith  th e  in a c tiv a tio n  
of th e  enzym es.

T he re su lt of experim en ts d e m o n s tra te d  in  Fig. 6 is n o t only in s u f
fic ien t to  ex p la in  th e  origin of sigm oid  sa tu ra tio n  curves b u t  raises a n o th e r  
p rob lem , n am e ly , how  can such a h ig h  degree of in a c tiv a tio n  rem ain  la te n t  
d u ring  in it ia l  re a c tio n  of th e  enzym e an d  su b s tra te ?  T his question , w hich  
c an n o t be  answ ered  a t  p resen t, w ill be d iscussed  la te r  on. I t  seem s c e r ta in , 
how ever, t h a t  tech n ica l errors cou ld  be  excluded .

A t th e  p ro te in  co n cen tra tio n s u sed  (10 —100 /ig/m l) th e  enzym es w ere 
s tr ic tly  specific : from  th e  20 am ino  acids te s te d  solely L -serine w as d sam - 
in a te d . C ofacto r req u irem en t w as n o t  d em o n stra ted . L -cyste ine  an d  D -serine 
in h ib ite d  th e  a c tiv ity  of these  enzym es in  a co m p e titiv e  m an n er (F igs 7 
and  8).

D iscussion

I t  has b een  show n th a t  L -serine  deam inase  of E . coli is a lab ile  m olecule 
w hich is ra p id ly  in a c tiv a te d  on d ilu tio n  an d  does n o t follow in its  a c t iv 
i ty  th e  norm a] M ichaelis-M en ten  k in e tic s  [6]. S. typ h i-m u riu m  an d  B . cereus 
L -serine d eam in ase  beh av ed  in  an  essen tia lly  sim ilar m anner. T he com m on 
p ro p e rtie s  o f th e  th re e  deam inases can  be sum m arized  as follows.

(a) D ilu tio n  in ac tiv a te s  all th re e  enzym es. T he ra te  of in a c tiv a tio n  
of E . coli a n d  S. typ h i-m u riu m  enzym es can  he decreased  w ith  L -serine. In  
B. cereus th e  r a te  o f in a c tiv a tio n  depends on ly  on th e  degree of d ilu tio n  an d  
is n o t ap p re c ia b ly  in fluenced  by  L -serine.

(b) A ll th re e  enzym es are specific  fo r L -serine, an d  th e ir  p H  o p tim u m  
is a t  8.5. C ofacto r req u irem en t has n o t been  d em o n stra ted . T he a c tiv ity  of 
th e  enzym es is co m p etitiv e ly  in h ib ite d  b y  L -cyste ine  an d  D -serine.

(c) I n  s u b s tra te  sa tu ra tio n  e x p e rim e n t th e  enzym es do n o t follow  th e  
sim ple M ich ae lis-M en ten  k inetics.
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T h e d ilu tion  la b ili ty  of th e  enzym es m ay  be exp la ined  b y  a sim ple 
h y p o th e s is : L -serine deam inase  is e ith e r  a po lym er m olecule irrev e rs ib ly
d issoc ia tin g  upon  d ilu tio n , or else a lab ile  p ro te in  m olecule p ro te c te d  b y  som e 
ce llu la r com ponen t u n t i l  th e  p ro te in  a n d  p ro tec tiv e  ag en t are  se p a ra te d  as 
an  effect of d ilu tion . T hese  tw o e x p la n a tio n s  h av e  been p o in ted  o u t in  a p re 
v ious p a p e r [6]; e ith e r  o f them  m ay  be  v a lid  accord ing  to  th e  ex p erim en ta l 
d a ta .

H igh  specific ity  is ch a rac te ris tic  o f  b a c te r ia l L -serine deam inases [4 — 6]. 
A lth o u g h  a de fin ite  L -serine  d eam in a tin g  a c tiv ity  m ay  be show n b y  o th e r 
b a c te r ia l enzym es such  as purified  try p to p h a n a s e  [8], В p ro te in  of try p to p h a n  
sy n th e ta se  [9], an d  th re o n in e  d eam inase  [10], these  enzym es can easily  be 
d is tin g u ish ed  from  L -serine  deam inase on th e  basis of specific ity  an d  cofacto r 
req u irem en t.

In te rp re ta tio n  o f  th e  k inetics o f en z y m e —su b s tra te  reac tion  u n d er th e  
p re se n t ex p erim en ta l cond itions is a d ifficu lt question . I t  seem s p ro b ab le  
th a t  th e  in itia l re a c tio n  is no t s ig n ifican tly  in fluenced  b y  th e  s im u ltaneous 
p a r tia l  in a c tiv a tio n  o f  th e  enzym e. T h is u n ex p ec ted  rem ark ab le  find ing  is p ro b 
ab ly  due to  an u n co m m o n  su b s tra te  -  enzym e re la tio n . In  o rder to  perform  
a d e q u a te  k inetic  ex p e rim en ts , h igh ly  p u rif ied  enzym es are  needed. All our 
a t te m p ts , how ever, a t  pu rify in g  th ese  enzym es have  so fa r failed.
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HEART GLYCOSIDES IN POLIOVIRUS HOST CELL
INTERACTION

I I I .  C H E M IC A L  S T R U C T U R E  AND A CTIV ITY

By

A . K o c h  an d  E m e s e  G y ö r g y

N a t io n a l  I n s t i t u t e  o f  P u b lic  H e a lth  ( D ir e c to r : T . B a k á c s ) ,  B u d a p e s t  

(R eceived  M arch  10, 1969)

Sum m ary . D ig ito x ig en in , d ig itox in , lan a to s id e  A, digoxin , d igoxigen in , lan a to s id e  C 
a n d  g ito x in  a t  a co n cen tra tio n  of 10 ~6 М/1 red u ced  th e  final v irion  y ield  and  pro longed  th e  lag 
ph ase . C om pounds h av in g  th e  d ig itox igen in  h i  S 3  ex h ib ited  th e  g re a te s t  ab so lu te  a c tiv ity . 
A t 10 -7  M j  1 co n cen tra tio n , com pounds w ith  d igox igen in  base were p ra c tic a lly  in ac tiv e , w hile 
th o se  w ith  d ig itox igen in  base  s till reduced  th e  y ie ld  and  prolonged th e  lag . A t c o n ce n tra tio n s  
o f 10 -8 M / l  and  low er, all g lycosides b u t  g ito x in  a n d  b o th  lan a to sid e  A  a n d  C caused  increase  
o f y ield  an d  sho rten in g  of lag. O f the  aglucons, digoxigenin  red u ced  th e  y ield  th ro u g h o u t, 
w hereas d ig ito x ig en in  h ad  no effec t a t  d ilu tio n s o f  10 9 M / l  an d  h igher.

I t  has  been  suggested  t h a t  th e  ex ten siv e  y ie ld  red u ctio n  caused  by  h e a r t  g lycosides 
a t  h ig h  co n cen tra tio n s is th e  re su lt o f a nonspecific  coating  effect an d  o f specific in h ib itio n  
of d ig ita lis  sensitive K +N a+M g+ + A T Pase. T he a c t iv ity  o f th e  com pounds ap p eared  to  dep en d  
on th e  s tru c tu re  of th e  ste ro id  p a r t  an d  decreased  in  th e  sequence d ig ito x in  >  lan a to s id e  A >  
>  d ig itox igen in  >  d igoxin  =  g ito x in  >  d igox igen in  >  lana toside  C.

A t co n cen tra tio n s o f  10 ~8 M / l  and  low er, th e  a c tiv ity  d epended  o n  th e  m olecu le’s su g a r 
su b s ti tu e n t. L an a to s id es and  glycosides increased  th e  y ield  sim ilarly , w hile  aglucons re d u ce d  it.

A te n ta tiv e  p ro p o sa l is given on th e  possib le  corre lations b e tw een  th e  c o n fo rm a tio n a l 
changes o f A TPase m olecules an d  those  of th e  v ir io n  specific recep to r sites in  th e  cell m em 
brane.

In  prev ious p a p e rs  [I , 2] we h av e  rep o rted  on th e  effect of d ig ito x in  
an d  digoxin  an d  th e ir  aglucons on th e  cycle of po liov irus in  FM K  I I I / l  p e r
m a n e n t m onkey  k id n ey  cell line. T he m a in  conclusion w as th a t  th e se  su b 
s tan ces  w ere, in  a g iven tim e  an d  c o n c e n tra tio n  range, effective s tim u la to rs  
or in h ib ito rs  of specific v irio n  a tta c h m e n t to  th e  recep to rs , an d /o r of th e  p ro 
cess of eclipse. T he effect ap p eared  to  d ep en d  also on differences in  th e  m olec
u la r  s tru c tu re . T his p a p e r  rep o rts  on som e fu r th e r  s tu d ies  along th is  line.

M aterials and m ethods

Cells and  v iru s, as well as th e  m eth o d s o f th e ir  c u ltiv a tio n  a n d  m a in ten an ce  h a v e  been  
described  earlie r [3] and  so w ere th e  p rocedures ap p lied  for v irus t i t r a t io n  an d  one-step  g ro w th  
ex p erim en ts .

T he h e a r t  glycosides u sed  in  th is  s tu d y  w ere all p ro d u c ts  o f th e  G. R ich te r  P h a rm a 
ceu tica l Co., B u d ap est.
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E xperim ental

T he s tru c tu re  o f th e  com pounds u sed  in  th is  s tu d y  is show n in F ig . 1.
All com pounds h a v e  th e  sam e p e rh y d ro -l,2 -c y c lo p e n te n o -p h e n a n th re n e  

sk e le to n  and  show  th e  s tru c tu ra l fe a tu re s  o f 14-iso-eth iocholane, ca rry in g  
th e  follow ing com m on su b s titu e n ts : 3/3 an d  14/3 h y d ro x y l; 17/3/Г,/?-у-оху- 
b u te n ic  acid la c to n e ; 10/3 an d  13/3 m e th y l g roups. T he an ella tion  o f C/D 
rings is cis. D igox igen in  an d  g itox igen in  b e a r  one a d d itio n a l —O H  group  
in  12/3 and  16/3 p o s itio n , respective ly . T h e  glycosides an d  lanatosides h a v e  
-(d ig itoxose)3 an d  -(d ig ito x o se )2-acety ld ig itoxose-D -g lucose  su b s titu e n ts , re 
spec tive ly , in 3/3 p o sitio n . T hus regard less w h e th e r aglucons, glycosides or

P erh y d ro -l,2 -c y c lo p en te n o -p h en a n th re n e

HÇ- ( '.H i
7

D igitoxigenin
R 1-3/5-(digitoxose)3

D igitoxin
R,-3/?-(digitoxose);,- 

-ace ty ld ig itoxose-D -g lucose 
L anatoside  A

н с -  c h 2

D igoxin
R 2-3ß-(d ig itoxose)2- 
-acety ld ig itoxose-D -g lucose 

L an a to s id e  В

G itoxigenin
R 3-3/L(digitoxose)3

G itox in
R 3-3/?-(digitoxose)2- 
-acety ld ig itoxose-D -glucose 

Lanatoside C

F ig . 1. D igitalis d e r iv a tiv e s  applied

lan a to sid es , th e  m olecules differ only  in  th e  presence  or absence of an  a d d i
tio n a l O H  group in  12/3 o r 16/3 position . T h e  16/3 O H  g roup  has a n eg a tiv e  
in d u c tiv e  effect red u c in g  th e  a lk a lin ity  o f th e  ca rb o n y l g roup  in  th e  lac to n e  
ring , th u s  im pairing  th e  la t t e r ’s specific f ix a tio n  b y  th e  ac tiv e  site  of A T P ase[4 ].

R esu lts  of co m p ariso n  of dose-response curves of genins and  th e ir  su b 
s t i tu te d  deriv a tiv es  a re  show n in Fig. 2A, B .T h e  in d iv id u a l po in ts  rep re sen t 
f in a l v irion  yields as d e te rm in e d  in  th e  6 th  h o u r of th e  cycle.

I t  appeared  t h a t  th e  overall f in a l v irio n  y ield  red u c in g  effect a t  1 0 -6 
an d  1 0 -7 M j 1 co n c e n tra tio n s  was h igher w ith  d ig itox igen in  a n d  its  de riv a tiv es  
th a n  w ith  d igoxigenin  a n d  its  deriv a tiv es . In  th e  p resence  a t  10 “ 8 M /l co n 
c e n tra tio n  of g lycosides a n d  lan a to sid es  o f b o th  aglucons th e  y ield  increased , 
w hile digoxigenin a n d  d ig itox igen in  ex h ib ite d  increased  an d  lasting  y ie ld  
red u c in g  ac tiv ities, re sp ec tiv e ly . On fu r th e r  d ilu tio n  of th e  ac tive  substances
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a paralle l, slow  decrease of effectiveness to o k  p lace , th o u g h  w ith o u t an y  
change in  th e  ty p e  of th e  effect p roduced .

In  F ig . 3 are  p resen ted  th e  dose-response curves o b ta in ed  w ith  d ig ito x in , 
d igoxin an d  g ito x in . G itox in  was found  to  h av e  lo st i ts  a c tiv ity  a t c o n c e n tra 
tions of 1 0 ~8 M /l or less. A t 10_(i and  1 0 ~7 M /l co n cen tra tio n s  i t  reduced  th e  
yield  like d igoxin .

T he re la tio n s  b e tw een  s tru c tu re  an d  a c tiv ity  are  d e m o n s tra te d  in  T ab le  I. 
This co n ta in s n u m erica l d a ta  on in trav en o u s  m olar to x ic ity  for th e  ca t [5, 6], 
th e  re la tiv e  a rre s tin g  doses for th e  iso la ted  chick em b ry o  h ea rt [7], a n d  th e

F ig. 2. D ose-response curves w ith  d ig itox igen in , d igoxigen in , th e ir  glycosides and lan a to sid es . 
Y  m eans y ield  in  th e  p resence , while Y ]I in  th e  absence, of th e  d ru g . A .  a: d ig itox igen in ; 

b : d ig ito x in ; c: lan a to s id e  A; B . a: d igoxigen in ; b : d ig o x in ; c: lanatoside  C

v irion  y ield  red u c in g  a c tiv ity  expressed as th e  fa c to r  of redu c tio n  as re fe rred  
to  th e  d rug  free  con tro l as u n it. R eference is m ade to  th e  com pounds’ a ff in ity  
to  serum  a lb u m in  [8], w hich m ay  con sid erab ly  affect th e  con cen tra tio n s re 
qu ired  to  o b ta in  th e  desired  effect in  in ta c t  anim als.

A t 1 0 _e a n d  10 “ 7 M /l co n cen tra tions, th e  re la tio n s  of v irion y ie ld  re 
ducing a c tiv ity  a n d  chem ical s tru c tu re  w ere v e ry  s im ila r to  those observed  
w ith  th e  re la tiv e  h e a r t  a rrestin g  doses. T he group o f com pounds w ith  digi-
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to x ig e n in  base ex h ib ited  th e  g re a te s t a b so lu te  ac tiv ity . In  ev e ry  group , th e  
g lycosides show ed th e  g re a te s t  re la tiv e  a c tiv ity , followed in  succession b y  th e  
la n a to s id e s  an d  aglucons. T h u s a t  h igh  co n cen tra tio n s  th e  m a in  d e te rm in a n t 
o f  a c t iv i ty  appeared  to  be  th e  ste ro id  p a r t  o f  th e  m olecule, w hile  th e  p resence 
a n d  n a tu re  of th e  su g ar co m p o n en t h a d  a secondary  im p o rtan ce .

A t co n cen tra tio n s  o f 10 ~8 M /l or low er, all glycosides a n d  lan a to sid es  
h a d  increased  th e  fin a l v irio n  y ie ld  2 - to  5 - fo ld , a p p a ren tly  in d e p e n d e n tly  o f th e  
c h a ra c te ris tic s  of th e  s te ro id  p a r t  o f th e  m olecule. G itoxin  w as an  ex cep tion  
as i t  fa iled  to  have  an y  effect in th is  d ilu tio n  range.

Fig. 3. D o s e - r e s p o n s e  c u r v e s  w i t h  t h r e e  g l y c o s i d e s .  Y  m e a n s  y i e l d  i n  t h e  p r e s e n c e ,  
w h i l e  Y h  i n  t h e  a b s e n c e  o f  t h e  d r u g ,  a :  d i g o x i n ;  b :  d i g i t o x i n ;  c :  g i t o x i n

B oth  aglucons te s te d  h ad  m a in ta in e d  a yield reduc ing  ty p e  of effect 
a t  a co n cen tra tio n  o f 10 ~8 M /l. T hese com pounds, u n like  th e ir  sugar su b 
s t i tu te d  d e riva tives, d iffered  re m a rk a b ly  in  effectiveness, d epend ing  on th e ir  
s tru c tu re . T he effect o f d igoxigenin  decreased  b y  factors of 1.1 to  1.3 on fu r th e r  
te n fo ld  d ilu tion , w hile t h a t  o f d ig ito x ig en in  d isappeared  a t  a 1 0 -9 M /l f in a l 
d ilu tio n . A p p aren tly , th e  presence o f th e  12/3 —O H  s u b s titu e n t ren d ered  
th e  y ie ld  reducing  effect o f d igoxigenin  m ore  m arked  as co m p ared  to  d ig ito x i
g en in  lack ing  th is  s u b s ti tu e n t.
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Table I

Comparison o f  some effects o f  digitalis derivatives

Compound
Reduction of activity 
by serum albumin 

[8]

Molar 
toxic

ity* for 
tbe cat

Relative
embryo-
heart**
arrest

ing
dose

Relative yield reducing effect*** 
at concentration of

10 6
Ml  1

10~7 
M l  1

io-» 
М / 1

IO '9 
M l  1

io -10 
M l  1

L a n a t o s i d e  A

5 —  1 0 - f o l d

2 .5 6 1 .0 0 2 8 . 6 0 2 .0 0 0 .2 8 0 . 2 0 1

D i g i t o x i n 2 .1 8 1 .0 0 1 0 0 . 0 0 1 2 .5 0 0 .5 0 0 . 3 3 0 . 5 0

D i g i t o x i g e n i n 0 .8 8 8 .9 1 2 5 . 0 0 3 .3 3 2 .5 0 ] ]

L a n a t o s i d e  C 3 . 5 ] 4 .4 6 3 . 3 3 1 .1 1 0 .3 3 0 .2 5 0 .3 3

D i g o x i n 3 — 5 - f o l d 2 .8 0 3 .0 8 1 0 .0 0 1 0 .2 8 0 .4 5 0 .5 5

D i g o x i g e n i n 1 .5 5 3 6 . 0 4 6 . 6 6 1 .3 3 4 .0 0 3 . 0 0 2 .8 5

G i t o x i n S l i g h t  i f  a n y 1 .0 7 2 .8 3 1 0 .0 0 2 .0 0 1 1 1

* k g  c a t  k i l l e d  b y  t h e  i n t r a v e n o u s  i n f u s i o n  o f  1 0 - 6  M j  1 d r u g  (Stoll [6]).
* *  F i g u r e s  c a l c u l a t e d  f r o m  t h e  d a t a  b y  D e  Gra ff  et al. [ 7 ] .

* * *  R a t i o  o f  Y H / Y ,  w h e r e  У н  i s  t h e  y i e l d  i n  H B S  a n d  Y  i s  t h a t  i n  t h e  p r e s e n c e  o f  t h e  d r u g .  
V a l u e  1 m e a n s  a  l a c k  o f  e f f e c t .  N u m b e r s  i n  b r a c k e t s  a r e  r e f e r e n c e s .

D iscussion

P o r t iu s  an d  R e p k e  [4] h av e  u n d e r ta k e n  de ta iled  s tu d ies  on th e  re 
la tio n s  o f th e  s tru c tu ra l ch a rac te rs  to  ( K + N a + Mg + +) d ep en d en t m em b ran e  
A T P ase  in h ib ito ry  a c tiv ity  of v a rio u s d ig ita lis d eriv a tiv es , an d  a rriv ed  a t 
th e  fo llow ing conclusions: (i) T he “ effective g ro u p in g ”  specifically  reac tin g  
w ith  th e  en zy m e’s ac tiv e  site  is th e  ca rb o n y l g roup  co n ju g a ted  w ith  th e  
C = C  doub le  b o n d  in  th e  lac tone . A ny m od ifica tio n  of th is  s tru c tu re  resu lts  
in  a consid erab le  decrease or com plete  loss of in h ib ito ry  a c tiv ity . T h e  presence 
o f a h y d ro x y l su b s ti tu e n t a t  e ith e r  C-17 or C-16 will also reduce  a c tiv ity  b y  
a n e g a tiv e  in d u c tiv e  effect, (ii) T he s te ro id  p a r t  of th e  m olecule p lay s  th e  role 
o f a “ fix in g  g ro u p ” , ensuring  an irreversib le  in te ra c tio n  betw een  th e  effective 
g ro u p in g  an d  th e  ac tive  site. This stab iliz ing  s tep  consists of th e  fo rm atio n  
of sh o rt range  ap o la r in te rac tio n s  b e tw een  th e  s te ro id  p a r t  an d  th e  com ple
m e n ta ry  su rface  o f th e  enzym e. T h e  n u m b er, position  and n a tu re  of po lar 
or a p o la r  su b s titu e n ts  of th e  ste ro id  m ay  e ith e r fac ilita te , lim it o r in h ib it s ta 
b iliz a tio n . (iii) T he su g ar co m ponen t b o u n d  to  th e  s te ro id  p a r t  a t  C-3 rep resen ts  
th e  “ su p p o rtin g  g ro u p ” . This g roup  being  h ig h ly  p o la r and flex ib le  re la tiv e  
to  th e  o th e r  p a r ts  of th e  m olecule, w ould  reduce th e  chance of fo rm a tio n  of 
n onspecific  ap o la r b ind ings, th u s  increasing  th e  specificity  of in te ra c tio n .

As to  th e  m echan ism  of specific in h ib itio n  o f ( K + N a + Mg + +) d ep en d en t 
A T P ase a c tiv ity , several, theories h av e  been p roposed . The m ore re c e n t ones
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[9, 10], th o u g h  d iffe ren t in  some d e ta ils , agree in  suggesting  th e  occurrence 
of a lte rn a tin g  co n fo rm atio n a l changes p ara lle l to  th e  perfo rm ance o f th e ir  
tra n s fe r  functions. T h e  in h ib ito ry  ac tio n  o f h e a r t glycosides consists essen tia lly  of 
an  irreversib le  “ lo ck in g ”  of th e  enzym e in  one of its  possible con form ations.

C onsidering o u r find ings in  th is  lig h t, th e  above princip les appeared  
to  offer ce rta in  e x p la n a tio n s  for th e  effects observed . All com pounds used 
b y  us possessed th e  ZF’̂ -y-oxy-buten ic  acid lac to n e  group in 17/3 position . 
T hus, in  p rincip le , a n y  o f  th em  was ab le  to  reac t w ith  th e  enzym e’s ac tiv e  site . 
A t h igh  co n cen tra tio n s  all ty p es  o f com pounds te s te d  were found to  reduce 
f in a l v irio n  yield. T h is effect, how ever, d id  n o t seem  to  be en tire ly  specific, 
since th e se  com pounds, if  p resen t in  excess a m o u n ts , are know n to  h av e  a 
te n d e n c y  of coating  th e  cells [11]. T h is fac t per se is su itab le  for expla in ing  
th e  un ifo rm ly  in h ib ito ry  ch a rac te r o f th e  effect o f all com pounds a t  1 0~ 6 and  
10 ~7 M /l co n cen tra tio n s . T he o u ts ta n d in g  a c tiv ity  o f th e  com pounds w ith  
d ig itox igen in  base m a y  be  ascribed to  th e ir  s im u ltan eo u s coating  an d  ex tensive , 
irrev e rs ib le , h igh ly  specific  A T P ase -in h ib ito ry  effects [12]. The o th e r  typ es 
o f com pounds seem ed p re fe ren tia lly  to  undergo  m u tu a l hom ologous in ter- 
m o lecu la r in te ra c tio n s  to  form  a c o a t in s te a d  of in te ra c tin g  w ith  th e  A T Pase 
sites to  w hich th e y  w ere  b u t in a d e q u a te ly  co m p lem en tary .

C oncen tra tio n s o f  10 ~8 M /l or less d id  n o t p e rm it coat fo rm atio n  owing to  
q u a n ti ta t iv e  reasons [1], b u t allow ed fo r free, specific in te rac tio n s  w ith  th e  
specific  recep to rs in  th e  cell m em b ran e . A t 10 -8 M /l or ower co n cen tra tio n s , 
g ito x in , th e  com p o u n d  hav in g  th e  le a s t fav o u rab le  s tru c tu re  to  in te ra c t  w ith  
th e  A T Pase [4], fa iled  to  in fluence th e  fin a l y ield  in e ith e r w ay. D ig itox in , di- 
gox in  as well as la n a to s id e s  A an d  C in d u ced  an  increase of th e  f in a l v irion  
y ie ld  an d  a sh o rten in g  o f th e  lag ph ase . All th ese  com pounds possess th e  su b 
s t i tu e n t  called b y  P o r t iu s  and  R e p k e  [4] th e  “ su p p o rtin g  g ro u p ” , w hich 
im p ro v es th e  sp ec ific ity  of in te ra c tio n  w ith  A T P ase , th u s  d im in ish ing  th e  
u n fav o u rab le  effect o f th e  e x tra -0 H  g roup  in  th e  m olecules w ith  d igoxigenin  
base .

F ro m  th e  fo llow ing  consid era tio n s we exclude  th e  effects o bserved  a t 
h igh  co n cen tra tio n s  o f h e a r t glycosides w hich a re  know n  to  coa t th e  cells an d  
cause inh ib itio n  “ m ech an ica lly ”  [11]. Irrev e rs ib le  a tta c h m e n t is supposed  
to  ta k e  place th ro u g h  su b seq u en t sh o rt range  in te ra c tio n s  betw een  1, 2 an d  3 
v irio n  vertices a n d  cell m em brane’s re c e p to r sites. T he m em brane o f a freely 
f lo a tin g  cu ltu red  cell is considered a s tru c tu re  in  th e  s ta te  of co n tin u a l tra n s i
tio n  betw een  its  possib le  m e ta s ta b le  s ta te s  [13]. T he in d iv id u a l s tru c tu ra l 
co m p o n en ts  th em se lv es  p a rtic ip a te  in  th e  above tran s itio n s  b y  co n sis ten tly  
und erg o in g  co n fo rm atio n a l changes an d  a p p ro p ria te  m u tu a l in te rac tio n s . 
T h is process w ould  allow  th e  a lte rn a tin g  ap p ea ran ce  and  d isap p earan ce  of 
specifically  s tru c tu re d  ad eq u a te  re c e p to r  sites. T he tim e  requ ired  fo r  th e  spe
cific irreversib le  a t ta c h m e n t of v irio n s w ould be  de te rm ined  b y  th e  prob-
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ab ility  o f a successive fo rm atio n  of a p p ro p ria te ly  loca ted  1, 2 a n d  f in a lly  3, 
recep to r sites an d  by  the  decrease o f freedom  of choice para lle l to  th e  deve lop 
m en t of 1, 2 an d  3 v e rtex -s ite  h its . In d u c e d  co n fo rm atio n a l changes o f n e ig h 
bou rin g  s tru c tu ra l e lem ents, like “ lock in g ”  th e  A T Pase in  one o f i ts  possib le 
con fo rm ations b y  d ig ita lis glycosides m ay  increase  or decrease th e  above o u t
lined p ro b ab ilitie s , th u s  e ith e r im prove or im p a ir  th e  process o f th e  v ir io n ’s 
a tta c h m e n t to , an d  p e n e tra tio n  in to , th e  cell. T h e  “ efficiency of in fec tio n ”  [3] 
m ay th u s  be increased  or decreased  by induced  changes in ce rta in  n o n -recep to r 
s tru c tu ra l com ponen ts o f th e  cell m em b ran e . S tab iliza tio n  of th e  A T Pase 
in a co n fo rm atio n  d e te rm in ed  b y  its  in te ra c tio n  w ith  a specific glycoside or 
lan a to s id e  is supposed  to  induce s ta b iliz a tio n  o f a p roperly  a rra n g e d  se t o f 
recep to rs  d irec tly  fa c ilita tin g  th e  a t ta c h m e n t a n d  in d irec tly  also th e  p e n e tra 
tio n , of v irions. T his w ould  exp la in  b o th  th e  sh o rten in g  of th e  lag  p h ase  and  
th e  increase  of fin a l v irio n  y ield  [1, 2]. T he re a c tio n  w ith  th e  re sp ec tiv e  aglu- 
cons is less specific [4] an d  also th e  m olecules h av e  a sm aller co m p lem en ta ry  
surface as com pared  to  th a t  of glycosides an d  lan a to s id es . We th e re fo re  suppose 
th e  ag lucons to  cause s tab iliza tio n  of som e in a p p ro p ria te  co n fo rm atio n  of 
th e  A T P ase  w hich  w ould  again  im m obilize  som e, m ost, or all, n e ig h b o u rin g  
recep to r sites in  a con fo rm ation  n o t  recogn izab le  for th e  v irion  v e rte x . D e
pend in g  on th e  incidence o f u n fa v o u ra b ly  a ffec ted  sites, a tta c h m e n t m ay  still 
occur th ro u g h  1 or 2 v e rtices , w hile th e  p ro b a b ility  of a 3 ve rtices  — 3 sites 
a tta c h m e n t is e x tre m e ly  reduced .

A c k n o w le d g e m e n t . T he v a luab le  tech n ica l a ssistan ce  o f Miss E d ith  T akács  is g ra te 
fu lly  acknow ledged.
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MICROBIOLOGICAL DECOMPOSITION 
OF 17a-METHYL-17/3-HYDROXY STEROIDS 

WITH ANDROSTANE NUCLEUS
B y

K . G. B ü k i ,  G. A m b r u s  a n d  A .  S z a b ó  

Research Institu te  fo r  P harm aceutical Chemistry (D irector : L .  Va rg h a ), Budapest

( R e c e i v e d  M a r c h  2 6 ,  1 9 6 9 )

S u m m a r y .  T w o  w e l l  k n o w n  s t e r o i d  t r a n s f o r m i n g  m i c r o o r g a n i s m s ,  Nocardia restrictus 
( A T C C  1 4 8 8 7 )  a n d  M ycobacterium  p h lei w e r e  c o m p a r e d  a s  t o  t h e i r  a b i l i t y  t o  m e t a b o l i z e  1 7 a -  
m e t h y l - 1 7 j S - h y d r o x y  s t e r o i d s  w i t h  a n d r o s t a n e  n u c l e u s ;  t h e y  w e r e  f o u n d  t o  d e c o m p o s e  t h i s  
g r o u p  o f  c o m p o u n d s  i n  t h e  s a m e  w a y  a s  t h e  1 7 - k e t o s t e r o i d s .  W h i l e  i n  Nocardia restrictus 
t h e  s e q u e n c e  o f  9 a - h y d r o x y l a t i o n  a n d  A  ' - d e h y d r o g e n a t i o n  o f  t h e  c o m p o u n d s  c a n  b e  i n t e r 
c h a n g e d  d e p e n d i n g  o n  t h e  c i r c u m s t a n c e s ;  i n  M ycobacterium  p h lei, f o r m a t i o n  o f  t h e  A 1 d o u b l e  
b o n d  i n v a r i a b l y  t a k e s  p l a c e  f i r s t .  T h e  9 a - h y d r o x y l a s e  o f  b o t h  m i c r o o r g a n i s m s  i s  i n h i b i t e d  
b y  8 - h y d r o x y q u i n o l i n e .  I n  t h e  p r e s e n c e  o f  t h a t  c h e l a t i n g  a g e n t ,  1 7 a - m e t h y l - 1 7 / i - l i y d r o x y -  
a n d r o s t a - l , 4 - d i e n - 3 - o n e  a c c u m u l a t e d  i n  t h e  f e r m e n t a t i o n  b r o t h  f r o m  s u b s t r a t e s  o f  5 a - s a t u r a t -  
e d - 3 | 8 - h y d r o x y , 5 a - s a t u r a t e d - 3 - k e t o ,  A 1- 5 a - s a t u r a t e d - 3 - k e t o ,  d 4- 3 - k e t o ,  A 5-3 / S - h y d r o x y  a n d  
. 1 , 6- 3 - k e t o  s t r u c t u r e .

In  th e  p resen t ex p e rim en ts  ad d itiona l in fo rm a tio n  w as soug h t on th e  
stero id  tran sfo rm in g  a b ility  o f Nocardia restrictus an d  M ycobacterium  phlei. 
B o th  m icroorganism s are  k n o w n  to  form  a zl1,4-3 -ke to  s tru c tu re  in  th e  ring  A 
of 17-ketostero ids an d  to  in tro d u c e  a h y d ro x y l g roup  in  9a p o sitio n , re su lting  
in  spon tan eo u s c leavage o f th e  ring  В w ith  a rev e rse  aldol re a c tio n  [1, 2].

As a re su lt o f ex p e rim en ts  aim ing selective side chain  c leavage o f sterols 
i t  tu rn e d  o u t th a t  c e rta in  ch e la tin g  agents in h ib it th e  9 a -h y d ro x y la tio n  in  th e  
m en tio n ed  as w ell as in  o th e r  m icroorganism s [1, 3, 4, 5].

In  th e  p re se n t s tu d ie s , tran sfo rm a tio n  p ro d u c ts  o b ta in ab le  w ith  b o th  
m icroorganism s from  1 7 a-m eth y l-1 7 ^ -h y d ro x y ste ro id s  in  th e  presence or 
absence of 8 -h y d ro x y q u in o lin e  w ere exam ined . T h e  resu lts  allow ed conclusions 
concern ing  th e  m etab o lic  p a th w a y s . The g roup  o f th e  exam ined  com pounds 
inc luded  th e  p ro n o u n ced ly  androgenic  17a-m ethy l-17 /3 -hydroxyandrost-4 - 
en-3-one (IV , m e th y lte s to s te ro n e ) an d  th e  anab o lic  17a-m ethyl-17/?-hydroxy- 
a n d ro s ta -l,4 -d ien -3 -o n e  (V II, N erobo l® ).

M aterials and  m ethods

M ethods o f  cultivation  and microbiological transform ation . T h e  M ycobacterium  p h id  
( d e p o s i t e d  u n d e r  N o .  2 9 / 1 9 6 5  a t  t h e  N a t i o n a l  I n s t i t u t e  o f  P u b l i c  H e a l t h ,  B u d a p e s t )  a n  le 
N ocardia restrictus A T C C  1 4 8 8 7  s t r a i n s  w e r e  m a i n t a i n e d  o n  p o t a t o  g l u c o s e  a g a r  m e d i u m .  I n  t h e  
e x p e r i m e n t s  b o t h  s t r a i n s  w e r e  p r o p a g a t e d  o n  t h e  f o l l o w i n g  m e d i u m :  c o r n - s t e e p  l i q u o r ,  1 0  g  
( d r y  w e i g h t ) ;  g l y c e r o l ,  1 0  g ;  t a p  w a t e r  t o  1 0 0 0  m l ,  n e u t r a l i z e d  w i t h  s o d i u m  h y d r o x i d e ,  
a d j u s t e d  t o  p H  6 . 8 — 7 . 2 ,  p a s s e d  t h r o u g h  f i l t e r  p a p e r ,  d i s t r i b u t e d  i n  1 0 0  m l  a m o u n t s  i n t o  
5 0 0  m l  E r l e n m e y e r  f l a s k s  a n d  a u t o c l a v e d  a t  1 2 1  ° C  f o r  2 0  m i n u t e s .

4* Acta Microbiologica Academiae Scientiarum Hungaricae 16, 196 9



254 K. G. B Ü K I et al.

M i c r o b i o l o g i c a l  t r a n s f o r m a t i o n  o f  s t e r o i d s  w a s  c a r r i e d  o u t  p a r t l y  w i t h  w a s h e d  c e l l  
s u s p e n s i o n s ,  p a r t l y  w i t h  g r o w i n g  c u l t u r e s .  T h e  w a s h e d  c e l l  s u s p e n s i o n  w a s  p r e p a r e d  a s  f o l l o w s :  
c e l l s  g r o w n  o n  a g a r  s l a n t  w e r e  s u s p e n d e d  i n  b r o t h .  O n e  m l  o f  t h i s  s u s p e n s i o n  w a s  i n o c u l a t e d  
i n t o  g r o w t h  m e d i u m  a n d  a f t e r  b e i n g  s h a k e n  f o r  4 8  h o u r s  t h e  c u l t u r e  w a s  h a r v e s t e d  a n d  r e s u s 
p e n d e d  i n  0 . 4 %  s o d i u m  c h l o r i d e  s o l u t i o n .  T h e  d r y  w e i g h t  o f  t h e  c e l l  s u s p e n s i o n  w a s  6  m g / m l  
w i t h  M . p h lei a n d  4  m g / m l  w i t h  N . restrictus. F o r  t r a n s f o r m a t i o n  w i t h  g r o w i n g  c u l t u r e ,  6  m l  
o f  t h e  s h a k e n  c u l t u r e  w a s  i n o c u l a t e d  i n t o  a  f l a s k  o f  t h e  s a m e  m e d i u m  a n d  a t  t h e  s a m e  t i m e  
t h e  s o l u t i o n  o f  t h e  s u b s t r a t e  i n  N , N ’- d i m e t h y l f o r m a m i d e ,  s t e r i l i z e d  b y  p a s s i n g  t h r o u g h  a  G 5  
g l a s s  f i l t e r ,  w a s  a d d e d .

I n  e a c h  c a s e ,  i n c u b a t i o n  w a s  c a r r i e d  o u t  o n  a  r o t a r y  s h a k e r  ( 3 0 0  r . p . m . ,  2  c m  a m p l i 
t u d e )  i n  5 0 0  m l  f l a s k s  e a c h  c o n t a i n i n g  1 0 0  m l  o f  c u l t u r e .  I n c u b a t i o n  t e m p e r a t u r e  w a s  3 7  ° C  
f o r  M . ph le i  a n d  2 8  ° C  f o r  N . restrictus. T h e  a p p l i e d  s u b s t r a t e  c o n c e n t r a t i o n s  a n d  i n c u b a t i o n  
p e r i o d s  a r e  s p e c i f i e d  s e p a r a t e l y  w i t h  e a c h  c o m p o u n d .

A n a ly tica l methods. T r a n s f o r m a t i o n  w a s  f o l l o w e d  u p  b y  t h i n - l a y e r  c h r o m a t o g r a p h y  o f
1 . 2 -  d i c h l o r o e t h a n e  e x t r a c t s  f r o m  s a m p l e s  t a k e n  a t  g i v e n  i n t e r v a l s  f r o m  t h e  f e r m e n t a t i o n  
m i x t u r e  ( d e v e l o p i n g  s o l v e n t ,  3 %  e t h a n o l  +  9 7 %  c h l o r o f o r m ;  c a r r i e r ,  s i l i c a  g e l  G ,  M e r c k ) .

T h e  1 7 a - m e t h y l - 1 7 / ? - h y d r o x y a n d r o s t a - l , 4 - d i e n - 3 - o n e  ( V I I )  c o n t e n t  o f  t h e  f e r m e n t a 
t i o n  m i x t u r e s  w a s  d e t e r m i n e d  b y  t h e  s i m p l i f i e d  t h i o s e m i c a r b a z o n e  ( T S C )  m e t h o d  [ 6 ,  7 ] .  T e n  
m l  o f  t h e  f e r m e n t a t i o n  b r o t h  w a s  e x t r a c t e d  w i t h  2 0  m l  o f  c h l o r o f o r m .  T w o  m l  o f  t h e  o r g a n i c  
p h a s e  w a s  d r i e d  w i t h  s o d i u m  s u l p h a t e  a n d  e v a p o r a t e d .  T h e  d r y  r e s i d u e  w a s  d i s s o l v e d  i n  2  m l  
o f  e t h a n o l ,  t h e n  4 m l  o f  0 .5  M  t h i o s e m i c a r b a z i d e  i n  0 .5  N  H C 1  s o l u t i o n  w a s  a d d e d  a n d  t h e  r e a c 
t i o n  m i x t u r e  w a s  k e p t  a t  4 0  ° C  f o r  3 0  m i n u t e s .  F i n a l l y  t h e  m a t e r i a l  w a s  d i l u t e d  b y  a d d i t i o n  
o f  2 0  m l  e t h a n o l .  E x t i n c t i o n  w a s  r e a d  a t  A =  3 2 5  n m  w a v e l e n g t h  a g a i n s t  a  s i m u l t a n e o u s l y  
p r e p a r e d  b l i n d  s o l u t i o n .  T h e  c o n c e n t r a t i o n  o f  1 7 a - m e t h y l - 1 7 / ? - h y d r o x y a n d r o s t a - l , 4 - d i e n -  
3 - o n e  ( V I I )  w a s  c a l c u l a t e d  f r o m  a  s t a n d a r d  c u r v e .

T h e  m e l t i n g  p o i n t  w a s  d e t e r m i n e d  i n  a  m i c r o  K o f l e r  a p p a r a t u s .  T h e  u l t r a v i o l e t  s p e c t r a  
w e r e  t a k e n  i n  a  U 1 N I C A M  S P  5 0 0  s p e c t r o p h o t o m e t e r ,  w h i l e  t h e  i n f r a r e d  s p e c t r a  i n  a  U R - 1 0  
( Z e i s s )  a p p a r a t u s .

Transform ation  o f  17a. methyl-17ß-hydroxy compounds w ith  androstane nucleus in  the 
presence o f  8-hydroxy qu ino line . E a c h  s u b s t r a t e  ( I — V I ,  s e e  T a b l e  I )  w a s  d i s s o l v e d  i n  1 m l  
o f  a c e t o n e  a n d  a d d e d  t o  1 0 0  m l  o f  c e l l  s u s p e n s i o n  o f  b o t h  s t r a i n s  t o g e t h e r  w i t h  t h e  8 - h y d r o x y -  
q u i n o l i n e ,  s o  a s  t o  m a k e  f i n a l  c o n c e n t r a t i o n s  o f  2 0 0  ^ g / m l  a n d  1 0 0  ^ g / m l ,  r e s p e c t i v e l y ,  i n  t h e  
f e r m e n t a t i o n  b r o t h .  D u r i n g  i n c u b a t i o n  f o r  2 4  h o u r s ,  t r a n s f o r m a t i o n  w a s  f o l l o w e d  u p  b y  t h i n -  
l a y e r  c h r o m a t o g r a p h y  a n d  f i n a l l y  t h e  1 7 a - m e t h y l - 1 7 / ? - h y d r o x y - a n d r o s t a - l , 4 - d i e n - 3 - o n e  ( V I I )  
c o n t e n t  o f  t h e  f e r m e n t a t i o n  b r o t h  w a s  a s s e s s e d  q u a n t i t a t i v e l y  b y  t h e  T S C  m e t h o d .

Isolation and structural iden tifica tion  o f  17oi-methyl-3,17 ß-d ihydroxy-9 ,10-secoandrosta- 
1 ,3 ,5 (  1 0 ) -trien-9-one ( V I I I ) .  T o  1 l i t r e  o f  w a s h e d  M . ph lei c e l l  s u s p e n s i o n  2  g  o f  c o m p o u n d  
V I I ,  d i s s o l v e d  i n  2 0  m l  o f  d i r n e t h y l f o r m a m i d e  w a s  a d d e d  a n d  i n c u b a t e d  f o r  2 0  h o u r s .  S u b 
s e q u e n t l y  t h e  c e l l s  w e r e  r e m o v e d  b y  f i l t r a t i o n ,  t h e  f i l t r a t e  w a s  e x t r a c t e d  w i t h  3  x 2 0 0  m l  o f
1 . 2 -  d i c h l o r o e t h a n e  a n d  t h e  c o m b i n e d  e x t r a c t  w a s  d r i e d  o n  N a 2S 0 4 a n d  e v a p o r a t e d .  T h e  d r y
r e s i d u e  w a s  d e c o l o r i z e d  b y  c h a r c o a l  i n  m e t h a n o l ,  t h e n  c r y s t a l l i z e d  t w i c e  f r o m  b e n z e n e .  F i n a l l y  
1 2 3  m g  o f  V I I I  w a s  y i e l d e d .  M e l t i n g  p o i n t :  1 6 6  1 6 7  °C. [ot]D — 1 0 °  ( c  =  1 ,  9 5 %  e t h a n o l ) .
A n a l y s i s :  C a l c u l a t e d  f o r  C , 0 H 2 s O ;j ( 3 1 6 . 4 2 ) :  C ,  7 5 . 9 1 :  H ,  8 . 9 2 ;  f o u n d :  C ,  7 5 . 9 7 ;  H ,  8 . 9 7 .  Am ax 
i n  e t h a n o l  2 8 0  n m  (e 2 1 5 0 ) .  I n f r a r e d  s p e c t r u m  ( K B r )  3 5 2 5 ,  3 6 0 0 — 3 1 0 0  ( m a x .  3 3 3 0 ) ,  
VC = 0  1 7 1 0 ,  a r o m a t i c  b a n d s  3 0 3 0 ,  1 6 1 5 — 1 5 9 5 ,  1 5 1 0 — 1 4 7 0 ,  8 7 0 ,  8 1 5  c m - 1 .

T o  v e r i f y  t h e  s t r u c t u r e ,  2 5 0  m g  o f  c o m p o u n d  V I I I  w a s  a c e t y l a t e d  i n  1 m l  o f  a b s o l u t e  
p y r i d i n e  w i t h  1 m l  o f  a c e t i c  a n h y d r i d e  f o r  1 6  h o u r s  a t  r o o m  t e m p e r a t u r e .  C r y s t a l l i z i n g  t h e  c r u d e  
p r o d u c t  f r o m  d i i s o p r o p y l e t h e r ,  1 6 0  m g  o f  1 7 a - m e t h v l - 3 , 1 7 / ? - d i h y d r o x y - 9 , 1 0 - s e c o a n d r o s t a -  
l , 3 , 5 ( 1 0 ) - t r i e n - 9 - o n e  3 - a c e t a t e  w a s  o b t a i n e d .  M e l t i n g  p o i n t :  1 0 6 — 1 0 8  ° C ,  [ a ] / )  — 7 °  (c == 1 ,  
c h l o r o f o r m ) .  A n a l y s i s :  C a l c u l a t e d  f o r  C 22H 30O 4 ( 3 5 8 . 4 6 ) :  C ,  7 3 . 7 1 ;  I I ,  8 . 4 4 ;  f o u n d :  C ,  7 3 . 5 1 ;  
H ,  8 . 6 3 .  Am a x  i n  e t h a n o l  2 6 5  n m  ( e  6 0 3 ) ,  2 7 3  n m  ( e  5 8 0 ) ,  i n f r a r e d  s p e c t r u m  ( K B r )  vqh  3 5 0 0 —  
3 2 0 0  ( m a x .  3 3 7 0 ) ,  Vq=q ( p h e n o l e s t e r )  1 7 7 0 ;  Vq=q ( k e t o n e )  1 7 1 0 ,  a r o m a t i c  b a n d s  3 0 3 0 ,  1 6 1 0 ,  
1 5 9 0 ,  1 5 0 5 ,  1 4 7 0 ,  8 3 5 ,  8 1 5 ,  vc=0 ( e s t e r  b a n d )  1 2 1 8 ,  1 2 0 0 ,  1 0 2 0  cm "1.

Iso la tion  and structural iden tifica tion  o f  17a-methyl-9c(,,17ß-dihydroxyandrost-4-en- 
3-one ( I X ) .  T w o  g  o f  I V  w a s  a d d e d  t o  4 0 0  m l  o f  g r o w i n g  N . restrictus c u l t u r e .  A f t e r  i n c u b a t i o n  
f o r  1 2  h o u r s ,  t h e  f e r m e n t a t i o n  b r o t h  w a s  e x t r a c t e d  w i t h  3 x 1 0 0  m l  o f  n - b u t a n o l .  T h e  c o m 
b i n e d  e x t r a c t  w a s  e v a p o r a t e d  a n d  t h e  d r y  r e s i d u e  ( 2 . 3  g )  d i s s o l v e d  i n  1 0 0  m l  o f  c h l o r o f o r m .  T h i s  
w a s  w a s h e d  w i t h  2 x 5 0  m l  o f  5 %  N a I I C 0 3,  s u b s e q u e n t l y  w i t h  4 x 5 0  m l  o f  4 %  N a O H .  T h e  
s o d i u m  h y d r o x i d e  e x t r a c t  w a s  n e u t r a l i z e d  w i t h  a c e t i c  a c i d .  T h e  p r e c i p i t a t e d  p r o d u c t  w a s  f i l 
t e r e d ,  a n d  a f t e r  r e c r y s t a l l i z i n g  i t  t w i c e  f r o m  b e n z e n e ,  6 1  m g  o f  c o m p o u n d  V I I I  w a s  o b t a i n e d .  
T h e  o r g a n i c  p h a s e ,  e x t r a c t e d  w i t h  a l k a l i ,  w a s  n e u t r a l i z e d  b y  w a s h i n g  w i t h  w a t e r  a n d  e v a p o r a t 
e d .  T h e  d r y  r e s i d u e  ( 8 6 0  m g )  w h i c h  a c c o r d i n g  t o  t h i n - l a y e r  c h r o m a t o g r a p h y  c o n t a i n e d  c o m 
p o u n d s  I V  a n d  I X ,  w a s  f r a c t i o n a t e d  o n  F l o r i s i l  c o l u m n  ( 8 0  g  o f  F l o r i s i l  s u s p e n d e d  i n  1 . 2 - d i c h l o -
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ro e th an e). E lu tio n  was carried  o u t w ith  1 ,2 -d ich lo roe thane  so lven t m ix tu re s  co n ta in in g  in 
creasing  am o u n ts  o f acetone. IX  w as o b ta in ed  b y  e lu tio n  w ith  10%  ace tone  c o n ta in in g
1 ,2 -d ich lo roe thane  so lv en t. F ro m  th e  ev ap o ra tio n  residues o f th e  frac tio n s  w hich co n ta in ed  
IX , 88 m g of th is  w as o b ta in ed  on recry s ta lliza tio n  fro m  m eth an o l an d  e th e r. M elting p o in t: 
192- 193 °C, [ol]q 76° (c =  1, ch loroform ). A nalysis: C alculated  fo r C 20H 30O3 (318.44): C, 
75.43; H , 9 .50; fou n d : C, 75.71; H , 9.69. Amax e th a n o l 242 nm  (e =  15 300). In fra re d  spec
tru m  г»оН 3585, 3600— 3200 (m ax. 3480), p=ch 3040, r c=o 1665, r c=c 1620 c m -1 .

A tte m p ts  were m ade  to  a ce ty la te  IX . T h ir ty  m g of i t  was dissolved in  1 ml o f ab so lu te  
p y rid in e , th e n  0.5 m l o f acetic  an h y d rid e  was ad d ed  and th e  reac tio n  m ix tu re  was allow ed 
to  s ta n d  a t  room  te m p e ra tu re  fo r 48 hours and  su b seq u en tly  d ilu ted  w ith  30 m l of w a ter. T h is 
so lu tio n  w as e x tra c te d  w ith  3 x 1 0  m l o f e th y l a ce ta te  and  th e  e x tra c t w as dried  by  e v a p o ra 
tion . O n c ry s ta lliz a tio n  of th e  residue from  m eth an o l—eth e r, IX  was o b ta in e d . On analysis b y  
th in -la y er c h ro m a to g ra p h y  of th e  m o th e r liq u o r no o th e r ste ro id  th a n  IX  was d e te c ta b le .

A tte m p ts  were m ade  to  o x id a te  th e  new h y d ro x y l group  form ed du rin g  fe rm e n ta tio n . 
T h ir ty  m g o f IX  was dissolved in 1 m l o f acetic  acid  and 40 mg of C r0 3 dissolved in  a m ix 
tu re  o f 0.25 m l w a te r  an d  0.25 m l ace tic  acid was add ed . The reac tio n  m ix tu re  w as allow ed to  
s ta n d  a t  ro o m  te m p e ra tu re  for 4 hours. A fter processing  in  th e  sam e w ay  as described  fo r 
ace ty la tio n , on ly  IX  w as o b ta in ed .

Transform ation  o f  17oc-methyl-9oc,17ß-dihy lroxyandrost-4-en-3-one ( I X )  to 17oc-methyl- 
3,17ß-dihydroxy-9 ,10-secoandrosta-l,3 ,5( 10)-trien-9-one ( V I I I ) .  A w ashed cell suspension  of 
N ocardia  restrictus was d ilu ted  ten fo ld  w ith  0 .4%  sodium  chloride so lu tion . To th e  c u ltu re  
d ilu ted  to  2 litre s , 200 m g of IX , dissolved in  20 m l o f acetone, was add ed . F e rm en ta tio n  w as 
allow ed to  ta k e  p lace fo r 6 h ours, th e n  th e  cu ltu re  was processed in th e  sam e w ay as described  
in  th e  p a ra g ra p h  on iso la tio n  of IX . A n 11 m g a m o u n t o f V I I I  was o b ta in ed , whose IR  a n d  UV  
sp e c tra  an d  m eltin g  p o in t were iden tica l to th e  c o n stan ts  a lread y  e s tab lish ed . U sing M . p h le i , 
th e  sam e fe rm e n ta tio n  an d  processing m ethods y ie lded  8 m g o f V I I I ;  in  t h a t  p a r tic u la r  case, 
ow ing to  th e  c u ltu re ’s w eaker a c tiv ity , a 5-fold d ilu tio n  was o n ly  p rep ared .

R esults

In  th e  presence  of 8 -hy d ro x y q u in o lin e , b o th  M ycobacterium  ph lei an d  
N ocardia restrictus p ro d u ced  17a-m ethy l-l 7 /3 -hydroxyandrosta -l,4 -d ien -3 -one  
(V II) from  stero ids hav ing  5a sa tu ra ted -3 ß -h y d ro x y , 5 a -sa tu ra ted -3 -k e to - , 
Zl1-5 a -sa tu ra ted -3 -k e to , ZÍ4-3-keto , Zl5-3/?-hydroxy and  Zl4,6-3-keto  s tru c tu re

Table I

Production o f  17oL-methyl-17ß-hydroxyandrosta-l,4-dien-3-one ( V I I )  fro m  different
substrates

S u b s tra te

C om pound V I I  form ed in  24 h o u rs  
(m ole p e r cen t)

M . p h lei N . restrictus

17a-m ethyl-5a-androstane-3,17/3-diol (I) ....................................... 49 76

17a-m ethyl-17/9-hydroxy-5a-androstan-3-one ( I I )  ................... 51 82

17a-m ethyl-17/5-hydroxy-5a-androst-l-en-3-one ( I I I )  ......... 71 80

L 7a - 1  ne  t hy 1-17/?- hy  d ro x y  an dro st- 4-e n - 3 - о n e (IY) ..................... 74 82

17a-m ethylandrost-5-ene-3ß,17/7-diol (V) ..................................... 74 64

17a-m ethyl-17/?-hydroxyandrosta-4,6-dien-3-one (V I) ............ 73 64

200 /ig /m l of su b s tra te  was transfo rm ed  w ith  w ashed cells in th e  p resence of 100 fig /m l  
o f 8 -hydroxyquino line . T he p roduct was estim a ted  w ith  th e  TSC m ethod.
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on th e  1 7 a-m ethy l-17 /? -hydroxyandrostane  nucleus. T he tran sfo rm in g  ab ilities  
o f th e  tw o s tra in s  as d e te rm in ed  in a ty p ic a l e x p e rim en t are  show n in T ab le  I.

A t th e  end of fe rm e n ta tio n , th e  m ix tu re s  c o n ta in e d  com pounds o th e r 
th a n  V II  only in  tra c e s , excep t for th e  tra n s fo rm a tio n  o f I  an d  I I  w ith  M yco
bacterium  phlei, w hen  10 %  of I I  was d em o n strab le  b y  th in -la y e r c h ro m a to 
g rap h y .

I f  du ring  fe rm e n ta tio n  no 8 -h y d ro x y q u in o lin e  w as added  to  th e  c u ltu re , 
decom position  of th e  s te ro id  nucleus to o k  place. O n fe rm en ta tio n  o f 17a- 
m e th y l-1 7 /? -h y d ro x y an d ro sta -l,4 -d ien -3 -o n e  (V II) w ith  M ycobacterium  ph le i, 
a new  com p o u n d  h a v in g  th e  em pirical fo rm u la  C20H 28O3 was o b ta in ed . I ts  
so lu b ility  in alkali as w ell as its  u ltra v io le t sp ec tru m  suggested  a phenol ty p e . 
I t s  in fra red  sp ec tru m  show ed  h y d ro x y l b a n d s , a k e to n e  b a n d  o f a six -m em bered  
r in g  and  bands c h a ra c te r is tic  of an  a ro m a tic  ring . O f th e  la t te r  b an d s th o se  
a p p ea rin g  a t 870 a n d  815 c m “ 1 in d ic a te d  th e  possib ility  o f a 1 ,2 ,4 -trisu b sti
tu t io n  of th e  a ro m a tic  ring .

A ccordingly, i t  seem s th a t  s im ila rly  to  th e  decom position  of an d ro s ta -
l,4 -d iene-3 ,17-d ione , V I I  also gives rise  to  9 ,10-secophenol a fte r  9 a -h y d ro x y - 
la tio n  an d  su b seq u en t spon taneous rev e rse  aldol reac tio n . T he above d a ta  
o f th e  new  com pound  co rre la te  well w ith  th e  ex p e c ta tio n  of a 17a-m ethyl- 
3 ,17 /? -d ihydroxy-9 ,10 -secoandrosta -l,3 ,5 (10 )-trien -9 -one  s tru c tu re  (V III) . T he 
new  com pound w as a c e ty la te d  w ith  ace tic  an h y d rid e  in  p y rid ine  a t  room  
te m p e ra tu re . T he in f ra re d  spec trum  o f th e  o b ta in ed  p ro d u c t show ed b an d s 
ty p ic a l o f th e  p h e n o l-e s te r  group an d  also a h y d ro x y l b a n d ; th u s , th e  phenolic  
h y d ro x y l group becam e  ace ty la ted , w hile th e  te r t ia ry  h y d ro x y l on carb o n  17 
rem ain ed  free — ju s t  as expected  — u n d e r  th e  app lied  m ild  conditions o f ace
ty la tio n .

V II I  was also o b ta ined  on tra n s fo rm a tio n  of 17a-m ethyl-9a,17/3- 
d ih y d ro x y an d ro st-4 -en -3 -o n e  (IX ) w ith  M ycobacterium  phlei. In  th a t  case, 
th e  b ac te ria l cu ltu re  h a d  to  produce  zD -dehydrogenation  in  o rder th a t  seco- 
pheno l (V III) be fo rm e d  th ro u g h  sp o n tan eo u s  reverse  aldol reac tion . B u t we 
w ere n o t able to  d isco v er any  a p p ro p ria te  cond itio n  to  tra n sfo rm  17a-m ethyl- 
17/S-hydroxyandrost-4-en-3-one (IV) to  17a-m ethy l-9a ,17 /9 -d ihydroxyandrost- 
4-en-3-one (IX ) b y  M . phlei.

17a-M ethy l-9a ,17 /i-d ihydroxyandrost-4 -en-3-one (IX ) was o b ta in ed  
from  IV w ith  a grow ing  cu ltu re  of N . restrictus. (U n d er such  cond itions, b o th  
m icroorganism s tra n s fo rm e d  and rost-4 -ene-3 ,17-d ione  in to  its  9 a-h y d ro x y l 
d e riv a tiv e  [1, 8].) D u rin g  fe rm en ta tio n  V I I I  was also fo rm ed , im ply ing  th a t  tw o 
su b seq u en t in te rm e d ia ry  com pounds of th e  tra n s fo rm a tio n  process had  
accu m u la ted . U n d er d iffe ren t cond itions, w hen  IX  w as fe rm en ted  w ith  restin g  
(w ashed) cells of N . restrictus, V I I I  w as o b ta in ed , like u n d e r sim ilar c ircu m 
stan ces w ith  M . p h le i. 17a-M ethyl-9a,17 /?-d ihydroxyandrost-4-en-3-one (IX ) 
has been  described  in  th e  lite ra tu re  [9], a n d  th e  m elting  p o in t of th e  com pound
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OH OH

Fig. 1. Schem e su g g ested  fo r b a c te r ia l  tran s fo rm a tio n s  in  th e  m eth y lte s to s te ro n e  series. 
Conversions leading to  Y II  are w ell o bservab le  in  th e  presence o f a  c h e la tin g  agent. The step 
from  IV to IX  (b o tto m ) w as n o t  fo u n d  in  M . ph lei. I :  17a-m ethyl-5a-androstane-3/3,17/S-diol, 
I I :  17a-m ethy l-17 /S -hydroxy-5a-androstan-3-one, I I I :  17a-m ethy l-17 /3-hydroxy-5a-androst-
l-en-3-one, IV: 17a-m ethy l-17 /J-hydroxy-androst-4 -en -3 -one , V : 17a-m ethy landrost-5 -ene-3  
/?,17/?-diol, V I: 17<x-methyl-l 7 /i-hydroxyandrosta-4 ,6 -d ien -3 -one , V I I :  17a-methyl-17/3-
h y d ro x y a n d ro s ta -l,4 -d ien -3 -o n e , V I I I :  17a-m ethyl-3 ,17 j3-d ihydroxy-9 ,10-secoandrosta-

l,3 ,5 (10)-trien -9 -one , IX :  17a-m ethy l-9a ,17 /9-d ihydroxy-androst-4-en-3-one
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iso la ted  b y  us co rresp o n d ed  to  th e  re p o rte d  one, b u t  no d a ta  h av e  been  p u b 
lished  on its op tical ro ta t io n . E le m e n ta ry  analysis of th e  su b stan ce  co rre la ted  
w ell w ith  the  ca lcu la ted  d a ta  for th e  em pirical fo rm ula . As expected , th e  
h y d ro x y l group in c o rp o ra te d  d u ring  fe rm e n ta tio n  w as te r t ia ry ,  i.e. i t  resisted  
a c e ty la tio n  w ith ace tic  a n h y d rid e  in  p y rid in e  a t  room  te m p e ra tu re  as well 
as o x id a tio n  w ith  ch ro m ic  acid in  aqueous acetic ac id  m ed ium . U n d er such 
co n d itio n s, bo th  p r im a ry  an d  seco n d ary  h y d ro x y l g roups w ould  h av e  u n 
dergone ace ty la tion  o r o x id a tio n .

D iscussion

C om pounds w ith  17a-m ethy l-17 /3 -hydroxyandrostane  nucleus seem  to 
be a p p ro p ria te  su b s tra te s  fo r th e  s te ro id  tran sfo rm in g  enzym e system s of bo th  
N ocardia  restrictus a n d  M ycobacterium  phlei. W ith  b o th  s tra in s , th e re  was 
ev idence  of A 1- an d  Zl4-dehydrogenase , A 5 —► Zl4 isom erase  an d  3/S-hydroxy- 
dehydrogenase  a c tiv ity  as well as o f red u c tio n  of th e  A 6 doub le  bond . O bserva
tio n  o f these  fu nc tions w as fa c ilita te d  b y  th e  fac t th a t  9 a -h y d ro x y la tio n  as 
th e  p rim a ry  step of decom position  of th e  ring  s tru c tu re  w as in h ib ite d  by 
8 -h y d ro x y  quinoline.

Cleavage of th e  s te ro id  nucleus to o k  place to  th e  an a lo g y  of 17-keto- 
s te ro id s  betw een ca rb o n s  9 an d  10, re su ltin g  in th e  fo rm a tio n  o f 17a-m ethyl- 
3 ,17 /3 -d ihydroxy-9 ,10-secoandrosta-l,3 ,5 (10)-trien -9 -one (V III) . In  princip le , 
th e  fo rm a tio n  of th is  co m p o u n d , i.e. cleavage of th e  rin g , m ay  ta k e  p lace in  
tw o  w ays depending o n  w h e th e r h y d ro x y la tio n  of C-9 o r d eh y d ro g en a tio n  
a t  C -l, C-2 occurs f irs t . I n  th e  f irs t case th e  in te rm e d ia ry  com pound  will be 
17a-m ethy l-9a,17 /3 -d ihydroxyandrost-4 -en-3-one (IX ), w hereas in  th e  second, 
17oc-m ethy l-17ß-hydroxyandrosta-l,4 -d ien-3 -one (V II).

In  th e  case of N . restrictus, b o th  m etabolic  p a th w a y s  h av e  been  con
firm e d  b y  altering  th e  cond itions of fe rm en ta tio n , as b o th  in te rm ed ia ry  
co m pounds have b een  iso la te d . W ith  M . phlei, only th e  in te rm e d ia ry  com 
p o u n d  V II  appeared  in  ad d itio n  to  V I I I ,  in  c ircum stances u n d e r  w hich N . 
restrictus produced IX . I t  seem s th a t  fo r th e  9 a -h y d ro x y lase  of M . phlei, 
17a-m ethy l-17 /3 -hydroxyandrost-4 -en-3-one (IV) is an  in a p p ro p ria te  su b 
s tr a te ,  while 1 7 a-m eth y l-17 /5 -liyd roxyandrosta-l,4 -d ien -3 -one  (V II) is an 
a d e q u a te  one.
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TRANSFORMATION OF 4,5-EPOXYSTEROIDS 
WITH MYCOBACTERIUM PHLEI

I. T R A N S FO R M A T IO N  U N D E R  A E R O B IC  C O N D IT IO N S

B y

E . T ö m ö r k é n y , К . A l b r e c h t  and L . I l a

Research Institu te  fo r  Pharmaceutical C hem istry  (D irector: L .  V a r g h a ) ,  Budapest

(R eceived M arch  26, 1969)

Sum m ary . 4 ,5 -E p o x y ste ro id s co n ta in ing  17/9 side chain  o r 4 ,5 -ep o x y an d ro stan es were 
tran sfo rm a b le  w ith  M ycobacterium  phlei u n d e r  aerobic  con d itio n s to  a n d ro sta -l,4 -d ien e - 
3 ,17-dione. As in te rm ed ia te  androst-4-ene-3 ,17-d ione w as fo u n d . In  th e  course of tra n s fo rm a 
tio n  a tra n s ito ry  re d u c tio n  o f th e  3-oxo group , and  d e h y d ro g en a tio n  of th e  17/3-hydroxyl 
g ro u p , if  p re sen t, was observed .

T he fo rm a tio n  o f epoxystero ids b y  m icroo rgan ism s is w ellknow n [1, 2]. 
A sim ilar m echan ism  o f oxido group fo rm a tio n  b y  m am m alian  tissue has been 
in d ica ted  b y  th e  few ex perim en ts co n d u c ted  along th is  line [1 ,3 ]. M etabolisa- 
tio n  of th e  oxido g roup  of stero ids u n d e r  biological co n d itions has also been 
s tu d ied  b y  several a u th o rs , w ith  u n eq u iv o ca l conclusions. D ihydroxy  com 
p o u n d s resu ltin g  from  th e  cleavage of th e  oxido g roup  w ere iso lated  b y  severa l 
au th o rs , th u s  P r o c h á z k a  et al. o b ta in ed  from  5f,6£-epoxy-3/3-liydroxy-B - 
n o r-an d ro stan -1 7 -o n e  th e  ap p ro p ria te  3(5,5a, 6 /5-trihydroxy  d eriv a tiv e  w ith  
R hizopus nigricans [4]. C a m e r i n o  an d  S c i a k y  [5] iso la ted  3/?,4/9,5a-trihy- 
d roxypregnan-20 -one  b y  m eans of y e a s t from  4/3,5/?-epoxypregnane-3,20- 
dione, and  th e  co rrespond ing  3(3,5a,6/5-trihydroxy d e riv a tiv e  from  5a,6a- 
epoxy-3 /3-hydroxypregnan-20-one. On tra n s fo rm a tio n  o f 16a,17 ,a-epoxypregn- 
4 -ene-3 ,20-d ione, w ith  Cylindrocarpon radicicola c u ltu re  E l  T a y e b  et al. 
[6] observed  a fte r  th e  decom position  o f th e  side ch a in  th e  fo rm atio n  of 
16a,17 /3 -d ihydroxyandrosta-l,4 -d ien -3 -one. As to  o th e r  w ays of tra n s fo r 
m a tio n  of th e  sam e s u b s tra te , C a m e r i n o  et al. o b ta in e d  w ith  y eas t 17/S-meth- 
y l-16a ,20a-d ihydroxy-17a-pregna-4 ,13-d ien-3 -one, w hile W i x  and  A l b r e c h t

[8], using  F u sa riu m  caucasicum, o b ta in e d  an d ro sta -l,4 -d ien e-3 ,1 7 -d io n e . 
K a d i s  [3] d e m o n s tra te d  th e  fo rm a tio n  of 17a-hydroxypregn-4-ene-3 ,20- 
d ione b y  sw ine o v a rian  tissue , also from  16a,17a-epoxypregn-4-ene-3 ,20- 
dione [3].

In  th e  p resen t s tu d y , tran sfo rm a tio n  o f som e 4 ,5 -epoxystero ids b y  M yco
bacterium phlei has been  exam ined  undei aerobic cond itions.
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M aterials an d  m ethods

M elting  p o in t was d e te rm in e d  in  a K o fle r-ty p e  a p p a ra tu s , and  th e  v a lue  was u n c o r
re c te d . In fra re d  sp ec tru m  w as reco rded  by  a U R -10  in s tru m e n t, w hereas th e  N M R  sp ec tru m  
b y  a JE O L -N M C -60-type  s fe c tro p h o to m e te r .

P reparation o f  4,5-epo cy steroids used fo r  transform ation. T he 4 ,5-epoxy-3-oxo com 
p o u n d s  w ere o b ta in ed  from  th e  co rrespond ing  zd4-3-oxo com pounds in  a lka line  m edium  w ith  
h y d ro g e n  perox ide: 4/5,5/5- po  vycholestan-3-one (I) [9]; 4/5,5/5-epoxypregnane-3,20-dione
( I I )  an d  4a,5a-epoxypregi. ane-3 ,20-d ione ( I I I )  [10], 4/5,5/5-epoxyandrostane-3,17-dione 
(IV ) [11], and  4a ,5 a -ep o x y an d ro stan e-3 ,1 7 -d io n e  (V) [12]. 4/5,5/5-epoxyandrostane-3 a ,
17/5-diol (V I) was p rep ared  w ith  sodium  b o ro h y d rid e  from  4/5,5/?-epoxy-17/5-hydroxy- 
an d ro stan -3 -o n e  [13].

Growth o f  bacterium and microbiological transform ation . M ycobacterium  phlei s tra in  No. 
29/1965, deposited  in  th e  N a tio n a l In s t i tu te  o f P u b lic  H ealth , B u d ap es t, w as m ain ta in ed  on 
p o ta to -d e x tro se  agar. F ro m  th e  ap p ro x im ate ly  1 w eek old cu ltu re  a suspension  was p re p are d  
w ith  8 m l sterile  w a ter and 1 m l am o u n ts  o f th is  suspension  were in o cu la ted  each  in to  100 m l 
n u tr ie n t  m edium . T he m edium  consisted  of 1 %  glycerol and 1.5%  co rnsteep  liq u o r in  w a te r. 
T h e  m ed iu m  w as ad ju s ted  to  p H  6 .5— 7.0, th e n  i t  w as filte red , d is tr ib u te d  in  100 m l am o u n ts  
each  to  500 m l flasks and sterilized  a t  121 °C fo r 15 m inu tes. The in o cu la ted  flask s were in c u 
b a te d  in  a ho rizo n ta l sh ak er o f 1 8 0 /m inu te  p e rio d ic ity  and 30 m m  e ccen tric ity , a t  37 °C for 48 
h o u rs . F o r  tran sfo rm a tio n , th e  cu ltu re  w as cen trifu g ed  and  th e  sed im en t w as resuspended  in  
s te rile  d is tilled  w a te r, using  fo r a n a ly tic a l p u rp o ses 50 m l am o u n ts in  500 m l E rlen m ey er 
f la sk s , w hereas for p re p a ra tiv e  pu rp o ses 500 m l am o u n ts  in  2000 ml flasks. T he cell su sp en 
sion  th u s  o b ta in ed  con ta in ed  0 .5 %  d ry  m a te ria l  in a p H  range from  5.5 to  6 .5; th is  p H  va lue  
re m a in e d  unch an g ed  du rin g  tra n s fo rm a tio n  ev en  if  no buffer was ad d ed . T he acetonic  so lu 
tio n s  o f  ste ro id  su b s tra te s  w ere ad ded  in  a  f in a l co n cen tra tio n  of 200 yWg/ml to  th e  cell su s
pen sio n . To in h ib it th e  cleavage of th e  s te ro id  nucleus, 8 -hydroxyqu ino line  a t  a  c o n cen tra tio n  
o f 90 jug/m l w as added  to  th e  susp en sio n  [16]. S u b seq u en tly , the  cu ltu rin g  flask s w ere in c u 
b a te d  fu r th e r  u n d e r g row th  co n d itio n s. A t th e  desired  tim e, tra n s fo rm a tio n  was com ple ted  
b y  f i l t r a tio n  and  ex tra c tio n . In  e x p erim en ts  p e rfo rm ed  fo r analy tica l pu rp o ses, th e  f i ltra te  was 
e x tra c te d  th ree  tim es w ith  x/ 4 vo lum e of d ich lo ro e th an e , and  the  cells w ere w ashed  in  dichloro- 
e th a n e . T he e x tra c t and th e  w ash ing  so lv en t w ere com bined  and w ashed free o f 8 -h y d ro x y q u i
no line  w ith  2%  aqueous oxalic  acid so lu tion , d e sicca ted  and ev ap o ra te d  to  d ryness in  vacuo. 
T h e  resid u e  was dissolved in  ace to n e  an d  an a ly sed  as described below . I n  th e  p re p a ra tiv e  
e x p e rim e n ts  th e  e x tra c t  o f th e  filte red  fe rm e n ta tio n  b ro th  was used  fo r iso la tion .

A n a ly tica l methods. Q u a lita tiv e  d e te c tio n  of th e  tran sfo rm a tio n  p ro d u c ts  was m ade  b y  
th in - la y e r  ch ro m a to g rap h y , c a rried  o u t on 0.25 m m  layers of K ie se lg e l-P F 254_ 3fir> M erck. 
T h e  so lv en t system  was b e n z e n e -e th y la c e ta te  1 : 1 ex cep t in  th e  case o f 4/5,5/5-epoxycholestan- 
3-one w hen  i t  was 9 : 1. F o r d e tec tio n , a sp ray  of su lphuric  acid in  e th a n o l 1 : 1 was u sed , 
fo llow ed by h ea tin g  a t  110 °C. F o r q u a n ti ta t iv e  d e te rm in a tio n , androst-4 -ene-3 ,17 -d ione  an d  
an d ro sta -l,4 -d ien e -3 ,1 7 -d io n e  w ere e s tim a te d  b y  p a p e r  ch ro m ato g rap h y  [8], th e  4 ,5 -ep o x y 
ste ro id s  were se p a ra ted  by  th in - la y e r  ch ro m a to g ra p h y  (adso rb en t, K ieselgel G, M erck; so lv en t 
sy s te m , b e n ze n e -e th y la ce ta te  1 : 1). T he co m pounds se p a ra ted  by th in - la y e r  c h ro m a to g rap h y  
w ere  e lu te d , e v ap o ra ted  and  th e  residue w as d issolved in  3 — 6 ml o f a m ix tu re  of 50 m l of 
9 6 %  e th a n o l in  70 m l o f su lp h u ric  acid k e p t fo r 30 m inu tes a t 40 °C, an d  th e  e x tin c tio n  w as 
im m e d ia te ly  de te rm in ed  w ith  a U N IC A M  sp e c tro p h o to m ete r a t a ty p ic a l w av elen g th  close 
e ith e r  to  300 or 500 m /i ag a in s t b lind . U sing  10— 200 /ig of th e  4 ,5-oxido com pounds a lin ea r 
re la tio n sh ip  w as found  be tw een  co n ce n tra tio n  a n d  ex tin c tio n . The q u a n ti ty  o f ste ro ids an a ly sed  
a f te r  tran s fo rm a tio n  was 70 — 80 M % , as re la te d  to  th e  am o u n t of s u b s tra te  used.

Iso la tion  and iden tifica tion  o f  transform ation  products. The k n ow n m etab o lites  o f th e  
d iffe re n t su b s tra te s , such  as androst-4 -ene-3 ,17 -d ione  (V II), an d ro sta-l,4 -d ien e -3 ,1 7 -d io n e  
(V III )  as well as 4/5,5/5-epoxyandrostane-3,17-dione (IV ) form ed again  d u rin g  tran s fo rm a tio n  
w ere iso la ted  by  p re p a ra tiv e  th in - la y e r  ch ro m a to g ra p h y , carried  o u t on 1 m m  layers of K iesel
gel G (M erck). So lven t sy s tem  for th e  se p a ra tio n  of androst-4-ene-3 ,17-d ione and  a n d ro sta -
1.4- d iene-3 ,17-dione were in succession b e n ze n e -e th y la ce ta te  19 : 1 an d  4 : 1. T he so lven t for
4 .5- ox ido  com pounds was b e n z e n e -e th y la c e ta te  1 : l .T h e  iso lated  m a te ria ls  were id en tified  
b y  th e ir  m eltin g  p o in t, m ixed  m eltin g  p o in t an d  spectroscopic  b eh av io u r.

Iso la tion  o f  4ß,5ß-epoxy-3ot-hydroxyandrostan-17-one ( I X ) .  1.0 g o f 4/5,5ß-epoxy- 
andro stan e-3 ,1 7 -d io n e  was tran s fo rm e d  in  th e  absence of 8 -h y d ro x y q u in o lin e  over 4 ho u rs , 
acco rd in g  to  th e  m eth o d  for p re p a ra tiv e  pu rp o ses described  above. T he d ry  residue o b ta in ed  
on e x tra c tio n  (1.1 g) was d issolved in  benzene  an d  ch ro m a to g rap h ed  on  100 g reg en e ra ted  
silica  gel [14]. On e lu tion  w ith  benzene co n ta in in g  increasing  am o u n ts  o f e th y la c e ta te , f i r s t  
0.05 g o f 4/5,5/5-epoxyandrostane-3,17-dione (IV ), subseq u en tly  — a t 2 0 %  e th y la ce ta te  —

Acta Microbiologica Academiae Scientiarum Hungaricae 16, 1969



TRANSFORM ATION OF 4,5-EPO X Y STERO ID S 263

0.50 g of 4 /?,5 /l-epoxy-3a-hydroxyandrostan -17-one  w as iso la ted . A fte r rep ea ted  re c ry s ta l
liza tion  from  a c e to n e -p e tro ie th e r  th e  m eltin g  p o in t was 183 — 186 °C (dec). [a]f>° =  + 9 9 °  
(c =  1% , acetone). A n alysis calcu la ted  for C ,9H 230 3 (304.2): C, 74.95; H , 9 .27% . F o u n d , C, 
74.99; H , 9 .39% . I R  sp ec tru m : v^ q : 1734 c m 1; Po h : 3440— 3490 c m -1 . R M R  sp e c tru m : 
C4— H : 7.13 p p m  (sin g u le tte ) , in  CDC13.

O xidation o f  com pound  ( IX ). In  aqueous ace tic  acid, co m p o u n d  (IX ) w ith  ch rom ic  
triox ide  y ielded th e  co rresp o n d in g  3-oxo co m p o u n d  (IV).

4a ,5a-epoxy-3 /S -hydroxyandrostan -17-one  (X ) was iso la ted  on th e  tran s fo rm a tio n  
of 4a, 5 a -ep oxyandrostane-3 ,17 -d ione  u n d e r an aero b ic  conditions [15].

R esu lts

The course of tra n sfo rm a tio n  of th e  in d iv id u a l su b s tra te s  was ex am in ed  
in th e  ex p erim en ts  fo r an a ly tica l p u rp o ses  (see M ateria ls and m ethods).

The d a ta  show n in th e  T able a n d  F igures re p re se n t values expressed  
in  M  per cen t of s u b s tra te  in re la tion  to  tim e .

100-

' I.
\

Hours

F ig . 1. I  =  4j3,5j3-epoxycholestan-3-one; IV  =  4 /S ,5/l-epoxyandrostane-3,17-dione; V I I  =  
androst-4-ene-3 ,17-d ione; V I I I  =  an d ro sta-l,4 -d ien e-3 ,1 7 -d io n e ; IX  =  4/1,5/?-epoxy-3a-

h y d ro x y an d ro s tan -3 -o n e

F rom  th e  4 ,5 -ox ido  com pounds c o n ta in in g  17/3 side chain, th e  t r a n s 
fo rm atio n  of 4/3,5/3-epoxycholestan-3-one (I), 4/3,5/3-epoxypregnane-3,20- 
d ione (II)  an d  4oc,5a-epoxypregnane-3 ,20-dione ( I I I )  w ere exam ined.

Fig. 1 show s th e  tran sfo rm a tio n  o f 4/3,5/3-epoxycholestan-3-one in  th e  
presence of 8 -h y d ro x y q u in o lin e . U n ch an g ed  su b s tra te  w as still d e tec tab le  
in  th e  12th  h o u r, b u t  th e  q u a n tita tiv e  a ssay  w as u n re liab le  owing to  m assive 
co n tam in a tio n  w ith  su b stan ces  of id e n tic a l Ry value. A p p a ren tly , a n d ro s tan e  
deriv a tiv es  w ere p re se n t in  ap p ro x im a te ly  50%  a lread y  in  th e  6 th  h o u r an d
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su b se q u e n tly  ten d ed  to  increase  u n til  reach in g  a p p ro x im a te ly  70%  in th e  
3 6 th  h o u r. In  earlie r sam ples, 4 /?,5/S-epoxyandrostane-3,17-dione (IV), la te r  
its  З а -h y d ro x y  d e riv a tiv e  (IX ) show ed each  a f la t m ax im u m . W ith  th e  
tr a n s it io n a l ap p earan ce  o f a sm all a m o u n t o f androst-4-ene-3 ,17-d ione (V II), 
5 0 %  an d ro sta -l,4 -d ien e-3 ,1 7 -d io n e  (V III)  w as form ed. In  d iffe ren t e x p e ri
m en ts  perfo rm ed  u n d e r  id en tica l co n d itio n s th e  q u a lita tiv e  d is tr ib u tio n  w as 
th e  sam e, as th e  a m o u n t of an d ro s ta -l,4 -d ien e-3 ,1 7 -d io n e  v a ried  be tw een  
40 a n d  55% .

On tran sfo rm in g  4/?,5 /í-epoxypregnane-3 ,20-dione (II)  in  th e  p resence  
of 8 -h y d ro x y q u in o lin e , th e  q u a lita tiv e  re su lts  were th e  sam e as w ith  4/?,5/?- 
epoxycho lestan -3 -one  (I). A t ea rlie r p o in ts  o f tim e  ep o x y an d ro stan es (IV  an d  
IX ) am o u n ted  to  50% . On tra n s fo rm a tio n  of 4a ,5a-epoxypregnane-3 ,20 - 
d io n e  ( I I I ) ,  th e  su b s tra te s  androst-4 -ene-3 ,17-d ione  (V II) and  and rosta-1 ,4 - 
d iene-3 ,17-d ione w ere found .

In  T able  I are  lis ted  th e  36 -hour tra n s fo rm a tio n  p ro d u c ts  in  th e  p resence  
of 8 -hy d ro x y q u in o lin e , of 4/?,5/3-epoxycholestan-3-one (I) , 4/?,5/3-epoxy-
pregnane-3 ,20 -d ione  (I I ) , 4a ,5a-epoxypregnane-3 ,20 -d ione  ( I I I )  and , fo r co m 
p a riso n , of 4/3 ,5 /3-epoxyandrostane-3 ,17-dione (IV). A t t h a t  p o in t o f tim e  
no com pounds of cho lestan e  or p reg n an e  s tru c tu re  w ere d em o n strab le . In  
e v e ry  case a g rea te r a m o u n t of a n d ro s ta -l,4 -d ien e-3 ,1 7 -d io n e  was found  from  
4/?,5/3-epoxy-3-oxo com pounds w ith  side chain  th a n  from  4d,5/?-epoxy- 
and rostan e-3 ,1 7 -d io n e .

F ro m  th e  4 ,5 -ep o x y an d ro stan es , th e  tran sfo rm a tio n  of 4/3,5/?-epoxy- 
an d ro stan e-3 ,1 7 -d io n e  (IV ), 4/?,5/?-epoxyandrostane-3a,17/3-dioI (VI) an d  
4oc,5oc-epoxyandrostane-3,17-dione (V) w as exam ined .

F ig . 2 shows th e  tra n s fo rm a tio n  o f 4/?,5/3-epoxyandrostane-3,17-dione 
(IV ) in  th e  presence of 8 -h y d ro x y q u in o lin e . T he 3-oxo g roup  of th e  su b s tra te

T a b l e  1

S u b s tra te
T ra n sfo rm a tio n  p ro d u c ts in  th e  36 th  hour

IV V II V III IX

I 20 — 50 10

i l 22 2 - 3 42 10

i n — 2 - 3 70 —

I V 50 — 23 10

I =  i ß , 5/3 - e p о X y c h о I e s t a n - 3 - о n e 
I I  =  4/8,5/3-epoxypregnane-3,20-dione

I I I  =  4a,5a-epoxypregnane-3 ,20-dione
IV =  4ß,5ß-epoxyandrostane-3 ,17-dione 

V II  =  androst-4-ene-3,17-dione
V III  =  androsta-l,4 -d iene-3 ,17-d ione 

IX  =  4/?,5/?-epoxy-3 a -hydroxyandrostan -17-one
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obv iously  u n d erw en t a rap id  ex tensive  red u c tio n  (IX ) in  th e  in itia l phase , 
th e n  from  th e  6 th  ho u r on, th e  s u b s tra te  w as form ed b a c k  again . T he q u a li
ta t iv e  schem e of th e  fo rm atio n  of androst-4 -ene-3 ,17-d ione  (V II) an d  an d ro s ta -
l,4 -d iene-3 ,17 -d ione  (V III) co rresp o n d ed  to  th a t  found  on th e  tra n s fo rm a tio n  
of 4/5,5/9-epoxycholestan-3-one (F ig . 1). In  th e  ex p erim en t in  questio n , 20%  
an d ro sta -l,4 -d ien e-3 ,1 7 -d io n e  w as d e m o n s tra te d ; in  o th e r  ex p erim en ts  p e r
fo rm ed  u n d e r  id en tica l cond itions its  a m o u n t v a ried  b e tw een  16 an  d 28% .

U sing 4/?,5/?-epoxyandrostane-3 oc,17/?-diol (VI) as su b s tra te , a ra p id  
d eh y d ro g en a tio n  of th e  17/S-hydroxyl g roup  was observed . T ran sfo rm a tio n

Hours

F ig. 2. IV  =  4/9,5j3-epoxyandrostane-3,17-dione; V I I  =  androst-4 -ene-3 ,17 -d ione; V I I I  =  
an d ro sta-l,4 -d ien e-3 ,1 7 -d io n e ; IX  =  4/?,5/?-epoxy-3<x-hydroxyandrostan-17-one

in th e  p resence  of 8 -h y d roxyqu ino line  is show n in  Fig. 3. A fte r  th e  2nd  hour, 
exclusively  17-oxo com pounds w ere d em o n strab le . C hanges in  th e  am o u n t 
of З а -h y d ro x y  and  3-oxo com pounds ( IX  an d  IV) w ere analogous w ith  th e  
tra n s fo rm a tio n  show n in Fig. 2: in  th e  early  phase  th e  3 x -h y d roxy-com pound , 
while la te r  th e  3-oxo com pound  was p red o m in an t. A ccording to  ou r find ings, 
tra n sfo rm a tio n  of 3a,17/?-diol (VI) re su lted  in a h igher level o f and ro sta -1 ,4 - 
d iene-3 ,17-d ione (32—40% ) th a n  o f 4 /?,5/S-epoxyandrostane-3,17-dione (IV ), 
a lth o u g h  th e  sam e cu ltu re  w as used.

T ran sfo rm a tio n  of 4<x,5a-epoxyandrostane-3,17-dione (V) in  th e  presence 
of 8 -h y d ro x y q u in o lin e  is show n in F ig . 4. In  th is  case, too , th e re  w as a red u c tio n  
of th e  3-oxo com pound b u t  a t  le a s t b y  10 —15%  (X ). A t th e  3 6 th  h o u r 70%  
an d ro sta -l,4 -d ien e-3 ,1 7 -d io n e  an d  5 %  su b s tra te  w ere m easu red , while ab o u t 
5%  androst-4-ene-3 ,17-d ione w as d em o n strab le  th ro u g h o u t th e  tra n sfo rm a tio n .
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F ig . 3. IV =  4(3 ,5 /J-epoxyandrostane-3,17-dione; V I =  4/l,5/3-epoxyandrostane-3a,17/3-diol- 
V I I  =  androst-4-ene-3 ,17-d ione; V I I I  =  a n d ro sta -l,4 -d ien e -3 ,1 7 -d io n e ; IX  =  4j9,5/?-epoxy :

3oc-hydroxyandrostan-17-one

100-

Hours

F ig . 4. V =  4 a ,5 a -ep o x y an d ro stan e-3 ,1 7 -d io n e ; V I I  =  androst-4-ene-3 ,17-d ione: V I I I  =
an d ro sta-l,4 -d ien e -3 ,1 7 -d io n e ; X  =  4a ,5a-epox y -3 /î-h y d ro x y an d ro stan -1 7 -o n e

In  every  case, 4 a ,5 a -ep o x y an d ro stan e -3 ,1 7 -d io n e  (У) an d  4a,5a- 
epoxypregnane-3 ,20-d ione  ( I I I )  gave rise to  a g re a te r  am o u n t of an d ro sta -
1,4-diene,3 ,17-dione, t h a n  th e  co rrespond ing  4/3,5/3-oxido com pounds (IV  and 
II) . This g rea te r a m o u n t e ith e r ap p ro x im a te d  or a tta in e d  th e  q u a n ti ty  of 
an d ro sta -l,4 -d ien e-3 ,1 7 -d io n e  o b ta in ab le  from  androst-4 -ene-3 ,17-d ione  or 
pregn-4-ene-3 ,20-dione [16].
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T ransfo rm ing  4 ,5 -oxido  com pounds (I IV) in th e  absence  of 8 -hydroxy- 
qu ino line , a m arked  decom position  o f  th e  stero id  nucleus was observed . On 
tra n s fo rm a tio n  of 4 |3 ,5/3-epoxycholestan-3-one (I), 4/3,5/3-epoxypregnane- 
3,20 -d ione (II) , 4 /3,5 /3 -epoxyandrostane-3 ,17-d ione (IV ) an d  4/3,5/3-epoxy- 
androstane-3a,17/3-diol (V I) we could  d e m o n s tra te  and rost-4 -ene-3 ,17-d ione  
(V II) o n ly  in  traces a n d  an d ro s ta -l,4 -d ien e-3 ,1 7 -d io n e  (V III)  in  less th a n  5% , 
exclusively  abou t th e  3 rd  hour. T h e  su b s tra te s  d iffered  resp ec tiv e ly  the  
ra te s  o f deg radation . E p o x y a n d ro s ta n e s  (IV , IX ) fo rm ed  from  4/3,5/3-epoxy- 
cho lestan -3 -one (I) an d  4/3,5/3-epoxypregnane-3,20-dione (II)  by  cleavage of 
the side chain  were d e te c ta b le  up to  th e  9 th  — 12th h o u r, b u t  if  th e  su b s tra te  
w as a 4/3,5/3-epoxyandrostane co m p o u n d  (IV , V I), co m pounds IV  and  IX  
w ere p re sen t a t a to ta l  c o n cen tra tio n  o f 10 20%  u p  to  th e  24 th  hou r. On
tra n sfo rm a tio n  of 4«,5oc-epoxypregnane-3,20-dione ( I I I )  an d  4a,5a-epoxy- 
androstane-3 ,17 -d ione  (V), th e  s u b s tra te  w as d em o n strab le  up  to  th e  6 th  
h o u r, w hereas o ther s te ro id s  could n o t  be d e m o n s tra te d  e ith e r  a fte r, or 
befo re  th a t  tim e.

D iscussion

E a rlie r  studies h a v e  show n th a t  th e  M ycobacterium  ph le i s tra in  iso la ted  
in  o u r la b o ra to ry  w as cap ab le  of m e tab o liz in g  a w ide ra n g e  o f stero ids. W hen 
tra n s fo rm a tio n  was c a rr ie d  ou t in  th e  p resence  of a ch e la tin g  a g en t such as 
8 -h y d ro x y q u in o lin e , th e re  w as an accu m u la tio n  o f an d ro sta -l,4 -d ien e-3 ,1 7 - 
d ione [16, 17], in d ica tin g  th a t  decom position  of th e  s te ro id  sk e le ton  [18] was 
p re v e n te d  by  th e  in h ib itio n  of 9 a-h y d ro x y lase  [16]. A n o th e r w ay  to  p rev en t 
decom position  of th e  s te ro id  nucleus w as th e  in tro d u c tio n  of a 6/3,19-oxido 
g roup , in d ica tin g  th a t  th e  s ta te m e n t b y  Sih  et al. [19] w as v a lid  for our 
s tra in  [20].

I t  is know n th a t  in  m ost cases, fo rm a tio n  of th e  A i  doub le  b o n d  p re 
cedes th e  1,2- d eh y d ro g en a tio n  [21] a n d  th e  su b seq u en t decom position  of 
th e  s te ro id  nucleus. W e supposed  t h a t  th e  in tro d u c tio n  of a 4 ,5-oxido group 
w ould  in h ib it th e  fo rm a tio n  of a Zl4, viz . /I1 double b o n d  an d  accord ing ly  
also th e  ru p tu re  of th e  s te ro id  sk e le to n , y e t th e  b reak d o w n  of th e  17/3 side 
chain  w ould  nevertheless ta k e  place.

O ur results c learly  in d ica te  t h a t  th e  oxido g roup  h a d  a c tu a lly  n o t in te r 
fe red  w ith  th e  b reak d o w n  of th e  side ch a in ; e p o x y an d ro stan es  w ere dem on
s tra te d  a t  low c o n c e n tra tio n  (IV, IX ) .  O n th e  o th e r  h a n d , i t  in fluenced  
th e  r a te  of cleavage o f th e  nucleus in  accordance w ith  its  s te ric  position , 
a lth o u g h  th e  ra te  w as fa ir ly  high ev en  in  th e  case o f th e  slow ly m etabo lized  
4/3,5/3-epoxyandrostane-3,17-dione. A s in  th e  course of tra n sfo rm a tio n , 
androst-4 -ene-3 ,17-d ione, or an d ro s ta -l,4 -d ien e-3 ,1 7 -d io n e  w ere tem p o ra rily  
d em o n strab le , the  d isap p earan ce  of s te ro id s  is ex p la in ed  b y  th e  know n de-
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H

1'  IX VI

I I

X V III

F ig. 5. T e n ta tiv e  sequence of tran s fo rm a tio n a l s tep s

com position  of th e  la t t e r  com pound , w hich  in  fu r th e r  ex p erim en ts  w as p re 
v e n te d  by  8 -h y d ro x y q u in o lin e  [16].

On tra n s fo rm a tio n  in  th e  p resence of 8 -h y d ro x y q u in o lin e , in th e  36 th  
h o u r  a 70 — 80%  a m o u n t of s te ro id  m e tab o lite s  w as m easu red  in  re la tio n  to  
th e  am o u n t of s u b s tra te . T he ra te  of th e  process d ecreased , enab ling  th e  
e s tim a tio n  of th e  te n ta t iv e  sequence of th e  in d iv id u a l s teps o f tra n sfo rm a tio n , 
as show n in Fig. 5.
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D u rin g  th e  tra n sfo rm a tio n  of co m p o u n d s  w ith  17/3 side chain (I, I I ) ,  
30—5 0 %  of 4/35,/3-epoxyandrostane d e r iv a tiv e s  (IY, IX )  w ere d em o n strab le , 
b u t  A4 or A1’4 ste ro id s  conta in ing  side c h a in  w ere n o t  found . Fig. 1 show s 
th a t  th e  fo rm a tio n  of 4 /3 ,5 /3-epoxyandrostane-3,17-dione (IY) had  p receded  
th a t  of an  a p p ro p ria te  З а -hydroxy  c o m p o u n d  (IX ), a n d  since no side ch a in  
co n ta in in g  3 -h y d ro x y  d e riv a tiv e  w as d em o n strab le , th e  te n ta tiv e  sequence 
of tra n s fo rm a tio n  s tep s  show n in Fig. 5 seem ed  to  be p a r t ly  p roved . On t r a n s 
fo rm atio n  of 4 a ,5 o -ep o xypregnane-3 ,20 -d ione  ( I I I ) ,  com pounds V II an d  V I I I  
were on ly  d em o n strab le  in  add ition  to  th e  su b s tra te . In  t h a t  p a rtic u la r  case, 
in te rm e d ia ry  ep o x y an d ro stan es  (V, X ) w ere  o n ly  p o s tu la te d .

T he steps su b se q u e n t upon th e  d ecom position  o f th e  17/3 side ch a in  
w ere s tu d ie d  on ep o x y an d ro stan es. As sh o w n  in  Figs 2 a n d  4, on tra n sfo rm a tio n  
of com pounds IV  an d  V , e lim ination  o f th e  oxido g roup  w as accom pan ied  
b y  3-keto  red u c tio n . I n  th e  case o f 4/?,5 /?-epoxyandrostane-3 ,17-dione th is  
early  red u c tio n  was u n ex p ec ted ly  fo llow ed b y  rep ea ted  d eh y d ro g en a tio n , in 
accordance w ith  th e  ad v erse  fu n c tio n  o f  3 a -h y d ro x y ste ro id -d eh y d ro g en ase . 
The new ly  fo rm ed  4/3,5 /3-epoxyandrostane-3 ,17-dione (IV ) was iso lated  a f te r  
24 hours, w hereas 4 /3 ,5 /3 -epoxy-3a-hydroxyandrostan-17-one (IX ) a f te r  4 
hours o f tra n s fo rm a tio n . In  th e  case o f  th e  la t te r  com pound , red u c tio n  of 
th e  3-oxo g roup  w as co n firm ed  by  th e  in f ra re d  spectrum  : th e re  was a h y d ro x y l 
line an d  th e  oxo g ro u p  w as re ta in ed  on th e  fiv e  m em bered  ring  D. T he s te ric  
position  of th e  h y d ro x y l group fo rm ed  w as confirm ed  in  accordance w ith  
the  find ing  of C o l l i n s  et al., th a t  in  th e  n u c le a r  m agnetic  resonance sp ec tru m  
of tra n s-4 ,5 -ep o x y -3 -h y d ro x y  com pounds th e  p ro to n  a t  C4 is m arked  b y  a 
sin g u le tte  [22]. A n a p p ro x im a te ly  15%  re d u c tio n  of th e  3-oxo group w as o b 
served also w ith  4 a ,5 a -ep o x y an d ro stan e -3 ,1 7 -d io n e . T h is com pound w as 
iso la ted  from  tra n sfo rm a tio n s  under a n a e ro b ic  cond itions [15].

R ed u c tio n  of a-oxo-ep o x y ste ro id s  h as  been  re p o rte d  b y  several a u th o rs  
[5, 6, 23], b u t  no re fe rence  has been m a d e  to  its  re la tio n sh ip  w ith  th e  t r a n s 
fo rm atio n  of th e  oxido  group. O ur e x p e rim e n ta l re su lts  failed  to  disclose 
w h e th e r th e  e lim in a tio n  o f th e  oxido g ro u p  to o k  place th ro u g h  a 4 ,5 -epoxy- 
3-oxo or a 4 ,5 -ep o x y -3 -h y d ro x y  co m p o u n d . O n th e  one h an d , red u c tio n  w as 
incom plete  (IV  —► IX ; V  —*■ X ), w hile on th e  o th e r, th e re  occurred  a. d e h y d ro 
g ena tion  of th e  З а -h y d ro x y l group, as o b se rv ed  in  cases IV  —► IX  — IV,  a n d  
V I —► IX  —► IV  (Figs 2 and  3). W e sh a ll discuss th is  p rob lem  in con n ec tio n  
w ith  o u r ex p erim en ts  u n d e r  an aero b ic  co n d itio n s [15].

T h e  ra p id  d eh y d ro g en a tio n  of th e  17 /i-hydroxy l g roup  is a ty p ica l p ro p 
e rty  o f th e  M ycobacterium  phlei s tra in  u se d  in  th e  p re se n t s tu d y  (VI —► I X  -)- 
-f- IV). In  th e  ex p e rim en ts  conducted  u n d e r  aerobic cond itions, th e  17-oxo 
com pound w as th e  sole d em onstrab le  p ro d u c t  [16, 17, 20].

N o in te rm e d ia te  w as found a t  th e  tra n s fo rm a tio n  of ep o xyste ro ids to  
androst-4 -ene-3 ,17 -d ione  or to  an d ro s ta -l,4 -d ien e-3 ,1 7 -d io n e . F o rm a tio n  of
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an d rp st-4 -en e-3 ,1 7 -d io n e  w as in v a ria b ly  observed  an d  to o k  place s im u lta n e 
o u s ly  w ith  th a t  o f an d ro s ta -l,4 -d ien e-3 ,1 7 -d io n e . B u t ex p erim en ts  w ith  
M ycobacterium  ph le i h a v e  show n th a t  fo rm a tio n  of th e  A 1 double b o n d  is 
p reced ed  by  th a t  o f zl4; hence it  has been  supposed th a t  e lim ination  o f th e  
ox id o  group resu lts  in  an d rost-4 -ene-3 ,17 -d ione  w hich is tran sfo rm ed  to  an- 
d ro s ta -l,4 -d ie n e -3 ,1 7 -d io n e  b y  d eh y d ro g en a tio n . T he com pounds 4/3,5/3- 
ep o x y ch o lestan -3 -o n e  (I), 4/3,5/3-epoxypregnane-3,20-dione (II)  an d  4/3,5/3- 
epoxyandrostane-3a,17 /3 -d io l (VI) in v a ria b ly  gave rise to  a g rea te r a m o u n t 
o f  an d ro sta -l,4 -d ien e -3 ,1 7 -d io n e  th a n  4 /3,5/3-epoxyandrostane-3,17-dione (IV ) 
d id . T here  is reaso n  to  suppose th a t  in  th e  case of com pounds I an d  I I ,  d e 
co m p o sitio n  of th e  side chain  increases th e  ra te  of th e  in d iv id u a l p rocesses 
in  som e y e t u n id e n tif ie d  w ay.

The rep o rted  e lim in a tio n  of th e  ox ido  group finds l i t t le  su p p o rt in  th e  
l i te ra tu re .  As a lre a d y  n o te d , in  p a r t  o f th e  exam ined  cases th e  opening o f  th e  
ox ido  group re su lted  in  a d ih y d ro x y  com pound  [4, 5, 6]. P re lim in a ry  t r a n s 
fo rm a tio n  ex p erim en ts  w ith  som e 4 ,5 -d ih y d ro x y  deriv a tiv es  o f th e  s u b s tra te s  
u sed  d id  no t re su lt in  th e  fo rm a tio n  o f A i d e riva tive . W ix  and  A l b r e c h t  
o b se rv ed  e lim ina tion  o f th e  oxido g roup  d u ring  fo rm a tio n  w ith  F u sa riu m  
caucasicum  of an d ro s ta -l,4 -d ien e -3 ,1 7 -d io n e , from  16a ,17a-epoxypregn-4- 
ene-3 ,20-dione. D e ta ils  o f th is  process w ere n o t exam ined , b u t  in  th a t  case, 
to o , th e re  m ay  h av e  b een  a A 16 in te rm e d ia ry  com pound , as th e  F u sa r iu m  
s t r a in  tran sfo rm ed  3/3-hydroxypregna-5 ,16-d ien-20-one to  an d ro s ta -1 ,4 - 
d iene-3 ,17-dione [8], i.e. to  th e  sam e com p o u n d  w hich  h a d  been o b ta in e d  
b y  tra n s fo rm a tio n  w ith  ou r M ycobacterium  ph le i s tra in  as w ell [17]. K a d i s  [3] 
ex p la in ed  th e  fo rm a tio n  of 17a-liydroxypregn-4-ene-3 ,20-d ione from  16a,-17a- 
epoxypregn-4-ene-3 ,20-d ione  in  sw ine o v a ry  tissue b y  a nucleoph ilic  a t ta c k  
o f  th e  h y d ride  ion  o rig in a tin g  from  N A D H  a t  Cle. A sim ilar process, w h ich  is 
n o v e l in  th e  case o f m icroorgan ism s, c a n n o t be excluded w ith  our s tra in  e ith e r  
(e.g . 3 -hydroxy-4 ,5 -ox ido  com pound  — 3 ,5 -d ih y d ro x y  com p o u n d  —► Z l4 3-oxo 
com pound).

Acknowledgements. W e are indebted to Dr. K . K ovács and Mr. A. P atthy  for perform 
ing  the analyses, and to Dr. P . S ohár, and Dr. G. T óth for determ ining and interpreting  
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S u m m a r y .  B lood a g a r  containing 800 jug D -cycloserine pe r m l has been found  su itab le  
for th e  selective c u ltiv a tio n  of Clostridium perfringens.  T he m ed iu m  in h ib ited  th e  g ro w th  of 
G ram  p ositive  and , w ith  th e  exception of Serratia  marcescens, G ram  negative  o rgan ism s. 
In  view  of th e  resistance  o f Serratia , the  m ed iu m  w as su itab le  fo r an ae ro b ic  c u ltiv a tio n  b y  th e  
F o rtn e r  tech n iq u e . F ro m  h u m an  and a n im a l faecal specim ens an d  o th e r  m ateria ls Cl. p e r 
fringens  w as iso lated  ra p id ly  in  pure cu ltu re  b y  se lective  in h ib itin g  o f th e  facu lta tiv e  a n ae ro 
bic bac teria .

Clostridium  perfringens  is the  m o st im p o r ta n t  m em b er of th e  gas gan g ren e  
group of c lostrid ia . I t  occurs freq u en tly  in w ound in fec tions and  b u rn s  an d  
is responsib le  for ia tro g en ic  infections an d  food poisoning  cases [1 — 5]. T he 
overg row th  on solid m ed ia  of m iscellaneous b a c te r ia  p re sen t in  m ost specim ens 
m ake th e  iso lation  o f Cl. perfringens d iff icu lt [1, 3 — 5]. H e a tin g  has long b een  
used for th e  se p a ra tio n  of sp o ru la ted  c lo s trid ia  from  o th e r  organism s, b u t  
la te r th e  d isa d v a n ta g e  o f th is  m ethod  h as  been  recognized an d  several se lec tive  
m edia have  been deve loped  for iso la tio n  [6 21].

W hen  s tu d y in g  th e  an tib ac te ria l sp ec tru m  of D -cycloserine we found  
th a t  Cl. perfringens  s tra in s  were m ore re s is ta n t to  th is  a n tib io tic  th a n  fa c u l
ta tiv e  anaerob ic  b a c te r ia . I t  was th e re fo re  o f in te re s t to  exam ine the  possib le  
use of D -cyeloserine fo r  th e  selective iso la tio n  of Cl. perfringens.

Materials and m ethods

D-cycloserine sen sitiv ity  o f  Cl. perfringens. N in e ty  s tra in s  o f Cl. perfringens  were te s te d . 
P a r t  o f th e  s tra in s  w ere ty p e  cu ltu res for ty p e s  A, B , C, D and  E , o th e r  s tra in s  were fresh ly  
iso lated  fro m  soil, and  h u m a n  and anim al faeca l specim ens.

S en sitiv ity  d e te rm in a tio n s  were carried  o u t  on  th e  surface of b lood  agar (h u m an  b lood , 
5 % ; ag ar, 2 % ; W itte  p e p to n e , 1% ; pH  7.4) p la te s . D -cycloserine b i ta r t r a te  (C hinoin, B u d a 
pest) w as dissolved in  h o t  d istilled  w ater, th e n  a series o f p la te s  co n ta in in g  the  an tib io tic  a t  
d iffe ren t co n cen tra tio n s w as p repared . B efore seed ing  th e  p la te s  w ere d ried  a t  37 °C for 1 h o u r. 
T h en  each  p la te  was in o c u la te d  w ith  a loopfu l o f  2 4 -hour th io g ly co lla te  b ro th  cu ltu res o f th e  
organism s. In c u b a tio n  w as perform ed in  e v a c u a te d  an aero b ic  ja r s  fo r 24 hours a t 37 °C.

Selective effect o f  D-cycloserine. P a r t ly  p u re  cu ltu res , p a r t ly  specim ens c o n ta in in g  
a m ixed b a c te r ia l f lo ra  w ere  used. The b a c te r ia l  cu ltu re s  rep re sen ted  ty p e  stra in s  and  fre sh  
iso lates (Table I).

A to ta l  of 200 s tra in s  was exam ined on  p la te s  co n ta in in g  D -cycloserine a t d iffe re n t 
co ncen tra tions . The in o c u la te d  m edia  were p lac ed  in  th e  anaerob ic  j a r  an d  read  a fte r in c u b a tio n  
a t  37 °C fo r 24 hours.
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P re lim in ary  s tu d ies  on  th e  in h ib ito ry  e ffec t o f D -cycloserine in d ic a te d  th a t  800 / ig /m l  
c o n ce n tra tio n  en su red  o p tim a l se lec tiv ity . F a e ca l sam ples from  20 a lb ino  ra ts , 20 ra b b its ,  
10 a lb ino  mice and 10 g u in ea  p igs w ere su sp en d ed  densely  in  saline a n d  to  2 m l suspension
0.1 m l Cl. perfringens th io g ly co lla te  b ro th  cu ltu re  w as added . T hen  one loopful o f each  specim en  
w as s tre ak e d  onto b lood a g a r p la te s  co n ta in in g  800 //g  pe r m l of D -cycloserine. R ead in g s w ere 
m ad e  a fte r  24 hours in c u b a tio n  a t  37 °C. F a e ca l suspensions and Cl. perfringens  cu ltu res  w ere 
seeded  on to  an tib io tic -free  p la te s  as con tro ls. T w e n ty  th ro a t  sw abs ta k e n  from  y o u n g  h e a lth y  
in d iv id u a ls  were also s tre a k e d  o n to  blood a g a r p la te s  w ith  800 p g  D -cycloserine  p e r m l. T he 
p la te s  were read  a fte r  a n ae ro b ic  c u ltiv a tio n  fo r 24 hours.

H u m an  faecal sam ples, w hich  are  k n o w n  freq u e n tly  to  co n ta in  Cl. perfringens , w ere 
also  exam ined . T w en ty  specim ens were c u ltu re d  in  th iog lyco lla te  b ro th  an d  a fte r  16 h o u rs  
in c u b a tio n  a t  37 °C loopfu l am o u n ts  o f th e  c u ltu re  w ere tran sfe rred  to  selective and  co n tro l 
p la te s . R eadings w ere m ad e  a f te r  24 hours an ae ro b ic  in cu b a tio n  a t  37 °C. Suspected  colonies 
o f  Cl. perfringens were id en tif ie d  b y  m orpho log ical p ro p e rtie s  and b iochem ical reac tio n s ( litm u s 
m ilk , egg yolk m ed ium  an d  su g a r fe rm en ta tio n ).

R esu lts

Cl. perfringens  s tra in s  w ere h ig h ly  re s is ta n t to  D -cycloserine. Som e 
s tra in s  grew even a t  2000 pg/m l, h u t  m o s t o f th em  w ere p a r t ly  or co m p le te ly  
in h ib ite d  a t th is  co n cen tra tio n . A t 1000 pg/m l th e  co lony  coun ts g enera lly  
co rresponded  to  th o se  grow n on th e  an tib io tic -free  co n tro l p la te s  an d  on ly  
few  stra in s w ere s lig h tly  in h ib ited . As all Cl. perfringens  s tra in s  grew  free ly  
a t  800 ug/ml, th is  c o n c e n tra tio n  w as a d o p te d  for our se lec tive  m edium .

A erobic G ram  p o sitiv e  b a c te ria  w ere  generally  m ore sensitive  to  cyclo 
serin e  th a n  clostrid ia . A t 800 or 400 p g /m l none of th em  m u ltip lied . A t 200 
pg/m l certa in  h aem o ly tic  strep to co cc i an d  aerobic spore-fo rm ing  b a c te r ia  
grew  fairly  well. T he m o st sensitive  o rgan ism s w ere C. diphtheriae  an d  S . lutea  
(T ab le  I).

Gram  n eg a tiv e  b a c te r ia  w ere m ore  re s is ta n t th a n  G ram  p ositive  m ic ro 
organism s. T he ex am in ed  S. marcescens s tra in s  grew a t  2000 pg/m l. O th e r 
G ram  negative  b a c te r ia  w ere co m ple te ly  in h ib ited  b y  1000 or 800 pg /m l of 
cycloserine;. Proteus an d  Klebsiella  cu ltu re s  were m ore re s is ta n t th a n  o th e r  
G ram  negative  b a c te ria . T he exam ined  C. albicans s tra in s  grew  well a t  2000 
p g /m l co n cen tra tio n .

T here was no g ro w th  on 800 p g /m l D -cycloserine p la te s  seeded w ith  
th r o a t  sw abs. O n th e  an tib io tic -free  c o n tro l p la tes an  a b u n d a n t g ro w th  o f 
th e  th ro a t flo ra  w as observed .

Cl. perfringens  m ixed  in to  faecal specim ens of v a rio u s an im als w as re 
covered  easily an d  in  p rac tica lly  p u re  c u ltu re  on se lective p la te s : from  57 
o u t of th e  60 specim ens on ly  Cl. perfringens  colonies developed , on th e  re 
m ain in g  3 p la te s  som e m in u te  lac to b ac illu s  colonies w ere also d e tec ted . 
Cl. perfringens  colonies w ere ty p ic a l in  ap p ea ran ce  an d  size an d  co rresp o n d ed  
in  n u m b er to  colonies on th e  co n tro l p la te  inocu la ted  w ith  Cl. perfringens  
suspensions. A n tib io tic -free  b lood ag a r p la te s  seeded w ith  faecal sam ples 
show ed  dense g ro w th  o f m iscellaneous faecal bac te ria . P la te s  seeded w ith  
m ouse or ra t  faeces w ere m ain ly  ch a ra c te riz e d  by  a h ea v y  sw arm ing  of Pro-
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Table I

The in  vitro sensitivity o f  various microorganisms to D-cycloserine 
(Anaerobic cultivation on blood agar)

O rganism N o. o f s tra in s
M inim um
in h ib ito ry

co n c en tra tio n ,
AS/m l

Staphylococcus aureus .......................................... 8 1 0 0

Staphylococcus albus ............................................. 5 2 0 0

Staphylococcus citreus .......................................... 1 1 0 0

Streptococcus p y o g en es .......................................... 1 0 4 0 0

Streptococcus viridans  .......................................... 1 0 2 0 0

Streptococcus faecalis  .......................................... 2 0 2 0 0

Diplococcus pneumoniae  ................................... 2 2 0 0

Micrococcus tetragenns .......................................... 1 1 0 0

Sarcina lu te a ................................................................... 1 5 0

Corynebacterium diphtheriae  ...................... 4 5 0

Corynebacterium h o ffm an n i ............................. 5 2 0 0

L isteria m onocytogenes .......................................... 5 2 0 0

Erysipelothrix rh usiopa th iae .......................... 5 4 0 0

Mycobacterium phlei ............................................. 1 2 0 0

Bacillus cereus ............................................................. 2 0 4 0 0

Bacillus subtilis  .......................................................... 5 4 0 0

Escherichia c o l i ............................................................. 2 5 4 0 0

Klebsiella p n eu m o n ia e .......................................... 1 2 8 0 0

Salmonella t y p h i .......................................................... 1 4 0 0

Salmonella paratyphi-B  ................................... 1 4 0 0

Shigella flexneri  .......................................................... 1 2 0 0

Proteus vulgaris .......................................................... 2 5 8 0 0

Pseudomonas aeruginosa ................................... 1 5 4 0 0

Pasteurella m ú lto d d á ............................................. 5 2 0 0

Brucella a b o r tu s .......................................................... 1 2 0 0

N eisseria pharyngis  ............................................. 5 2 0 0

Serratia marcescens ................................................ 1 > 2 0 0 0

Clostridium perfringens ................................... 9 0 > 1 0 0 0

Candida albicans ....................................................... 5 > 2 0 0 0

teus. O ther specim ens y ielded E . coli, K lebsiella  and  Sir. faeca lis  and  fre q u e n tly  
v irid an s s trep to co cc i, lac tobac illi and  aerob ic  spore-fo rm ing  bacilli. R a b b it  
faecal sam ples show ed  a sim ilar p ic tu re  b u t  Proteus o ccu rred  rarely . F ro m  
guinea  pig faeces, m ain ly  G ram  positive  b a c te r ia  w ere c u ltu re d  on th e  co n tro l 
p la te s : s taphy lococc i, enterococci, co ry n eb ac te ria  an d  aerob ic  spore-form ing 
bacilli; G ram  n e g a tiv e  organism s w ere in freq u en t.
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F ro m  h u m an  faecal sam ples we a t te m p te d  to  c u ltiv a te  n a tu ra lly  o c c u r
rin g  Cl. perfringens. T he  specim ens w ere  in o cu la ted  for en ric h m e n t in to  tliio - 
g ly co lla te  b ro th . S u b seq u en t su b c u ltu re s  on cycloserine b lo o d  agar y ie lded  
Cl. perfringens  colonies in  18 o u t o f 20 sam ples; on th e  rem a in in g  tw o p la te s  
th e re  w as no b a c te r ia l g row th . Cl. p erfringens  colonies on th e  selective m ed ium  
w ere  ty p ic a l in  every  resp ec t reg a rd in g  b o th  size and  ap p ea ran ce . T he colonies 
w ere  genera lly  su rro u n d ed  b y  a c h a ra c te r is tic  haem oly tic  zone b u t  som e non- 
h a e m o ly tic  colonies w ere also o b se rv ed . On th e  contro l p la te s  m ain ly  E . coli 
a n d  S tr. faeca lis  colonies developed .

D iscussion

In  ro u tin e  bacterio log ical e x a m in a tio n s  th e  iso lation  o f Cl. perfringens  
is d ifficu lt as it  calls fo r special te c h n iq u e  an d  m iscellaneous b a c te ria  p re se n t 
in  la rg e  n u m b ers  in  v a rious m a te r ia ls  overgrow  clo strid ia l colonies. O w ing 
to  th e se  d ifficu lties, d iagnostic  iso la tio n  has no t y e t been  in tro d u ced  in to  
p ra c tic e  as w idely  as it w ould be  necessa ry .

H ea tin g  of m a te ria ls  has long  b een  used for th is  p u rp o se  on th e  basis 
t h a t  th e  su rv iv in g  spores grow  in  p u re  c u ltu re  a fte r th e  th e rm a l d e s tru c tio n  
o f  n o n -sp o ru la tin g  b ac te ria . U n fo r tu n a te ly , h ea t t r e a tm e n t does n o t kill 
th e  areob ic  spore-fo rm ing  b a c te r ia  o ften  p re sen t in  g rea t n u m b ers  [3, 5, 12] 
a n d , on th e  o th e r h an d , Cl. perfringens  does n o t produce spores íe  .dily. A erobic 
sp o ru la tin g  b a c te ria  w ere a t te m p te d  to  e lim inate  b y  m ak in g  serial d ilu tio n s 
o f th e  inocu lum , b u t  th is  te c h n iq u e  is troub lesom e and  tim e-consum ing .

R ecen tly , severa l se lective m ed ia  con ta in ing  ch loral h y d ra te , c ry s ta l  
v io le t, b r illia n t green, sod ium  azide, p o ly m y x in -B , su lp h ad iaz in e  or n eom ycin  
h a v e  been  recom m ended . U n fo r tu n a te ly , th e  se lec tiv ity  of these  m ed ia  is 
lim ite d , as none o f th e  above su b s ta n c e s  exerts  a b ro ad  sp ec tru m  in h ib ito ry  
effec t. C hloral h y d ra te  is w eak lv  se lec tive  an d  is useful m a in ly  for in h ib itin g  
th e  sw arm ing  of b a c te r ia  [5, 12]. B rillia n t green inh ib its  p rim a rily  th e  g ro w th  
o f  G ram  p o sitiv e  organism s. To c ry s ta l v io le t, strep tococci an d  som e aerobic  
sp o re-fo rm ing  bacilli as well as M icrococcus tetragenus an d  E rysipelo thrix  
rhusiopathiae  are fa irly  re s is ta n t [22, 23]. Sodium  azide effectively  in h ib its  
G ram  n eg a tiv e  b a c te ria  b u t it  fav o u rs  th e  p ro lifera tion  of s trep tococc i, m ic ro 
cocci, E. rhusiopathiae  and  D. pneum on iae . T he  ap p licab ility  of th is  su b stan ce  
fo r th e  selective cu ltiv a tio n  of Cl. perfringens  seems d o u b tfu l in  view  of re c e n t 
fin d in g s  d em o n stra tin g  azide sen s itiv e  c lo strid ia  [6 11, 22].

P o lym yx in -B  is ac tive  a g a in s t G ram  negative  b a c te r ia  excep t Proteus 
s tra in s . A co m b in a tio n  of p o ly m y x in -B  an d  su lphad iaz ine  d id  n o t im p ro v e  
se le c tiv ity  considerab ly : on m ed ia  co n ta in in g  these d rugs n o t only  Proteus 
b u t  also re s is ta n t staphy lococci, aerob ic  spore-form ing bacilli an d  en terococci 
w ere  observed  [12 16, 24].
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Of th e  above su b stan ces, neom ycin  show s th e  b ro a d e s t sp ec tru m  o f 
ac tiv ity . T his a n tib io tic  is in h ib ito ry  to  G ram  n eg a tiv e  b a c te ria  an d  m a n y  
G ram  positive  species. P rim arily  re s is ta n t o rganism s are  on ly  Str. pyogenes, 
Str. viridans, D. pneum oniae  and E . rhusiopathiae, b u t  m an y  s tra in s  belonging 
to  orig inally  neo m y cin  sensitive  species h av e  acqu ired  resis tan ce  to  th e  d ru g  
[ 1 7 - 2 1 ,  25].

D -cycloserine b lood  agar is v e ry  selective as it  in h ib its  a wide v a r ie ty  
of bac te ria l species an d  su p p o rts  th e  g row th  o f Cl. perfringens. The m edium  
p repared  w ith  th is  a n tib io tic  com pletely  in h ib ite d  th e  g ro w th  o f G ram  po sitiv e  
b ac te ria  inc lud ing  th o se  re s is tan t to  o th e r know n se lec tive  agents. O f G ram  
nega tive  organism s Proteus and  o th e r Enterobacteriaceae ex cep t Serratia  w ere 
also effectively  in h ib ite d . As in  d iagnostic  m a te ria ls  Serratia  occurs in f re 
q u en tly , its  re s is tan ce  to  D -cycloserine does n o t reduce th e  va lu e  of th e  m e th o d ; 
on th e  c o n tra ry , i t  m ay  be considered  as a fav o u rab le  p ro p e rty  because it 
allows th e  ap p lica tio n  o f F o r tn e r’s te ch n iq u e  w ith  th e  new  m edium .

T he m edium  has been found  effective w ith  m a te ria ls  c o n ta in in g  g re a t 
num bers of m iscellaneous b ac te ria , fo r in s tan ce  th ro a t  sw abs and  faeces of 
anim als c o n ta m in a te d  a rtific ia lly  w ith  Cl. perfringens. T h e  resu lts  in d ica ted  
th a t  th e  new  m ed ium  is su itab le  fo r d irec t p la tin g  an d  ra p id  iso lation  of Cl. 
perfringens from  v a rio u s  m ateria ls . T he ex am in a tio n  o f h u m an  faeces speci
m ens suggests th a t  th e  m edium  can be used  fo r su b cu ltu rin g  from  th iog ly - 
collate b ro th , th u s , fo r th e  ex am in a tio n  of m a te ria ls  th e  low  clostrid ia l co u n ts  
of w hich m akes th e  use of en rich m en t m edia  necessary .
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STUDIES ON SWINE SERUM IMMUNOGLOBULINS
I I .  R E L A T IO N S H IP  B E T W E E N  IM M U N O G L O B U L IN S A N D  A N T IB O D IE S

By

J . S u r j á n

P hylaxia  State Serum  Institu te  ( D irector: J .  Molnáb), B udapest 

(R eceived  A pril 2, 1969)

S u m m ary . T he an tib o d y  n a tu re  o f b e ta 2M an d  b e ta 2A globulin  frac tio n s , w h ich  h ad  
been  p rev io u sly  considered  im m unoglobulins, w as confirm ed  th ro u g h  d irec t reac tio n  w ith  th e  
hom ologous an tigen . By th e  sam e m eth o d , p re c ip itin s  from  certa in  sw ine sera  read ily  p re 
c ip ita tin g  b ac te ria l an tigens have  been show n to  be IgM  and IgA im m unog lobu lins.

Also, du rin g  th e  d evelopm en t of im m u n ity  in  sw ine, IgM m acrog lobu lin  w as d em o n 
s trab le  earlie r th a n  IgA  im m unog lobu lin . E x p e rim e n ta l evidence is p re sen te d  t h a t  in  a  c e r ta in  
stage of im m u n ity  tw o ty p es  o f a n tib o d y  to  a  single an tig en  m ay  be p re se n t sim u ltan eo u s ly , 
w hich are  o f id en tica l specificity  b u t  o f d issim ila r im m unoglobulin  n a tu re .

In  a prev ious p ap er a tte m p ts  to  d e te rm in e  th e  p ro te in  co m p o n en ts  
of sw ine serum  by  im m unoelec trop lio resis  w ere repo rted  in  de ta il. A m ong 
th e  28 com ponen ts d e m o n s tra te d  on th e  basis of d issim ilar im m unolog ica l 
p ro p ertie s  th e  3 globulin  ty p es  w hich co rresponded  to  th e  3 m ost im p o r ta n t 
im m unoglobu lins — IgG , IgA  an d  IgM  — w ere read ily  d is tin g u ish ab le  [7].

T h e  p resen t ex perim en ts w ere u n d e rta k e n  w ith  th e  aim  to  o b ta in  m ore 
in fo rm a tio n  on th e  re la tio n sh ip  b e tw een  im m unoglobulins an d  an tib o d ies  
th ro u g h  th e  d irec t reac tio n  of ce rta in  an tib o d ies  in  vitro. F o r  th is  p u rp o se , 
an tib o d ies  read ily  p re c ip ita tin g  th e  d isso lved  hom ologous an tigens w ere 
looked fo r as in  th e  gel diffusion te s t  th e  p rec ip ita te  can  be  fixed  d u ra b ly  
an d  also p e rm its  conclusions on th e  q u a n ti ta t iv e  re la tionsh ips. Also, i t  w as 
of p a r tic u la r  im p o rtan ce  th a t  in  th e  gel d iffusion  system  com bined  w ith  e lec tro 
phoresis th e  p rec ip itin -co n ta in in g  g lobu lin  frac tions w ere id en tifiab le , th u s  
a fu n c tio n a l s tu d y  of im m unoglobu lins w as possible w ith o u t p rev ious sep 
ara tio n .

R ead ily  p rec ip ita tin g  an tib o d ies  h av e  been  know n to  be p re se n t in  sw ine 
erysipelas an tise ra . These p rec ip itin s  re a c t p a r tly  w ith  th e  p o lysaccharide- 
h a p te n  an tig en s responsib le fo r th e  A a n d  В typ es of E rysipelo thrix  rhusio- 
pa th iae , p a r t ly  w ith  th e ir  com m on an tig en  o f p ro te in  n a tu re . All th e se  an tig en s  
are p re se n t in  th e  dissolved s ta te  in  th e  ho rse  serum  b ro th  c u ltu re  of E . rhusio- 
pathiae, th u s  th e  48 -hour cu ltu re  can  be u sed  d irectly  as an tig en  in  O u ch te r- 
lo n y ’s im m unodiffusion  te s t. T y p in g  can be  carried  ou t also b y  b ring ing  in to  
reac tio n  th e  p u re  cu ltu re  of a single s tra in  w ith  A and  B ty p e  sera  as b y  th e  
end  o f th e  reac tio n  an  ad d itio n a l p re c ip ita tio n  line will a p p e a r on th e  side
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of th e  specific se ru m . In  co n tra s t, sera from  sw ine im m unized  w ith  m ixed  
cu ltu res  of d iffe ren t E . rhusiopathiae  s tra in s  occasionally  con ta in  p rec ip itin s  
to  all th e  th ree  ty p e s  o f  an tig en  and  m ay  acco rd ing ly  g ive th re e  p re c ip ita tio n  
lines w ith  m ixed E . rhusiopathiae  cu ltu res  in  th e  im m unodiffusion  te s t.

P rec ip ita tin g  sw ine erysipelas a n tise ra  of th e  above ty p e  were used 
w ith  success in fu r th e r  s tud ies of im m unoglobu lins. E . coli ty p e  sera from  
sw ine also p ro v ed  fa v o u ra b le ; th e y  h a d  b een  p rep a red  w ith  th e  aim  to  d e 
te rm in e  th e  d iffe ren t О a n d  К  an tigens o f E . coli s tra in s  b y  th e  ag g lu tin a tio n  
te s t ,  b u t th e ir  good p re c ip ita tin g  p ro p e rtie s  w ere soon d e tec ted .

In  c o n tra s t w ith  th e  above, so fa r  no  a n tiv ira l se ru m  has been fo u n d  
to  p roduce a v isib le  p re c ip ita tio n  reac tio n  a f te r  th e  e lec trophore tic  sep a ra tio n  
of serum  p ro te in s.

M aterials an d  m ethods

P re p a ra tio n  of an ti-sw in e-se ru m  p re c ip ita tin g  r a b b it  sera, as well as th e  im m unoelectro- 
p h o re tic  m ethod  em p lo y ed  h a v e  been  described in  d e ta il  [7]. W e ap p lied  Sc h eid eg g e r ’s m icro 
m eth o d . P rior to  th e  f in a l d ry in g  of the  p lates th e  e x te rn a l agar s tr ip s  along the  canals w ere 
occasionally  rem oved ; th is  is th e  reason  w hy th e y  are  n o t  seen on som e of th e  a tta ch ed  figu res.

Im m u n o d iffu sio n  test. T h e  agar-gel d iffusion  p re c ip ita tio n  te s t  was carried  o u t a cco rd 
ing  to  Ou ch terlo n y  [4]. F ro m  purified  p ow dered  a g a r a  2 %  so lu tio n  was p rep ared  in  p H  
8.6 b o ra te  buffer, sp re ad  in  4.0 m l am ounts over glass slides and  allow ed to  solidify. In  th e  a g a r 
lay e r, 15 cu.m m  cy lin d rica l wells were cu t to  h o ld  th e  te s t  an tig en s an d  antibodies. In  a cco rd 
ance w ith  the  ty p e  o f th e  te s t ,  e ith e r several wells w ere c u t  a t  3— 4 m m  distance from  th e  c e n tra l  
well, or th ey  were p laced  on  b o th  sides of th e  score p assin g  along th e  slide’s lo n g itud inal axis. 
A fte r  placing th e  te s t  su b s ta n c es  in to  th e  wells, th e  slides w ere in c u b a te d  in  a m oist c h am b er 
a t  room  tem p e ra tu re  fo r 40 h ours. A fter th e  d ev e lo p m en t o f th e  p re c ip ita tio n  lines, th e  free 
p ro te in s  were rem oved  b y  d isso lu tio n  in  saline. F in a lly  th e  slides w ere d ried  and th e  p re c ip ita 
tio n  lines were s ta in e d  w ith  fu ch sin  according to  th e  p ro ced u re  described  in  connection  w ith  
th e  im m unoelectrophoresis m eth o d .

Bilateral exa m in a tio n  o f  im m une sera. B ased  on  W illia m s  an d  Grabar’s [11] w ork ing  
h y po thesis , th e  re la tio n sh ip  be tw een  im m une se ru m  p rec ip itin s  an d  im m unoglobulins w as 
assessed by  b ila te ra l e x a m in a tio n  of th e  sera. A ccord ing  to  com m on p ractice , e lec tro p h o re tic  
sep ara tio n  of th e  sw ine se ru m  was carried  o u t in  th e  m idline of th e  ag ar p la te . T hen from  one 
side p rec ip ita tin g  r a b b i t  se ru m , from  the  o th e r side th e  hom ologous bac teria l an tigens w ere 
allow ed to diffuse fro m  th e  la te ra l  grooves to w a rd  th e  sw ine serum  frac tions. The E . rh u sio 
pathiae  an tigens w ere a d d ed  to  th e  system  in th e  fo rm  o f a 48-hour b ro th  cu ltu re  of 107— 108 bac- 
te ria /m l density  w ith  10%  h orse  serum  co n ten t. T h e  E . coli a n tig en  w as added  in th e  fo rm  of 
a  suspension co rresp o n d in g  to  40 m g/1.0 ml w et b a c te r iu m  c o n cen tra tio n , as used also fo r th e  
im m uniza tion  of sw ine. In  th is  ex p erim en tal la y o u t, th e  p ro te in  frac tio n s of the  sw ine serum  
in te rac ted  as an tig en s w ith  th e  p rec ip ita tin g  r a b b it  serum  on th e  one side, while on th e  o th e r  
side th e  p re c ip ita tin g  sw ine an tibodies e n te red  in to  re ac tio n  w ith  th e  bac teria l an tig en s. 
T he m irror-im age like  p re c ip ita tio n  lines c learly  in d ic a te d  th e  se ru m  frac tio n  re la tio n sh ip s 
o f th e  swine serum  an tib o d ie s . The b ila te ra l e x a m in a tio n  o f sera  w as also carried  o u t in  a 
system  where b a c te r ia l  an tig en s were placed in  b o th  la te ra l  channels . This system  allow ed 
th e  iden tifica tio n  o f th e  re ac tio n s  of th e  in d iv id u a l com ponen ts o f m ixed antigens.

Im m u n iza tio n  o f  sw ine, (a) A highly p o te n t  sw ine erysipelas an tiserum  was p re p a re d  
according to H e g y e l i a n d  Su r já n ’s m ethod  [3]. A fte r  h y p erim m u n iza tio n , th e  sw ine sera  
h a d  an  80— 100 I .U ./m l p ro te c tiv e  value in th e  m ouse te s t. M ost o f th e  hyperim m une sera  
read ily  p rec ip ita ted  th e  hyd ro ch lo ric  acid e x tr a c t  o f E . rhusiopathiae  grown in 10%  horse  
serum  contain ing  b ro th  [8] as well as th e  d issolved p rec ip itin o g en s p re sen t in 48-hour cu ltu res  
o f th is  type.

(b) A g g lu tin a tin g  ty p e  sera su itab le  fo r s tra in  id en tif ic a tio n  were p repared  in  sw ine 
w ith  th e  E . coli se ro ty p es  O U I  B4; 055 B5; 0 2 6  B 6; 0 8 6  B 7; 012 7  B 8; 0112 B l l ;  0 1 2 8  B12; 
0 1 1 9  B14; 0125  B 15; 0 1 2 6  B16 and 0124 B17. In  th e  p u re  cu ltu re  o f th e  E. coli s t ra in  of
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checked se ro ty p e , a n tig e n  H  was b roken  dow n  b y  e th a n o l tre a tm e n t. The b a c te r ia  w ere 
in cu b a ted  in  e th a n o l suspension  tw ice for 2 h o u rs  a t  37 °C, se p a ra ted  by  c en trifu g a tio n  an d  
resu sp en d ed  in  5 %  d e x tro se  so lu tion  to  a c o n ce n tra tio n  of 200 m g w et b ac teria  p e r m l. T his 
suspension  w as d is tr ib u te d  in to  1 m l am o u n ts  and  freeze-d ried , th u s  each  lyophile  am p o u le  
co n ta in ed  a d ry  an tig e n  corresponding to  200 m g of w e t b a c te ria , w hich  com prised th e  О an d  
В an tig en ic  co m p o n en ts  o f th e  given sero type.

R ising  doses o f th e  an tig en  calcu la ted  fo r k g  b o d y  w eigh t were in o cu la ted  in to  th e  p igs 
in trav en o u s ly  a t  3— 4 d a y  in tervals , giving an tig e n  doses o f 2.0, 4.0, 6.0, 8.0 and 10.0 m g/kg  
on th e  1st, 5 th , 8 th , 12 th  and  15th d ay , re sp ec tiv e ly . T he an im als were ex san g u in a ted  on  th e  
21st d ay , 6 d ay s a f te r  th e  la s t an tigen  tre a tm e n t.

A d m in is tra tio n  of caffeine sim u ltan eo u sly  w ith  th e  a n tig en  h a d  p rev en ted  th e  d ev e lo p 
m en t o f a shock-like  re ac tio n .

By th is  m e th o d  a  s tr ic tly  type-specific  an tise ru m , h av in g  an  agg lu tin in  t itre  o f 1 : 2560— 
1 : 5120 in  tu b e  a g g lu tin a tio n  te s t  was o b ta in ed . A n tig en s w ere k in d ly  supplied  b y , a n d  se ra  
were checked  in , th e  D e p a rtm e n t o f B acterio logy , N a tio n a l In s t i tu te  o f Public  H e a lth , B u d a 
pest. T hese a g g lu tin a tin g  sera were active  also in  th e  agar gel p re c ip ita tio n  te s t. E x am in in g  
th em  ag a in s t a 40 m g/m l suspension of an tig en s u sed  for th e  im m u n iza tio n  of sw ine, one or 
m ore p re c ip ita tio n  lines h ad  form ed. The p re c ip ita tio n  re ac tio n  p roved  to  be ty p e  specific , y e t  
th e  precise n a tu re  o f th e  re la tionsh ip  betw een  th e  p recip itin o g en s d em o n s tra ted  an d  th e  О or 
В an tigens rem a in s to  be clarified. Still, ow ing to  th e ir  good p re c ip ita tin g  ab ility , th e  sera 
were used  w ith  success in  th e  p re sen t experim en ts .

F ro m  th e  b lood  of sw ine im m unized acco rd ing  to  th e  schem es described u n d e r  (a) an d  
(b), th e  serum  w as se p a ra te d  by  n a tu ra l c lo ttin g  an d  used  in  th e  gel d iffusion te s ts  w ith o u t 
p re se rv a tio n .

Treatm ent o f  sera w ith  mer capto ethanol. A ccord ing  to  B r o w n  et al. [1 ], in a c tiv a tio n  of 
IgM was a tte m p te d  b y  tre a tm e n t w ith  m erc ap to e th a n o l. The 0.2 M  m e rcap to e th an o l so lu tio n  
p rep ared  in  0.04 M  p h o sp h a te  buffer, p H  7.6, w as ad d ed  in  eq u al volum e to  th e  u n d ilu te d  
serum . T he m ix tu re  w as th en  allowed to  s ta n d  for 2 — 3 hours a t  20 °C and su b seq u e n tly  
d ialysed a g a in s t 0.04 M  p h o sp h a te  buffer for 20 h o u rs  to  rem ove th e  m ercap to e th an o l. T he 
trea te d  serum  sam ple  w as th en  exam ined  by  im m uno e lec tro p h o resis . C om parison of th e  f ra c 
tions p re sen t in  th e  u n tr e a te d  serum  and of th e ir  changes a f te r  t r e a tm e n t show ed th e  se n s it iv 
ity  of th e  g lobulin  frac tio n s .

R esults

1. Relation  between precip ita ting  antibodies to bacterial antigens and  the 
im m unoglobulins, (a) B ila te ra l ex am in a tio n  o f sw ine erysipelas a n tise ra  has 
show n th a t  th e  an tibod ies w hich p re c ip ita te  th e  dissolved an tig en s of 
E . rhusiopathiae  co rrespond  in  m ost cases to  th e  b e ta 2M globulin  fra c tio n  of 
th e  sw ine se rum , in  o th e r  w ords th e y  a re  IgM -ty p e  an tibod ies. Sera from  m ost 
exam ined  sw ine gave  tw o p rec ip ita tio n  lines in  th e  IgM  region. In  p a r t  of 
th e  cases th e  tw o  lines run  closely p a ra lle l, in  p a r t  th e y  dev ia ted  slig h tly  
to w ard  th e  d irec tio n  of th e  e lec tro p h o re tic  m ig ra tio n  and  in te rsec ted . O ften  
a sh o rte r, m ore cu rv ed  line was seen along th e  concave side of th e  longer, less 
cu rved  line. T h e  sh o rte r  line co n sis ten tly  ap p ea red  regard less of th e  an tig en  
w ith  each se ru m  sam ple  from  one an d  th e  sam e donor, w hereas th e  e x te rn a l 
longer line ap p e a re d  or d isappeared  d ep en d in g  on th e  ty p e  of th e  s tra in . 
This p e rm itte d  th e  conclusion th a t  th e  reac tio n  of th e  p ro te in  an tigen , w hich  
is in d e p e n d e n t o f th e  ty p e , separa tes from  th a t  o f th e  ty p e  specific h a p ten -lik e  
an tigen  a n d  tw o  p rec ip ita tio n  lines w ith  d iffe ren t rad ii are re su ltin g .

S u m m ariz in g  th e  resu lts  o b ta in ed  w ith  th e  in d iv id u a l sw ine se ra , i t  
appears t h a t  th e  p rec ip itin s  to  th e  d iffe ren t an tigens of E . rhusiopathiae  
b ac te ria  e n te r  in to  reac tio n  w ith  th e  hom ologous an tig en  sep ara te ly  an d  th e
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p re c ip ita tio n  lines fo rm ed  ap p ea r e ith e r  in d e p e n d e n tly  or coincide p a rtiad k 
o r w holly , depend ing  on th e  co n c e n tra tio n  re la tio n s of th e  an tig e n -a n tib o d y  
p a irs .

In  add ition  to  th e  IgM  ty p e  reac tio n s , sw ine erysipelas a n tise ra  occa
s io n a lly  showed in  th e  gam m a g lobulin  reg ion  a fa in t p re c ip ita tio n  line w hich 
m o s tly  faded aw ay . S uch  lines fo rm ed  as a ru le  v e ry  closely to  th e  groove 
co n ta in in g  th e  an tig e n , b u t  on 2 — 4-fold  d ilu tio n  of th e  serum  th e y  w ith d rew  
s lig h tly . T heir a p p e a ra n ce  seem s to  suggest t h a t  th e  exam ined  sera  co n ta in ed  
also  IgG  ty p e  a n tib o d ie s  to  E. rhusiopathiae , b u t  th e  applied  m eth o d  did  no t 
a llow  th e ir  closer s tu d y .

(b) A p a r tic u la r ly  fav o u rab le  m odel fo r th e  s tu d y  of im m unog lobu lin s 
w as p resen ted  b y  sw ine ty p e  sera to  О an d  В an tig en s of E . coli. D em o n stra tio n

F ig . 1. R ad ia l im m u n o d iffu sio n  te s t  o f E . coli 0 1 1 9  B 14 and  E . coli 011 2  B l l  a n tig en  so lu
tio n s  w ith  hom ologous sw ine im m une sera . E x p la n a tio n s : +  =  anode in  e lectrophoresis; 
S =  sw ine serum ; L  =  r a b b i t  se rum ; C =  E . coli b a c te r ia l  an tigen ; A =  re ac tio n  o f IgA  ty p e  
p re c ip itin s ; M =  re a c tio n  o f IgM  ty p e  p re c ip itin s ; 1 — 64 reciprocal va lues o f sw ine serum

d ilu tio n s

o f th e  p rec ip itin s o f  th e se  ty p e  sera  w as a t te m p te d  f irs t b y  double  im m u n o 
diffusion . I f  th e  a n tig e n  suspension p re p a re d  from  th e  a p p ro p ria te  ty p e  of 
E . coli was p laced  in  3 wells a ro u n d  th e  c e n tra l  well w hich co n ta in ed  th e  sw ine 
se ru m , th ree  k in d s  of p re c ip ita tio n  line a p p ea red  in several ch a ra c te ris tic  
p a tte rn s . O ften a single, d is tin c t line w as seen im m ed ia te ly  a d ja c e n t to  th e  
a n tig e n  well (F ig . 1, B 14); occasionally  an  ad d itio n a l fa in t line w as seen 
b e h in d , a t ab o u t th e  m idd le  of th e  ag a r a rea . O th er sera p ro d u ced  on ly  th e  
l a t t e r  s tra ig h t line (F ig . 1, B l l ) ,  o r in side  i t  a n o th e r  line d irec ted  to w a rd  th e  
w ell conta in ing  se rum .

To decide to  w h a t an  e x te n t th e  p o sitions of th e  p re c ip ita tio n  lines 
w ere  dependen t on  th e  serum  a n tib o d y  c o n te n ts , th e  p re c ip ita tin g  c a p a c ity  
o f sw ine sera w as ex am in ed  also b y  th e  seria l d ilu tion  m ethod . Tw ofold  serial 
d ilu tio n s of th e  se ru m  w ere p laced  in  succession  in  th e  row  of wells a long  th e  
lo n g itu d in a l groove co n ta in in g  th e  an tig en . In  th is  system , th e  sh ift o f th e  
in d iv id u a l p re c ip ita tio n  lines to w ard  th e  se ru m -co n ta in in g  wells co n n ec ted  w ith  
th e  decrease of a n tib o d y  co n cen tra tio n  w as c learly  ap p a ren t (Figs 2, 3). N ev e r
th e le ss , th e  th re e  ty p e s  of p re c ip ita tio n  line  localiza tion  s till p e rs is ted . T h e  line

Acta M  icrobiologica Academiae Scientiarum Hungaricae 16, 1969



STU D IES ON SW IN E SERUM  IM MUNOGLOBULINS 283

lo c a te d  n ea re s t to  th e  se ru m -con ta in ing  w ell h a d  such a p ro n o u n ced  c u rv a tu re  
th a t  it  d id  n o t m eet th e  correspond ing  line of th e  n e x t d ilu tio n  step  even  
in  th e  low d ilu tio n  ra n g e  (see M on Figs 2, 3, 4). In  th e  h igh  d ilu tio n  ra n g e  
i t  ap p ea red  m ore an d  m ore as a crescent closely  a d jacen t to  th e  serum  w ell 
u n til  it  d isap p eared  com pletely .

F ig. 2. Im m unod iffusion  te s t  of E . coli 0119  B14 an tig e n  so lu tion  w ith  serially  d ilu ted  h o m o 
logous sw ine im m une serum . F o r e x p lan a tio n s  see F ig . 1

0  Q 0  O û  C u »
о с о ~ ;

1 z ч s 16 3 z 6 4 f
F ig. 3. Im m unod iffusion  te s t  o f E . coli 0112 B l l  a n tig e n  so lu tion  w ith  serially  d ilu ted  h o m o 

logous sw ine im m une serum . F o r ex p lan a tio n s see F ig. 1
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Fig. 4. Im m u n o d iffu sio n  te s t  o f E . coli 0 8 6  B7 a n tig e n  so lu tion  w ith  serially  d ilu ted  h o m o 

logous sw ine im m une serum . F o r  e x p lan a tio n s  see F ig . 1

A n o th e r p re c ip ita tio n  line w hich w as freq u en tly  seen form ed close to  
th e  an tig en  groove an d  h a rd ly  re tre a te d  fron t it even in th e  high d ilu tio n  
ran g e . T he correspond ing  lines of th e  a d ja c e n t d ilu tion  steps m erged to  an  
u n d u la tin g  line w hich was ty p ica l of th e  id e n tity  reac tio n  (see A in F igs 2 
an d  4).

W ith  som e serum  sam ples a th ird  ty p e  of p re c ip ita tio n  line was also seen 
w hich  fo rm ed  ro u g h ly  in  th e  m idline b e tw een  serum  well an d  an tig en  groove
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(F ig . 4, A 4- M). I t  o ccu rred  e ither to g e th e r  w ith  b o th  lines of th e  o th e r  ty p e  
or on ly  w ith  one o f  th e m . F u r th e r  s tu d ies  o f th is  phenom enon  suggested  th a t  
the  fo rm a tio n  of th e  th re e  d ifferen t ty p e s  of p re c ip ita tio n  line was re la te d  
to  class d ifferences o f im m unoglobulins.

T h e  reac tio n s o b ta in e d  w ith  seria l d ilu tio n  an d  th e  d isap p earan ce  of 
ce rta in  ty p es of p re c ip ita tio n  line a t  d iffe ren t degrees o f d ilu tion  in d ica ted  
th e  v a r ia tio n  of th e  re la tiv e  am o u n t o f  p rec ip itin s  in  th e  in d iv id u a l sera. 
U n d e r fav o u rab le  c ircum stances, h o w ever, th e  s im u ltaneous presence o f a t 
least th re e  a n tig e n -a n tib o d y  system s w as d em o n strab le  (Fig. 4).

To o b ta in  m ore in fo rm atio n  on th e  d e m o n s tra te d  p rec ip itin s, th e  im m une  
se ra  w ere exam ined  b y  th e  b ila te ra l m e th o d . F rom  th e  positions of th e  p re -

Fig. 5. B ila te ra l e x a m in a tio n  of swine E . coli a n tise ru m , developed w ith  hom ologous an tig e n  
(b o tto m ) and  an ti-sw ine  ra b b it se rum  (to p ). F o r ex p lan atio n s see Fig. 1

c ip ita tio n  lines i t  w as concluded  to  th e  p resence  of IgA  an d  IgM  ty p e  a n t i 
bodies (Fig. 5) w hich  show ed an in d iv id u a l v a ria tio n  o f th e  p re c ip ita tio n  
p a tte rn . N early  all se ru m  sam ples d isp lay ed  one or tw o  IgM  ty p e  lines (F ig . 6). 
O ften  an  ad d itio n a l Ig A  ty p e  line w as p re se n t (Fig. 7). E x cep tio n a lly  th e re  
was a fo u rth  line, also o f th e  IgA  ty p e . Such a rich  p rec ip ita tio n  p ic tu re  w as 
show n b y  th e  serum  B7/3 (Fig. 8). S ince w ith  th is  serum  th e  m erging o f th e  
in te rn a l IgA  an d  e x te rn a l IgM line sign ified  an  id e n tity  reac tio n , th e  p a t te rn  
con firm ed  th e  p resence  of th ree d iffe ren t ty p e s  of an tig en , co n sis ten tly  w ith  
th a t  show n on Fig. 4. T o w ard  one an tig en  th e  serum  co n ta in ed  only IgA  ty p e , 
w hile to w a rd  th e  o th e r  only IgM ty p e  p rec ip itin . B u t p rec ip itin s  to  th e  th ird  
an tig en  w ere of b o th  IgA  and IgM  ty p e .

W ith  sera show ing  a single IgA  line a n d  tw o IgM  ty p e  lines, th e  fo rm er 
u su a lly  gave an  id e n t i ty  reaction  w ith  th e  ex te rn a l IgM  line (Fig. 9). T h u s 
th e  genera l conclusion  m ay  be d raw n  th a t  in  a g iven stage  of th e  im m u n e  
response, in sw ine se ra  tw o  typ es of an tib o d y  to  a single an tig en  m ay be p re sen t 
sim u ltan eo u sly , w hose im m une sp ec ific ity  is id en tica l, w hile th e ir  m o lecu la r 
s tru c tu re s  are d issim ilar, being derived  fro m  differen t im m unoglobulin  classes.

T he fa c t th a t  th e  d em o n stra ted  p rec ip itin s  belonged  to  tw o  classes of 
im m u nog lobu lin  also th ro w s a ligh t on th e  c ircum stance  th a t  the ty p ic a l
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8

F ig s 6 , 7 and  8. Im m u n o e lec tro p h o re tic  exam in atio n  of th ree  sw ine E . coli an tise ra , each  
developed  w ith  th e  hom ologous antigen. F o r e x p lan a tio n s  see Fig. 1

c
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F ig. 9. E a rly  (to p ) an d  la te  (b o tto m ) im m u n o e lec tro p h o re tic  p a tte rn s  o f a swine E . coli 
an tise ru m  developed  w ith  th e  hom ologous an tig en . F o r e x p lan a tio n s  see Fig. 1
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p o sitio n  of ce rta in  lines in th e  doub le  im m u n o p réc ip ita tio n  te s t  is d e te rm in ed  
b y  th e  d ifferen t d iffusion  c o n s ta n ts  o f th e  d ifferen t p re c ip itin  ty p es . A ccord
in g ly , th e  reac tio n  a p p ea rin g  close to  th e  serum  wells is p ro d u ced  b y  th e  slowly 
d iffu sing  IgM  p rec ip itin s , w hereas t h a t  close to  th e  an tig en  well b y  th e  m ore 
ra p id ly  d iffusing IgA  p rec ip itin s .

F in a lly , th e  reac tio n  a p p ea rin g  in  a b o u t th e  m idline b e tw een  th e  an tig en  
a n d  se ru m  wells is th a t  p ro d u ced  b y  a single an tigen  w ith  tw o  ty p e s  o f im m u n o 
g lo bu lin  (Fig. 4).

2. Sequence o f  the appearance o f  the different im m unoglobulins during  
the development o f  im m une response. A  sh ift was observed  in  th e  tem p o ra l 
ap p e a ra n ce  of th e  above described  tw o  d ifferen t im m unog lobu lin  ty p e s  of 
a n tib o d y . In  sera from  sw ine im m u n ized  on 5 occasions fo r E . coli ty p e  serum  
p ro d u c tio n  exclusively  IgM  ty p e  an tib o d ies  were d em o n strab le  b y  im m uno- 
e lec trophoresis  on th e  11 th  d ay  a f te r  th e  f irs t im m u n iza tio n . A fte r  fu r th e r  
7 o r 9 days, IgA  ty p e  p rec ip itin s  ap p e a re d  w ith  a d is tin c t reac tio n  in  n early  
all sw ine sera. S im u ltan eo u sly  th e  reac tio n s  of IgM  p rec ip itin s  becam e m ore 
p ro n o u n ced , in d ica tin g  a fu r th e r  in crease  in  th e ir  am o u n ts  (see F ig . 9: top : 
e a rly  b lood  sam ple; b o tto m : la te  b lood  sam ple).

T h e  m acroglobulin  n a tu re  o f th e  ea rly  IgM  ty p e  an tib o d ies  w as su p p o rted  
b y  th e  experim en t con firm ing  th e ir  sen s itiv ity  to  m e rc a p to e th an o l. As de
sc rib ed  in  th e  foregoing, serum  sam ples w ere allowed to  re a c t a t  room  te m p e r
a tu re  wi t h  equal vo lum es of 0.2 M  m ercap to e th an o l. In c u b a tio n  fo r tw o  and 
a h a lf  h o u rs  wras su ffic ien t fo r th e  d isap p earan ce  of th e  reac tio n  a t tr ib u te d  
to  IgM  an tibod ies as d e m o n s tra te d  b y  th e  absence o f th e  resp ec tiv e  p rec ip 
i ta t io n  line in th e  im m u n o e lec tro p h o re to g ram . In  th e  m ean tim e , th e  p re 
c ip ita tio n  reac tio n  a t t r ib u te d  to  IgA  an tibod ies h ad  becom e less d is tin c t, 
b u t  wras still recognizable.

D iscussion

T h e  d e m o n s tra tio n  o f p re c ip ita tin g  an tibodies to  b a c te r ia l an tigens 
in  th e  above system s offers d ire c t ev idence of th e  p resence  of an tib o d ies  in 
th e  b e ta 2 globulin g roup . E x p e rim e n ts  w ith  E . coli ty p e  sera  d isclosed th a t  
in  th e  ea rly  stage  o f im m u n ity  b e ta 2 M m acroglobulin , viz. IgM  g lobulin  is 
fo rm ed  a t  a high ra te , th e n l a te r  also Ig A  ty p e  an tibod ies ap p e a r to  th e  sam e 
an tig en . T hus in a ce rta in  s tage  o f im m u n ity  an tibod ies o f id en tica l specific ity  
b u t  o rig in a tin g  from  d iffe ren t im m unog lobu lin  classes are  sim u ltan eo u sly  
p re se n t in  th e  sw ine serum . On e lec tro p h o re tic  sep a ra tio n  th e se  twTo im m u n o 
g lobu lin s re a c t w ith  th e  com m on an tig en  b y  each fo rm ing  an  in d ep en d en t 
p re c ip ita tio n  line in  a reg ion  c h a ra c te r is tic  of th e  im m unog lobu lin  ty p e , b u t 
a t  th e  s ite  of th e ir  en co u n te r  th e  tw o lines m erge in  a w ay  c h a ra c te r is tic  of 
th e  id e n ti ty  reac tio n . O u d i n  [5] fo u n d  th a t  in  th e  ra d ia l im m unodiffusion  
te s t  th e  reac tions o f th e  d iffe ren t an tib o d ies  to  one single an tig en  appeared
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in  th e  form  of a single line w hen a m ix tu re  of an tib o d ies  to  th e  d iffe ren t 
d e te rm in a n t g roups of th e  an tigen  h a d  been  b ro u g h t in to  reac tio n . O ur re 
su lts  suggest t h a t  O u d i n ’s find ing  app lies also to  th e  reac tio n  of d iffe ren t 
Ig  ty p e  an tib o d ies  to  th e  sam e an tig en . In  such cases th e  single line develops 
in  th e  m id line b e tw een  th e  wells co n ta in in g  th e  serum  an d  th e  an tigen , un like  
th e  reac tio n  o f an tib o d ie s  of “ p u re”  Ig  ty p e , w hich e n te r  in to  reac tio n  w ith  
th e  an tig en  in  reg ions determ ined  b y  th e ir  diffusion ra te s . A ccordingly , th e  
IgM  m acrog lobu lin  covers only a s ligh t d is tan ce  bey o n d  th e  serum  con ta in ing  
well, w hereas th e  Ig A  ty p e  p rec ip itin  fo rm s th e  p re c ip ita tio n  line close to  th e  
an tig en  c o n ta in in g  well.

T hough  th e  p resence of an tib o d ies  o th e r th a n  th e  above was h a rd ly  
or n o t a t all d em o n strab le  in th e  p re c ip ita tio n  te s t th e  re su lts  of several earlier 
ex p erim en ts  suggest th a t  th e  sequence o f p rodu c tio n  of th e  d iffe ren t im m u n o 
globulins applies to  a b roader range o f an tibod ies. T hus e.g. th e  an tibod ies 
p re sen t in  h y p e rim m u n e  anti-sw ine fev e r or an ti-A u jeszk y  sera  u su a lly  p re 
c ip ita te  th e  suspension  of th e  hom ologous v iru s  in  th e  double  im m unodiffusion  
te s t , w hile p re c ip ita tio n  lines fail to  a p p e a r  on im m unoelec trophoresis , w here 
th e  a n tib o d y  c o n c e n tra tio n  per u n it a rea  is low. H ow ever, th e  im m unoelec tro - 
p h o re to g ram s of th e  sam e an tiv ira l sera  developed w ith  r a b b it  serum  u su a lly  
show  an  e longa tion  an d  th ickening, i.e. a q u a n tita tiv e  increase , o f th e  IgM  line in 
th e  early  stage  o f im m u n ity  already . E a rlie r  stud ies w ith  free electrophoresis 
[6] a lread y  suggested  th a t  a t th e  f irs t  m an ifes ta tio n  of th e  se ru m ’s p ro tec tiv e  
ac tion  exclusively  th e  beta-g lobu lin  h a d  increased . I t  w as th e n  in ferred  th a t  
th e  early  an tib o d ies  p roduced  in large am o u n ts  u n d er th e  in fluence  of hyper- 
im m u n iza tio n  co rresp o n d  to  th e  la te  an tib o d ies  exclusively  in  biological effect, 
b u t  differ from  th e m  in th e ir  physica l an d  chem ical p ro p ertie s . T he p re sen t 
know ledge on 19S a n d  7S im m unoglobu lins [2, 9, 10] as well as th e  experi
m en ts described  in  th is  p ap er offer an  in d irec t p ro o f an d  a p lausib le  ex p la 
n a tio n  of th a t  ea rlie r hypothesis.
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S um m ary . G radually  increasing  doses of th e  su p e rn a ta n t of m ouse to x o p la sm ic  p e r i
to n ea l e x u d a te  were in jec ted  in tra v en o u s ly  in  e q u a l g roups of chickens. T he m ate ria l in d u ced  
re sp ira to ry  an d  nervous d is tu rb an ces  and  in  p ro p e r doses, d eath . R a ts  also p roved  suscep tib le  
to  th e  m a te ria l if  in jec ted  by  th e  v enous ro u te . In tra p e r ito n e a l in je c tio n  d id  n o t cause  d is
co m fo rt e ith e r  in  chickens or in  ra ts . F reezing  (— 20 °C) and th aw in g  red u ced  b u t  d id  n o t 
abo lish  th e  to x ic  effect to  ra ts . T he significance o f th e  find ings is d iscussed.

T h e su p e rn a ta n t of th e  p e rito n ea l ex u d a te  of an im als in fec ted  w ith
T . gond ii in d u ced  re sp ira to ry  an d  nervous d is tu rb an ces an d  killed  m ice w hen 
in je c te d  in tra v e n o u s ly  [1, 3 9]. A nim als p ro duc ing  a p o te n t ex u d a te  in c lude
m ice, gu inea  pigs, young ra ts  t re a te d  w ith  cortisone, an d  ra b b its  [6]. H o w 
ever, no a t te m p t  has been m ade to  te s t  th e  suscep tib le  an im al range. T h e  a im  
o f th e  p re se n t s tu d y  was to  te s t  th e  su scep tib ility  of ra ts  an d  chickens.

M aterials and  m ethods

M ice. M ale and  fem ale Swiss w hite  m ice 20 — 25 g in  w eight were used  for th e  p ro d u c 
tio n  of p e r ito n e a l ex u d ate  s u p e rn a ta n t  (S P E T ) [1] an d  for its  assay  [6] before te s tin g  i t  on 
o th e r  an im als .

R ats . Fem ale  a lbino ra ts  w ere te s te d  fo r su sce p tib ility  to  S P E T  b y  in jec tio n  in to  th e  
la te ra l  c au d a l ve in . A to ta l  o f 40 young  ra ts ,  55—90 g in  w eight were u sed . T en  ra ts  w ere in je c t
ed  in tra v en o u s ly  each  w ith  0.01 m l p e r g b o d y  w e ig h t o f  SP E T . A no th er 10 ra ts  w ere in je c t
ed  in tra v en o u s ly  each  w ith  0.01 m l p e r g b o d y  w e ig h t o f tw ice frozen an d  th aw ed  S P E T . T his 
m a te r ia l  d id  n o t  k ill any of th e  ra ts  and  th e re fo re  i t  was in jec ted  in tra v en o u s ly  to  e ach  of 
10 r a ts  in  a dose of 0.012 ml pe r g bod y  w eigh t. T e n  ra ts  each were in jec ted  in tra p e rito n e a lly  
w ith  2 ml fresh  S P E T  an d  observed for 24 hours.

Chickens. Y oung chickens of 42 to  55 g in  w eigh t, were te s te d  fo r su sce p tib ility  to  
S P E T  by  in jec tio n  in th e  vein  o f th e  wing. G ra d u a lly  increasing  doses be tw een  0.002 and
0.006 m l p e r g body  w eight were in jec ted  in  g roups o f 5 chickens and in  each  group th e  n u m b e r 
o f d e a th s  w as reco rded . T en chickens w ere in je c te d  in tra p e rito n ea lly  each  w ith  1 m l fresh  
S P E T  and  observed  for 24 hours.
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Table I

E ffects o f  0.01 ml/g b.w. o f  fre sh  S P E T  on rats

R a t
No.

W eight,
g Symptoms Time 

of death

l 60 ap n o ea , circus m ovem ents fell on its side, gasping, 
u r in a tio n , exophthalm us, d e a th

45"

2 60 ap n o ea , wobbling, circus m ovem en t, gasping, u rination , 
d e a th

6 '

3 55 in e r t ,  apnoea, hing q u a rte r  para ly sis , circus m ovem ent, 
g asp ing , sanguineous fro th  o u t o f nose and m ou th , death

V

4 55 in e r t ,  apnoea, circus m o v em en t, h ind  q u a rte r  paralysis, 
recovery

5 70 w obbling , inert, slow ex tension  of h ind lim bs, irregular 
gasp ing , recovery

6 72 w obbling , apnoea, gasping, d e a th Г

7 85 p ro n e , apnoea, hind q u a r te r  p a ralysis, recovery

8 90 w obb ling , weak hind lim bs, recovery

9 60 ap n o ea , irregu lar rap id  re sp ira tio n , w eak h ind lim bs, 
recovery

10 60 ap n o ea , irregu lar rap id  re sp ira tio n , recovery

Table II

Effects o f  0.01 m l/g b.w. o f  twice frozen ( — 20 °C. )  and thawed S P E T  on rats

R a t
No.

Weight,
g S ym ptom s

l 70 apnoea, irreg u lar resp ira tio n , recovery

2 70 apnoea, irreg u la r  resp ira tio n , weak 
h in d  lim bs, recovery

3 65 irreg u la r re sp ira tio n , w eak h ind limbs, 
recovery

4 60 tach y p n o ea , recovery

5 90 tac h y p n o ea , recovery

6 72 irreg u lar re sp ira tio n , w eak h ind  lim bs, 
recovery

7 80 tach y p n o ea , flexion of fore limbs, 
ex tension  of h ind  lim bs, recovery

8 60 irreg u lar re sp ira tio n , recovery

9 55 apnoea, w eak  h ind lim bs, recovery

10 75 tach y p n o ea , recovery
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Table III

E ffects o f  0.012 mljg. b.w. o f  twice fro zen  ( — 20 °C ) and thawed S P E T  on rats

R a t
No.

W eig h t,
g

S ym ptom s
T im e 

o f  d e a th  
(m inu tes)

l 75 apnoea, irregu lar re sp ira tio n , recovery

2 70 apnoea, irregu lar re sp ira tio n , recovery

3 80 laboured resp ira tion , h in d  lim b paresis, recovery

4 60 apnoea, irregu lar re sp ira tio n , gasping, d e a th
и

5 72 tachypnoea , flexion o f to es of fore lim b s, recovery

6 80 tachypnoea, h ind  lim b  paresis , recovery

7 95 wobbling, tach y p n o ea , recovery

8 95 apnoea, tachypnoea , recovery

9 85 tachypnoea , recovery

10 90 tachypnoea , recovery

R esu lts

B o th  ra ts  an d  chickens p ro v ed  su scep tib le  to  S P E T .
R ats. F re sh  S P E T  in a dose o f  0.01 ml per g b o d y  w eight k illed  4 ou t 

of 10 y o u n g  ra ts  (Table I). The sam e dose of frozen -thaw ed  S P E T  killed  none 
o f 10 ra ts  (T ab le  I I ) ,  while a dose o f  0.012 ml p er g bo d y  w eight k illed  1 ou t 
of 10 ra ts  (T ab le  I I I ) .  D ea th  o ccu rred  1—7 m in u tes  a f te r  in jec tio n  of fresh  
S P E T  an d  11 m in u te s  a fte r in jec tio n  o f fro zen -th aw ed  S P E T . In tra p e r ito n e a l 
in jec tio n  o f S P E T  caused no d iscom fort.

M anifesta tio n s in rats fo llow ing  the intravenous injection o f  S P E T .  T he 
sym p to m s in  r a ts  w ere less s to rm y  th a n  those  [1] in  th e  m ouse. Follow ing 
th e  in jec tio n  o f a le th a l dose, th e  r a t  becam e apnoeic, ra n  a round  on th e  ta b le , 
som etim es a ro u n d  a v e rtica l axis (c ircus m ovem ent), th e n  fell on its  side or 
rem ained  in e r t. T h en  it  s ta r te d  gasp ing  w hich g rad u a lly  faded  an d  th e  an im al 
died. S om etim es, th e re  was u r in a tio n  an d  exop h th a lm o s. One r a t  d ied  w ith  
sangu ineous fro th in g  from  nose a n d  m o u th .

F o llow ing  th e  in jec tion  of a su b le th a l dose th e  r a t  developed apnoea  or 
ta c h y p n o e a , rem a in ed  m otionless fo r a few  seconds, w ith  th e  fore lim bs flexed  
an d  th e  h in d  lim b s ex tended  b ack w ard s , irreg u la r gasp ing  s ta r te d  an d  th e  r a t  
w obb led , d rag g in g  its  h ind  lim bs; th e n  it  recovered , b u t  ta ch y p n o ea  pers is ted  
fo r som e tim e .

Chickens (T able  IV). F resh  S P E T  killed chickens in  a dose of 0.006 m l 
p e r g b o d y  w e ig h t an d  2 ou t of 5 ch ickens in a dose o f 0.004 m l p e r g bo d y  
w eigh t. D e a th  occurred  in 40 seconds to  2 m inu tes. In tra p e rito n e a l in jec tion  
of S P E T  cau sed  no  discom fort.
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Table IV

Effects o f  fresh  S P E T  on chicken

Dose/g b.w. Symptomswt (seconds)

45 + + + 45

45 + + + 190*

46 0.006 + +  + 40

46 +  +  + 30

46 - f + + 110*

48 —

46 —

46 0.004 +  + 95*

55 -j- + 110*

43 + —

42 — —

43 — —

46 0.002 — -

46 —

42 — —

w t =  weight; g b . w . =  gram  body w eigh t; +  +  +  =  convulsions, apnoea and d e a th ; 
- : ■ ; - weakness, d y spnoea , and  d eath ; +  =  w eakness, dyspnoea, no d e a th ; — - no a p p a re n t
d iscom fort; * =  tw o-stage syndrom e (see tex t)

M anifesta tions in  chickens fo llow ing  the intravenous injection o f  S P E T .  
In  ch ickens th e  le th a l dose im m edia te ly  elic ited  convulsions w ith  apnoea. T hen  
th e  convulsions d ec reased  in  sev erity , th e  ch icken  rem ained  on its  side w ith  
convu lsing  wings an d  legs, th e n  th e  b ird  d efeca ted  and  a fte r  som e gasp ing  it 
d ied . F o u r chickens show ed a tw o -stag e  syndrom e, w ith  a f ir s t  stage  w ith  
convu lsions and  a p n o ea , th e n  th e y  opened  th e ir  eyes, reg a in ed  a regu la r, 
th o u g h  laboured  re sp ira tio n  and  rem ain ed  on th e ir  side fo r a few seconds. 
T h en  a second s tag e  o f  convulsions ap p ea red  w hich ended in  d ea th .

Follow ing th e  in jec tio n  of a su b le th a l dose, th e  ch icken closed its eyes, 
le an ed  on its  side a n d  re s ted  its  h ead  on th e  ta b le . R esp ira tio n  w as slow an d  
lab o u red . No convu lsions b u t som etim es d efecation  occurred . F in a lly  th e  b ird  
su d d en ly  opened its  eyes and  stood  up  on its  legs, it  recovered  w ith in  
2 m in u te s  th ough  p ro s tra tio n  p e rs is ted  fo r a little  tim e.

D iscussion

R a ts  and  ch ickens were found  suscep tib le  to  th e  in trav en o u s  in jec tion  
of S P E T  which in d u c e d  re sp ira to ry  an d  nervous d is tu rb an ces an d  in h igher 
doses rap id  dea th . In tra p e r ito n e a l in jec tio n s d id  n o t cause d iscom fort e ith e r
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in  th ese  species or in  th e  m ouse [3]. T he ac tiv e  m a te ria l, w hich was co n sid ered  
to x ic  an d  te rm e d  “ to x o to x in ”  [3], has been  recovered  in  th e  g lobulin  f r a c 
tio n  of th e  ex u d a te  [6]. H y a lu ro n ic  acid  w as found  im p o r ta n t in its  s tru c tu re
[7]. I ts  to x ic  n a tu re  is, how ever, n o t u n iv e rsa lly  accep ted  and  th e  e x a c t 
m echanism  of ac tion  is fa r  from  clear. T he sequence of even ts a fte r  in tra v e n o u s  
in jec tion  o f S P E T  is too  ra p id  to  be of a tru e  to x ic  n a tu re . V a r e l a  et al. [9] 
com pared  i t  to  th e  sim ilar em bolic effect of egg w hite  in  m ice and F u l t o n  [7] 
to  th e  syn d ro m e in chickens elicited  b y  th e  in trav en o u s  in jec tion  o f R ous 
sarcom a e x tra c t  an d  concluded  th a t  S P E T  caused  c ircu la to ry  d is tu rb an ces . 
W e i n m a n  [5 ]  an d  F u l t o n  [7] re p o rte d , how ever, th a t  h ep a rin  does n o t p ro 
te c t a g a in s t its  le th a l effect. F u l t o n  [7]  s ta te d  th a t  h is tam in e , LSD , 5 H T , 
b rad y k in in  an d  b rad y k in in -fo rm in g  enzym es have  no role in  its  a c t iv 
i ty  and  fo u n d  th a t  i t  is n o t h aem o ly tic . W e i n m a n  [5] found  th a t  S P E T  
does n o t a g g lu tin a te  ch icken  red  cells b ey o n d  1/10. W e found  th a t  h a lf  of th e  
m ice receiv ing  single su b le th a l doses passed  red  u rine  w ith  red  cell cas ts . 
S p lenectom y  done before th e  in jec tio n  of S P E T  failed  to  in h ib it th is  p h e n o m 
enon [2].

T he syn d ro m e w hich follows th e  in trav en o u s  in jec tion  of S P E T  is d if
fe ren t from  th a t  caused b y  toxop lasm osis an d  i t  is d o u b tfu l if  i t  p lays a n y  ro le  
in its  p a thogenesis . I t  r a th e r  resem bles an ap h y lac tic , p ep to n e  or h is ta m in e  
shock in  ev e ry  an im al stu d ied , th u s  in  th e  m ouse [1, 8], th e  r a t  [16, 17, 18, 19, 
20] an d  th e  ch icken  [12, 13, 14]. One im p o r ta n t d ifference from  a n a p h y la c tic  
shock is, how ever, th a t  S P E T  needs no sen sitiza tion .

F reezing  and  th aw in g  reduced  b u t  d id  n o t abolish  to x ic ity  or le th a l i ty  
of S P E T  in  th e  r a t ;  th is  co rresponds to  p rev ious find ings in  mice [1].

W e do n o t agree w ith  th e  v iew  [15] th a t  th e  fa c t th a t  m ore th a n  one 
an im al species is suscep tib le  to  S P E T  shou ld  speak  fo r or ag a in st its  to x ic  
n a tu re . R esearch  should , how ever, be e x ten d ed  to  large suscep tib le  an im als  
in  o rder to  solve th e  enigm a of S P E T .
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Sum m ary . A  to ta l  505 E . coli 0124  s tra in s  iso la ted  in  d iffe re n t p a r ts  of H u n g a ry  w ere 
exam ined  fo r colicin se n s itiv ity  and colicinogenity . O f th e  s tra in s , 54 .2%  proved  to  be colicino- 
genic an d  96%  sen sitiv e  to  tw o or m ore colicins o f  w hich  31 ty p e s  were iden tified . Colicin 
ty p in g  ap p ears  to  be h e lp fu l for th e  epidem iological analysis o f  E . coli 01 2 4  stra in s .

A m ong th e  so-called  en te ro p a th o g en ic  E . coli s tra in s , s tra in  0 1 2 4  : 
K 72(B17) (fu r th e r  re fe rred  to  as E . coli 0 1 2 4 ) m ay  cause en te ritis  n o t o n ly  
in in fan ts , b u t  also in  ad u lts . The clinical course is o ften  s im ula ting  d y se n te ry  
[2, 9, 10, 12, 16]. L ike  shigellae, th e  m a jo rity  of E . coli 0124  s tra in s  cau se  
k e ra to co n ju n c tiv itis  in  th e  guinea-pig [18] an d  is an tig en ica lly  re la te d  to  
SA. dysenteriae 3 [4]. B ased  on these  p ro p e rtie s , som e in v estig a to rs  re g a rd  
E . coli 0 1 2 4  as t r a n s i to ry  typ es betw een  th e  species Shigella  and  E sch erich ia  
[1, 13, 19]. In  H u n g a ry , E . coli 0124  s tra in s  w ere classified  on th e  basis  o f 
th e ir  lysogenic p ro p e rtie s  [3, 11].

T he p ro d u c tio n  of colicin by  b a c te r ia  of th e ir  sen s itiv ity  to  k n o w n  
colicins has in c reasin g ly  been em ployed  fo r d iffe ren tia tio n . In  th e  p re se n t 
paper s tud ies on th e  colicin  s ta tu s  of E . coli 0 1 2 4  s tra in s  are reported .

M aterials and  m ethods

T he E . coli 0 1 2 4  s tra in s  exam ined were iso la ted  from  m in o r o u tb reak s, sp o rad ic  d is 
eases, an d  sy m ptom less carrie rs . The m ajo rity  w as iso la ted  fro m  a d u lts , the  m in o rity  fro m  
nursery  and  schoolch ild ren . O f th e  505 stra in s  264 w ere iso la ted  in  c o u n ty  A ógrád. th e  re m a in 
ing 241 in  o th e r  p a r ts  o f  H u n g a ry .

T he reference colicinogenic s tra in s  used  fo r ty p in g  are lis ted  in  Table I.
T he colicin se n s it iv ity  o f th e  s tra in s  w as d e te rm in ed  b y  F r e d e r i c q ’s  double la y e r  

agar m eth o d  [6] s lig h tly  m od ified  by  us. T he reference  colicinogenic s tra in s  were in o cu la te d  
by  s tab b in g  in to  an  a g a r m ed iu m  conta in ing  7 %  b o v ine  blood. F o r  th is  purpose we p re p a re d  
a rep lica to r to o l b ea rin g  9 th in  steel needles; th is  allow ed th e  s im u ltan eo u s in o cu la tio n  o f 
9 colicinogenic s tra in s  in  u n ifo rm  d is trib u tio n  over th e  P e tr i  d ish . T he m acrocolonies w h ich  
developed a f te r  in c u b a tio n  fo r 24 hours a t 37 °C w ere sterilized  fo r 1 hour in  ch lo ro fo rm  
vapour, th e n  th e  ch lo ro fo rm  w as rem oved by  a e ra tio n . T he 4-hour b ro th  cu ltu re  of th e  E . coli 
0124 s tra in  to  be te s te d  w as d ilu ted  1 : 5 and  o v erlay ed  b y  2.5 m l o f 0 .7%  soft ag ar cooled 
to 50 9C. R esu lts  w ere re a d  a f te r  in cu b a tio n  for 18 h o u rs  a t  37 °C.

C olicinogenity  w as d e te rm in ed  w ith  th e  E . coli K -12 R ow  s tra in .
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Table I

Colicinogenic reference stra ins used fo r  typing

S tra in s Colicin
p ro d u ce d Origin

D esignation N am e

CA7 E . coli V P. Fredericq, L iège

CA18 E . coli в P. Fredericq, L iège

CA23 E . coli D P. Fredericq, Liège

CA31 E . freu n d ii A P. Fredericq, Liège

CA38 E . coli E  +  I P. Fredericq, L iège

CA42 E . coli F P. Fredericq, L iège

CA46 E . coli G P. Fredericq, Liège

CA53 E . coli I P . F redericq , Liège

CA57 P araco li C P. Fredericq, Liège

CA58 E . coli H P. Fredericq, Liège

CA62 P araco li J - H P. F redericq , Liège

K235 E . coli K + ? P. Fredericq, Liège

P I Sh. boydii S, P. Fredericq, Liège

P9 Sh. sonnei S 3 + 1 P. Fredericq, L iège

P14 Sh. dispar s 5 P. Fredericq, L iège

P I  5 Sh. dispar S 4 P. F redericq , L iège

K30 E . coli V +  E j L. Alföldi, Szeged

ML E . coli E, L. Alföldi, Szeged

Table II

S en sitiv ityo f 505 E . coli 01 24 stra ins to the 16 Fredericq-type colicins

Colicin
Sensitive s tra in s

Coliéin
S en sitiv e  s tra in s

N u m b er p e r  cen t N u m b e r p e r  c e n t

\ 478 9 4 . 7 c 467 92.4

в 17 3 . 3 h 421 83.3

D 2 0 . 3 J + i 484 95.8

A 2 0 . 3 K + ? 33 6.5

E  +  I 471 9 3 . 2 Sr 3 0.6

F 480 9 5 . 0 S3+ I 480 95.0

G 375 7 4 . 2 S 5 8 1.6

I 373 7 3 . 8 S-i 2 0.3
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R esu lts

Colicin sen s itiv ity  and  co lic inogen ity  w ere d e te rm ined  for 505 E . coli 
01 2 4  s tra in s . T he re su lts  o b ta in ed  w ith  th e  16 F red e ricq -ty p e  colicins are  
show n in T ab les I I  an d  I I I .

T he m ost effective colicins w ere J  +  I  (95 .8% ), S3-j— I  (95 .0% ), F  (95 .0% ), 
V (94.7%  an d  E~ |-I (93 .2% ). A lesser n u m b e r of E . coli 01 2 4  s tra in s  was sen s itiv e  
to  D, A, S 4, Sj, S 5 an d  В colicins. A v erag e  sen s itiv ity  of th e  s tra in s  w as to  8 
colicins, an d  54 .3%  of th e m  w ere sen sitiv e  to  9 colicins. T w e n ty  s tra in s  (4% ) 
w ere n o t sensitive  to  a n y  o f th e  colicins te s te d . O nly one s tra in  was sen sitiv e  
to  all colicins te s ted .

Table III

D istribution  o f  the exam ined E . coli 0124 strains 
according to colicin sensitivity

N u m b er 
o f effective 

colicin

N u m b e r  o f  sensitive  
s tra in s

N um ber 
o f effective 

colicin

N u m b e r o f  sensitive 
s tra in s

l 0 9 274
2 1 10 21

3 3 11 5

4 0 12 0

5 12 13 2

6 10 14 0

7 56 15 0

8 100 16 1

O f th e  505 s tra in s , 267 (52.4% ) w ere colicinogenic. T he s tra in s  w ere 
classified in to  31 ty p e s  on th e  basis o f colicin  sen s itiv ity  an d  co lic inogen ity  
(Table IV ). T he colicinogens CA-7 a n d  K -30  h ad  n ea rly  id en tica l effects. 
T he p u re  Е г colicin p ro d u ced  b y  th e  s tr a in  M L E . coli a c ted  excep t fo r ty p e s  
9 an d  10 (10 stra in s) o n ly  on th o se  colicin sensitive s tra in s  w hich w ere 
non-colicinogenic. T he co lic in -resis tan t s tra in s  could also be divided in to  
tw o  groups accord ing  to  th e ir  p ro d u c in g  or n o t p roducing  colicin.

D iscussion

As colicinogeny is a s tab le  h e re d ita ry  p ro p e rty  of b a c te ria , d e te rm in a tio n  
of th e  colicinogen ty p e  w ould  be a m ore re liab le  m ethod  th a n  colicin ty p in g . 
Since, how ever, th e  ty p in g  of th e  p ro d u ced  colicin(s) is d ifficu lt [7] i t  is n o t  
su itab le  fo r ro u tin e  ap p lica tio n . In ad d itio n , only  50 70%  of th e  s tra in s  a re
colicinogenic. T hus, d e te rm in a tio n  of th e  colicin  ty p e  seem s to  be recom m end- 
ab le . W hen fresh ly  iso la ted  s tra in s  are  u sed  u n d er rigorously  observed ex-
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Table IV

Classification o f  505 E . coli 0124 strains examined fo r  colicin sensitivity and colicinogenity

Colicin
type V в D A E + I F G 1 c H j + i K-f ? S, Ss+I Ss S. E.+V e i

Colici
nogen

ity

Number
of

strains

1 + + + _ _ + + + — — + — — + — + 19
2 + — — — + + + + + + + — — + — — + — + 104
3 + — — — + + + — + — + — — + — — + — + 25
4 + — — — 4 + — + + + + — — + — — + — + 42
5 + — — — + + + — + — + + — + — — + — + 4
6 + — — — + + + — + + + — — + — — 4 — + 13
7 + — — — + + + + + — + — — + — — + — 4 17
8 + + — — + + 4 — + + + — — + — — + — + 8
9 + — — — + + + + + + + — — + — — + + + 5

1(1 + — — — + + — + + — + — — — — — + — — 5
11 + — — — +  • + + + + + + — — + — — + + — 153
12 + — — — + + + + + + + — + — — + + — 21
13 + — — — + + + + + + + + — + — + + — 5
14 4* — — — + + — + + + + — — + — — + + — 12
15 + — — — + + — + + + — — + — — + + — 9
16 + — — — + + + + + + + + + + + + + + — 1
17 + — + — + + + + + + + + + + + — + + — 1
18 + + + + + + + + + + + + + + + + + — 1
19 + + — + — + — — — + + — — + — — + + — 1
20 + — — + + + — + + + — — + — — + + — 4
21 + — — — + + + — + + + — — + — — + + — 12
22 + + — — + — — — + 3
23 + — — — + + — — — — + — — + — — + — + 9

24 — — — — + — + + — + — — + — — + — + 3
25 + + — — — + — — — 4 + — — + — — + — + 3
26 + — — _1_ + — — + + — — — + — — 4 — + 1
27 + — — — — + -j- — 4 + — — + — — + — + 1
28 — — — — — — — — + — — + — — — — + 1
29 + — — — — + — _J_ + + + — — + — — + — + 2

30 4 7
31 13

+  =  sensitive to  colicin 
-  =  re s is tan t to  colicin

2
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8
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p erim en ta l co n d itio n s, E scherich ia show a lesser h e te ro g en e ity  to  colicins th a n  
Shigellae [17]. N in e ty -s ix  per cen t of th e  E . coli 0 1 2 4  s tra in s  w ere sen s itiv e  
to  tw o or m ore colicins. O ur resu lts are in good acco rdance  w ith  th e  o b se rv a 
tions on p a th o g en ic  E . coli sero types of o th e r  a u th o rs  [5, 8, 14, 15, 20]. D e 
te rm in a tio n  of colicin  sensitiv ity  m akes i t  possib le  to  d iffe ren tia te  be tw een  
E . coli 0124  s tra in s ; th is  is im p o rtan t in  th e  epidem iological co n tex t, p a r t ic 
u la rly  if th e  s tra in s  are  n e ith er lysogenic, n o r colicinogenic.
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j. G. WEISZFEILER

DIE BIOLOGIE 
UND VARIABILITÄT 
DES TUBERKELBAKTERIUMS 
UND DIE ATYPISCHEN 
M Y COB AKTERIEN

I n  deutscher Sprache • 311 Seiten ■ 81 Abbildungen ■ 62 T a fe ln  ■ 1 7 x 2 5  cm 
Ganzleinen

D er V erfasser b e ric h te t ü b e r  seine ex p erim en te llen  U n te rsu c h u n 
gen, welche die H au p tp ro b lem e  d er Biologie d e r T u b e rk e lb a k te 
rien und  d e r a ty p isch en  M ycobak terien  um fassen . B esonders 
in te re ssan t is t  das M ateria l ü b e r die R e a k tiv ie ru n g  von  M yco
b ak te rien  m it gesch äd ig te r L ebensfäh igkeit, ü b e r  erb liche Ä n d e
rung  der A rzn e im itte lre s is ten z , der V irulenz u n d  d e r vom  V erfasser 
als kom plexe p lu rifik a to rie lle  M uta tion  gekennzeichnete  g leichzei
tige W an d lu n g  m ehrere r E igenschaften  sow ie die A nalyse der 
G esetzm äßigkeiten  d ieser E rscheinungen  a u f  G ru n d  des D arw in is
m us. Die U n te rsu ch u n g en  ü b e r die n ich tsäu re fe s ten  und  f i l t r ie r 
baren  F o rm en  d er T u b e rk e lb ak te rien , der A n tig e n s tru k tu r  im  Z u 
sam m enhang  m it dem  P ro b lem  d er a ty p isch en  M ycobak te rien  und  
der K lassifik a tio n  hab en  ebenfalls zu zah lre ichen  neuen  B eo b ach 
tungen  g e fü h rt. Die aus A ffen h e rau sg ezü ch te ten  neuen , fa k u lta tiv  
pa thogenen  M ycobak te rien  w erden  eingehend besch rieb en , u n d  das 
Problem  d er m öglichen H e rk u n ft von a ty p isch en  M ycobak terien  
aus T u b erk e lb ak te rien  w ird  b e leu ch te t. E in  b eso n d ere r A b sch n itt 
von E . V an d ra  v e rfa ß t, is t  den  M ycobacteriophagen  gew idm et.
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ANTIGENIC RELATIONSHIP BETWEEN SHIGELLA 
SONNEI PHASE II AND ENTEROBACTER CLOACAE

By

B. R a l o v i c h , S .  V ö r ö s  a n d  A d e l e  V e r t é n y i

I n s t i tu te  o f  M ic r o b io lo g y  ( D ir e c to r : K . R a u s s ) ,  U n iv e r s i t y  M e d ic a l  S c h o o l, P écs

(R eceived  M arch 27, 1969)

Sum m ary. F lag ella ted  E n te r o b a c te r  c loacae  s tra in  6302/R B  co n ta in ed  an  L -ty p e  enve
lope an tigen  and an О an tig en  show ing an  “ a b -a c ” re la tio n sh ip  to  S h ig e l la  s o n n e i  phase  II. 
D iagnostic  problem s conn ec ted  w ith  th e  fin d in g  have been d iscussed .

In  previous p ap ers  we h av e  p o in ted  ou t th a t  th e  ap p lica tio n  of rou tin e  
serological exam ina tions (slide a g g lu tin a tio n , m icro ag g lu tin a tio n  an d  im m uno- 
fluo rescen t trac ing) w ith o u t o th e r  te s ts  m ay  cause d iagnostic  errors [ 1 4 ] .

F indings described  in th is  p a p e r have  confirm ed  th is  opinion an d  have 
in d ica ted  th a t  even th e  usual o rien ta tio n  b iochem ical te s ts  m ay  he insuffi
c ien t to  establish  a co rrec t bacterio log ical diagnosis.

M aterials and  m ethods

I s o la t io n  o f  E .  c loacae. In  M ay, 1967, a fem ale p a tie n t  w as a d m itte d  to  th e  infectious 
d isease  d e p artm e n t of th e  c o u n ty  hosp ita l w ith  severe d y sen teric  sym ptom s. Faeca l cu ltu res 
on  desoxycholate  c itra te  ag ar w ere n eg ativ e , b u t  on E ndo  agar lac to se  n eg ativ e  colonies devel
oped . The trip le  (sugar-u rea-iron ) d iffe ren tia tin g  m edium  su b c u ltu re  was ch arac te ris tic  of 
sh igellae. The cu ltu re  ag g lu tin a ted  in S h .  s o n n e i  I — I I  serum . A p re lim in a ry  re p o rt  including 
an tib io tic  sen sitiv ity  w as given. As desp ite  a im ed a n tib io tic  th e ra p y  th e  p a tie n t’s condition  
ag g rav a te d  and as th e  clinical p ic tu re  was a ty p ica l, th e  iso la ted  s tra in  was s tu d ied  fu rth er. 
T h e  cu ltu re  failed to  cause  k e ra to co n ju n c tiv itis  on th e  guinea p ig’s eye an d  was a ty p ica l in 
b iochem ical behaviour. T h u s a fin a l re p o rt  of “ Shigella n e g a tiv e ”  w as g iven, th en  fu rth e r 
lab o ra to ry  ex am inations w ere p e rfo rm ed  w hich  revea led  th a t  th e  p a tie n t suffered  from  
am o eb ic  dysen tery .

B io c h e m ic a l a n d  se ro lo g ica l e x a m in a t io n s  w e r e  perform ed by  th e  usua l m eth o d s [5 —13]. 
A g g lu tina tion  was carried  o u t in 0 .2%  NaCl.

T y p e  s tr a in s  w ere m ain ta in ed  in th e  collection of ou r in s t i tu te .  S tra in  P le s io m o n a s  
s h ig e llo id e s  was k ind ly  supp lied  by  D r. F . W .  W lN T O N  (U n iv ers ity  M edical School, E d in b u rg h ).

R esults

Biochem ical p ro p ertie s  of s tra in  6302/R B  are  p resen ted  in T ab le  I.
The d a ta  in d ica te  th a t  th e  cu ltu re  belongs to  E . cloacae: n eg a tiv e  lysine 

decarboxy lase, p ositive  o rn ith in e  decarboxy lase  an d  p o sitiv e  a rg in ine  d ih y 
d ro lase  reaction : la te  (72 hour) g e la tin  liquefac tion  an d  n eg a tiv e  glycerol 
reac tio n .
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Table I

Biochemical properties o f  strain 6302/RB and E. cloacae

1 2 1 2

M o tility , semisolid agar, Glucose acid + +
37°C + + gas + +

C ata lase + A donito l +
O xidase — — A rabinose + +
N 0 3 red u ctio n 4- + Dulcitol —

K C N + + Glycerol — -
H 2S from  th iosulphate - — Inositol - —
U rease — — Lactose ( + ) +
In d o le — — ON PG + 4-

L ysine  decarboxylase — — M annitol + +
A rg in ine  dihydrolase + -j- R affinose +
O rn ith in e  decarboxylase + + R ham nose + H"
P h en y la lan in e  deam inase — — Sucrose + +
G elatinase ( + ) ( + ) Salicin + +
L ipase — — Sorbito l + +
C itra te  u tiliza tion M ethyl red  37°C — —

(S im m on’s m edium ) + + 22°C — —
M alo n ate  test + ( + ) V oges-P roskauer 37°C + +
M u ca te  te s t + d 22°C + +

1 =  Strain 6302/RB
2 =  E. cloacae as described in the literature 

( + )  =  Late positive reaction
d =  Different

T abic I I  sum m arizes th e  re su lt of cross ag g lu tin a tio n  an d  cross ab so rp 
tio n  experim en ts. I t  is seen th a t  liv ing, alcoholized an d  h e a te d  E . cloacae 
6302 /R B  gave h igh t i t r e  ag g lu tin a tio n s in u n ab so rb ed  Sh. sonnei I I  serum  
(E x p . 1). A bso rp tion  of Sh. sonnei I I  serum  w ith  liv ing or boiled  6302/R B  
d ecreased  b u t did n o t rem ove th e  hom ologous t i t r e  (E xps 2 an d  3). I t  should 
be  n o te d  th a t  a b so rp tio n  w ith  liv ing  cu ltu re  was d ifficu lt an d  succeeded only 
a f te r  repeated  ex p erim en ts  th is  find ing  was due to  an  envelope  an tigen  in 
s tra in  6302/RB.

Sh. sonnei IT show ed h igh t i t re  ag g lu tin a tio n  in an  im m une  serum  
p re p a re d  w ith  living 6302/R B  (E x p . 4). T he m uch h igher t i t r e  fo r th e  living 
hom ologous s tra in  can  be a t t r ib u te d  to  flagellar an tibod ies. O t i t r e  is in d i
ca ted  by  ag g lu tin a tio n  o b ta in ed  w ith  h ea ted  b ac te ria . A bso rp tion  by  
Sh . sonnei II decreased  th e  O t i t r e  (E xp . 5).

W hen serum  6302/R B  (living) was absorbed  w ith  th e  h e a te d  hom ologous 
c u ltu re , living an d  alcoholized suspensions of 6302/R B  still show ed h igh titre s
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Table II

A ntigenic analysis o f  E . cloacae 6302/R B  and Sh. sonnei I I

I m m u n e  s e r a A n t ig e n s

A b s o r p t i o n
Sh. sonnei

E . cloacae 6 3 0 2 /R B
E x p e r i m e n tD e s ig n a t io n p h a s e  I I

l iv in g a lc o h o l iz e d 100°C

S h .  sonnei — 2560 1 280 320 640 l

phase 11, living 6302/R B , living 320 _ d ) - - 2

6302/R B , 100°C 320 — — — 3

6302/R B . living _ 1280 20 480<2) 5120 2560 4

Sh. sonnei I I — 5 120(9 1280 640 5

6302/RB, 100°C - 2 560(9 640 - 6

6302/RB, — 420 10 240 5120 640 7

alcoholized 6302/R B , 100°C — 1 280 1280 - 8

6302/R B , 100°C — 640 5 120 5120 2560 9

Sh. sonnei I I — 2 560 1280 640 10

Im m unization and cross absorption were performed with cultures containing both  L  
plus and L minus m utants.

0) =  less than 1 : 10 
( "■ =  О and H agglutination  
(9 =  H and L agglutination

(E x p . 6). This find ing  ind icates that, s tra in  6302/RB co n ta in s  th e rm o lab ile  
an tig en  and  confirm s th a t  th e  an tig en  in 6302/RB re la te d  to  Sh. sonnei I I  is 
an  О fac to r  (E x p . 7).

A gg lu tin a tio n  of 6302/R B  in u n a b so rb e d  and abso rbed  (E xp . 8) sera  
p rep ared  w ith  alcoholized cu ltu re  show s th a t  th e  organism  con ta in s an L -ty p e  
su rface an tigen , w hich is n o t re la ted  to  Sh. sonnei I I .

E x p erim en ts  9 and 10 p e rfo rm ed  in 6302/RB serum  p rep ared  w ith  
h ea ted  b ac te ria  confirm  th e  0  an tig en ic  re la tionsh ip  to  Sh. sonnei I I .

As in th e  ex p erim en ts  there  was no difference b e tw een  th e  ag g lu tin a tio n  
titre s  of living and  h e a te d  Sh. sonnei I I  suspensions, only  d a ta  o b ta in ed  w ith  
h ea ted  b ac te ria  are  p resen ted .

D iscussion

B iochem ical ex am in a tio n  of s tra in  6302/R B  show ed th a t  th e  organ ism  
belonged to  E . cloacae. T he species has been described as adon ito l n eg a tiv e , 
a lth o u g h  adon ito l-fe rm en tin g  s tra in s  h a v e  also been fo u n d  [12]. O ur s tra in  
fe rm en ted  th is  su b stan ce  and  it  is n o ticeab le  th a t  it  sp lit lactose only  a f te r
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3 days. The la t te r  p ro p e r ty  was resp o n sib le  for its  sliigelloid behav iou r in  
course of the  p re lim in a ry  exam ination . T h e  O N PG  te s t, how ever, was positive  
in  30 m inutes. T he s tr a in  was flag e lla ted , w hich is a ch a rac te ris tic  p ro p e rty  
o f E . cloacae.

Serological ex am in a tio n s  in d ica ted  th a t  s tra in  6302/R B  con ta ined  O , 
К  an d  H  an tigens. T h e  К  an tigen  w as o f th e  L -type  as it w as destroyed  b y  
h ea tin g . On su b c u ltu re s  th e  s tra in  lo st its  К  an tigen . T he loss of th e  surface 
an tig en  was acco m p an ied  b y  m orpho log ica l a lte ra tio n : th e  colonies becam e 
less convex and  m o re  tra n s lu c e n t. T h e  su rface  an tigen  w as n o t re la ted  to  
Sh . sonnei I I  as O K  serum  6302/RB failed  to  ag g lu tin a te  th is  organism . A s 
to  E . cloacae К  a n tig e n s  on ly  one re p o rt w as availab le; accord ing  to  E d w a r d s  
a n d  F i f e  [14] th e se  fa c to rs  are re la ted  to  Klebsiella  cap su la r antigens.

Cross a g g lu tin a tio n  and  cross a b so rp tio n  experim en ts in d ica ted  th a t  an  
“ ab - ac” -type  re la tio n sh ip  existed  b e tw een  th e  0  an tigens o f s tra in  6302/R B  
a n d  Sh. sonnei I I ;  t h a t  is, in add ition  to  th e  com m on co m ponen t each organism  
co n ta in ed  a specific  fac to r. In  view  o f th e  an tigenic  re la tio n sh ip  betw een  
S h . sonnei I I  and  Sh . boydii 6 and  E . coli 014 as well as th a t  betw een Sh. 
boydii 6 and  E. coli 076 [15, 16], cross ag g lu tin a tio n s  w ith  th e se  an tigens w ere 
also perform ed. T h e re  w as a m inor rec ip rocal re la tionsh ip  betw een s tra in  
6302/R B  and  th e  ab o v e-lis ted  Shigella  an d  E . coli 0  an tig en s. I t  was also 
show n th a t  s tra in  6302/R B  and Sh. sonnei I con ta ined  no re la ted  an tigens.

B y slide a g g lu tin a tio n  in serum  6302/R B  the  b eh av io u r of Pseudomonas 
shigelloides, C27S  s tra in , C 27R  stra in  an d  Plesiom onas shigelloides was exam ined . 
T hese organism s be lo n g  to  one species o f d o u b tfu l tax o n o m ic  position. E w i n g  
et al. [17] classify th e m  in to  Aerom onas, E d d y  118] to  a new genus, P lesio
monas. These b a c te r ia  are  serologically iden tica l w ith  Sh. sonnei phase  I 
[19, 20]. R a u ss  [21] o bserved  th a t  R  m u ta n ts  of these  b a c te r ia  were id en tica l 
in an tigenic  s tru c tu re  w ith  Sh. sonnei p h ase  II . As expected , E . cloacae 6302/R B  
show ed a m inor b ila te ra l  rela tionsh ip  to  C.,-R  m u ta n t. In  serum  C.2-S  s tra in  
6302/R B  show ed no  ag g lu tin a tio n  an d  v ice versa , serum  6302/R B  failed  to  
ag g lu tin a te  s tra in  C 27S.

The p resen t e x am in a tio n s  in d ica te  th a t ,  as em phasized  by  o ther au th o rs  
[22 24], a sim ple serological ex am in a tio n  is no t su ffic ien t for estab lish ing
th e  bacterio logical d iagnosis. Our s tu d ies  show  th a t  even th e  com bined use 
o f sim ple b iochem ical te s ts  and a g g lu tin a tio n  m ay lead to  erroneous find ings, 
n am ely  s tra in  6302 /R B  behaved  on tr ip le  sugar-u rea-iron  agar as shigellae 
an d  reacted  in Sh. sonnei I IT serum . A sim ilar find ing  w as described by  
W i n t o n  [24]. A cco rd ing ly , ex tended  b iochem ical ex am in a tio n  or ce rta in  
specific tests  shou ld  be  perform ed n o t o n ly  w ith  a typ ica l b u t also w ith seem 
ingly w ell-recognizable organism s.

E . cloacae s tra in  6302/R B  and th e  serum  p repared  from  it m ay he useful 
in checking Sh. sonnei I and Sh. sonnei I I  s tra in s and  sera.
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PHAGE AND COLICIN TYPING OF SHIGELLA SONNEI
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Sum m ary . P hage  ty p in g  of 3522 s tra in s  and  colicin ty p in g  on th e  basis of colicino- 
g en ic ity  of 1418 s tra in s  of Shigella sonnei iso la ted  in th e  y ears  1966 — 68 from  v arious p a r ts  
of H u n g a ry  have  been  perform ed. The ty p es  w ere stab le  on rep ea ted  ex am in atio n s in  vivo  
an d  in  vitro  an d  a f te r  co n ju n c tiv a l passage in  th e  guinea pig.

P hage  ty p es  6, 65 and  7 occurred  m o st freq u e n tly . O f colicin ty p es  0, 6, 2 and  4 show ed 
th e  h ig h est incidence.

B y colicin ty p in g  various phage ty p es  w ere subd iv ided . T he com bined  use o f th e  tw o  
m eth o d s w as fo u n d  su itab le  for ep idem iological investig a tio n s.

D y sen te ry  com prises an im p o r ta n t  public  h ea lth  prob lem  all over th e  
w orld . F o r epidem iological in v estig a tio n s i t  is necessary  to  d iv ide th e  ca u sa tiv e  
ag en t in to  sm aller un its . The increasing  incidence of Shigella sonnei w h ich  
can n o t be su b d iv id ed  serologically, m ade th e  e lab o ra tio n  of m ethods su itab le  
fo r fu r th e r  d iffe ren tia tio n  necessary . T h is problem  has been solved by  eluci
d a tin g  th e  specific phage and colicin sen s itiv ity  and  colicinogenic p ro p ertie s  
of Sh. sonnei.

M aterials an d  m ethods

Sh. sonnei s tra in s  were collected fro m  v ario u s areas o f H u n g a ry  in  th e  years 1966 — 68. 
T he s tra in s  w ere iso la ted  from  dysen teric  p a tie n ts  and  carriers.

Phage typ in g  w as perform ed by  H a m m a r s t r ö m ’s m eth o d  [1]. A fter p ro p ag a tio n  th e  
ro u tin e  ty p in g  d ilu tio n  was de term ined  for each  of th e  12 phages. T yp ing  was perfo rm ed  as 
follows. Several R  colonies were p icked up  fro m  agar p la te  an d  in o cu la ted  in to  b ro th . A fte r 
2 hours in cu b a tio n  a t  37°C th e  cu ltu re  w as seeded  on to  agar m edium , th en  th e  phages w ere 
sp o tted  on th e  p la tes . R eadings were m ade  a f te r  in cu b a tio n  a t  30°C overn igh t.

Colicin production  and type determ ination  w ere carried  o u t by  th e  m odified  m eth o d  
of A bbot  an d  Sh a n n o n  [2]. A 24-hour b ro th  cu ltu re  was p rep ared  from  each Sh. sonnei 
s tra in  and  sp o tted  on 9 d ifferen t agar p la te s  so th a t  each  p la te  was in o cu la ted  w ith  6 d iffe ren t 
s tra in s . A fte r 16 ho u rs  incu b a tio n  a t  37°C th e  p la te s  were exposed to  ch loroform  v a p o u r  fo r 
30 m in u te s , th en  le f t to  s tan d  w ith  open lid  fo r 5 m inu tes. F in a lly  2 -hour b ro th  cu ltu res  o f th e  
9 in d ic a to r s tra in s  w ere m ixed in to  soft a g a r (0.5 ml to 4 m l m edium ) and  layered  over th e  
p la tes . In h ib itio n  zones were read  a fte r  in c u b a tio n  a t  37°C ov ern ig h t. Colicin ty p es  w ere 
d e te rm in ed  as show n in Table I [3]. Gil l ie s  a n d  B ro w n  [4] su p p lem en ted  th e  colicin ty p in g  
schem e w ith  tw o new  types.

T he a b ility  o f th e  stra in s  to cause k e ra to co n ju n c tiv itis  in guinea pigs was ex am in ed  
as described  by  Se r é n y  [5].
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R esults

A to ta l  of 3522 S h . sonnei s tra in s  w ere  phage ty p ed . T he s tra in s  belonged 
to  28 d ifferen t p h ag e  ty p e s . U n ty p eab le  o r deg raded  cu ltu res com prised  only 
5 .4 % . D istrib u tio n  acco rd in g  to  phage ty p e s  is p resen ted  in  T ab le  I I .

T he m ost f re q u e n tly  occurring th re e  phage ty p es  w ere 6, 65 and  7. 
T en  o f th e  phage ty p e s  w ere en coun tered  in  0 .5 — 4 .8 % , f ifteen  of th em  w ere 
iso la te d  b u t  occasionally .

Table I

In h ib itio n  patterns o f  Sh. sonnei colicin types

Colicin
type

Indicator strains

Row56 17 56/56 2 R6 M19 2/7 R5

1A + + + + — + — — +
IB + + + + + + - — —1—

2 + - - + - - -
3 + + + + + + + +
ЗА + + + + + - + + +
4 + + - + + - + - +
5 + + + + + + + - +
6 + + — + — — — +

8 — + — + — — — — +
9 “Г + + + + - - - +

10 
\  J

+ + + + + + — — +
_4_

12 + — + + + — — — +
13 + + + - + - - - +

0 — — — — — — — — —

-j- =  inhibition 
=  no in h ib ition

C olicinogenicity  o f  Sh. sonnei iso la tes is show n in T ab le  I I I .
F o rty -n in e  p e r  c e n t of th e  ex am in ed  1418 s tra in s  w ere colicinogenic 

an d , on th e  basis o f colicin produced , fell in to  14 ty p es. Colicin ty p es 6, 2 
an d  4 occurred re la tiv e ly  very  freq u en tly . S tra in s  n o t p ro duc ing  colicin were 
reg a rd ed  as a se p a ra te  g roup  and  w ere d esig n a ted  accord ing  to  H a r t ’s n o m en 
c la tu re  [3] as 0 .

D ifferen t p h ag e  ty p e s  were su b d iv id ed  according to  th e ir  colicin ty p es: 
T ab le  I Va shows th e  d is trib u tio n  of th e  th re e  freq u en t phage types.
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Table II
Phage type d istribution o f  Sh. sonnei strains 

(According to  H ammarstrom’s schem e)

Phage type
Isolates

Number Per cent

2 51 1.4

3 56 1.6

5 4 0.1

6 1137 32.2

7 411 11.7

8 7 0.2

12 168 4.8

13 124 3.5

15 4 _ 0.1

17 13 0.4

19 28 0.9

20 7 0.2

23 1 0.1

24 13 0.4

25 10 0.3

26 — —

30 12 0.3

31 7 0.2

32 49 1.4

34 4 0.1

37 12 0.3

39 -

41 28 0.9

42 4 0.1

55 4 0.1

61 43 1.2

62 83 2.4

63 — -

65 1015 28.8

67 — —

68 23 0.5

86 — —

94 12 0.3

D egraded 126 3.6

U ntypeable 66 1.9

T o ta l 3522 100.0
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Table III

C olicin type distribution o f  Sh. sonnei strains

Colicin type
Isolates

Number Per cent

IB l 0.1
2 164 11.6
3 15 1.0
ЗА 4 0.3

4 104 7.3

5 1 0.1
6 360 25.4

7 2 0.1
8 8 0.6

9 2 0.1
11 15 1.1
12 13 0.9

13 10 0.7

15 1 0.1
D egraded 2 0.1

0 716 50.5

T o ta l 1418 100.0

Table rVa

Distribution o f  frequen t phage types o f  Sh. sonnei according to colicin types

Phage
type

6

Colicin types 
encountered

2, ЗА, 4, 6, 7,

8, 11, 12, 0

Predominant colicin type 
and number of strains

Total number 
of strains

0

2

242

13 273

7 2, 3, 4, 5, 6, 4 59

11, 0, d eg rad ed 0 32 107
2 8

65 2, 6, 11, 12, 13 6 81 87
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Table IVb

Distribution o f frequent colicin types o f  Sh. sonnei according to phage types

Colicin P hage types P re d o m in a n t phage  ty p e T o ta l  n u m b er
ty p e encoun tered an d  n u m b e r o f  stra ins o f  s tra in s

2 2 3, 6, 7, 55, 6 13 37

61, 65, deg raded 7 8

4 3, 6. 7, 12, 13, 19, 20, 7 59 93

25, 31, 32, nt 3 19

6 2, 6, 7, 12, 13,

17, 19, 25, 37, 61, 

65, 68, degraded

65 81 118

0 2, 3, 5, 6, 7, 8, 6 242

12, 13, 15, 19, 24, 12 47 388

25, 30, 31, 34, 37, 7 32

55, degraded, n t 2 21

W ith in  th e  phage ty p es  ce rta in  colicin  ty p e s  p red o m in a ted  b u t  th ere  w as 
no s tr ic t  association  betw een  phage an d  colicin  types. In  T ab le  IV b ph ag e  
ty p e s  a re  grouped according to  f req u en t colicin types.

Table V

Phage and colicin types o f  Sh . sonnei strains 
isolated on repeated exam ination o f  the same person

P h a g e  ty p e Colicin ty p e
N u m b e r  of N u m b e r o f

p ersons ex am in a tio n s

3 4 l 2

3 0 i 2

6 2 2 6

6 0 6 1 2

7 4 3 6

7 - 3 4 1 2

1 2 4 1 2

1 2 1 2 1 2

37 0 1 3

61 6 5 10

61 - 6 - 6 1 6 1 3
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E pidem iological d a ta  ind ica ted  th a t  the subd iv ision  of phage ty p es  
b y  colicin ty p es is ju s tif ie d , as each d efin ed  focus w as rep resen ted  by  s tra in s  
belonging to  one ty p e .

In  order to  ch eck  th e  s tab ility  o f p h ag e  and  colicin ty p es , stra ins iso la ted  
from  th e  sam e p e rso n  on repeated  ex am in a tio n s, from  fam ily  and co m m u n ity  
o u tb reak s, w ere s tu d ie d . Model ex p erim en ts  using gu in ea  pig co n ju n c tiv a l 
passage were also perfo rm ed .

Table V p re se n ts  th e  phage an d  colicin types o f isolates o b ta in ed  on 
rep ea ted  ex am in a tio n s . As com pared to  th e  firs t iso la tion , in 21 persons th e re  
w as no change in  p h a g e  and  colicin ty p e s ; from  2 p ersons th e  sam e colicin 
tv p e s  b u t d iffe ren t p h ag e  types w ere cu ltu red .

Table VI

Phaçe and colicin  types o f Sh. sonnei stra ins isolated from  fam ily  outbreaks

P h ag e  type Colicin ty p e
N u m b e r of 

fam ilies

2 0 2

3 4 1

6 0 7

7 4 7

12 0 1

19 6 1

30 0 1

65 6 8

Total 28

A to ta l of 28 fam ily  ou tb reaks w ere exam ined . M em bers of th e  sam e fam ily  
ex cre ted  alw ays th e  sam e phage and  colicin  ty p e  (T able Y I).

S im ilar re su lts  w ere ob tained  in  com m unities. F o u r  ou tb reaks w ere 
associa ted  w ith  p h a g e  ty p e  6, non-co lic in-producing  s tra in s . For 2 o u tb re a k s  
p hage  ty p e  65 co lic in  ty p e  6 stra ins w ere responsible. In  one com m unity  10 
ch ildren  excre ted  p h a g e  ty p e  12, non-colicinogenic, 1 child  phage ty p e  37, 
non-colicinogenic S h . sonnei.

S tab ility  ex a m in a tio n s  by c o n ju n c tiv a l passage in  guinea pigs y ie ld ed  
th e  following re su lts . T h irty -s ix  s tra in s  h a d  been iso la ted  from  one o u tb re a k ; 
colicin typ in g  show ed th e m  to belong to  ty p e  2, b u t accord ing  to  phage ty p in g  
2 of them  belonged to  ty p e  13 and  th e  re s t to  ty p e  6. F rom  sporadic cases 
15 s tra in s were ex am in ed  (phage ty p es  65, 32, 12, 7, 6 an d  degraded; colicin
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ty p es  12, 6, 2 an d  0). T h ro u g h  3 passages th e re  w as no change in colicin ty p es 
in  any  of th e  s tra in s . A ccord ing  to  phage ty p in g  one s tra in  (ty p e  6) becam e 
degraded  a fte r th e  f irs t co n ju n c tiv a l passage.

Discussion

A m ethod  for th e  p hage  ty p in g  of Sh. sonnei w as e labo ra ted  by  
H a m m a r s tr ö m  in  1949 [1]. A lthough  th e  m e th o d  m ay  n o t y ield  v e ry  stab le  
re su lts , it  is usefu l fo r p ra c tic a l purposes. A tte m p ts  to  s ta n d a rd iz e  th e  tech n iq u e  
are  in progress [6].

In d e p e n d e n tly  from  H a m m a r strö m  a n o th e r  m e th o d  for Sh. sonnei 
phage ty p in g  has been described  by  T e e  [7], w ho d iv ided  829 s tra in s  in to  
20 typ es w ith  10 phages. G r o m k o v a  and  T r if o n o v a  [8] p rep a red  tw o sets of 
phages for ty p in g  S an d  R form s and found th a t  by  b o th  m ethods 65 — 75%  
of th e  exam ined  s tra in s  fell in to  one phage ty p e .

H a m m a r s t r ö m ’s p hages were used b y  m an y  au th o rs . In  E n g land  
M a y r - H a r t in g  [9], in F ran ce  Sz t u r m - R u b i n s t e n  [10, 11], in A u stra lia  
L u d f o r d  [12], in  C zechoslovakia R a s k a  et al. [13], in P o lan d  KuCHAREWICZ 
[14], in E a s t G erm any  R is c h e  [15, 16], J u n g h a n s  [17] an d  G r u n o w  [18J 
d em o n stra ted  th a t  th e  m e th o d  was su itab le  for epidem iological investiga tions.

In  course of basic sy s tem a tic  and  genetic s tu d ies  on colicins F r e d e r i c q  
[19 21] was th e  f irs t to  use colicin sen s itiv ity  for epidem iological stud ies
in Salmonella  and  Shigella  in fections. A b b o t  an d  S h a n n o n  [2] were inspired  
b y  these  stud ies to  in v e s tig a te  th e  colicin sen s itiv ity  of Sh. sonnei. T hey  
show ed th a t  s tra in s  from  th e  sam e source w ere d iffe ren t in  colicin sen sitiv ity . 
As th e y  found colicin p ro d u c tio n  a stab le  genetic  p ro p e rty , th e y  concluded 
th a t  colicinogenicity  was m ore su itab le  for ty p in g  th a n  colicin sen sitiv ity . In  
exam ining  colicin p ro d u c tio n  b y  537 stra ins th e y  w ere able to  ty p e  68%  of 
th e  cu ltu res; 32%  of th e  s tra in s  produced no colicin. T y p in g  b y  th is  m ethod  
gave sa tisfac to ry  resu lts  in  epidem iological s tud ies. This find ing  has been 
confirm ed by  H a r t  [3]. T h e  usefulness of colicin p ro d u c tio n  as an ep ide
m iological m ark er has also been po in ted  ou t b y  G i l l i e s  [22].

T h  ere are d a ta  for th e  a lte ra tio n  of Sh. sonnei phage types. Ma y r - 
H a r t in g  [9] described  th a t  ty p in g  by  H a m m a r s t r o m ’s se t of phages revealed  
occasionally m ore th a n  one phage ty p e  from  th e  sam e o u tb reak . She was 
able to  a lte r  th e  phage ty p e  o f th e  stra ins b y  exposing  th em  to  th e  effect of 
phages in vitro. F rom  h er resu lts  she concluded th a t  changes in phage ty p e  
m ay occur also in  vivo.

R is c h e  [16] rep o rted  on th e  incidence o f Sh. sonnei phage typ es in 
d ifferen t countries. T ype  3 occu rred  m ost freq u en tly  in  C zechoslovakia, E ng land  
and  P o land , ty p e  8 in F ran ce , ty p es 3, 5 and 13 in  E ast G erm any  and  types
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65, 12 and 13 in B erlin . A ccording to  K a l l i n g s  et al. [6] in  Sw eden ty p es 5 
(25% ) and 3 (22% ) p re d o m in a te d ; th e  incidence of ty p e s  7, 62 a n d  65 was 
h ig h e r th a n  5% .

The incidence o f  colicin ty p e s  also varies accord ing  to  coun tries  and 
d is tr ic ts . H a r t  [3] described  th a t  in E n g lan d  ty p es 7 an d  0, in o th e r  countries 
ty p e s  0, 6 and 12 w ere m ost f re q u e n tly  iso lated . In  S co tlan d  G i l l i e s  [22] 
s tu d ie d  th e  d is tr ib u tio n  of colicin ty p e s  over a period of 5 years. In  th e  begin
n in g  ty p e  7 p red o m in a ted , la te r  a g rad u a l increase in th e  n u m b er o f non-coli- 
cinogenic stra ins w as observed , w hile in  a d ifferen t area  th e  p red o m in a tin g  
u n ty p a b le  stra in s w ere rep laced  g rad u a lly  by  ty p e  7.

O ur results con firm  d a ta  th a t  phage ty p in g  and  colicin ty p in g  are  bo th  
su ita b le  for epidem iological in v es tig a tio n s . S tra in s iso la ted  from  one focus 
w ere iden tical in  p h ag e  an d  colicin ty p es. R ep ea ted  ex am in a tio n s  in  vivo 
an d  in  vitro also show ed th e  s ta b ili ty  of phage and  colicin ty p es. T here  was 
no a lte ra tio n  in course of passag ing  th e  stra in s by  co n ju n c tiv a l in fec tion  in 
gu inea  pigs.

R epea ted  ex am in a tio n s  rev ea led  change in phage ty p e  on tw o  occasions. 
O ne s tra in  show ed a lte ra tio n  d u rin g  co n ju n c tiv a l passage. T hese in freq u en t 
a lte ra tio n s  do n o t d im in ish  th e  p ra c tic a l value of phage ty p in g .

H ungary  d iffered  from  o th e r coun tries  in resp ec t to  th e  d is tr ib u tio n  of 
Sh . sonnei phage an d  colicin ty p es . O f ty p es p red o m in a tin g  in H u n g a ry  (6, 
65 an d  7) only ty p e  65 occurred  in  g rea t n u m b er in  B erlin  in 1955. There 
w ere no available d a ta  ab o u t p hage  ty p e s  6 and  7 found  fre q u e n tly  in  H u n g ary . 
P h a g e  typ es 3 an d  5 occu rring  com m only  in  o th e r coun tries w ere encoun tered  
in H u n g ary  only in  1.6 and  0 .1% , respective ly .

According to  colicin  ty p es, in ag reem en t w ith  d a ta  for o th e r  countries, 
ty p es  0 was th e  com m onest. T ypes 6 an d  4 w ere also fre q u e n tly  m e t w ith.

Com bined p h ag e  an d  colicin ty p in g  has been show n su ita b le  fo r sub
d iv id ing  th e  freq u en t ty p e s  and th u s  fo r epidem iological in v es tig a tio n s .
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S um m ary . Two po lyom a virus s tra in s , T o ron to -26  (T-26) and  SE-55, were show n to  
differ n o t  on ly  in  th e ir  oncogenic effect on th e  n ew born  h am ste rs , b u t  also in  several o th e r  
p ro p e rties , w hich  w ere d em o n s tra ted  in  vitro  in  em b ry o n ic  m ouse an d  h a m s te r  cells.

T -26, th e  s tra in  show ing th e  m ore p ro n o u n c ed  oncogenic a c tiv ity , s tim u la te d  in te r 
feron p ro d u c tio n  in  em bryon ic  m ouse and  h a m s te r  cells m ore rap id ly  and  in  a m uch  h ig h er 
t i t r e  com p ared  to  th e  s tra in  SE-55, w hich h a d  a  low er oncogenic ac tiv ity .

F u r th e r  to  th is , in  em bryonic  m ouse cell c u ltu re  th e  s tra in  T-26 show ed a slower sy n th e 
sis of in fec tiv e  v irus an d  slow er developm ent o f c y to p a th ic  effect, as well as a h igher h aem ag- 
g lu tin a tin g  a c tiv ity , as co n tra s ted  to th e  s tra in  SE-55.

T he re la tio n  betw een th e  oncogenic an d  in te rfe ro n  s tim u la tin g  a c tiv itie s  o f th e  ex am in ed  
po lyom a v iru s v a r ia n ts  is discussed.

Som e v a ria n ts  of polyom a v iru s  d iffe r in  th e ir  oncogenic p ro p erties  fo r 
th e  m ouse and  h am ste r  [1 4] as well as in  v a rio u s  o th e r p ro p ertie s  d em o n 
s tra b le  in  cell c u ltu re , such as p laque size [5 — 7], p ro p o rtio n  of tran sfo rm ed  
clones [8], ra te  of c y to p a th ic  effect [9], an d  sen s itiv ity  to  b ica rb o n a te  co n 
c e n tra tio n  [10].

I t  was d e m o n s tra te d  in m ouse e x p e rim e n ts  th a t  po lyom a v iru s m u ta n ts  
of d iffe ren t oncogenic a c tiv ity  s tim u la te  in te rfe ro n  in m ouse cell cu ltu res  in  
d iffe ren t degrees [11, 12].

In  th is  la b o ra to ry , tw o stra in s o f p o ly o m a v iru s, T-26 and  SE-55, w h ich  
differ in  oncogen ity  for th e  h am ste r, w ere  s tu d ied . A tte m p ts  w ere m ade to  
com pare  th e ir  p h en o ty p ic  p roperties in c lud ing  in te rfe ron  s tim u la tio n  in 
em bryon ic  m ouse and  h am ste r cell c u ltu re s .

M aterials a n d  m ethods

V irus strains. T he T oron to  s tra in  of p o ly o m a  v iru s [13] was su p p lied  by  P ro fesso r 
M. P. C h u m a k o v  ( In s t i tu te  for Poliom yelitis a n d  V iral E n cephalitides, Moscow) an d  p rio r  
to  use w as carried  th ro u g h  10 passages in  e m b ry o n ic  m ouse cells in th e  lab o ra to ry .

T he SE-55 po lyom a v iru s s tra in  [4] w as su p p lied  b y  D r. I . H e l l s t r ö m  (K a ro lin sk a  
In s t i tu te t ,  S tockholm ) an d  w as carried  th ro u g h  12 passages in em bryonic  m ouse cell c u ltu re .

In  o u r experim en ts , th e  above s tra in s  w ere  d esig n ated  as T-26 an d  SE -55, re sp ec tive ly .
T h e  Sem liki F o re s t V irus [14] s tra in  a n d  C h ik ungunya  v iru s [15], received  from  th e  

In s t i tu te  o f Po liom yelitis and  V irus E n ce p h a litid e s , M oscow, w ere carried  th ro u g h  5 in t r a 
cereb ral passages in B A LB  m ice. As v irus m a te ria l,  a 20%  m ouse b ra in  suspension  was u sed . 
P rio r to  use, th e  m ate ria l was centrifuged a t  2500 r.p .m . for 30 m inu tes an d  th e  sed im en t 
was d iscarded .
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Cell cultures. M ouse, h a m s te r  and ch ick  em b ry o  cell cu ltu res , as well as c u ltu red  cells 
fro m  th e  peritonea l e x u d a te  of m ouse and  h a m s te r  w ere used.

T he m onolayer c u ltu re s  of em bryonic  m ouse  an d  h a m s te r  cells were p re p are d  from  
em b ry o s rem oved a few  d a y s  prio r to b ir th . T h e  m inced  tissue  w as w ashed w ith  saline an d  
t r e a te d  w ith  0.1%  try p s in  so lu tio n  in flasks a t  37°C fo r 30 m inu tes. S ub seq u en tly , th e  try p s in  
so lu tio n  was d iscarded  a n d  th e  m inced tis su e  w as p ressed  w ith  a glass ro d  th ro u g h  4 lay e rs  
o f gauze m oun ted  on a g lass  funnel and  occasio n ally  w ashed  w ith  n u tr ie n t m edium . A fte r 
c o u n tin g  and  a p p ro p ria te  d ilu tion , th e  cell suspension  was d is tr ib u te d  in to  te s t  tu b es  o r 1 
l itre  R o u x  flasks (300,000 cells/m l).

C ultures of e m b ry o n ic  m ouse and h a m s te r  cells were p re p a re d  w ith  P a rk e r ’s m ed iu m  
N o. 199 and  Eagle so lu tio n s , con ta in ing  10 — 15%  of calf serum . Chick em bryo  cell c u ltu re s  
w ere p rep ared  in  a sim ila r w ay  from  9 10 d ay s  o ld  em bryos. As a g row th  m ed ium , H a n k s ’
so lu tio n  co n ta in ing  5%  c a tt le  serum  and  0 .5 %  lac ta lb u m in  h y d ro ly sa te , w as used.

Cell cu ltu res fro m  th e  peritonea l e x u d a te  o f th e  h a m s te r  were p rep ared  as follow s. 
One or 2 m l of a 2%  so lu tio n  of s ta rch  in sa line  w as in jec ted  in to  th e  p e rito n ea l c av ity  o f th e  
h a m s te r . One, tw o, or th re e  days la te r  2 — 5 m l o f P a rk e r ’s m ed iu m  No. 199 co n ta in in g  30%  
c a lf  an d  10 I.U ./m l o f h e p a rin , was in jec ted  b y  th e  sam e ro u te . A fter a sligh t ab d o m in a l 
m assage, th e  p e rito n ea l e x u d a te  cells were w ith d ra w n  w ith  a syringe and  a fte r  co u n tin g  th e y  
w ere m ade  up  to a c o n c e n tra tio n  of 3 — 5 m illio n /m l in 30%  ca lf serum  co n ta in in g  P a rk e r ’s 
m ed iu m  No. 199 an d  d is tr ib u te d  in to  tu b es .

In  certa in  cases, th e  p e rito n ea l cell c u ltu re  was p re p are d  w ith o u t p reced ing  in jec tio n  
of s ta rch .

V irus titration. T h e  t i t r e  of the  Sem liki F o re s t  V irus an d  po lyom a v irus w as assessed  
in  v itro , on th e  basis o f  i ts  cy to p a th ic  effec t in  p r im a ry  cell cu ltu res  from  m ouse em bryos of 
th e  B A L B  stra in . T he v iru s  d ilu tions w ere in o cu la te d  in to  6 tu b e  cu ltu res each.

C hikungunya v iru s  w as t i t r a te d  in p r im a ry  em bryon ic  h a m s te r  cell c u ltu re , an d  th e  
c y to p a th ic  effect w as re a d . T itra tio n s  w ere c a rr ied  o u t also in  ch ick  em bryo cell cu ltu re  b y  
p laq u e  t it ra tio n  w ith  th e  a g a r overlay  m e th o d , u sing  100 m l stop p ered  flasks co n ta in in g  a 
co n flu e n t m onolayer o f c h ick  em bryo cells. P r io r  to  th e  a d d itio n  of th e  v irus, th e  cell c u ltu re  
w as w ashed  once w ith  sa lin e . S u bsequen tly , ten fo ld  serial d ilu tio n s of th e  v iru s w ere in o cu 
la te d  each  in to  2 — 3 fla sk s  in  0.3 ml am o u n ts . T h e  v iru s w as allow ed to  adsorb  a t  37°C fo r 
1 — 1.5 hours, th en  th e  c u ltu re s  were covered w ith  n u tr ie n t  m edium  co n ta in ing  ag ar an d  p laced 
in  a n  in cu b a to r a t  37°C. T h e  resu lts  w ere re a d  a f te r  3 — 4 days.

Ilaem agglutination . T h e  polyom a v iru s s tra in s  w ere t i t r a te d  for H A  a c tiv ity  in  p lex ig lass 
p la te s  p rov ided  w ith  ro w s o f wells to  hold th e  re a c ta n ts . Tw ofold serial d ilu tions o f th e  v iru s  
w ere  p rep ared  w ith  a 15 N  К  — N a-p h o sp h a te  b u ffe r  p H  8.5. 0.5 ml of each d ilu tio n  w as 
p laced  in a well in succession . S ubsequently , 0.15 m l of a 3 tim es w ashed 1%  guinea-p ig  e r y th 
ro c y te  suspension w as a d d e d  to each d ilu tio n . T he p la te s  were in cu b a ted  o v ern ig h t a t  4°C 
R eac tio n s  were read  w ith  th e  four-cross sy s te m , th e  t i t r e  w as expressed  as th e  h ig h est d ilu 
tio n  s till giving a th ree - o r four-cross a g g lu tin a tio n .

I n  vitro production  o f  interferon w ith  po lyom a virus. C u ltu red  em bryon ic  cells fro m  
B A L B  m ice or gold h a m s te rs  w ere in o cu la ted  w ith  po lyom a v iru s (th e  doses a re  given in th e  
c h a p te r  “ R esu lts” ). T h e  in o cu la ted  cu ltu res  w ere  in cu b a ted  fo r 2 hours a t  37°C, w ashed  3 
tim es  an d  th en  P a rk e r ’s N o. 199 m edium  co n ta in in g  2%  c a ttle  serum  was ad d ed . T he hae- 
in ag g lu tin a tin g  an d  in fe c tiv e  t itre s  of th e  n u tr ie n t  m edium  w ere d e term ined  a t  d iffe re n t 
in te rv a ls , th en  th e  v iru s  w as rem oved by  a p p ro p ria te  t re a tm e n t an d  th e  m ate ria l w as t i t r a te d  
fo r in te rfero n .

To rem ove po ly o m a v iru s p rio r to  t i t r a t io n  for in te rfero n  th e  flu id  m edia w ere d ia ly sed  
ag a in s t pH  2.0 KC1—HC1 b u ffer for 72 h o u rs  a t  4°C. S u b seq u en tly  th e  pH  was a d ju s te d  to  
7.5 b y  d ialysis ag a in s t E a r le ’s solution.

In  certa in  cases, th e  m ate ria l w as cen trifu g e d  a t  100,000 g for 2 hours p rio r to th e  
d e te rm in a tio n  of in te rfe ro n  con ten t.

Titra tion  o f  in terferon. Mouse in te rfe ro n  w as t i t r a te d  b y  th e  C P E -in h ib itio n  m eth o d  
[16]. T he te s t m a te ria ls  w ere d ilu ted  in P a rk e r ’s m edium  No. 199 co n ta in ing  2%  c a ttle  se
ru m , in o cu la ted  in to  p r im a ry  em bryonic B A L B  m ouse cell cu ltu res  p rev iously  w ashed  w ith  
H a n k s ’ so lu tion , and  in c u b a tio n  for 4 h o u rs  a t  37°C. E ach  d ilu tio n  was in o cu la ted  in to  a t  
le a s t  4 tu b e  cu ltu res . A fte r  in cu b a tio n  th e  cell c u ltu re  was w ashed  3 tim es w ith  H a n k s’ so lu 
tio n  and  infected  w ith  50 — 100 C PD 50 of Sem lik i F o re s t V irus. As con tro ls, th e  la t te r  v iru s  
a n d  know n m ouse in te rfe ro n  were t i t r a te d  in  p a ra lle l. R esu lts  were read  on th e  3rd —4 th  d a y  
a n d  re la te d  to th e  co m p le te  cell degeneration  in  th e  in te rferon -free  v irus-in fec ted  cu ltu res  as 
co n tro ls. The titre  o f in te rfe ro n  — in n u tr ie n t  m ed iu m  or m ouse serum  — w as expressed  in  
te rm s  of th e  h ighest d ilu tio n  still in h ib itin g  th e  c y to p a th ic  effect of Sem liki F o re s t V irus in  
50%  of th e  tu b e  c u ltu res .
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T he in te rfero n  form ed in  cu ltu red  e m b ry o n ic  o r peritoneal h a m s te r  cells was t i t r a te d  
b y  th e  v iru s syn thesis in h ib itio n  m ethod  [17, 18]. T h e  m ateria ls were in o cu la ted  in to  p r im a ry  
em b ry o n ic  h am ste r  cell cu ltu res  an d  in cu b a ted  fo r 4 ho u rs  a t  37°C. S u b seq u en tly , th e  cu ltu res  
w ere w ashed  3 tim es an d  superin fected  w ith  50 — 100 PFU /0.2  m l o f C h ikungunya  v iru s. 
T he cu ltu res  were in cu b a ted  a t  37°C for 1 .0 — 1.5 h o u rs  to allow th e  v iru s  to  adsorb , th e n  
th e y  w ere w ashed 3 tim es to  rem ove th e  v iru s  a n d  P a rk e r’s No. 199 m ed iu m  co n ta in in g  
2%  c a tt le  serum  was ad d ed  as n u tr ie n t m edium . W ith  all experim ents, th e  follow ing co n tro l 
series w ere se t up : (1) v iru s t itra tio n ; (2) t i t r a t io n  of in te rferon  of kno w n  titre .

E ig h teen  hours la te r  th e  infected  cu ltu re s  w ere  th ree  tim es frozen a n d  th aw ed  a t  —70°C 
a n d  -|-37°C, respec tive ly . T he to ta l  q u a n ti ty  o f  C h ik ungunya  v irus w as d e te rm in ed  in  ch ick  
em b ry o  cell cu ltu re  by  p laq u e  t it ra tio n  w ith  th e  a g a r  overlay  m ethod .

T he t i t r e  of in te rfe ro n  was expressed in te rm s  of th e  highest d ilu tion  of n u tr ie n t m ed iu m  
w hich  still caused 50%  in h ib itio n  of C h ik u n g u n y a  v iru s  synthesis as re la te d  to  th e  co n tro ls .

A ll co m p ara tiv e  ex am in atio n s of in te rfe ro n  w ere carried  ou t sim u ltan eo u s ly  on  one 
an d  th e  sam e b a tc h  of cell cu ltu re .

D eterm ination o f the molecular weight o f  interferon. The m olecular w e ig h t of th e  in h ib ito r  
in d u ced  in  em bryonic  h a m s te r  cell cu ltu re  w ith  p o ly o m a  v irus was d e te rm in e d  b y  m eans of 
an  L K B  frac tio n  collector b y  ch ro m a to g rap h y  on  a  Sephadex  G-100 co lum n.

E lu tio n  was carried  o u t w ith  0.1 M  p h o sp h a te  b u ffer, p H  7.2, a t  a r a te  of 25 m l/h o u r. 
P rio r  to  th e  m easu rem en ts, th e  Sephadex G-100 co lu m n  w as calib ra ted  w ith  p ro te in s o f k n o w n  
m o lecu la r w eight.

T he h ighest b iological a c tiv ity  of th e  in h ib i to r  w as d em o n s tra ted  in  th e  frac tio n s o f 
to ta l  vo lum es betw een  232.4 — 243.4 ml w hich  co rresp o n d ed  to  m olecu lar w eights o f 21,500 
a n d  24,000, re spec tive ly  [19].

R esu lts

(A) Oncogenic properties o f  the two p o lyom a  virus variants. The p o lyom a 
v iru s  s tra in  T-26 caused visceral tu m o u rs , especially  ren a l sarcom a, in  100%  
o f th e  cases w hen given to  new born  h a m s te rs  on th e ir  f irs t d ay  o f life. A n id e n 
tic a l dose, 104 C P D 50 su b cu tan eo u sly , o f s tra in  SE-55 caused  n eo p lastic  
changes, m ain ly  sub cu tan eo u s sarcom a, in  7 1 %  of th e  cases. T h e  tw o po lyom a 
v iru s  v a r ia n ts  differed  n o t only  in th e ir  oncogenic effect b u t  also in  re sp ec t 
o f th e  la ten cy  period  preceding  th e  d e v e lo p m en t of th e  tu m o u r, th e  tim e  o f 
d e a th  an d  th e  developm ent of h aem o rrh ag es  (Table I).

Table I

Characterization o f  the oncogenic process induced in  hamsters with two variants o f  polyoma virus

(Infection: 1st d a y  a f te r  b irth )

Dose of
I  n  c i d  e n e e  o f T im e elapsed

V irus
s tra in

v irus
(log C P D 50

0.2 ml)
T u m o u r

fo rm a tio n
R enal

sarcom a
form ation

S u b c u ta 
neo u s

sarco m a
fo rm a tio n

H aem or
rhages

before 
ap p earan ce  
o f tu m o u r  

(w eeks)

S urv iva l
(weeks)

T-26 4.0 50/50* 50/50 0/50 48/50 1 - 2 2 -  3

SE-55 4.0 48/68 6/48 25/48 10/48 4 6 6 - 1 2

* N um erato r: N um ber of anim als w ith  tu m o u r
D enom inator: N um ber of infected an im als
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A fter in o cu la tio n  o f s tra in  T-26, th e  k idneys soon showed a gross en 
la rg em en t, b u t h a rd ly  a n y  change of sh ap e . M icroscopically , a diffuse en la rg e 
m en t of b o th  th e  c o rtex  an d  m edulla w as found . The re n a l tu i  ours were id e n ti
fied  as in f iltra tin g  fib ro sarco m a. T he tu m o u r  and  th e  haem orrhages w ere  as 
a ru le  well visib le a t  n ecro p sy  during  th e  f ir s t  week. All h am ste rs  in fec ted  w ith  
th e  T-26 s tra in  d ied  in  2 or 3 weeks. In fe c tio n  of h a m ste rs  w ith s tra in  T -26 
a t  th e  age of 1 o r 2 w eeks also re su lte d  in  100%  le th a lity . B u t th e  life 
sp an  of th e  in fec ted  an im als was p ro longed  b y  4 w eeks, renal sa rco m a  
developed in 52%  o f th e  cases on ly , w hile th e  h aem o rrh ag es  w ere p ro 
nounced . T he h a e m o rrh ag ic  cysts lo ca ted  b en ea th  th e  renal capsule o ften  
reach ed  1 cm in d iam e te r .

F ig . 1. A ccum ulation  o f in fec tiv e  and h a e m ag g lu tin a tin g  v iru s in  n u tr ie n t  m edium  of c u ltu re d
em bryon ic  m ouse cells (B A LB  line)

In fec tiv e  t itre  o f v iru s: T -26 О------ О; SE-55 x ------- x .  H A  titre :  T-26 о ........ о; SE-55 x ........-x

(B) Growth o f  po lyom a virus in  em bryonic mouse cell culture. O th e r p ro p 
ertie s  of th e  tw o  p o lyom a v irus v a r ia n ts  w ere s tu d ie d  in  em bryonic m ouse 
cell cu ltu res. T he tw o  s tra in s  were fo u n d  to  differ in th e  p ro d u c tio n  of in fec tiv e  
v irio n s, th e  ra te  o f d ev e lopm en t of c y to p a th ic  effect an d  in  th e ir  haem agg lu - 
tin in -sy n th e tiz in g  cap ac ity .

Fig. 1 show s av erag e  values fo r th re e  ex p erim en ts . A ccum ulation  of 
in fec tive  v irions in  th e  n u tr ie n t m edia  of BALB em bryon ic  m ouse cell c u l
tu re s  was slow er w ith  th e  T-26 th a n  w ith  th e  SE-55 s tra in . The in fec tive  t i t r e  
of th e  tw o v a r ia n ts  differed  a fte r 48 h ours by  a p p ro x im a te ly  3 lo g a rith m ic  
o rders, w hile a f te r  72 hours by  2 lo g arith m ic  orders (T able  II).

B o th  p o lyom a v iru s  s tra in s  cau sed  nearly  to ta l  cell d eg en era tio n  in  
th e  in fected  em b ry o n ic  m ouse cell cu ltu re s . The c y to p a th ic  effect o f s tra in  
T-26 developed m u ch  slow er th a n  th a t  o f s tra in  SE-55. A ccordingly, th e  f in a l 
C PE  titre  of s tra in  T-26 could no t be read  u n til th e  21st day a fte r in fec tio n  
(T able I I I ) ,  w hile t h a t  of s tra in  SE-55 w as read  on th e  14th day.
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Table II

Infective and haemagglutinating titres o f  polyom a v irus in  embryonic mouse cell culture at different
intervals after infection

E x p e
r im e n t

No.
V irus
s tra in

M ulti
p lic ity

(c p d 50/
cell)

V irus t i t re

Log ,  c p d 5„/m l H a em ag g lu tin a tio n

D ays D ays

3 5 7 9 14 3 5 7 9 14

l T-26 5 3.7 4.2 5.5 6.3
I

6.5 640 640 1280 1280 1280
SE-55 5 5.9 6.2 6.3 7.0 7.0 : 40 80 80 180 320

2 T-26 5 2.8 3.3 4.5 5.0 5.8 1 160 320 320 640 640

SE-55 5 4.2 4.5 5.9 6.2 6.3 20 40 80 80 160

3 T-26 1 2.5 3.3 3.8 5.0 5.8 160 320 640 1280 2560
SE-55 1 4.7 4.9 5.3 6.0 6.0 40 80 160 160 320

Table III

T itra tion  o f  polyom a virus variants on the basis o f  C P E  in  В  A L B  embryonic mouse cell culture

E x p e rim e n t
No.

V irus
T itre  (Iog10 CPD 6n/m l) on  days

stra in
5 th 10th 14th 17th 21st

l T-26 2.65 3.70 5.32 5.85 6.37
SE-55 3.10 5.83 6.10 6.10 6.10

2 T-26 2.95 4.10 4.85 5.30 6.10
SE-55 3.70 5.20 5.85 5.85 5.85

3 T-26 3.65 4.80 5.57 6.10 6.50
SE-55 4.00 5.72 6.28 6.28 6.28

(C) Induction  o f interferon by p o lyom a  virus in  em bryonic mouse cell 
culture. S tim u la tio n  of in te rfe ro n  by p o ly o m a v iru s was exam ined  in em bryon ic  
B A L B  m ouse cell cu ltu res, w here  b o th  p o ly o m a v iru s v a r ia n ts  induced  in te r 
feron  p ro d u c tio n .

In c rease  in th e  in fective t itre  and  in te rfe ro n  fo rm atio n  is show n in 
T ab le  IV  as observed from  4 ex p erim en ts . In  em bryonic m ouse cell cu ltu res , 
s tra in  T-26 an d  SE-55 did n o t differ n o ta b ly  in t i tre  on th e  14th  d ay  a fte r  
in fec tion . T he in terferon  ti tre , how ever, w as 4 8 tim es h ig h er in th e  cu ltu re s
in fec ted  w ith  T-26 th a n  in  th o se  in fec ted  w ith  SE-55.
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In te rfe ro n  a c c u m u la tio n  took  p lace  slow er on s tim u la tio n  w ith  SE -55 
th a n  w ith  T-26; in  th e  fo rm er case, signs in d ica tiv e  of th e  presence of in te r 
fe ro n  w ere n o t o b se rv ed  u n til  th e  9 th  d ay . A t th e  sam e tim e , th e  in te rfe ro n  
in d u ced  by  s tra in  T -26 w as already  d em o n strab le  on th e  4 th  day.

(D) Induction  o f  interferon by po lyom a virus in  embryonic hamster cell 
culture. No lite ra ry  d a ta  w ere found concern ing  in te rfe ro n  s tim u la tio n  b y  
p o ly o m a v irus in  em b ry o n ic  h am ster cell cu ltu re . I t  seem ed there fo re  in te r e s t
ing  to  exam ine th e  in d u c tio n  of in te rfe ro n  in  th a t  ty p e  of cell cu ltu re  b y  tw o  
po lyom a v irus v a r ia n ts  w hich differed in  oncogen ic ity  for th e  h am ste r, an d  to  
seek a co rre la tion  b e tw een  th e  oncogenic an d  in te rfe ro n  s tim u la tin g  p ro p e rtie s  
o f th e se  stra ins. A ll in fec tio n  experim en ts w ere perfo rm ed  on new ly p re p a re d  
p rim ary  em bryon ic  h a m s te r  cell cu ltu res. T hese show ed a considerab le  ind i-

ТаЫе IV

In fective titre o f polyom a v iru s and interferon titre in  embryonic mouse cell culture at different
intervals after infection

E x p erim en t
No.

V irus
s tra in

In fec tious
dose

( lo g ,о CPD5n /ml)

V iru s  titre
(log10 C P D J m l ) In te rfe ro n  t i t re

D ays D ays

4 9 14 4 9 14

l T-26 6.3 4.0 5.3 6.0 2 8 32

SE-55 6.7 5.5 5.8 6.3 0 0 4

2 T-26 6.3 4.2 5.0 6.5 4 8 32

SE-55 6.7 5.8 6.0 6.8 0 2 8

3 T-26 5.8 3.8 5.0 6.8 4 i6 64

SE-55 6.0 5.8 6.5 7.0 0 2 8

4 T-26 5.8 N .E . N .E . 6.3 8 16 64

SE-55 6.0 N .E . N .E . 6.0 0 4 16

N .E . =  no t exam ined

v id u a l v a ria tio n  of se n s itiv ity  to  po lyom a v irus, th o u g h  em bryos from  th e  
sam e m o th e r an im al w ere  used for each  lo t of tissue  c u ltu re . .

In  p a r t of th e  cu ltu res , there  was an  increase of th e  h aem ag g lu tin a tin g  
a n d  in fective t i t r e ,  w hile  in  2 of 5 cu ltu re s  no syn thesis  of po lyom a v iru s  was 
d em onstrab le . In  th e  em bryonic  h a m s te r  cell cu ltu re , rep lica tio n  of th e  tw o 
po lyom a v iru s v a r ia n ts  w as n o t accom pan ied  b y  a v isib le  c y to p a th ic  effect.

R egardless of th e  in d iv id u a l v a r ia tio n  in  th e  in fec tiv e  v irus sy n th esiz in g  
a b ility  of p rim a ry  em bryon ic  h am ste r cell cu ltu res , it  w as clearly  d em o n strab le
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th a t  in fec tion  w ith  polyom a virus w as follow ed hy  th e  fo rm a tio n  of a v iru s  
in h ib ito r  su b stance . In  3 of 5 p rim a ry  em bryon ic  h a m s te r  cell cu ltu res , th e  
in h ib ito r  h ad  fo rm ed  para lle l to  th e  in crease  of th e  h a e m a g g lu tin a tin g  and  
in fec tiv e  v iru s  t i t re s  (Fig. 2), w hile in  th e  rem aining 2 cu ltu res  th e re  w as 
in h ib ito r  fo rm atio n  b u t  no evidence of th e  synthesis of in fec tiv e  or h a e m a g 
g lu tin a tin g  v iru s (F ig. 3).

F ig . 2. S tim u la tio n  of in h ib ito r  fo rm ation  by  p o ly o m a  v irus in em b ry o n ic  h am ste r  cell c u ltu re  
(E x p e rim e n t 1). E x p lan a tio n s: a: H A  t it r e ;  b : in fec tiv e  titre ; c: in h ib ito r  t i t r e  in th e  case 
o f s tra in  T-26; d: H A  tit r e ;  e: in fec tive  t i t r e ;  f: in h ib ito r  t itre  in  th e  case of SE-55 s tra in

F ig. 3. S tim u la tio n  of in h ib ito r  by  polyom a v iru s  in  em bryonic  h a m s te r  cell cu ltu re  (E x p e ri .  
m en ts  2 an d  5). D esignations: ■  T itre  of in fec tiv e  v iru s; •  T itre  of in h ib ito r  (E x p e rim e n t 2).

Я T itre  of in h ib ito r  (E x p erim e n t 5)

P re tre a tm e n t of em bryonic  h a m s te r  cell cultures w ith  n u tr ie n t m ed ium  
from  th e  non -in fec ted  contro l tubes h ad  no influence on C hikungunya v iru s  
y ie ld . C h ikungunya  v iru s  syn thesis w as in h ib ite d  exclusively  b y  th e  in h ib ito r  
su b s ta n c e  w hich w as s tim u la ted  by  p o ly o m a virus.

T he resu lts  o b ta in ed  in  em bryonic  h a m s te r  cells ag reed  well w ith  th o se  
found  in  em bryon ic  m ouse cells, in o th e r  w ords the  T-26 s tra in  of s tro n g e r 
oncogen ic ity , s tim u la ted  a m ore rap id , a n d  q u a n tita tiv e ly  h ig h e r syn thesis  of 
in h ib ito r  su b stan ce  th a n  d id  th e  s tra in  SE-55.

(E ) Properties o f  the interferon induced by polyom a v iru s  in  em bryonic 
ham ster cell cultures. Some biological an d  physico-chem ical p ro p erties  of th e

Acta Microbiologica Academiae Scientiarum Hungaricae 16, 1969



326 M. TÁLAS

v iru s  in h ib ito r in d u ced  by polyom a v iru s  on em bryonic  h a m ste r  cell cu ltu res  
w ere exam ined in  la ck  o f re lev an t l i te ra ry  d a ta . The cell specific ity  and v iru s  
specific ity  of th e  in h ib ito r , th e  effects on its  t i t re  of th e  p H  and of d ia lysis, 
i ts  sensitiv ity  to  try p s in , RN A se, D N A se an d  an ti-p o ly o m a serum , as w ell 
as its  u ltra c e n tr ifu g a l sed im en ta tio n , ac tin o m y cin  D effect and m olecu lar 
w e ig h t were d e te rm in e d  (Table V).

On th e  basis o f  its  biological an d  physico-chem ical p roperties, th e  v ira l 
g ro w th  in h ib ito r s tim u la te d  in em bryon ic  h am ste r  cell cu ltu re  by po lyom a 
v iru s  has been re g a rd e d  in  in te rfe ro n -lik e  p ro te in .

Table V

Biological, physical and chemical properties o f  the interferon induced by polyom a virus in  embryonic
hamster cell culture

1. Species specific

2. N o t specific for v iru s

3. S table a t p H  2.0 fo r 5 days

4. N on-dialysable a g a in s t b u ffer for 5 days

5. N o t sedim ented b y  u ltra cen trifu g a tio n  a t 100,000 g for 2 hours

6. Molecular w eigh t 21,500 24,000

7. T rypsin-sensitive (on  exposure  to  200 /fg/m l for 3 hours a t  37°C)

8. N o t sensitive to  R N A se  or DNAse trea tm e n t (100 / / g nil. 3 hours a t  37°C)

9. N o t neu tra lisab le  b y  specific polyom a an tise ru m

10. In h ib ito ry  action  b locked  by  actinom ycin  D (100 /ig/m l)

(F) Induc tion  o f  interferon by polyom a virus in  cultured cells fro m  the 
hamster's peritoneal exudate. H am sters w ere given in tra p e rito n e a lly  a 2%  s ta rc h  
solu tion  and cells w ere  collected from  th e  ex u d a te  on th e  1st 3rd days. P r io r  
to  th e  in jec tion  o f s ta rc h , th e  h a m s te r’s p e rito n ea l e x u d a te  consisted ch ie fly  
o f cells w ith lo b ed  nuclei, some m acrophages and a few  lym phocy tes. A fte r 
th e  in jection  of s ta rc h , th e  large m acrophages ten d ed  to  increase in n u m b e r 
u n til  th ey  h ad  m a d e  u p  80%  of th e  to ta l  cell count by  th e  4 th  day (T able V I).

The e x u d a te  cells w ere su spended  a t  a c o n c e n tra tio n  of 3 — 5 m illion  
cells/m l and c u ltu re d  in  tu b es. T hey  h a d  a v e ry  low m ito tic  a c tiv ity  and  seem ed 
to  form a co n flu en t m ono layer b u t th e  o u tg ro w th  essen tia lly  consisted of single 
in d ep en d en t cells s i tu a te d  closely to  each  o ther. T he c u ltu re  could be m a in 
ta in ed  for 1 or 2 m o n th s , th en  the  ro u n d  m acrophages u n d e rw en t a f ib ro b la s t
like tran sfo rm a tio n  and  form ed grow ing m onolayer is lands.

Polyom a v iru s  ad d ed  2 3 days a f te r  the  adherence  of the  cells to  th e
tu b e  wall p ro d u ced  no  d is tin c t c y to p a th ic  effect. T h ree—fiv e  days a fte r in fec 
tio n  there  was a ce rta in  rise in th e  h a em ag g lu tin a tin g  a c tiv ity  of the  n u tr ie n t  
m edium .
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Table VI

Proportions o f  cellular elements in  the hamster4s peritoneal exudate before and after mobilization
with starch

C ellular e lem ents

P e ree n tu a l d istribu tion in th e

0 24 th 48 th 72nd 96 th

h o u r a l t e r  m obilization  w ith  s ta rch *

M acrophage 12.5 16.8 39.8 75.0 79.2

L y m phocy te 5.0 6 .8 18.8 17.0 17.4

Cells w ith  lobed nuclei 82.5 76.4 41.4 8.0 3.4

* R ela ted  to 1000 cells

In  th e  n u tr ie n t m edium  of th e  cu ltu red  p e rito n ea l e x u d a te  cells in fec ted  
w ith  p o lyom a v irus, th e  p resence o f a su b stan ce  in h ib itin g  th e  g ro w th  of 
C h ik u n g u n y a  v iru s was d e m o n s tra te d . In  th e  em bryon ic  h a m ste r  cell cu ltu res

12 24 36 48  h o u r s

Fig. 4. C hikungunya  v irus sy n th esis  in  em bryon ic  h am ste r  cell cu ltu res  u n tre a te d  (C) and  
tre a te d  w ith  flu id  m edium  from  n on-in fec ted  (M) or po lyom a v iru s in fec ted  (M P) m acro p h ag e

cu ltu res

p rev io u sly  tre a te d  w ith  n u tr ie n t  m ed ium  from  th e  in fec ted  m acrophage  cu l
tu re , no C hikungunya v iru s  syn thesis  to o k  place (F ig. 4, cu rve  M P). T he 
in h ib ito ry  t itre  of th e  m acrophage cu ltu re  flu id  rose p ara lle l w ith  its  haem ag- 
g lu tin a tin g  titre . T he in h ib ito ry  su b stan ce  induced  by po lyom a v iru s w as p res
e n t in  all m acrophage cu ltu res , regard less of th e  tim e  of collection  o f th e  
cells from  th e  perito n ea l ex u d a te .

B ased  on its  p ro p erties , th e  in h ib ito r  can  be classified  as an  in te rfe ro n 
like sub stan ce . I t  was in a c tiv a te d  by  try p s in  tre a tm e n t, h u t  its  t i t r e  rem ained  
u n ch an g ed  on tre a tm e n t w ith  an ti-n u c lease  or an ti-p o ly o m a v iru s sera , u l t r a 
cen tr ifu g a tio n  and  dialysis.
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Closer s tu d ies  o f th e  in h ib ito ry  su b s ta n c e  fo rm ed  on polyom a v iru s  
in fection  of cu ltu re d  h a m s te r  perito n ea l e x u d a te  cells show ed th a t  a su b stan ce  
p a r tia lly  in h ib itin g  th e  syn thesis  o f C h ik u n g u n y a  v iru s  w as p resen t also in  
th e  n u tr ie n t m ed iu m  o f non -in fec ted  m acro p h ag e  cu ltu re s  (Fig. 4, cu rv e  M). 
T h e  presence of th is  su b s ta n c e  was d em o n strab le  also in  p e rito n ea l cell cu ltu res  
o b ta in ed  w ith o u t p reced in g  m ob iliza tion  w ith  s ta rch , as well as in th o se  cu l
tu re s  w hich w ere p re p a re d  1 2, or 3 4 d ays a fte r  th e  in jec tion  of s ta rch .
D u rin g  m acrophage  c u ltiv a tio n , th e re  w as a s ligh t e lev a tio n  in th e  in h ib ito r ’s 
a c tiv ity .

In h ib itio n  o f th e  g row th  of C h ik u n g u n y a  v iru s  w as caused also by  
n u tr ie n t  m ed ium  from  cells s to red  a t  - |-4 0C fo r 24 h o u rs  as well as b y  th a t  
from  cells deep-frozen  im m ed ia te ly  a fte r  th e ir  w ith d raw a l from  th e  p e rito n ea l 
c a v ity  (Table V II) .

Tabic VII

In fluence on C hikungunya v irus synthesis o f  interferon fro m  non-infected peritoneal exudate cells
o f  hamster

T re a tm e n t  of 
p e r i to n e a l  e x u d a te  cells

S y n th esis  o f 
C h ik u n g u n y a  

v iru s  as re la te d  
to  con tro ls, 

p e r  cen t

In te rfe ro n  
t i t r e  in  

u n d ilu te d  
n u trie n t  
m edium

C u ltiva tion  fo r 24 hours 0.2 10 1 -2
C ultiva tion  fo r 5 days 0.2 — 8 2 - 4

Stored a t  -|-40C for 24 hours 
w ith o u t cu ltu rin g

0.1 1 1 -2

Stored  a t  —20°C w ith o u t culturing 10 - 1 2 1

The p ro p ertie s  o f th e  in h ib ito r  su b s ta n c e  w ere s tu d ied . The in h ib ito r  
o b ta in e d  from  n o n i-n fec ted  perito n ea l e x u d a te  cells w as sensitive  to  try p s in , 
in sen sitiv e  to  u l tra c e n tr ifu g a tio n  an d  d ia lysis, b u t  p rev ious ac tinom ycin  D 
tr e a tm e n t of th e  cells b locked  th e  in h ib ito r’s a c tiv ity  in  th e  em bryonic  h a m ste r  
cell cu ltu re .

Table VIII

E ffect o f  actinom ycin D on the inhibitor's activity

P re tr e a tm e n t  o f cell cu ltu re
T itre  of 

C h iku n g u n y a  
v iru s , P F U /0 .3  m l

1. No p re tre a tm e n t 2 X  102
2. A c tinom ycin  D (1 //g/m l) 3x10=

3. In h ib ito r  ( t itre  1 : 8) 0
4. A c tinom ycin  D -f- in h ib ito r 4 x 1 0 =
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T he above o u tlin ed  p roperties of th e  in h ib ito r  o b ta in ed  from  non-in fec ted  
h a m ste r  peritoneal e x u d a te  cell cu ltu res, and , p rim arily , th e  blocking of its  
ac tion  by  ac tinom ycin  D (T able V II I ) ,  in  o th e r  w ords its  re la tio n sh ip  w ith  
D N A -dependen t R N A  syn th esis , allow ed th e  c la ssifica tion  of th e  in h ib ito r  
in to  th e  group of in te rfe ro n -lik e  substances.

D iscussion

So fa r, only few a u th o rs  have s tu d ie d  th e  ro le of in te rfe ro n  in  th e  v irus- 
induced  m alig n an t tra n sfo rm a tio n  of cells. I t  has been  re p o rte d  th a t  exoge
nous in te rfe ro n  h a d  a d irec t in h ib ito ry  effect on ce llu la r tran sfo rm a tio n  
processes in itia ted  b y  SV-40 [20] or R ous sarcom a v iru s  [21] in  vitro, w hile 
in  vivo  it  in h ib ited  th e  neop lastic  a c tiv ity  of po lyom a v iru s  [22], F r i e n d ’s 

m ouse leukaem ia  v iru s  [23, 24] and th e  fo rm a tio n  o f T  (tu m o u r)  an tigen  in  
SY -40-transform ed cells [25]. In  cell sy stem s en h an c in g  v ira l g row th , exoge
nous in terferons red u ced  v ira l tu m o u r genesis b y  in h ib itin g  v iru s  syn thesis  
[26, 27, 28].

I t  was d e m o n s tra te d  th a t  in te rfe ro n  in h ib its  th e  tra n s la tio n  of v ira l 
genetic  in fo rm ation  b y  selectively  in fluenc ing  th e  re la tio n sh ip  betw een  v ira l 
R N A  an d  th e  ribosom es [29, 30]. In  cell system s w here  no v iru s  syn thesis  
tak es  p lace  e.g. SV-40 in  3T3 m ouse cells — th e  a c tiv ity  of in te rfe ro n  a p p a 
re n tly  develops b y  a d iffe ren t m echanism , as a sm all a m o u n t is sufficient to  
b lock  th e  v iru s-in d u ced  tra n sfo rm a tio n  of cells.

E x am in a tio n s  of th e  v iru s-s tim u la ted  endogenous in te rfe ro n  revealed  
a ce rta in  co rrelation  be tw een  th e  v iru lence  and  ce llu lar nucleic  acid in h ib ito ry  
ac tion  of certa in  v iru s  m u ta n ts  (e.g. po liov irus and  VSV) an d  th e ir  in te rfe ro n  
s tim u la tin g  cap ac ity  [31, 32]. T he c y to p a th ic  in fec tive  v iru ses  are u sua lly  
poor in te rfe ro n  inducers. F o r exam ple, in  th e  case of fo o t-an d -m o u th  disease 
v iru s, ac tiv a tio n  of in trace llu la r  in te rfe ro n  resu lted  in in tra c e llu la r  persistence, 
a la te n t  infection  [33]. T his fac t seem s to  be of in te re s t w ith  regard  to  v ira l 
tu m o u r genesis, as la te n t  infection  m ig h t p ro m o te  th e  in te g ra tio n  of v ira l 
and  cellu lar in fo rm atio n .

T he capac ity  to  s tim u la te  endogenous in te rfe ro n  has been  d em o n stra ted  
w ith  m an y  oncogenic v iru ses [26, 27, 34, 35].

I t  has been show n th a t  po lyom a v iru s  v a r ia n ts  o f d iffe ren t oncogen ity  
for th e  m ouse differ also in  th e ir  c a p a c ity  of indu c in g  endogenous in te rfe ro n  
[11, 12].

In  th e  p resen t ex perim en ts tw o v a r ia n ts  o f po lyom a v iru s , differing in 
oncogen ity  for th e  h a m s te r  have been  s tu d ied . S tra in  T-26, w hich is h igh ly  
oncogenic for th e  h a m s te r , s tim u la ted  in te rfe ro n  in  em bryon ic  h am ste r an d  
m ouse cell cu ltu res m ore  rap id ly  and in a h igher t i t r e  th a n  th e  considerab ly  
less oncogenic s tra in  SE-55.

F r i e d m a n  et al. [11] d em o n stra ted  th a t  th e  m u ta n t  S o f polyom a v irus,
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w hich  induced a tu m o u r  in 80%  o f m ice, was a w eaker in d u ce r of endogenous 
in te rfe ro n  bo th  in  vivo  an d  in vitro , th a n  th e  less oncogenic M m u ta n t. W hen 
th e  h ighly  oncogenic m u ta n t  S w as in jec ted  s im u ltan eo u sly  w ith  th e  good 
in te rfe ro n  inducer, m u ta n t  M, th e re  w as a decrease in  th e  n u m b er of tu m o u rs . 
I t  w as therefo re  in fe rred  th a t  th e  d iffe ren t oncogenic p ro p ertie s  of th e se  
m u ta n ts  were re la ted  to  th e  in te rfe ro n  s tim u la tin g  cap ac ity . T he in te rfe ro n  
in d u ced  by  polyom a v iru s  in h ib its  th e  developm ent o f v iru s  p a rtic le s , av e rtin g  
th u s  th e  v iru s-s tim u la ted  tra n s fo rm a tio n  of cells.

In co n sis ten t conclusions h av e  been d raw n b y  G o t l i e b - S t e m a t s k y  

et al. [12], who s tu d ie d  tw o  o th e r  m u ta n ts  of polyom a v iru s . T h ey  fo u n d  th a t  
in  em bryonic  m ouse cell cu ltu re , th e  m u ta n t  C H  + , h ig h ly  oncogenic fo r 
th e  m ouse, s tim u la ted  in te rfe ro n  4 12 tim es m ore th a n  d id  th e  s lig h tly  onco
genic  m u ta n t C+ H ~ . P ro n o u n ced  oncogenic a c tiv ity  w as found  to  be asso
c ia te d  also w ith  o th e r  p ro p e rtie s  such  as m arked  p laq u e  fo rm a tio n , w eak  
C P E  and  high se n s it iv ity  to  in te rfe ro n . The said  a u th o rs  be lieve th a t  th e  
m a rk e d  in terferon  s tim u la tin g  c a p a c ity  o f m u ta n t C ~ H + in  em bryon ic  m ouse 
cell cu ltu re  and  its  h ig h  se n s itiv ity  to  in te rfe ro n  c o n s titu te  th e  fa c to r  re sp o n 
sib le  for th e  resistance  o f th e  cells to  th e  cy to p a th ic  effect o f th e  v iru s , enab ling  
i t  to  rem ain  viable in th e  h o s t cell. T hese c irsum stances m ay  p rov ide  fav o u rab le  
co n d itio n s for th e  in te g ra tio n  of th e  v iru s  and  th e  ce llu la r genom es, p ro m o tin g  
th e re b y  th e  tra n s fo rm a tio n  of cells.

O ur resu lts o b ta in e d  w ith  tw o  po lyom a v irus v a r ia n ts  in  th e  em bryon ic  
h a m s te r  cell model ag reed  well w ith  th o se  ob ta ined  by  G o t l i e b - S t e m a t s k y  

et al. in  th e  m ouse cell sy stem , th u s , oncogen ity  for th e  h a m s te r  an d  s tim u la 
tio n  of in terferon  in  th e  em bryon ic  h a m s te r  cell cu ltu re , an d , as th e  qu o ted  
a u th o rs , we, too , o b serv ed  a re la tio n sh ip  betw een  th e  oncogenic a c tiv ity  in  
vivo, th e  in te rfe ro n  s tim u la tin g  c a p ac ity  in vitro and  th e  c y to p a th ic  effect 
o f  th e  po lyom a v iru s  v a r ia n ts .

H  owever, th e  ex is ten ce  of h igh ly  oncogenic, y e t low in te rfe ro n  inducer 
F r ie d m a n  and  R ab so n  m u ta n ts  of po lyom a v irus suggests  th a t  th e re  is no 
in te rd ep en d en ce  be tw een  th ese  tw o p h en o ty p ic  m ark ers . N everthe less, th e  
r a te  o f th e  syn thesis o f in fec tiv e  v irions an d  th e  dev e lo p m en t of th e  c y to p a th ic  
effect are d irec tly  re la te d  to  th e  ra te  o f in te rfe ro n  sy n th es is  and  th e  am o u n t 
o f in te rfe ro n  p roduced . T hese fac ts  b y  them selves do n o t p ro v id e  a f irm  basis 
for th e  hypo thesis th a t  v ira l cell tra n sfo rm a tio n  was due to  in h ib itio n  b y  
in te rfe ro n  of the  sy n th es is  o f in fec tive  v irions. As a lread y  m en tio n ed , num ero u s 
d a ta  a re  availab le concern ing  th e  suppression  by  exogenous in te rfe ro n  of th e  
tra n s fo rm in g  and  oncogenic effects o f th e  viruses. F u r th e r  ex p erim en ts  w ill 
h a v e  to  clarify  th e  precise role of in te rfe ro n  in v iral tu m o u r  genesis. T he en 
h an c in g  or suppressive in fluence  of in te rfe ro n  on th e  oncogenic p ro p e rty  of 
th e  v iru s  m ight depend  also on th e  c ircum stances u n d e r w hich th e  in te rfe ro n  
ac tio n  develops.
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T he question  w h e th e r or n o t th e re  is p refo rm ed  in te rfe ro n  in norm al 
cells has been a m a t te r  o f d ispu te . T he ava ilab le  ex p erim en ta l d a ta  are in su ffi
c ien t to  perm it an  equ ivocal conclusion.

T he in te rfe ro n  in d u ced  by b a c te r ia l en d o to x in  in  vivo  does not differ 
from  th e  v iru s -s tim u la ted  in te rfe ro n  ex cep t fo r its  h igher m olecu lar w eight 
[36, 37]. The e n d o to x in -s tim u la ted  in te rfe ro n  is ch a rac te rized  b y  its rap id  
ap p earan ce  in th e  b lo o d  an d  resistance  to  in h ib ito rs  of p ro te in  syn thesis [38]. 
T his seem s to  suggest th a t  th e  high m o lecu lar w eigh t in te rfe ro n  is p resen t in  
th e  organism  in a p re fo rm ed  s ta te  a n d  becom es a c tiv a te d  b y  th e  invad ing  
en d o tox in .

M any au th o rs  h a v e  s tud ied  th e  role of re ticu lo en d o th e lia l cells, leuko
cy tes and  m acrophages in  in te rfe ro n  fo rm a tio n  [39 41]. T hese  cells, p a r tic 
u la rly  th e  m acrophages, m ay  be reg a rd ed  as an  im p o r ta n t sy s te m  of p ro tec tio n  
ag a in st v ira l in fec tio n s [42, 43]. T he spleen is know n to  p la y  an  im p o rta n t 
role in  in te rfe ro n  sy n th esis  [44]. In  c u ltiv a te d  leukocy tes in te rfe ro n  was 
s tim u la te d  very  ra p id ly  and  in h igh  t i t r e  b y  N ew castle  D isease v irus [45].

T he p resen t s tu d ie s  have  rev ea led  th e  presence of an  in h ib ito r  capable  
of suppressing  th e  sy n th esis  of C h ikungunya  v iru s  in  th e  n u tr ie n t  m edium  of 
non -in fec ted  cells [46, 47]. A closer e x a m in a tio n  of th e  in h ib ito r ’s p roperties 
in d ica ted  its  c la ssifica tion  as an  in te rfe ro n -lik e  substance . T h e  action  of th e  
in h ib ito r  could be  suppressed  w ith  ac tin o m y c in  D.

In  la te r  s tu d ies  S m i t h  and  W a g n e r  [48] have  d e m o n s tra te d  th e  p res
ence o f an  in te rfe ro n -lik e  in h ib ito r in  n o n -in fec ted  ra b b it m acrophage  cu ltu res 
p rep a red  by  m o b iliza tio n  w ith  in tra p e rito n e a lly  a d m in is te red  glycogen. 
A ccording to  our re su lts  non-in fec ted  p e rito n ea l exu d a te  cells produce in te r 
feron  in  higher t i t r e s  if  th e y  are c u ltiv a te d  in vitro. The p ro b a b ility  canno t be 
excluded  th a t  u n d e r  such  cond itions th e  u n u su a l en v iro n m en t m ay have  a 
s tim u la to ry  in fluence  on th e  sp o n tan eo u s in te rfe ro n  p ro d u c tio n  of th e  R E S  
cells; in  th is  case, how ever, th e  in d u c tio n  of in te rfe ro n  by  la te n t  v irus, p resen t 
e ith e r in  vivo or in  vitro, should alw ays be ta k e n  in to  considera tion .

T hus, th e  av a ilab le  evidence is in su ffic ien t to  decide, w heth er or n o t 
th e  R E S  cells c o n ta in  p reform ed in te rfe ro n  an d , if th e y  do, in w hat fo rm ; 
and  to  decide th e  prec ise  role of th a t  “ n o rm a l”  in h ib ito r in  th e  organism  s 
p ro te c tio n  ag a in st v ira l infection .
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Sum m ary .  T he source o f a  h eavy  p o llu tio n  b y  P s. aeruginosa  in  th e  Szeged w a te r  
su p p ly  w as de tected  b y  sero logical and  phage ty p in g . F ro m  34.5%  of p e rip h e ra l d rin k in g  
w a te r  specim ens and  from  11.7%  of specim ens ta k e n  fro m  th e  in c rim in a te d  w a te r  p la n t 
P s. aeruginosa  s tra in s  belonging  to  serogroup 4a, 4c an d  id en tica l in  p h ag e  sen sitiv ity  were 
iso la ted . A fter re co n stru c tio n  o f th e  p la n t Ps. aeruginosa  d isap p eared  fro m  th e  w a te r  system .

In  view  of th e  o u td a te d  cond ition  o f th e  Szeged m u n ic ip a l d is trib u tio n  
m ains th e  bacterio log ical analysis of d rin k in g  w a te r  has been  perfo rm ed  w ith  
increased  a tte n tio n  fo r y ea rs . In  O ctober, 1967, a s trik in g ly  h igh  degree of 
p o llu tio n  w ith  Pseudom onas aeruginosa becam e ev id en t. In  th e  Szeged w a te r  
su p p ly  th is  organism  h a d  in freq u en tly  been  d e tec ted . In  th e  p resen t p a p e r 
we g i v e  an accoun t of in v estig a tio n s in to  th e  source of th e  po llu tion .

M aterials and m ethods

D rin k in g  water specim ens w ere tak en  tw ice w eekly  a t  5 ro u tin e  sam pling  sites in each 
of th e  th ree  d istric ts of th e  c ity . Control ex am in atio n  of th e  w a te r  p la n ts  was perform ed a t 
lea s t a t  m o n th ly  in te rv a ls . Special a tte n tio n  w as d ev o ted  to  P la n t  I  e stab lished  in 1904, 
as its  ou t-o f-d a te  tech n ica l fac ilities p resen ted  a c o n s ta n t h a za rd  of p o llu tion .

Bacteriological exam inations. As prescribed  in  th e  H u n g a rian  s ta n d a rd  for th e  b ac te rio 
logical ex am in atio n  of w a te r  [1 | 50 ml w ater w ere passed  th ro u g h  Co 5 m em brane  filte r. 
A fte r p lacing  the  filte r  on E n d o  ag ar and in cu b a tin g  a t  37°C for 24 a n d  48 hours, suspicious 
colonies w ere streak ed  on to  n u tr ie n t  agar and d eso x y ch o la te  c itra te  ag ar p la tes . Id en tif ica tio n  
of P s. aeruginosa  was p e rfo rm ed  as described in  [2.]

Serological typ ing  o f P s. aeruginosa w as p e rfo rm ed  on th e  basis o f L á n y i ’ s  an tigen ic  
schem e an d  m eth o d  [2].

Phage typing. T w en ty  s ta n d a rd  phages o b ta in ed  fro m  th e  C en tra l Pub lic  H e a lth  L ab o 
ra to ry , L ondon, and 11 phages iso lated  from  L á n y i ’s  P s . aeruginosa  ty p e  s tra in s  [2] were 
used . T he phages w ere p ro p a g a te d  on su itab le  ty p e  s tra in s  and  w ere used  in ro u tin e  ty p in g  
d ilu tion .

R esu lts

B etw een O ctober 3 an d  N ovem ber 8, 1967, a to ta l of 133 d rink ing  w a te r 
specim ens tak en  from  p e rip h era l sam pling sites w ere exam ined . Ps. aeruginosa 
was cu ltu red  from  46 specim ens (34.5% ). D u rin g  th e  sam e period  of tim e  
6 ou t o f 51 specim ens ta k e n  from  P la n t I  w ere p o sitive  fo r th is  organism
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(11 .7% ). T he s tra in s  belonged  u n ifo rm ly  to  serogroup 4a, 4c an d  w ere id en tica l 
in  p h ag e  sen s itiv ity . L a b o ra to ry  ex am in a tio n s ind ica ted  th a t  tw o  u n d e r
g ro u n d  basins of P la n t I  w ere p o llu ted : th e  efflu en t w a te r  co n ta in ed  Ps. 
aeruginosa  w hile th e  in f lu e n t w a te r  supp ly ing  th e  basins b y  g ra v ity  flow from  
wells show ed no ev idence of co n tam in a tio n .

In  th e  beg inning  o f N ovem ber, 1967, P la n t I w as d isco n n ec ted  from  th e  
m u n ic ip a l w a te r  sy stem . A fte r em p ty in g  th e  basins severa l m in u te  c racks w ere 
d isclosed  on th e  co n cre te  casing  th ro u g h  w hich th e  g ro u n d  w a te r  h a d  gained  
access. T he dam age w as su p p o sed  to  be  associated  w ith  th e  effect o f b lastin g  
a w reck  of bridge  in  th e  n e a rb y  riv e r. T he sa n ita ry  su rv ey  also rev ea led  th a t  
u n ti l  a b o u t 30 years ago th e  p la n t  an d  th e  neighbouring  o p h th a lm o lo g y  clinic 
h a d  been sep a ra ted  b y  a s tre e t in  th e  axis of w hich ra n  a sew er. W h en  in  th e  
th ir t ie s  th e  s tre e t w as cancelled  th e  river-side  o u tle t of th e  sew er w as b locked  
u p . T h e  p re sen t in v es tig a tio n s  in d ic a te d  th a t  th e  lo n g -fo rg o tten  sew er ra n  a t 
a d is tan ce  less th a n  5 m e tre s  from  th e  tw o u n d erg ro u n d  b asin s an d  its  o th e r  
en d  s till com m u n ica ted  w ith  th e  m ain  sew er of th e  d is tr ic t. B ecause o f its  
defec tiv e  shell, b y  th e  conveyance  of g round  wra te r, i t  p o llu ted  th e  reservo irs  
a f te r  th e  dam age caused  b y  b las tin g .

F ro m  N ovem ber th e  m u n ic ip a l w-ater system  w as supp lied  b y  P la n ts  
I I ,  I I I  an d  V  s itu a te d  in  d iffe ren t d is tric ts  o f th e  city . T hese p la n ts  p ro d u ced  
sa tis fa c to ry  w a te r: all 75 specim ens ta k e n  from  th em  w ere n eg a tiv e . T h e  o v er
w helm ing  m a jo rity  of p e rip h e ra l sam ples w ere also neg a tiv e ; on ly  som e sam pling  
sites y ie lded  Ps. aeruginosa  p o sitiv e  cu ltu res  (6 ou t of 374 specim ens =  1 .6% ). 
F ro m  M arch till J u ly , 1968, all sam ples w ere nega tive . In  J u ly  P s. aerugi
nosa  w as iso la ted  from  2 p e rip h e ra l specim ens (serogroups 4a, 4d  an d  11).

In  J u ly  th e  f in a l s tag e  of th e  reco n stru c tio n  of P la n t  I  began . D urin g  
th e  3-w eek period  45 specim ens w ere ta k e n  from  v ario u s s ite s  in  th e  p la n t 
an d  from  th e  wells. T he n u m b e r of specim ens positive  fo r P s. aeruginosa  w as 
26 (57 .7% ). The h igh  degree of p o llu tio n  wras a ttr ib u te d  to  v a rious fac to rs  as 
reb u ild in g , pipe lay ing  an d  e a rth w o rk . T he iso la ted  P s. aeruginosa  s tra in s  
fell in to  various serogroups an d  ph ag e  ty p es. In  ad d itio n  to  4a, 4c rep resen tin g  
th e  sole serogroup, d u rin g  th e  m ass po llu tio n  s tra in s  belonging  to  serogroups 
4a, 4d , 6 and  11 were e n co u n te red . C orresponding to  th e  serogroup  d is tr ib u 
tio n , th e  s tra in s  differed in  ph ag e  sen sitiv ity .

L ab o ra to ry  ex am in a tio n  in d ica ted  th a t  b y  J u ly  26 th e  b a c te ria l p o llu 
tio n  of P la n t I h ad  been  com ple te ly  elim inated . The p la n t w as th e n  reco n n ec ted  
in to  th e  m unicipal w a te r  system .

T he resu lts  of bac te rio lo g ica l ex am in a tio n s are sum m arized  in  T ab le  I. 
I t  is in te re s tin g  th a t  in  th e  d rin k in g  w a te r  specim ens ex am in ed  coliform  b a c 
te r ia  occurred  v e ry  in fre q u e n tly . N o t m ore th a n  17 coliform  po sitiv e  speci
m ens w ere encoun tered  (11 of th em  wrere tak en  in P la n t 1 d u ring  re c o n s tru c 
tio n  an d  6 of th em  o rig in a ted  from  one p e riphera l sam pling  site).
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Table I

Incidence o f Ps. aeruginosa serogroups and phage types in  specimens taken from  the Szeged water
supply

N o . o f P o l l i i t - S e ro g ro u p  a n d  p h a g e  t y p e  d i s t r ib u t i o n

T im e  o f  
e x a m i n a t i o n

S o u r c e  o f  
s p e c im e n s s p e c i 

m e n s

p o s i t iv e
s p e c i
m e n s

s p e c i 
m e n s ,

%

N o . o f  
s t r a in s  
t y p e d

S e r o g r o u p P h a g e  t y p e

Oct. 3 -  
Nov. 8, 1967

P eriphera l
pipes

133 46 34.5 43 4a, 4c 7/21/24/119x/M ,/141/ 
68/1214

P la in  I 51 6 11.7 4 4a, 4c 7/21/24/11 9x/M4/ 141/ 
68/1214

Nov. 9. 
1 9 6 7 -  
M arch 1, 
1968

P eriphera l
pipes

374 6 1.6 4 4a, 4c 7/21/24/1 19c/M4/1 41/ 
68/1214

P la n ts  I I ,  
I I I ,  V

75 — -

Ju ly  4 — 
Ju ly  24, 
1968

P eriphera l
pipes

102 4 3.9 2

2

4a, 4d 

11

7/16/21/24/44/68/FJ 
109/119x/1214/M4/C u 
21/68/M4/C „

P la n t I 45 26 57.7 4 4a, 4c 7/21/24/1 19x /M4/141 / 
68/1214

2 4a, 4d 7/16/21/24/44/68/F8/
109/119x/1214/M j/Cu

4 6 7/21/68

11 11 21/68/M JC ,,

D iscussion

A lthough  th e  po llu tion  of d rink ing  w a te r  w ith  Ps. aeruginosa is no t 
uncom m on, in th e  l i te ra tu re  th e re  are re la tiv e ly  few p ap e rs  discussing th e  
sa n ita ry  im p o rtan ce  of th is  organism . T he d a ta  in d ica te  th a t  Ps. aeruginosa 
appears in  d rin k in g  w a te r as a faecal c o n ta m in a n t [3 7]. A ccordingly, its
presence is u n d esirab le  an d  several w a te r sa n ita tio n  reg u la tio n s, includ ing  
th e  H u n g a rian  n a tio n a l s ta n d a rd , regard  such  w aters as unsafe for h u m an  
consum ption .

In  th e  av a ilab le  l i te ra tu re  th e re  w ere no d a ta  for a m ass invasion of a 
m un ic ipal w a te r  system  b y  Ps. aeruginosa. T his organism  occurs in d rink ing  
w a te r  u su a lly  as a sporad ic  co n tam in an t. As d e tec ted  b y  th e  sam e tech n iq u e  
as used in  th e  p re se n t exam ina tions, Ps. aeruginosa  o ccu rred  in ru ra l p ip ed  
w a te r specim ens in  0 .6%  [6] and  in th e  B u d ap est m un ic ipa l w a te r su p p ly  
in 0 .25%  [7]. As seen in T ab le  I, during  th e  invasion  of th e  Szeged w a te r  
system  th e  organ ism  was recovered  from  34 .5%  of th e  specim ens.
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I t  is in te re s tin g  to  com pare  th e  serogroup  d is tr ib u tio n  of Ps. aeruginosa  
s tra in s  iso lated  from  d iffe ren t w a te r  specim ens. Seven o u t o f 24 s tra in s  iso la ted  
fro m  ru ra l p iped  w a te r  sam ples b y  L á n y i , G r e g á c s  an d  A d á m  [6] and  6 o u t of 
12 s tra in s  iso la ted  from  th e  B u d a p e s t w a te r  supply  b y  N é m e d i  and  L á n y i  [7] 
b e lo n g ed  to  serogroup  4a , 4c responsib le  for th e  m ass p o llu tio n  in  Szeged. 
S tra in s  belonging to  th is  serogroup  o ccu rred  freq u en tly  n o t on ly  in p iped  w ater, 
b u t  also in wells, su rface  w ate rs  an d  sew age [6, 7]. T hese specim ens, how ever, 
y ie lded  also o th e r serogroups, w hile in  Szeged a t th e  tim e  o f th e  m ass p o llu tion  
th e  iso lates w ere u n ifo rm  is serological p roperties a n d  phage sen s itiv ity . 
T h is find ing  in d ica tes  th a t  th e  p o llu tio n  o rig inated  from  one single source.

F ield  su rv ey  an d  la b o ra to ry  ex am in a tio n s  in d ica ted  th a t  th e  po llu tio n  
o f th e  Szeged w a te r  su p p ly  w hich caused  fo rtu n a te ly  no h u m an  in fections, 
w as due to  a tech n ica l defic iency . I t  m ay  th u s  be concluded  th a t  in  a d d itio n  
to  th e  rou tine  checking  of th e  o p e ra tio n  of w a te r p la n ts  one should alw ays 
con sid er the  p o te n tia l d an g er of co n tam in a tio n  arising from  ground m otion .
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PROPERTIES OF ACETOHYDROXYACID SYNTHETASE 
IN MYCOBACTERIUM PELLEGRINO

B y

A. SZENTIRMAI and I .  HORVATH

D e p a r tm e n t  o f  M ic r o b io lo g y  ( H e a d :  I .  H orváth), R e s e a r c h  I n s t i t u t e  fo r  P h a r m a c e u t ic a l
C h e m is tr y , B u d a p e s t

( R e c e i v e d  M a y  2 4 ,  1 9 6 9 )

Summary. A c e t o h y d r o x y a c i d  s y n t h e t a s e  e x t r a c t e d  f r o m  M y c o b a c te r iu m  p e l le g r in o  
w a s  s i m i l a r  i n  p r o p e r t i e s  a n d  c o e n z y m e  r e q u i r e m e n t  t o  t h e  c o r r e s p o n d i n g  e n z y m e  i n  o t h e r  
b a c t e r i a .  T h e  a c t i v i t y  o f  t h e  e n z y m e  w a s  i n h i b i t e d  b y  v a l i n e .

T h e  e n z y m e  w a s  s l o w l y  i n a c t i v a t e d  b y  m i l d  e f f e c t s  a s  d i l u t i o n ,  a l k a l i z a t i o n  o v e r  p H  8 ,  
s u b s t r a t e  c o n c e n t r a t i o n  o v e r  1 5  m M  a n d  t e m p e r a t u r e  o v e r  3 3 ° C .  I n a c t i v a t i o n  w a s  p r e c e d e d  
b y  a  t r a n s i e n t  i n c r e a s e  i n  a c t i v i t y  a n d  d e c r e a s e  i n  v a l i n e  s e n s i t i v i t y .  V a l i n e  e x e r t e d  a  p r o t e c 
t i v e  a c t i o n  a g a i n s t  t h e  a b o v e  e f f e c t s .

T h e  s u b s t r a t e  s a t u r a t i o n  c u r v e  w a s  s i g m o i d  i n  t y p e  e x c e p t  a  n o r m a l  h y p e r b o l i c  p a r t  
i n  t h e  r a n g e  o f  2  — 1 5  m M  s u b s t r a t e  c o n c e n t r a t i o n  w h e r e  K m  c o r r e s p o n d e d  t o  1 .6 1  m M .  I n  
t h e  p r e s e n c e  o f  v a l i n e  t h e  c u r v e  l o s t  i t s  s i g m o i d  s h a p e .  C o f a c t o r s ,  i n  a d d i t i o n  t o  v a l i n e ,  e x e r t e d  
a  s t a b i l i z i n g  e f f e c t .

A cetohydroxyacid  sy n th e ta se  is th e  f irs t enzym e in th e  com m on p a th w a y  
of th e  b iosyn thesis of b ran ch ed -ch a in  am ino acids. T he in h ib ito ry  effect of 
valine on th is  enzym e was f irs t observed by  U m b a r g e k  and  B r o w n  [1]. 
L a te r  several au th o rs  described  th e  valine  sen s itiv ity  of th is  enzym e in v a rio u s 
m icroorganism s [2 8]. T he physiological effect of v a lin e  was show n in
Escherichia coli К  12 [9] an d  in  Pseudomonas aeruginosa  [10]. In  M ycobacte
rium  pellegrino v a line  coo rd in a tiv e ly  increases th e  a m o u n t o f enzym es invo lved  
in v aline  and  isoleucine b iosyn thesis and ex erts  a t th e  sam e tim e a tra n s ie n t 
in h ib ito ry  effect on grow th [8]. As th is effect m ay  be exp la ined  by  th e  v a lin e  
sen s itiv ity  of th e  f irs t com m on enzym e, ace to h y d ro x y ac id  sy n th e tase , we 
th o u g h t to  be of in te re s t to  s tu d y  th e  p ro p ertie s  of th is  enzym e.

M aterials and m ethods
M e th o d s  o f  c u l t iv a t io n  o f  M . p e lle g r in o  w a s  d e s c r i b e d  i n  o u r  p r e v i o u s  p a p e r s  [ 8 ,  1 1 ] .  

E n z y m e  e x t r a c t  w a s  p r e p a r e d  f r o m  2 4  h o u r  c e l l s  d e r e p r e s s e d  b y  v a l i n e .
I s o la t io n  o f  th e  e n z y m e . T h e  c e l l s  w e r e  w a s h e d  t w i c e  i n  d i s t i l l e d  w a t e r  b y  c e n t r i f u g a t i o n  

a n d  r e s u s p e n d e d  a t  0 ° C  i n  t h e  f o l l o w i n g  s o l u t i o n :  p h o s p h a t e  b u f f e r  ( p H  7 . 8 ) ,  0 ,4  M ;  M g C l 2, 
0 .0 1  M ;  T P P ,  1 0 0  (ig/m\.  D r y  w e i g h t  c o n t e n t  o f  t h e  s u s p e n s i o n  w a s  6  —  8  m g / m l .  A l l  f u r t h e r  
m a n i p u l a t i o n s  w e r e  c a r r i e d  o u t  a t  0 ° C .

T h e  c e l l s  w e r e  d i s r u p t e d  b y  u l t r a s o n i c  t r e a t m e n t  3  t i m e s  f o r  3  m i n u t e s  w i t h  a n  M S E  
M u l l a r d  u l t r a s o n i f i e r  a t  2 0  K c  a n d  1 0 0  W .  T h e  c e l l u l a r  d e b r i s  w a s  r e m o v e d  b y  c e n t r i f u g a t i o n  
a t  1 6 , 0 0 0  g  f o r  2 0  m i n u t e s ,  t h e n  t h e  c r u d e  e x t r a c t  w a s  s a t u r a t e d  t o  3 8 %  w i t h  a m m o n i u m  
s u l p h a t e  ( p H  6 . 8 )  a n d  a f t e r  1 h o u r  s t a n d i n g  t h e  p r e c i p i t a t e  w a s  r e m o v e d  b y  c e n t r i f u g a t i o n  
a t  1 6 , 0 0 0  g  f o r  2 0  m i n u t e s .  T h e  s u p e r n a t a n t  w a s  s a t u r a t e d  t o  6 8 %  w i t h  a m m o n i u m  s u l p h a t e  
( p H  7 . 2 )  a n d  a f t e r  2  h o u r s  s t a n d i n g  t h e  m i x t u r e  w a s  c e n t r i f u g e d .  T h e  p r e c i p i t a t e  w a s  s t o r a b l e  
a t  0 ° C  f o r  2  d a y s .  B e f o r e  u s e  t h e  p r e c i p i t a t e  w a s  d i s s o l v e d  i n  t h e  a b o v e  p h o s p h a t e  b u f f e r  
s u p p l e m e n t e d  w i t h  5  ju M  v a l i n e  t o  1 0  m g  p r o t e i n  p e r  m l  c o n c e n t r a t i o n .  T h e  s o l u t i o n  w a s  
t h e n  p a s s e d  t h r o u g h  S e p h a d e x  G - 2 5  c o l u m n  e q u i l i b r a t e d  w i t h  t h e  s a m e  b u f f e r .
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T h e  r e p r o d u c i b i l i t y  o f  t h e  r e s u l t s  w a s  i m p r o v e d  b y  t h e  s t a b i l i z i n g  e f f e c t  o f  5  f t  M  v a l i n e .  
A s  t h e  p r o t e i n  s o l u t i o n  w a s  d i l u t e d  a t  l e a s t  t e n f o l d ,  i t s  c o n c e n t r a t i o n  e x e r t e d  n o  e f f e c t  o n  t h e  
r e a c t i o n  v e l o c i t y .

T h e  e x p e r i m e n t s  w e r e  p e r f o r m e d  w i t h  t h e  p r o t e i n  s o l u t i o n  p r e p a r e d  i n  t h e  a b o v e  
m a n n e r .  U n l e s s  o t h e r w i s e  i n d i c a t e d ,  t h e  s p e c i f i c  a c t i v i t y  o f  t h e  p r e p a r a t i o n  w a s  h i g h e r  b y  
4 —  6  t i m e s  t h a n  t h e  a c t i v i t y  o f  t h e  c r u d e  e x t r a c t .

A s s a y  o f  e n z y m e  a c t iv i ty .  T h e  m e t h o d  o f  U mbarger  a n d  B r o w n  w a s  u s e d  [ 1 ] .  T h e  
r e a c t i o n  m i x t u r e  c o n t a i n e d :  p h o s p h a t e  b u f f e r  ( p H  7 . 8 ) ,  0 .1  M ;  M g C l 2,  0 . 0 1  M ;  t h i a m i n e  
p y r o p h o s p h a t e ,  0 . 2  m M ; f l a v i n a d e n i n e  d i n u c l e o t i d e ,  0 .0 1  m M  ; s o d i u m  p y r u v a t e ,  0 . 0 4  M .  
T h e  e n z y m e  r e a c t i o n  w a s  c a r r i e d  o u t  a t  2 8 ° C .  T h e  a - a c e t o l a c t i c  a c i d  w a s  d e t e r m i n e d  a f t e r  
t e r m i n a t i n g  t h e  r e a c t i o n  w i t h  1 0 %  s u l p h u r i c  a c i d  a s  d e s c r i b e d  b y  W e s t e r f e l d  [ 1 2 ] .

a - A c e t o - a - h y d r o x y b u t y r i c  a c i d  w a s  a s s a y e d  b y  t h e  m i c r o b i o l o g i c a l  m e t h o d  o f  L eavitt  
a n d  U mbarger  [ 1 3 ] .

S p e c i f i c  a c t i v i t y  w a s  d e f i n e d  a s  t h e  n u m b e r  o f  m i c r o m o l e s  o f  a c e t o h y d r o x y a c i d  p e r  
h o u r  p e r  m i l l i g r a m  o f  p r o t e i n .  P r o t e i n  w a s  m e a s u r e d  b y  t h e  m e t h o d  of L o w ry  et a l . [14].

C o m m e r c i a l  a n a l y t i c  g r a d e  r e a g e n t s  w e r e  u s e d .
A b b r e v ia t io n s . T P P  =  t h i a m i n e  p y r o p h o s p h a t e ;  F A D  =  f l a v i n a d e n i n e  d i n u c l e o t i d e .

R esults

Effect o f  cofactors on acetohydroxyacid synthetase activ ity . T he a c tiv ity  
o f  th e  cell-free e x tra c t anil of th e  p u rif ied  p rep a ra tio n  d ep en d ed  considerab ly  
on  th e  com position  of th e  reac tio n  m ix tu re  (Table I).

Table I

A c e to h y d r o x y a c id  s y n th e ta s e  a c t iv i ty  i n  v a r io u s  re a c tio n  m ix tu r e s

C o m p l e t e  r e a c t i o n  m i x t u r e 0 . 0 7 8  f ( M  a - a c e t o l a c t i c  a c i d

T P P 0 . 0 0 8  f i M  a - a c e t o l a c t i c  a c i d

F A D 0 .0 6 5  f i M  a - a c e t o l a c t i c  a c i d

+  L - v a l i n e  0 .1  m M 0 . 0 5 4  f i M  a - a c e t o l a c t i c  a c i d

-  M g +  + 0 . 0 6 2  f i M  a - a c e t o l a c t i c  a c i d

0 .0 1  M  p h o s p h a t e  b u f f e r
0 .1  M  t r i s  b u f f e r  s u b s t i t u t e d  f o r

0 . 0 4 6  f i M  a - a c e t o l a c t i c  a c i d

p h o s p h a t e 0 . 0 4 8  ц М  a - a c e t o l a c t i c  a c i d

C o m p l e t e  r e a c t i o n  m i x t u r e :  p h o s p h a t e  b u f f e r  ( p H  7 . 8 ) ,  0 .1  M ;  M g C l 2, 0 . 0 1  M ;  T P P ,  
fl.l m M  ; F A D ,  0 . 0 1  m M  ; p y r u v i c  a c i d ,  2 0  m M  ; p r o t e i n ,  0 .2 5  m g / m l .  R e a c t i o n  t i m e ,  2 0  m i n u t e s  
a t  2 8 ° C

T P P  is an  essen tia l co fac to r of th e  enzym e. W hen Mg ions or FA D  were 
o m itte d  th e  a c tiv ity  decreased  slig h tly . R em oval of p ro te in -b o u n d  T P P , 
M g ++ and  FA D  b y  gel f i l tra tio n  or d ialysis caused th e  in a c tiv a tio n  of th e  
enzym e. D uring  dialysis a tra n s ie n t increase  in ac tiv ity  w ith  decreased  valine 
sen s itiv ity  was observed before in a c tiv a tio n .

The a c tiv ity  of th e  enzym e w as in h ib ite d  by  va line  an d  th e  enzym e was 
stab ilized  b y  h igh  co n cen tra tio n s  of p h o sp h a te .

Effect o f  pro tein  concentration. In  th e  range of 0 .4 - 2.0 mg p ro te in  per 
m l th e  reac tio n  ra te  w as p ro p o rtio n a l to  th e  p ro te in  c o n te n t of th e  system .
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Fig. 1. A c e t o h y d r o x y a c i d  s y n t h e t a s e  a c t i v i t y  v e r s u s  p r o t e i n  c o n c e n t r a t i o n .  R e a c t i o n  m i x t u r e :  
p h o s p h a t e  b u f f e r  ( p H  7 . 8 ) ;  0 .1  M ;  M g C l 2, 0 . 0 1  M ;  T P P ,  0 .1  m M ; F A D ,  0 .0 1  m M  ; p y r u v i c  
a c i d ,  4 0  m M .  R e a c t i o n  t i m e ,  1 5  a n d  3 0  m i n u t e s  a t  2 8 ° C .  a  =  a c e t o l a c t i c  a c i d  p r o d u c e d  i n  
1 5  m i n u t e s ;  b  =  a c e t o l a c t i c  a c i d  p r o d u c e d  i n  1 5  m i n u t e s  i n  t h e  p r e s e n c e  o f  0 .1  m M  L - v a l i n e ;  

c  =  a c e t o l a c t i c  a c i d  p r o d u c e d  i n  3 0  m i n u t e s

U nder 0.4 mg p ro te in  p e r ml th e  a c t iv i ty  decreased  (F ig . 1); th e  decrease 
was n o t in fluenced  b y  0.1 m M  T P P , 0.1 m M  va line , 0.1 m M  isoleucine or 
0.01 m M  FAD. T his fin d in g  was p ro b a b ly  due to  an a c tiv a tio n  tak in g  p lace  
during  th e  reac tio n  tim e . The re a c tio n  tim e  could  n o t be  sh o rten ed  because 
of th e  low pro te in  c o n cen tra tio n . T his e x p lan a tio n  is con firm ed  b y  th e  fo llow 
ing observation . I f  th e  enzym e was gel filte red  in  th e  absence of valine th e  
a c tiv ity  in some ex p erim en ts  increased  and  th e  am o u n t of th e  fina l p ro d u c t 
was p ro p o rtio n a l to  th e  p ro te in  co n c e n tra tio n  in  th e  w hole ran g e  of th e  ex p eri
m en t. T he increase in  a c tiv ity  was a lw ays accom pan ied  b y  a decrease in va line  
sen sitiv ity .

Effect o f  p H  on reaction rate a n d  valine sensitiv ity . T h e  effect of p H  on 
th e  reaction  ra te  w as exam ined  in 0.1 M  p h o sp h a te  b u ffe r. M axim um  ra te

Fig. 2. A c e t o h y d r o x y a c i d  s y n t h e t a s e  a c t i v i t y  v e r s u s  p H .  R e a c t i o n  m i x t u r e :  p h o s p h a t e  b u f f e r ,  
0 . 1  M ;  M g C l 2, 0 .0 1  M ;  T P P ,  0 .1  m M ;  F A D ,  0 . 0 1  m M  ; p y r u v i c  a c i d ,  2 0  m M ;  p r o t e i n ,  0 . 2  5  

m g / m l .  R e a c t i o n  t i m e ,  1 5  m i n u t e s  a t  2 8 ° C
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w as observed a t p H  7.8. O ver p H  8.0 th e re  was a tra n s ie n t  decrease, th e n  a 
secondary  increase (F ig . 2). The re a c tio n  ra te  was, how ever, p ro p o rtio n a l to  
tim e  only up  to  p H  8.0, th en  a tra n s itio n a l a c tiv a tio n  was follow ed by  a 
decreasing  ten d en cy  in  ac tiv ity .

Fig. 3. E f f e c t  o f  p t l  o n  v a l i n e  s e n s i t i v i t y  o f  a c e t o h y d r o x y a c i d  s y n t h e t a s e .  R e a c t i o n  m i x t u r e :  
p h o s p h a t e  b u f f e r ,  0 .1  M ;  M g C U ,  0 . 0 1  M;  T P P ,  0 . 1  m M  ; F A D ,  0 . 0 1  m M  ; p y r u v i c  a c i d ,  2 0  m M ;  
p r o t e i n  0 . 2 5  m g / m l .  R e a c t i o n  t i m e ,  1 5  m i n u t e s ,  a t  2 8 ° C .  E n z y m e  a c t i v i t y  w a s  i n h i b i t e d  w i t h

1 m M  L - v a l i n e

Fig. 4. E f f e c t  o f  t e m p e r a t u r e  o n  a c e t o h y d r o x y a c i d  s y n t h e t a s e  a c t i v i t y .  R e a c t i o n  m i x t u r e :  
p h o s p h a t e  b u f f e r  ( p H  7 . 8 ) ,  0 . 1  M  ; M g C l 2,  0 . 0 1  M ;  T P P ,  0 .1  m M ; F A D ,  0 . 0 1  m M  ; p y r u v i c  

a c i d ,  2 0  m M ;  p r o t e i n ,  0 . 6 5  m g / m l .  R e a c t i o n  t i m e ,  1 5  m i n u t e s

V aline sen s itiv ity  depended  s ig n ifican tly  on p H  (F ig . 3). I t  rem ained  
a lm ost unchanged  up  to  pH  8.0, th e n  decreased  rap id ly .

Effect o f  tem perature on reaction rate and valine sensitiv ity . In  th e  range 
o f 20 — 30°C th e  re a c tio n  ra te  increased  slow ly; over 30°C th e re  w as a rap id  
rise  (F ig. 4). V aline s e n s itiv ity  so m ew hat increased  b e tw een  20 an d  30°C and  
decreased  rap id ly  over 33°C (Fig. 5).

This find ing  in d ica te s  th a t  over 30°C the  enzym e suffers an im p o r ta n t 
change in  s tru c tu re . T h is change has b een  confirm ed by  ex p erim en ts  on valine
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sen sitiv ity  in th e  ran g e  of 20—42°C. V aline w as ad d ed  p a r t ly  before, p a rtly  
d u rin g  reaction . A t 20°C th e  in h ib ito ry  effect w as th e  sam e w hen valine was 
added  a t 0, 10 or 20 m in u tes . In  c o n tra s t, a t 42°C a d d itio n  of v a lin e  at 5 m in 
u tes  ex erted  a w eaker inh ib ition . A t 10 m inu tes v a line  w as a lm o st ineffective. 
W hen  th e  enzym e w as p re in cu b a ted  w ith o u t su b s tra te  fo r 10 m inu tes a t

V

Fig. 5. V a l i n e  s e n s i t i v i t y  o f  a c e t o h y d r o x y a c i d  s y n t h e t a s e  a c t i v i t y  v e r s u s  r e a c t i o n  t e m p e r a 
t u r e .  R e a c t i o n  m i x t u r e :  p h o s p h a t e  b u f f e r  ( p H  7 . 8 ) ,  0 .1  M ;  M g C l 2,  0 . 0 1  M ;  T P P ,  0 .1  m M ; 

F A D ,  0 .0 1  m M  ; p y r u v i c  a c i d ,  2 0  m M  ; p r o t e i n ,  0 . 6 5  m g / m l .  R e a c t i o n  t i m e ,  1 5  m i n u t e s

Fig. 6a. C h a n g e s  i n  a c e t o h y d r o x y a c i d  s y n t h e t a s e  a c t i v i t y  a s  a n  e f f e c t  o f  v a l i n e  a d d e d  d u r i n g  
r e a c t i o n  a t  2 0 ° C .  R e a c t i o n  m i x t u r e :  p h o s p h a t e  b u f f e r  ( p H  7 . 8 ) ,  0 .1  M ; M g C l 2, 0 .0 1  M ;  T P P ,  
0 .1  m M  ; F A D ,  0 . 0 1  m M  ; p y r u v i c  a c i d  2 0  m M  ; p r o t e i n ,  0 .5  m g / m l .  a  =  e n z y m e  a c t i v i t y  i n  
t h e  a b s e n c e  o f  v a l i n e ;  b  =  e n z y m e  a c t i v i t y  i n  t h e  p r e s e n c e  o f  0 .1  m M  L - v a l i n e ;  c  =  c h a n g e s  
i n  a c t i v i t y  a f t e r  a d d i n g  0 .1  m M  L - v a l i n e  a t  1 0  m i n u t e s ;  d  =  c h a n g e s  i n  a c t i v i t y  a f t e r  a d d i n g

0 .1  m M  L - v a l i n e  a t  2 0  m i n u t e s
Fig. 6b. C h a n g e s  i n  a c e t o h y d r o x y a c i d  s y n t h e t a s e  a c t i v i t y  a s  a n  e f f e c t  o f  v a l i n e  a d d e d  d u r i n g  
r e a c t i o n  a t  4 2 ° C .  R e a c t i o n  m i x t u r e :  p h o s p h a t e  b u f f e r  ( p H  7 . 8 ) ,  0 .1  M ;  M g C l 2, 0 .0 1  M ;  
T P P ,  0 .1  m M  ; F A D ,  0 . 0 1  m M  ; p y r u v i c  a c i d ,  2 0  m M  ; p r o t e i n ,  0 .5  m g / m l .  a  =  e n z y m e  a c t i v 
i t y  i n  t h e  a b s e n c e  o f  v a l i n e ;  b  =  e f f e c t  o f  0 .1  m M  v a l i n e ;  c  =  e f f e c t  o f  0 .1  m M  v a l i n e  a d d e d  
a t  5  m i n u t e s ;  d  =  e f f e c t  o f  0 .1  m M  v a l i n e  a d d e d  a t  1 0  m i n u t e s ;  e  =  r e a c t i o n  m i x t u r e  p r e 
i n c u b a t e d  w i t h o u t  p y r u v i c  a c i d  a t  4 2 ° C  f o r  1 0  m i n u t e s ;  f  =  0 .1  m M  v a l i n e  a n d  p y r u v i c  

a c i d  w a s  a d d e d  t o  t h e  p r e i n c u b a t e d  r e a c t i o n  m i x t u r e  a t  1 0  m i n u t e s
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V

log L-val ine,  M

Fig.  7 .  I n h i b i t i o n  o f  a c e t o h y d r o x y a c i d  s y n t h e t a s e  a c t i v i t y  w i t h  v a l i n e .  R e a c t i o n  m i x t u r e :  
p h o s p h a t e  b u f f e r  ( p H  7 . 8 ) ,  0 . 1  M ;  M g C l 2,  0 . 0 1  V / : T P P ,  0 .1  m M  ; F A D ,  0 . 0 1  m M  ; p y r u v i c  
a c i d ,  2 ,  1 0  o r  4 0  m M  ; p r o t e i n ,  0 . 6 3  m g / m l .  V a l i n e  c o n c e n t r a t i o n  v a r i e d  b e t w e e n  1 0  f iM  a n d  
1 0  m M .  R e a c t i o n  t i m e ,  1 5  m i n u t e s  a t 2 8 ° C .  a  =  E n z y m e  a c t i v i t y  i n  t h e  p r e s e n c e  o f  2  m M  p y r u 

v i c  a c i d ;  b  =  1 0  m M  p y r u v i c  a c i d ;  c  =  4 0  m M  p y r u v i c  a c i d

42°C , va line  sen sitiv ity  w as th e  sam e as a t  0 m inu te  in  th e  above ex perim en t 
a n d  th e  reaction  ra te  rem ain ed  u n ch an g ed  (Figs 6a, 6b).

Effect o f substrate concentration on valine sensitivity . T he  in h ib ito ry  effect 
o f  v a lin e  highly  dep en d s on th e  su b s tra te  c o n cen tra tio n  (F ig. 7). V aline 
s e n s itiv ity  was th e  h ig h e s t a t  low su b s tra te  co n cen tra tio n  h u t  no com plete  
in h ib itio n  was observed even in th e  presence of 10 m M  va line . In c reasin g  of 
th e  su b s tra te  co n cen tra tio n  suspended  th e  in h ib ito ry  effect of va  line (F ig. 8).

Fig. 8. C h a n g e s  i n  v a l i n e  s e n s i t i v i t y  a s  a n  e f f e c t  o f  s u b s t r a t e  c o n c e n t r a t i o n .  R e a c t i o n  m i x t u r e :  
p h o s p h a t e  b u f f e r  ( p H  7 . 8 ) ,  0 .1  M ;  M g C l 2,  0 . 0 1  M ;  T P P ,  0 .1  m M ;  F A D .  0 .0 1  m M  ; p r o t e i n ,  
0 . 6 3  m g / m l .  P y r u v i c  a c i d  c o n c e n t r a t i o n  v a r i e d  b e t w e e n  1 a n d  8 0  m M  a t  1 0  m M ,  1 0 0  /uM a n d  
5 0  f iM  L - v a l i n e  c o n c e n t r a t i o n .  R e a c t i o n  t i m e ,  1 5  m i n u t e s  a t  2 8 ° C .  a  =  I n h i b i t o r y  e f f e c t  i n  

t h e  p r e s e n c e  o f  1 0  m M  L - v a l i n e ;  b  =  1 0 0  f iM  L - v a l i n e ;  c  =  5 0  f iM  L - v a l i n e
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The in h ib ito ry  effect was h igh ly  specific for L -valine. W hile  L-isoleucine 
in h ib ite d  sligh tly , D -valine  w as to ta l ly  ineffective.

Effect o f  substrate concentration on the reaction rate. A t p y ru v ic  acid 
co n cen tra tio n s over 2 m M  a s tro n g  a c tiv a tin g  effect w as o b served ; a t  concen
tra t io n s  h igher th a n  10 m M  a de fin ite  in h ib itio n  occurred . T he lin ea r p a rt of 
th e  recip rocal p lo t d raw n  accord ing  to  L i n e w e a v e r  and  B u r k  fell in  th e  range 
of 2 15 m M  p y ru v ic  acid co n cen tra tio n . The K m  v alue  o b ta in ed  in th is
m an n e r was 1.61 m M  (Fig. 9). A t p y ru v ic  acid co n cen tra tio n s  h igher th a n

Pyruvic acid , 1/m M

F ig . 9. E ffec t of p y ru v ic  acid  c o n cen tra tio n  on  ace to h y d ro x y ac id  sy n th e ta se  a c tiv ity  in th e  
p resence of d ifferen t v a lin e  co n cen tra tio n s . R eac tio n  m ix tu re : p h o sp h a te  bu ffer, 0.1 M ;  
M gCl,, 0.01 M ;  T P P , 0.1 m M ;  FA D , 0.01 m M  ; p ro te in , 0.25 m g/m l. P y ru v ic  acid  con cen tra 
tio n  v a ried  betw een 1 a n d  100 m M . a =  E n zy m e a c tiv ity  w ith o u t in h ib ito ry  ag en t; b  =  in th e  

presence of 50 f iM  L -valine; c =  100 f iM  L -valine; d =  1 m M  L -valine

10 m M  su b s tra te  in h ib itio n  was in d ica ted  b y  th e  ascending  course following 
th e  s tra ig h t p a r t  o f th e  curve. A d d itio n  of v a line  decreased  th e  in ac tiv a tin g  
effect o f th e  su b s tra te . In  th e  p resence of 0.1 m M  v a line  n e ith e r  of these  effects 
w as observed.

Effect o f  a-ketobutyric acid on a-acetohydroxyacid production . In  agreem ent 
w ith  d a ta  for o th e r m icroorgan ism s u n d e r th e  ex p erim en ta l co n d itions a -k e to 
b u ty ric  acid co n sid e rab ly  decreased  th e  am o u n t of a ce to h y d ro x y  acid form ed 
from  p y ru v ic  acid (F ig . 10). In  th e  p resence of eq u iv a len t p y ru v ic  acid and  
a -k e to b u ty ric  acid co n cen tra tio n s  va line  p recu rso r was p ro d u ced  in very  
s ligh t am ounts. I f  th e  a -k e to b u ty r ic  acid : p y ru v ic  acid ra tio  w as a lte red  in  
fav o u r of p y ru v ic  acid , th e  a m o u n t of valine  p recu rso r in creased ; how ever, 
th e  abso lu te  a m o u n t o f isoleucine p recu rso r fo rm ed  a t  th e  sam e tim e  rem ained  
p rac tica lly  unch an g ed .

E xperim ents on the stability  o f  the enzyme. T he enzym e described  in  th is  
p ap e r, sim ilarly  to  ace to h y d ro x y ac id  sy n th e tases  in  o th e r b ac te ria , is very
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sensitive. I ts  p ro te in  s tru c tu re  an d  a c tiv ity  are considerab ly  a lte red  on storage 
even a t  0°C. In  s to ra g e  ex perim en ts show n in T ab le  I I  th e  p ro te in  co n cen tra 
tio n  was 10 m g/m l in  0.4 M  p h o sp h a te  buffer co n ta in in g  0.01 M  m agnesium  
chloride.

W ith o u t th ia m in e  p y ro p h o sp h a te  th e  a c tiv ity  decreased  b y  25%  as 
soon as a fte r 2 hou rs. A fte r  24 h ours on ly  20 25%  a c tiv ity  was d em o n stra ted .

Fig. 10. A ceto lactic  acid  a n d  ace to b u ty ric  acid  fo rm atio n  ve rsu s p y ru v ic  acid co n cen tra tio n  
R e ac tio n  m icture: p h o sp h a te  buffer (p H  7.8), 0.1 M ; M gCl2, 0.01 M ;  T P P , 0.1 m M  ; FA D . 
0.01 m M ;  p ro te in , 0.4 m g/m l. P y ru v ic  acid  co n cen tra tio n  v a rie d  betw een  1 a n d  80 m M  in 
th e  presence or absence o f 1 m M  a -k e to b u ty r ic  acid. R eac tio n  tim e , 20 m in u tes  a t  28°C. a =  
a m o u n t of ace to lactic  acid  form ed in  th e  p resence  of p y ru v ic  acid  ( W e s t e r f e l d ’s  m eth o d ); 
b  =  to ta l  am o u n t of a ce to h y d ro x y ac id s  fo rm ed  in th e  p resence of a -k e to b u ty r ic  acid  and  
p y ru v ic  acid ( W e s t e r f e l d ’ s  m ethod); c =  a m o u n t of a -ac e to -a -h y d ro x y b u ty ric  acid (ag ar 
d iffusion  assay); d =  a m o u n t of a -ace to lac tic  acid  (calcu la ted  b y  su b tra c tin g  th e  a m o u n t of 

a -ac e to -a -h y d ro x y b u ty ric  acid  from  to ta l ace to h y d ro x y ac id )

T he decrease in  a c t iv i ty  was asso c ia ted  w ith  a decrease in  v aline  sen sitiv ity . 
T P P  or valine ex e rted  a defin ite  p ro te c tiv e  effect. In  th e  presence of th e  la t te r  
on ly  a 20 — 25%  decrease  in a c tiv ity  w as observed a fte r  24 hours.

D iscu ssion

In  p roperties a n d  cofactor req u irem en t ace to h y d ro x y ac id  sy n th e ta se  in  
M . pellegrino  resem bles th e  co rresp o n d in g  enzym e iso la ted  from  o th e r m icro
organism s [2, 4 -6]. T h e  enzym e is h igh ly  sensitive  to  valine . T he valine 
sen sitive  p re p a ra tio n  is p ro b ab ly  id en tica l w ith  th e  n a tiv e  enzym e. I ts  p H  
op tim u m  is a t 7.8. U n d e r th e  e x p e rim en ta l conditions of th is  s tu d y  T P P  exerted  
a stab iliz ing  effect on th e  enzym e. F A D  acted  also as an  a c tiv a to r  b u t less 
d efin ite ly  th a n  in o th e r  organism s [2, 15, 16, 22]. In  c o n tra s t to  resu lts  o b ta in ed
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for Ps. aeruginosa  th e  enzym e could n o t he regenerated  w ith  FA D  afte r h ea tin g  
[17]. V aline, a feedback  in h ib ito r, p ro te c ts  th e  enzym e an d  decreases th e  ra te  
of in a c tiv a tio n  during  storage. The s ta b i l i ty  of the  enzym e is h igh ly  in fluenced  
b y  th e  co n cen tra tio n  of th e  p h o sp h a te  bu ffer and by th e  p H . The ra te  of 
“ in a c tiv a tio n ” increases u n d er 0.1 M  b u ffe r co n cen tra tio n  and  over p H  8. 
U nder th ese  conditions f irs t an in c rease  in ac itiv ity  and  a decrease in  v a lin e

T ab le  II

Changes in the activity o f  p ro te in  solution stored at 0°C

S to rag e  a t  0°C
Specific
ac tiv ity

Valine
sen sitiv ity

V
V»

Zero tim e 0.82 0.55

2 hours 0.60 0.65

2 hours w ith  0.1 m M  T P P 0.69 0.58

24 hours 0.19 0.90

24 hours w ith  0.1 m M  T P P 0.58 0.70

24 hours w ith  0.1 m M  T P P  -f-  0.5 m M  
valine 0.65 0.65

R eac tio n  m ix tu re : p h o sphate  buffer (p H  7.8), 0.1 M ;  MgCl2, 0.01 M ;  T P P , 0.1 m M  
F A D , 0.01 m M  ; pyruv ic  acid, 0.04 M ;  p ro te in , 0.5 m g/m l. V aline sen sitiv ity  was de term ined  
in  th e  presence of 0.1 m M  valine.

se n s itiv ity  can be d em o n stra ted . T h e  changes in p ro p ertie s  of enzym e over 
p H  8 are  expressed by  th e  c h a ra c te r is tic  double-peaked  course of th e  p H  
cu rv e  (F ig . 2).

A fte r several unsuccessfu l a t te m p ts  we abandoned  th e  aim  to  p rep a re  
a p u re  enzym e. A m m onium  su lp h a te  p re c ip ita tio n  was used ra th e r  to  o b ta in  
an  ac tiv e  p re p a ra tio n  w ith  high p ro te in  co n cen tra tio n .

U ltrason ic  tre a tm e n t releases th e  enzym e from  th e  m ilieu of th e  in t r a 
ce llu lar s tru c tu re . C erta in  b io sy n th e tic  enzym es m ight be localized  in a loose 
s tru c tu ra l  com plex in th e  in trace llu la r  space . This hypo th esis  is su p p o rted  b y  
th e  find ings of W a g n e r  et al. [18— 20]. A fte r d is in teg ra tio n  of th e  cell w all 
th e  d e te rio ra tio n  of th e  enzym e com plex  begins. This process can be in fluenced  
b y  h ea tin g  and  a lte ra tio n  of pH  a n d  ion ic  s tren g th . V aline m olecules m ig h t 
p lay  an im p o rta n t role in s tab iliza tio n  o f  th e  com plex and , th ere fo re , in fluence  
d e fin ite ly  th e  a c tiv ity  of th e  enzym e. T h e  stabilizing  an d  ac tiv ity -in flu en c in g  
effect of v a line  could n o t be p e rfec tly  sep a ra te d . The increase  of co n cen tra tio n  
o f v a lin e  m akes th e  enzym e m ore c o m p a c t and  at th e  sam e tim e  re ta rd s  p ro b 
ab ly  th e  loosening of th e  enzym e co m plex . A t higher te m p e ra tu re s  th e  effect 
of v a line  becom es less defin ite  an d , accord ing ly , h igher co n cen tra tio n s  are  
needed to  ensure th e  s tab le  cond itions fo r  th e  enzym e and  th e  enzym e com plex.
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The loosening o f th e  enzym e com plex  is accom pan ied  by  a s tru c tu ra l 
change in th e  enzym e a n d , consequen tly , b y  an  increase in  a c tiv ity  as d em o n 
s tra te d  in h ea ting  e x p e rim en ts . A t h ig h er te m p e ra tu re s , over 30°C, s im u lta 
neously  w ith  th e  d ec rea se  in  valine se n s itiv ity , as d e m o n s tra te d  by  V a r g a  
an d  H o r v á th  [15] in  P s. aeruginosa, th e  a c tiv ity  of th e  enzym e increases 
h igh ly . D eg rad a tio n  o f enzym e m olecules in sensitive  to  v a lin e  m ay cause a 
p ercen tag e  increase in v a lin e  sen sitiv ity . In  our opinion th e  deg radation  of 
th e  enzym e begins w ith  losing  valine se n s itiv ity . D uring  s to rag e  of fresh enzym e 
so lu tions som etim es an  increase in v a lin e  sen s itiv ity  an d  a para lle l decrease 
in  a c tiv ity  w ere show n.

I t  has been d e m o n s tra te d  th a t  th e  presence of s u b s tra te  increases th e  
r a te  of in ac tiv a tio n . T h is  find ing  exp la ins th e  phenom enon  o f su b stra te  in h i
b itio n . E xposure  to  42°C decreased th e  v a lin e  sen s itiv ity  of th e  enzym e in 
th e  presence of th e  s u b s tra te  m olecule. T h is find ing  m ay  be explained  by  th e  
com m encing d e g ra d a tio n  of th e  enzym e. E x p o su re  to  42°C for 10 m in u tes  
(F ig . 6b) decreased v e ry  sligh tly  th e  v a lin e  se n s itiv ity ; u n d e r  th e  sam e cond i
tio n s in  th e  presence o f p y ru v ic  acid v a lin e  exerted  p ra c tic a lly  no in h ib ito ry  
effect.

On th e  basis o f re su lts  o b ta ined  in  Ps. aeruginosa  b y  V arga  and  H o r 
v á t h  [21, 22] it  o ccu rred  to  us th a t ,  due to  its  sm all m o lecu lar size, th e  v a lin e  
re s is ta n t enzym e in  M . pellegrino  m ig h t be sep a ra ted  b y  gel filtra tio n , b u t  
th e  ac tive  frac tion  w as excluded b y  S ephadex  G-200. I t  m ay  be supposed 
t h a t  th e  valine r e s is ta n t  frac tion  p ro b a b ly  sm aller in  m olecular size, w as 
com ple te ly  in a c tiv a te d  b y  gel f iltra tio n .
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INDUCTION AND MULTIPLICATION OF A-PHAGE
IV. T H E  E F F E C T  O F  P A N F U R A N  

By

I. H o r v á t h , I. О тт and I. G adó

D epartm ent o f M icrobiology (H ea d : 1. H o r v á t h ) ,  Research Institu te  fo r  Pharmaceutical
Chem istry , B udapest

(R eceived M ay 24, 1969)

Sum m ary . P a n fu ran , 3 -am in o -6 (2 [5 -n itro -2 -fu ry l-v in y l])l,2 ,4 -triaz in e  HCl, a D N A  
sy n th esis-in h ib itin g  agen t, induces a t  0.03 ^/g/ml co n cen tra tio n  E scherichia coli s tra in  K 12 
(A-28) by  sim ilar k inetics as m itom ycin-C . M itom ycin , p an fu ran  a n d  h y d ro x y u rea  re s is ta n t 
v a r ia n ts  show  no cross-resistance in resp ec t to  p h ag e  induction .

K a to  et al. [1] described  th a t  p a n fu ra n , a n itro fu ran  d e riv a tiv e  [3-am ino- 
6 [2 (5 -n itro -2 -fu ry l-v in y l)]l,2 ,4 -triaz in e  HC1] induced a t 0.1 p,g/ml co n cen tra 
tio n  a lysogenic Escherichia coli s tra in . T hey  have assum ed  th a t  p a n fu ra n  
(N FT ) ex erts  no d irec t ac tio n  on D N A  b u t  acts, co rrespond ing  to  th e  th e o ry  
of G o l d t h w a i t  and J ac ob  [2] th ro u g h  D N A  m etabo lites in a c tiv a tin g  phage 
rep resso rs.

In  our firs t p a p e r we d em o n stra ted  th a t  m itom ycin-C  an d  h y d ro x y u rea  
(H U ) ac ted  upon  E . coli K 12 (A-28) b y  d iffe ren t k inetics. W e h av e  assum ed  
th a t  m itom ycin-C  induces th e  release of p rophage  by  a m ore d irec t m echanism  
th a n  h y d ro x y u rea  for w hich th e  G o l d t h w a i t  — J acob  th e o ry  is well a p p li
cab le  [3, 4]. I t  seem ed desirab le  to  us to  exam ine w h e th e r p a n fu ra n  ex e rts  a 
m ito m y c in  or a h y d ro x y u re a -ty p e  in d u c tio n .

W o o d y -Ca r r e r  an d  G r e e n b e r g  [5] described th a t  p a r t  of n itro - 
fu razo n e  re s is ta n t E . coli S v a r ia n ts  show ed cross-resistance to  ce rta in  rad io - 
m im etic  substances inc lud ing  m itom ycin -C . In  view o f th e se  d a ta  an d  in  
o rd e r to  explain  th e  re su lts  of k inetic  experim en ts we ex am in ed  th e  induci- 
b ility  an d  cross-resistance of d ifferen t E . coli K12 (A-28) v a r ia n ts  re s is ta n t to  
m itom ycin -C , h y d ro x y u re a , p a n fu ra n  or to  b a c te rio s ta tic  n itro fu ra n s  n o t 
ex e rtin g  phage indu c tio n .

M aterials and m ethods

Organisms. E . coli K12 (A-28 ind  + ) and  E . coli K12 (A el-857 i n d - )T L ~ were u sed  in 
in d u c tio n  experim en ts. E . coli C600 served as a n  in d ica to r cu ltu re.

R esistan t variants o f  E . coli K l 2 (X-28). B y  tu b e  d ilu tion  te s t  th e  b a c te rio s ta tic  concen
tra t io n s  o f m itom ycin , h y d ro x y u rea , p a n fu ra n , N -(5 -n itro fu rfu ry lid en e)-am in o -g u an id in e  HC1 
an d  N -(5 -n itro fu rfu ry lid en e )-l-am in o -h y d an to in  sodium  (Table I) w ere de te rm in ed . T he 
cu ltu res  w ere tra in ed  to  resis tan ce  by  p assag ing  th em  in th e  p resence o f g rad u a lly  increasing  
c o n ce n tra tio n s  o f  th e  agen ts. A fter 4 to  5 p assages th e  re s is tan t v a r ia n ts  w ere iso la ted  by  
s tre ak in g  th e  cu ltu res  on ag ar p la tes. The re sis tan ce  of th e  v a r ia n ts  is show n in  T ab le  I I .
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T h e  d a t a  i n d i c a t e  m a x i m a l  c o n c e n t r a t i o n s  a l l o w i n g  g r o w t h  i n  b r o t h  i n c u b a t e d  a t  3 7 ° C  f o r  
2 4  h o u r s .

Culture media.  M i n i m a l  m e d i u m :  D a v i s  a n d  M i n g i o l i ’s  [ 6 ]  m e d i u m  w a s  s u p p l e m e n t e d  
w i t h  0 . 0 0 0 0 1 %  c a s e i n  h y d r o l y s a t e .  C o m p l e t e  m e d i u m :  b r o t h  o r  m i n i m a l  m e d i u m  w a s  s u p p l e 
m e n t e d  w i t h  0 . 2 5 %  c a s e i n  h y d r o l y s a t e .

Experimental conditions  w e r e  e s s e n t i a l l y  t h e  s a m e  a s  d e s c r i b e d  i n  o u r  p r e v i o u s  p a p e r .  
A  1 6 - h o u r  b r o t h  c u l t u r e  w a s  t r a n s f e r r e d  t o  t h e  s a m e  m e d i u m  ( 1 : 9 )  a n d  i n c u b a t e d  f u r t h e r  
f o r  2  h o u r s .  T h e n  t h e  c u l t u r e  w a s  w a s h e d  t w i c e  i n  d i s t i l l e d  w a t e r  a n d  i n o c u l a t e d  f o r  i n d u c t i o n  
e x p e r i m e n t s  a t  1 0 G c e l l s  p e r  m l .  F o r  s h i f t  d o w n  e x p e r i m e n t s  i n o c u l a t i o n  w a s  p e r f o r m e d  i n t o  
m i n i m a l  m e d i u m .  I n c u b a t i o n  w a s  c a r r i e d  o u t  f o r  K 1 2  ( Â - 2 8 )  a t  3 7 ° C ,  f o r  h e a t - i n d u c i b l e  c u l 
t u r e s  a t  2 8 ° C .  T h e  i n d u c t i v e  s u b s t a n c e s  w e r e  a d d e d  t o  t h e  m e d i u m  a t  z e r o  t i m e .  H e a t  i n d u c 
t i o n  w a s  p e r f o r m e d  a t  4 5 ° C  f o r  1 5  m i n u t e s .  A f t e r  i n c u b a t i o n  v i a b l e  c o u n t s  a n d  i n f e c t i v e  c e n t r e  
c o u n t s  f o r  t h e  u n t r e a t e d  c u l t u r e  a n d  t h e  c o n c e n t r a t i o n  o f  c o m p l e t e  p h a g e s  i n  c h l o r o f o r m -  
t r e a t e d  c u l t u r e s  w e r e  d e t e r m i n e d  a t  2 8 ° C  a n d  a t  3 7 ° C ,  r e s p e c t i v e l y .

R esults

Fig. 1 shows th e  effect of s tra in  К 12 (A-28) o f N F T  a t  0.03 //g/m l co n 
c e n tra tio n  found o p tim a l in p re lim in ary  ex p erim en ts . T he p roduction  of 
com plete  phages w as in h ib ite d  only over 1 ^/g/ml. In  b ro th  (F ig. la )  th e  increase 
in infective cen tre  c o u n ts  s ta rted  im m ed ia te ly . T he co n cen tra tio n  of induced  
com plete  phages b eg an  to  increase over th e  sp o n tan eo u s level only a fte r  a 
40 45 m inute lag. In  th e  presence of ch lo ram phen ico l (CM) the  n u m b er of
in fec tive  centres in c rea sed  b u t sligh tly  an d  tra n s ie n tly  an d  the  p ro d u c tio n  
o f com plete phages w as to ta lly  in h ib ited . T he v iab le  co u n t decreased o n ly

Fig. la .  I n d u c t i v e  e f f e c t  o f  N F T  a n d  i n f l u e n c e  o f  C M  o n  i n d u c t i o n  i n  b r o t h .  V i a b l e  c o u n t s  
i n  n o t  i n d u c e d  c u l t u r e  ( a ) ,  w i t h  0 . 0 3  pg  N F T / m l  ( b ) ,  w i t h  0 . 0 3  / / g  N F T  - f -  2 0  pg  C M / m l  ( c ) .  
I n f e c t i v e  c e n t r e  c o u n t  i n  n o t  i n d u c e d  c u l t u r e  ( d ) ,  w i t h  0 . 0 3  pg  N F T / m l  ( e ) ,  w i t h  0 .0 3  pg  N F T  - f -  
2 0  p g  C M / m l  ( f ) .  N u m b e r  o f  f r e e  p h a g e s  i n  n o t  i n d u c e d  c u l t u r e  ( g ) ,  w i t h  0 . 0 3  pg  N F T / m l  ( h ) ,  

w i t h  0 . 0 3  pg  N F T  f- 2 0  pg  C M / m l  ( i )
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in  cu ltu re s  in cu b a ted  w ith o u t CM, w here p ra c tic a lly  all cells becam e in duced . 
In  sh if t dow n s ta te  (F ig. lb )  th e re  w as also an increase in  in fec tive  cen tre  
c o u n t; how ever, th is  change w as n o t in h ib ite d  by  CM. In  ex p erim en ts  w ith  
m ito m y c in , CM exerted  a v e ry  sim ilar e ffec t [7]. C om plete p h ag e  p ro d u c tio n  
s ta r te d  o n ly  a fte r a p ro longed  lag phase  a n d  th e  decrease in  v iab le  cell c o u n t 
w as less th a n  in  b ro th . I f  m in im al m ed iu m  supp lem en ted  w ith  0 .25%  casein  
h y d ro ly sa te  was used, th e  course of th e  p rocess occupied an  in te rm e d ia ry  
p o sitio n  betw een in  d u c tio n  ty p es  o b serv ed  in  th e  tw o above  ex perim en ts

Fig. lb. I n d u c t i v e  e f f e c t  o f  N F T  a n d  i n f l u e n c e  o f  C M  o n  i n d u c t i o n  i n  s h i f t  d o w n  s t a t e .  V i a b l e  
c o u n t s  i n  n o t  i n d u c e d  c u l t u r e  ( a ) ,  w i t h  0 . 0 3  fig N F T / m l  ( b ) ,  w i t h  0 . 0 3  / t g  N F T  ~  2 0  fig C M / m l  
( c ) .  I n f e c t i v e  c e n t r e  c o u n t  i n  n o t  i n d u c e d  c u l t u r e  ( d ) ,  w i t h  0 .0 3  fig N F T / m l  ( e ) ,  w i t h  0 . 0 3  fig 
N F T  ; 2 0  /ig  C M / m l  ( f ) .  N u m b e r  o f  f r e e  p h a g e s  i n  n o t  i n d u c e d  c u l t u r e  ( g ) ,  w i t h  0 , 0 3  fig 

N F T / m l  ( h ) ,  w i t h  0 . 0 3  fig N F T  - | -  2 0  fig C M / m l  ( i )

N F T  a t  28°C did  n o t e x e rt an  in d u c in g  effect on E . coli K12 (el-857). 
H e a t in d u c tio n  and  phage p ro d u c tio n  a t  37°C th e re a fte r  w ere n o t in fluenced  
b y  th e  co n cen tra tio n  of th e  agent.

F ig . 2 dem o n stra tes  sh ift dow n ex p erim en ts  w ith  E . coli K12 (A-28) 
fo r m itom ycin-C , h y d ro x y u re a  an d  N F T . I t  is seen th a t  w hile as an  effect 
o f N F T  a n d  m itom ycin-C  th e  n u m b er o f  in fec tiv e  centres in creased  sim ilarly , 
in th e  p resence  of h y d ro x y u re a  th e  in c rea se  s ta rte d  only a f te r  a considerab le  
lag phase.

M itom ycin  a t  2°C b ro u g h t ab o u t a sm all degree of in d u c tio n . N F T  a t  
2°C caused  a 4- to  5-fold increase  in  in fe c tiv e  cen tre  coun t.

F ig . 3 p resen ts d a ta  fo r re s is ta n t c u ltu re s  as re la te d  to  v iab le  co u n ts  
in  th e  corresponding  inocu lum . T he N F T  re s is ta n t v a r ia n t re ta in e d  its  in d u c-
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ib ility  for m ito m y c in  an d  h y d ro x y u rea  an d  show ed a slow, b u t s ig n ifican t 
increase in in fec tiv e  c e n tre  counts (Fig. 3a). T he m ito m y c in  resis tan t v a r ia n t  
rem ained  com ple te ly  in d u c ib le  by  N F T  an d  less m ark ed ly  by  h y d ro x y u re a  
(F ig . 3b). The h y d ro x y u re a  re s is tan t c u ltu re  could be induced  by  b o th  N F T  
a n d  m itom ycin  (F ig . 3c). In  th e  la t te r  o rganism  th e  effect of m ito m y c in  
an d  pan fu ran  w as v e ry  sim ilar to  th a t  in  th e  p a re n t s tra in .

Fig. 2. I n d u c t i v e  e f f e c t  o f  N F T ,  m i t o m y c i n - C  a n d  H U  i n  s h i f t  d o w n  s t a t e .  I n f e c t i v e  c e n t r e  
c o u n t s  i n  n o t  i n d u c e d  c u l t u r e  ( a ) ,  w i t h  0 .1  M  H U  ( b ) ,  w i t h  0 . 0 3  fig N F T / m l  ( c ) ,  w i t h  1 . 0  / t g

m i t o m y c i n - C / m l  ( d )

In  ex p erim en ts  w ith  re s is tan t cu ltu re s  th e re  w as a slow rise in  v ia b le  
co u n ts  (2- to  3-fold increase  in 180 m in u tes), th a t  is, th e  m etabolism  o f th e  
cells was slower. T h e  g en era tio n  tim es fo r th e  cu ltu res are p resen ted  in T ab le  I I .

I t  is seen th a t ,  in  c o n tra s t to  th e  fin d in g  of L e v i n  an d  B o r t h w i c k  [ 8 ]  

w ho showed th a t  s tre p to n ig r in  re s is ta n t E . coli K 12(S) was inducib le  b y  
s trep to n ig rin , o u r s tra in s  re s is tan t to  N F T , m ito m y cin  or H U  were n o t  in 
du ced  by  th e  co rresp o n d in g  substance. In  o rd e r to  ap p ro ach  m ore closely th e  
m ode of action  o f N F T , th e  inducing  effect of th is  ag en t on E . coli K12 (A-28) 
v a r ia n ts  tra in ed  to  v a rio u s n itro fu ran s w as exam ined .

Table I show s n itro fu ra n  d e riv a tiv es  exam ined  fo r phage in d u c tio n . 
In fec tiv e  cen tre  c o u n ts  w ere dete rm in ed  in b ro th  a t  37°C w ith  s tra in  K 12
(A-28).

Fig. 4 d e m o n s tra te s  th e  result of ex p erim en ts  on cross-resistance b e 
tw een  furán  d e riv a tiv e s  exerting  p ositive  an d  n eg a tiv e  effect. A v a r ia n t  o f 
K 12 (A-28) tra in e d  re s is ta n t to  100 fig N F 3 an d  N F  , p er m l rem ained  in d u c ib le  
w ith  N FT.

Table I I  show s th e  cross-resistance of th e  v a r ia n ts  to  various a g e n ts  
an d  th e  gen era tio n  tim es . I t  is ev iden t th a t  N F T  resis tan ce  is accom pan ied
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Table I

yitrofuran derivatives examined in phage induction experiments

N F 3

N H

0 „ N — H - C H  =  N - N H - C - N H 2 • H C I

\ o /
N - ( 5 - n i t r o - f u r f u r y l i d e n e ) -
a m i n o - g u a n i d i n e - h y d r o -
c h l o r i d e

N F , O j N - l l  ( j - C H = N - N — /

■\0 /  L > H
\ 0 N a

N F T  0 „ N - C H  =  C H Г N H ,  • H C I

' N - N

N - ( 5 - n i t r o - f u r f u r y l i d e n e ) -  
1 - a m i n o h y d a n t o i n  s o d i u m

3 - a m i n o - 6 [ 2 ( 5 - n i t r o - 2 -  
f u r y l - v i n y l ) ]  1 , 2 , 4 - t r i a z i n e  
h y d r o c h l o r i d e

b y  a considerab le  res is tan ce  to  m ito m y c in . In  co n tra s t, th e  N F T  resis tan ce  
o f th e  m itom ycin  re s is ta n t m u ta n t in c rea sed  b u t  sligh tly .

In  induc tio n  ex perim en ts an  im p o r ta n t  fac to r is th e  f irs t  th ree  hou rs  
o f  g row th . D uring th is  in te rv a l th e  m ito m y c in  sen s itiv ity  o f  th e  N FT  re s is ta n t 
m u ta n t  was h igher th a n  th a t  show n in T ab le  I I .

ГаЫе II

Cross-resistance and generation time o f  resistant variants

V arian t
N F T

Z^g/ml
M itom ycin

//g /m l
H y d ro x y 

u rea
M

N F 3
^ g /m l

n f 4
Hg\ra\

C-eneration 
tim e , 

m in u te s

К 1 2  ( A - 2 8 ) 1 .5 2 .5 0 . 1 2 5 8 1 6 2 4

( A - 2 8 )
K 1 2

m i t o m y c i n
3 .1 2 0 . 0 0 . 1 2 5 8 1 6 3 8

К 12  (A - 2 8 )  
N F T

1 0 0 1 5 .0 0 . 0 9 1 6 6 2 .5 5 4

( A - 2 8 )
K 1 2  -------- —

H U
1 .5 3 .5 0 . 1 7 5 8 1 6 4 2

K 1 2  (Я ’ 2 8 )  
N F 3

6 .2 5 - 7 5 3 1 3 2 .5

( A - 2 8 )  
K 1 2  --------- 1 2 .5 5 - 1 6 1 0 0 3 7

T h e  d a t a  i n d i c a t e  c o n c e n t r a t i o n s  a l l o w i n g  g r o w t h  i n  b r o t h  a f t e r  i n c u b a t i o n  a t  3 7 ° C  
f o r  2 4  h o u r s .
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Fig. За. I n d u c i b i l i t y  o f  N F T  r e s i s t a n t  c e l l s  b y  H U  a n d  m i t o m y c i n - C  i n  b r o t h .  I n f e c t i v e  
c e n t r e  c o u n t s  i n  n o t  i n d u c e d  c u l t u r e  ( a ) ,  w i t h  0 . 0 3  /г g  N F T / m l  ( b ) ,  w i t h  0 .1  M  H U  ( c ) ,  w i t h

1 fig m i t o m y c i n - C / m l  ( d )

Fig. 3b. I n d u c i b i l i t y  o f  m i t o m y c i n - C  r e s i s t a n t  c e l l s  b y  H U  a n d  N F T  i n  b r o t h .  I n f e c t i v e  
c e n t r e  c o u n t s  i n  n o t  i n d u c e d  c u l t u r e  ( a ) ,  w i t h  1 .0  fig m i t o m y c i n - C / m l  ( b ) ,  w i t h  0 .1  M  H U

( c ) ,  w i t h  0 . 0 3  fig N F T / m l  ( d )

c

Time in minutes
Fig. 3c. I n d u c i b i l i t y  o f  H U  r e s i s t a n t  c e l l s  b y  m i t o m y c i n - C  a n d  N F T  i n  b r o t h .  I n f e c t i v e  
c e n t r e  c o u n t s  i n  n o t  i n d u c e d  c u l t u r e  ( a ) ,  w i t h  Ö .1  M  H U  ( b ) ,  w i t h  0 . 0 3  fig N F T / m l  ( c ) ,  w i t h  
1 . 0  fig m i t o m y c i n - C / m l  ( d ) .  T h e  v a l u e s  o f  F i g s  З а - e  a r e  c a l c u l a t e d  b y  d i v i d i n g  t h e  

p l a q u e  c o u n t s  w i t h  t h e  r a t i o  o f  c e l l  c o u n t s  a t  t / t 0 t i m e s
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Fig. 4. ï n d u c i b i l i t y  b y  N F T  i n  b r o t h  o f  c e l l s  r e s i s t a n t  t o  n i t r o f u r a n  d e r i v a t i v e s  N F 3 a n d  
N F 4. I n f e c t i v e  c e n t r e  c o u n t s  f o r  N F 3 r e s i s t a n t  c e l l s  i n  n o t  i n d u c e d  c u l t u r e  ( a ) ,  w i t h  0 .1  fig 
N F 3 / m l  ( b ) ,  w i t h  0 . 0 3  fig N F T  / m l  ( c ) .  I n f e c t i v e  c e n t r e  c o u n t s  f o r  N F 4 r e s i s t a n t  c e l l s  i n  n o t  

i n d u c e d  c u l t u r e  ( d ) ,  w i t h  0 .1  fig N F 4/ m l  ( e ) ,  w i t h  0 . 0 3  fig N F T / m l  ( f )

D iscussion

O ur ex p erim en ts  have  show n th a t  th e  in d u c tiv ity  of N F T , sim ilarly  to  
t h a t  o f m itom ycin  an d  h y d ro x y u re a , is associated  w ith  th e  in d + c h a rac te r: 
th e  su b stan ce  w as ineffec tive  on th e  h ea t-induc ib le  in d “ v a r ia n t. T here was 
a s im ila rity  in ev ery  respect b e tw een  th e  in d u c tiv e  effect of N F T  and m ito- 
m ycin-C  [7]. In  c o n tra s t, h y d ro x y u re a  exerted  a d iffe ren t k in d  of inducing  
effect.

A lthough  th e  ex p erim en ts  h a v e  n o t e lu c id a ted  th e  m ode of ac tion  of 
N F T  fo r ce rta in , i t  seem s im p ro b ab le  th a t  a G o l d t h w a i t  jACOB-type m echa
n ism  is involved . F rom  th e  ra p id  increase in in fec tiv e  cen tre  coun ts and 
th e  s lig h t in d u c tio n  observed  on cooling, it  m igh t be assum ed th a t  a d is
o rd e r in  DNA sy n th es is  or a d eg rad a tio n  of D N A  is d irec tly  responsib le 
for th e  release of p rophage. T his hyp o th esis  has n o t been  con firm ed  by  cross
resistance  ex p erim en ts  as th e re  w as no cross-resistance betw een  m itom ycin  
an d  N F T  in re sp ec t to  phage in d u c tio n . This n eg a tiv e  re su lt does n o t d isp rove 
o u r hypo thesis , it o n ly  in d ica tes  th a t  th e  site of ac tion  of th e  tw o substances 
on D N A  is d iffe ren t. In  ex p erim en ts  w ith  H U  th e  N F T  re s is ta n t s tra in  gave 
less m ark ed  re su lt; th is  fin d in g  m ay  be due to  th e  fa c t th a t ,  because of th e  
decreased  m etab o lic  a c tiv ity  in  th e  re s is tan t v a r ia n t, th e  h y p o th e tica l induc
tiv e  D N A  m etab o lites  failed to  reach  th e  co n cen tra tio n  needed.
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E x am in a tio n  o f  in d u c tiv e  an d  n o t in d u c tiv e  n itro fu ra n  d e riv a tiv es  
in d ic a te d  th a t  E . coli K 12 (A-28) cells tra in e d  to  re s is tan ce  a g a in s t non -induc
tiv e  substances show ed an  u n ch an g ed  in d u c tib ility  (F ig . 4 ): th e  curves rep 
re sen tin g  in fec tive  c e n tre  co u n ts  w ere sim ilar in  course fo r th e  p a re n t  and  for 
th e  re s is ta n t cu ltu res . T h u s  i t  m ay  be  concluded  th a t  g ro w th -in h ib itin g  and 
in d uc ing  effects in case o f n itro fu ra n  de riv a tiv es  are  localized  a t  d iffe ren t sites 
o f  D N A . I t  m ay  be  assu m ed  th a t  th e  in d u c tiv e  effect o f N F T  is associated  
w ith  th e  m arked  e lec tro n -accep to r c h a ra c te r  of th e  m olecule, th a t  is, w ith  the  
c o n ju g a te d  double b o n d  sy stem  of th e  agent.
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Sum m ary . A m ino  acid  u tiliza ton  in  d e fin e d  m ed ium  b y  233 Ps. aeruginosa  s tra in s  
belonging to  23 d iffe ren t serological groups h a s  b een  exam ined . The s tra in s  h ad  been iso la ted  
from  a w ide v a rie ty  o f sources and were se lec ted  so as to  rep re sen t th e  average incidence of 
serological un its .

T he am ino acid  sp e c tru m  of Ps. aeruginosa  is ch aracte rized  as follows: L -alan ine 99.6, 
g am m a-am in o -b u ty ric  ac id  99.6, L -arginine 99.6, D L -asp artic  acid  99.6, D L -g lu tam ic  acid  
99.6, glycine 99.6, L -h is tid in e  99.6, h y d ro x y -L -p ro lin e  99.6, D L-isoleucine 98.3, D L -leucine
98.3, L -lysine  99.6, D L -o rn ith in e  99.6, D L -p h en y la la n in e  99.6, L -p ro line  99.6, L - try p to p h a n
97.4, L -ty ro s in e  99.6, D L -v alin e  99.6% p o sitiv e ; L -cyste ine , L -cystine , D L -m eth ion ine  100%  
negative . D ifferen t re a c tio n s  varying even w ith in  in d iv id u a l s tra in s  w ere recorded  in  D L- 
norleucine, D L -n o rv alin e , DL-serine and  L -th re o n in e .

I t  has been co n clu d ed  th a t, in re sp ec t to  am ino  acid u tiliz a tio n , Ps. aeruginosa  is a 
hom ogeneous species.

R ecen t o b se rv a tio n s  ind icate  t h a t  g ro w th  in defined  m edium  w ith  am ino  
acids an d  o th e r n itro g en o u s substances m ay  be useful fo r th e  d iffe ren tia tio n  
of aerobic  p seu d o m o n ad s [3, 8]. T h e  p re se n t paper gives an  accoun t of th e  
am ino acid  sp ec tru m  o f serologically d efin ed  Pseudomonas aeruginosa  s tra in s  
iso la ted  from  a v a r ie ty  of sources.

M aterials an d  m ethods

Stra ins. A to ta l  o f 233 Ps. aeruginosa s tra in s  se lected  for a p rev ious s tu d y  on b io ch em i
cal re ac tio n s  [5] w ere u sed . The stra ins re p re se n te d  23 d ifferen t serological groups.

B asal m edium . K 2H P 0 4, 5 g; M g S 0 4, 0.5 g; d istilled  w a te r, 1000 ml.
A m in o  acid m ed iu m . To 1000 ml b a sa l m ed iu m  1 g L -am ino acid  o r 2 g D L -am ino  

acid w ere ad d ed , th e  p H  w as ad justed  to 7.0 a n d  th e  so lu tion  w as Seitz -filtered . T he m ed iu m  
was th e n  d is tr ib u te d  a se p tica lly  a t 2 — 3 m l p o rtio n s  in to  1 0 0 x 1 1  m m  tu b es . The follow ing 
am ino acids were u sed : L -alanine (NBC), g a m m a-am in o b u ty ric  acid  (R ean a l), L -arg in ine  
(N BC), D L -asp artic  acid  (N BC), L -cysteine HC1 (N B C ), L -cystine  (N B C ), D L -g lu tam ic  acid  
(N BC), glycine (B D H ), L -h istid ine  (NBC), h y d ro x y -L -p ro lin e  (N B C ), D L-isoleucine (N B C ), 
D L -leucine (NBC), L -ly s in e  HC1 (NBC), D L -m eth io n in e  (N BC), D L -norleucine (R ean a l) , 
D L -norvaline  (R ean a l), D L -orn ith ine  (R ean a l) , D L -p h en y la lan in e  (B D H ), L -proline (N B C ), 
D L-serine (NBC and  R ean a l) , L -threonine (N B C ), L - try p to p h a n  (R ean a l) , L -ty rosine  (N B C ), 
D L -valine  (NBC).

Inoculation and incubation o f media a n d  reading o f  results. Seeding was perform ed from  
ag ar s lan ts  in cu b a ted  a t  37°C overnight, th e n  a t  ro o m  te m p e ra tu re  fo r 3 days by  im m ersing  
in to  th e  am ino acid m ed ia  a small a m o u n t o f c u ltu re  w ith  a s tra ig h t  wire. The tu b es  w ere 
in cu b a ted  a t  37°C fo r 14 days. Tubes show ing d e fin ite  tu rb id ity  w ere reco rded  as po sitiv e .
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R esu lts

T able I show s th e  u tiliza tio n  o f am ino  acids as sole sources of ca rb o n  
a n d  n itrogen . In  p re lim inary  ex p e rim en ts  am ino acid u tiliz a tio n  in defined  
am m o n iu m  m edium  w as also exam ined . As essen tia lly  th e  sam e resu lts  h ad  
b een  ob ta ined  in  th e  absence an d  in  th e  presence of am m onium  sa lt, in  th e  
m a in  experim en ts u tiliz a tio n  was ex am in ed  in  defined  m edium  co n ta in in g  
in  ad d itio n  to  th e  am ino  acid on ly  p o ta ss iu m , m agnesium , p h o sp h a te  an d  
su lp h a te  ions.

From  T ab le  1 it is evident th a t  th e  s tra in s  beh av ed  un ifo rm ly  in am ino  
ac id  spectrum . R a p id  an d  a b u n d a n t g ro w th  w as recorded  in  L -alan ine, gam m a- 
am in o b u ty ric  ac id , L -arg in ine, L -g lu tam ic  acid, L -h istid ine , h y d ro x y -L - 
p ro lin e , D L -o rn ith in e , L -proline, L - try p to p h a n , L -ty ro sin e  and  D L -valine . 
S om ew hat w eaker an d  often la te  m u ltip lic a tio n  was observed  in D L -asp artic  
ac id , glycine, D L -iso leucine, D L -leucine, L -lysine an d  D L -p h en y la lan in e . 
N o n e  of the  iso la tes u tilized  L -cysteine, L-cyrstine and D L -m eth ion ine .

In  D L -n o rv a lin e , D L -serine and  D L -th reo n in e  p a r t  o f th e  s tra in s  failed  
to  grow  in 14 d ay s, p a r t  of th em  show ed la te  u tiliza tio n . These am ino acid 
te s ts  w ere rep ea ted . In  T able I it is seen th a t  resu lts o b ta in e d  for th ree  series 
o f  experim en ts  d iffer n o t only in th e  beg in n in g  of g row th  h u t also in th e  n u m 
b e r  o f positive an d  n eg a tiv e  reac tio n s. As to  ind iv idual s tra in s , th e  follow ing 
re su lts  were o b ta in ed . In  D L -norva line  68 s tra in s  w ere un iform ly  p o sitiv e  
a n d  55 stra ins w ere un ifo rm ly  n eg a tiv e  in th e  th ree  series of ex p erim en ts ; 
110 s tra in s  gave v a ria b le  resu lts. In  D L -serine  83 s tra in s  showed id en tica l 
(28 positive  an d  55 n ega tive), 150 s tra in s  d isc rep an t re su lts . In  D L -th reo n in e  
58 un ifo rm ly  po sitiv e , 101 u n ifo rm ly  n eg a tiv e  and  74 v a ria b le  resu lts  w ere 
reco rd ed . G row th  in  D L -norleucine w as even less defin ite . In  tw o serial te s ts  
10 un ifo rm ly  p o sitiv e , 204 un ifo rm ly  n eg a tiv e  and 19 v a riab le  resu lts  w ere 
o b ta in e d .

E x p erim en ts  p erfo rm ed  w ith  sev era l s tra in s  in series of 10 tu b es  co n 
ta in in g  th e  above am ino  acids co n firm ed  th a t  th e  reac tio n s were v a ria b le  
w ith in  one ex p e rim en t and  w ith in  th e  sam e stra in .

Some s tra in s  show ing  la te  or irre g u la r  g row th  w ere te s te d  in th e  co rre 
sp o n d in g  am ino acid  b y  using w ashed  b a c te r ia  as inoculum . In  m u ltip le  tu b e s  
seed ed  w ith  102 an d  w ith  104 v iab le  cells w ashed  th ree  tim es in  d istilled  w a te r  
th e  resu lts  w ere s im ila r to  those  o b ta in e d  b y  using ag ar s la n t inocula, on ly  
th e  tim e  before v isib le  g row th  developed w as m ore un ifo rm . T he g row th  could 
be  tran sfe rred  se ria lly  in  the sam e d efin ed  m edium ; tu rb id ity  developed  
fre q u e n tly  earlier in  th e  su b cu ltu res  th a n  in th e  p rim a ry  cu ltu res.

A typ ical s tra in s  are listed  in  T ab le  I I .  One iso la te  (171005) u tilized  
n o n e  o f th e  am ino  acids te s ted . T his s tra in  had  been show n to  differ from  
o th e r  cu ltu res in fa iling  to  u tilize am m o n iu m  salt and  u rea  as sole source of
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Table I

A m ino acid utilization by Ps. aeruginosa in defined medium  
N um ber o f s tra in s . 233

G r o w th  in d e f in e d  m e d iu m

1 - 2  c la y s 3 6 d a y s 7 14 d a y s n e g a t i v e

L- A lanine 232 — — l

G am m a-am inobu ty ric  acid 232 — — l

L-A rginine 229 3 l

D L -A sp artic  acid 199 32 l l

L-C ysteine - 233

L-C ystine — - _ 233

D L -G lu tam ic acid 232 - — 1

Glycine 209 18 5 1

L -H istid ine 229 3 1

H ydroxy-L -pro line 231 1 1

D L -Isoleucine 178 50 1 4

D L -L eucine 80 148 1 4

L -Lysine 185 46 1 1

D L -M ethionine — 233

D L -N orleucine E xp . I — 2 20 211

D I,-N orleucine E xp . 11 — 2 9 222

D L -N orvaline E xp . I — 12 154 67

D L -N orvaline E xp . II - 3 92 138

D L -N orvaline  E xp . I l l — 3 90 140

D L -O rn ith ine 232 - 1

D L -Phenylalan ine 144 53 35 1

L -Proline 231 1 — 1

D L-Serine E xp . I — 16 21 196

D L -Serine E xp . II 2 57 62 112

D L -Serine E xp . I l l 24 88 69 52

L -Threonine E xp. I 4 26 66 137

L -T hreonine E xp . II — 57 39 137

L -Threonine E x p . I l l 47 41 145

L -T ry p to p h an 220 6 1 6

L-Tyrosine 232 - 1

D L-V aline 232 — — 1

n itrogen  [5]. In  m ed ia  con ta in ing  com plex  n itrogenous substances it d id  n o t 
d iffer in  b iochem ical a n d  cu ltu ra l c h a ra c te rs  from  ty p ic a l Ps. aeruginosa  
s tra in s . A m ong s tra in s  a ty p ica l in  am ino  acid  sp ec tru m  iso late  171453 w as
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Table II

A typ ica l strains

D esignation 0  an tig en * A typical p ro p e r ty

171 005 1 Fails to  u tilize am ino acids in  defined 
m edium

171 103 3a, 3b Fails to  u tilize D L-isoleucine and  DL- 
leucine

171 161 3a, 3d Fails to  utilize DL-isoleucine and  DL- 
leucine

171 258 4a, 4c Fails to  u tilize L -try p to p h an

171 259 4a, 4c F a ils  to  utilize L -try p to p h an

171 314 5a, 5b, 5d Fails to  utilize L -try p to p h an

171 453 9 F a ils  to  utilize D L-isoleucine, DL- 
leucine and L -try p to p h an

171 503 11 F ails  to  u tilize L -try p to p h an

171 506 11 F ails  to  u tilize L -try p to p h an

*  Lányi’s antigenic scheme [4].

also  a ty p ica l in  su g ar b reak d o w n  [5]; th e  rem ain ing  cu ltu res  b ehaved  in re 
sp e c t to  o th e r b iochem ical reac tio n s as ty p ic a l Ps. aeruginosa  s tra in s.

The p resen t s tu d ies  h av e  show n t h a t  th e re  is no assoc ia tion  b e tw een  
am in o  acid u tiliz a tio n  an d  serological p ro p ertie s . S tra in s ch a rac te rized  b y  
e a rly  or by  la te  am ino  acid u tiliz a tio n  w ere m ore or less even ly  d is tr ib u te d  
in  all serogroups.

D iscussion

T here are few pu b lish ed  o b se rv a tio n s  on the  am ino acid  reac tions of 
P s. aeruginosa. Som e a u th o rs  te s te d  Ps. aeruginosa  s tra in s  w ith  am ino acid  
re a c tio n s  e lab o ra ted  fo r th e  d iffe ren tia tio n  of Enterobacteriaceae. T he fin d in g s 
o f S h e r r i s , S h o e s m i t h , P a r k e r  an d  B r e c k o n  [7], B ü h l m a n n , Y i s c h e r  
a n d  B r u h in  [1], L y s e n k o  [6], H u g h  an d  L e if s o n  [2], Z i e r d t  and  S c h m id t  
[10] and  L á n y i  [5] are  in ag reem en t t h a t  Ps. aeruginosa p roduces arg in ine  
d ih y d ro lase . T he ly sine  d ecarboxy lase  reac tio n  is n eg a tiv e  according to  
L y s e n k o  [6], V é r o n  [9], H u g h  an d  L e i f s o n  [2] and L á n y i  [5]. T he o rn ith in e  
d ecarb o x y lase  reac tio n  w as also described  as n egative  b y  L y s e n k o  [6], H u g h  
an d  L e if s o n  [2] an d  L á n y i  [5]. Ps. aeruginosa  p roduces no try p to p h a n  
deam in ase  [5].

T here are  less d a ta  for am ino acid  u tiliza tio n . J e s s e n  [3] exam ined  
th e  am ino acid sp ec tru m  of 51 f lu o rescen t pseudom onad  cu ltu res . Ps. aerugi
nosa  u tilized  g lu tam ic  acid, o rn ith in e , a lan in e , glycine an d  a rg in ine  rap id ly ,
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gave v a ria b le  reac tio n s in  serine and  leucine  and  grew  w eak ly  or slowly in 
cystine . T he p re sen t stud ies, w ith  th e  ex cep tio n  of g row th  in  cystine , confirm ed 
J e s s e n ’s re su lts . J e s s e n ’s ta b le  in d ic a te s  th a t  som e am ino  acids m ay  be 
useful fo r th e  d iffe ren tia tio n  of Ps. aeruginosa  from  o th e r  pseudom onads.

A m ino acid u tiliz a tio n  in defined  m ed ium  was ex ten siv e ly  s tu d ied  by 
S t a n i e r , P a l l e r o n i  and  D o u d o r o f f  [8]. T hey  ex am in ed  a to ta l of 267 
aerobic p seu d o m o n ad s includ ing  29 s tra in s  of Ps. aeruginosa. T hey  show ed 
th a t  a lan ine , g am m a-am in o b u ty ric  acid , a rg in ine , a sp a rtic  acid, g lu tam ic  acid 
and o rn ith in e  w ere u tilized  by  all Ps. aeruginosa  s tra in s . These d a ta  are  in 
ag reem en t w ith  th e  p resen t finding.

A ccording to  th e  resu lts  of S t a n i e r  et al. serine w as u tilized  by 4, leucine 
by  28, iso leucine b y  15, v a line  b y  25, ly s in e  b y  26, ty ro s in e  b y  28, p h e n y la la 
nine b y  7, try p to p h a n  by  21 ou t of th e  29 Ps. aeruginosa  s tra in s  exam ined . 
In  th e  p re sen t s tu d y  th e  above am ino ac ids, w ith  th e  excep tion  of serine, w ere 
u tilized  b y  alm ost all Ps. aeruginosa s tra in s . T he reason fo r th e  d isagreem ent 
is obviously  due  to  a difference in m e th o d s . S t a n i e r  et al. used  p la ted  m edia 
seeded by  rep lica  m e th o d  and in cu b a ted  fo r 4 days. This te c h n iq u e  is ev id en tly  
less sensitive  th a n  ex am in a tio n  in  f lu id  m ed ium  in c u b a te d  for 14 days. I f  
ea rly  read ings of flu id  m edia are considered  th e re  is no essen tia l difference 
betw een  th e  find ings.

T he resu lts  in d ica te  th a t  Ps. aeruginosa  is a hom ogeneous species no t 
on ly  in b iochem ical ch a rac te rs  used w idely  for defin ing b a c te ria  [5] b u t also 
in am ino  acid sp ec tru m . The p resen t s tu d y  m ay  be reg a rd ed  as a fu r th e r  step  
in  ev a lu a tin g  th e  su ita b ility  of am ino acid  te s ts  for th e  classifica tion  of p seu d o 
m onads.

Acknow ledgem ents. The a u th o r is in d eb te d  to  Mrs. M. B e c k  an d  Mrs. E. K u n u c z  fo1' 
sk illed  tech n ica l assistance .
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THE EFFECT OF HYPOTHERMIA ON ALLERGIC-TYPE
SKIN REACTIONS
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T. S z i l á g y i , H e d v i g  C s e r n y á n s z k y , S .  I m r e  a n d  M a r i a  W e n t

I n s t i t u t e  o f  P a th o p h y s io lo g y  ( D ir e c to r : L. K e s z t y ű s ) ,  U n iv e r s i t y  M e d ic a l  S ch o o l. D eb recen

(R eceived  Ju n e  20, 1969)

Sum m ary . Passive  cu tan eo u s an ap h y lax is  an d  d in itro ch lo ro b en zen e  h y p e rsen s itiv ity  
in mice an d  inverse  passive  A rth u s  phenom enon in  gu inea  pigs hav e  been stud ied . W hen  th e  
reac tions were e lic ited  in  h y p o th erm ic  an im als th e  sy m p to m s e ith e r  fa iled  to  develop or were 
s ign ifican tly  m ilder th a n  in  no rm o th erm ic  contro l an im als. T he p a th o m ech an ism  of th ese  
skin reac tio n s has been discussed.

In  prev ious ex p erim en ts  we have show n th a t  b o th  ac tiv e  and passive 
an ap h y lac tic  shock in th e  gu inea pig can be p re v e n te d  b y  cooling the  an im als 
11, 2]. W e have  also d e m o n s tra te d  th a t  h y p o th e rm ia  highly  in h ib its  th e  a n a p h y 
lactoid reaction  in ra ts  induced  by  d e x tra n  or o v a lb u m in  [3]. The p resen t 
paper gives an  acco u n t of th e  effect of cooling on allergic ty p e  skin reactions.

M aterials and m ethods

P a s s iv e  c u ta n e o u s  a n a p h y la x i s  was stu d ied  in m ic e . A n tio v a lb u m in  ra b b it  serum  (5 / /g N ) 
was in jec ted  in to  th e  sh av en  ab d o m in a l sk in  and  a fte r  a 2 h o u r in te rv a l th e  hom ologous a n t i 
gen (1.5 m g o v a lb u m in  m ix ed  w ith  an  eq u al p a r t  of E v an s  b lue) w as in jec ted  in trav en o u s ly  
The re su lt w as re ad  45 m in u te s  a f te r  th e  e lic iting  in jec tio n  a t  t r a n s m itte d  lig h t by  considering  
th e  d iam e te r o f th e  blue co lo ra tio n  of th e  sk in ; ±  == 1 — 3 m m ; -f- =  3 — 5 m m ; -)■ +  *= 5 — 
10 m m ; +  +  +  =  >  10 m m .

D in itro c h lo r o b e n ze n e  (D N C B , R eanal) hy p e rsen s itiv ity  w as in d u ced  as follows. The a g en t 
was dissolved fresh ly  in  ace to n e , th e n  50 f ig  DNCB in  0.1 m l vo lu m e w ere rubbed  in to  th e  
shaven  dorsal sk in  o f m ice. T he sam e p ercu tan eo u s tre a tm e n t w as re p e a te d  a t  the  sam e site  
a fte r a 2 w eek in te rv a l. T he re ac tio n  was elicited 28 days a f te r  th e  beg in n in g  of the  tre a tm e n t 
by  ru b b in g  0.25 f ig  DNCB in to  th e  skin. R eadings w ere m ade 24 h o u rs  a fte r  adm in iste rin g  
the eliciting dose by  reco rd in g  th e  la rg est and  th e  sm allest d iam e te r  o f  th e  reac tion  area .

In v e r s e  p a s s iv e  A r t h u s  p h e n o m e n o n  was elicited  in g u in e a  p ig s .  Tw o mg of ovalbum in  
were in jec ted  in tra ju g u la r ly , th e n  a fte r  a 15 m in u te  in te rv a l th e  follow ing substances w ere 
in jec ted  in to  four d iffe ren t s ites of the  shaven  dorsal skin: 0.1 m l n o rm al ra b b it  serum , 70, 
130 and  240 f ig  an tib o d y  n itro g e n  in  0.1 m l volum es. D evelopm en t o f th e  reac tio n  was reco rded  
after % , 2 and  4 hours. A fte r  24 hours th e  anim als w ere sacrificed  a n d  th e  reac tion  was re ad  
on th e  in n er surface of th e  d o rsa l sk in  by  considering th e  size o f th e  a rea  (e ry th em a, oedem a, 
haem orrhag ia) and  th e  in te n s ity  o f h aem orrhag ia  (-f- == m ild ; - j - =  m edium ; =
severe).

H y p o th e r m ia .  Mice w ere cooled as described b y  G ia j a  [4 ]. G uinea pigs were an aesth e- 
sized w ith  In tra n a rc o n  (0.08 g /kg in trap erito n ea lly ) , th e n  p laced  in  p las tic  sacs co n ta in in g  
lum ps of ice. R ecta l an d  sk in  tem p e ra tu re s  were ta k e n  by  th e  use  o f a therm isto r. As the  
skin te m p e ra tu re  in  n o rm o th e rm ic  as well as in  hyp o th erm ic  an im als w as low er by 1.5 — 3°C 
th an  th e  recta l tem p e ra tu re , in th e  ex p erim en tal re su lts  only th e  la t te r  is p resen ted .
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R esu lts

P rep a ra tio n  an d  e lic iting  of c o n tro l m ice for passive  cu tan eo u s  a n a p h y 
lax is  w ere perform ed in  n o rm o th e rm ic  cond ition . In  th e  f i r s t  series of experi
m en ts  th e  an tib o d y  dose w as given to  n o rm o th erm ic  an d  th e  elic iting  an tigen  
dose to  deeply h y p o th e rm ic  an im als. T hen , a fte r 20 — 30 m in u tes  cooling, 
th e  an im als were b ro u g h t g en tly  in to  no rm otherm ic  co n d itio n . As show n in 
T ab le  I in h y p o th e rm ia  th e  reac tio n  a lm o st en tire ly  fa iled  to  develop. In  th e  
second  series of ex p erim en ts  (10 an im als) an tib o d y  an d  an tig en  w ere in jec ted  
in  deep hyp o th erm ia . T h e  sam e effect w as observed: cooling p re v e n te d  th e  
dev e lo p m en t of th e  reac tio n . In  th e  th ird  series of ex p erim en ts  (10 an im als) 
th e  an tib o d y  was in jec ted  in h y p o th e rm ia , th en  th e  an im als w ere w arm ed 
up  an d  th e  an tigen  w as g iven  a t  n o rm a l bo d y  te m p e ra tu re . In  th is  exp erim en t 
th e  skin reaction  developed  b u t  i t  w as som ew hat less m a rk e d  th a n  in  th e  
co n tro l anim als.

Table I

P a s s iv e  cu ta n e o u s  a n a p h y la x i s  in  n o r m o th e r m ic  a n d  in  h y p o th e r m ic  m ice

D esig n atio n  
o f  an im als

R ectal tem p e ra tu re  
w hen eliciting  th e  

reac tio n , °C

Degree of 
reac tio n

D esignation  
o f  anim als

R ectal te m p e ra tu re  
w hen elic iting  th e  

rea c tio n , °C

D egree of 
reac tio n

l 37.2 +  +  + и 17.0 —

2 37.0 +  4- 12 17.5 ±

3 36.8 +  + 13 16.5 -

4 37.0 + + + 14 17.0
s 36.8 + + 15 15.5
6 37.2 + + + i6 16.0 ±
7 37.1 + + + 17 16.0 -

8 37.0 + + + 18 17.0 ±
9 37.2 + + + 19 16.0 —

10 36.9 + + 2 0 16.5 —

As mice cooled b y  G i a j a ’s m e th o d  reach very  ra p id ly  a deep h y p o th e r
m ic s ta te , in th e  fo u rth  series of ex p erim en ts  (10 mice) b o th  a n tib o d y  and 
an tig e n  were given to  n o rm o th e rm ic  an im als  w hich w ere th e n  cooled rap id ly . 
H ow ever, u n d er th ese  co n d itions h y p o th e rm ia  ex e rted  no in h ib ito ry  effect 
on passive cu taneous an ap h y lax is .

in  h y p ersen sitiv ity  ex p erim en ts  it w as exam ined  w h e th e r h y p o th e rm ia  
in fluenced  th e  reac tio n  elic ited  b y  D N C B . T he resu lts a re  show n in T ab le  I I .

S im ilarly  to  passive  cu tan eo u s a n ap h y lax is  DNCB h y p e rse n s itiv ity  was 
no t in h ib ited  by  h y p o th e rm ia  if cooling was perform ed a t th e  tim e  of sensi
tiz a tio n  (10 anim als) or im m ed ia te ly  a f te r  giving th e  e lic iting  dose (10 anim als).
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Table II

D N C B  hypersensitivity  reaction in normothermic and in hypotherm ic mice

D esignation  
o f an im als

R e c ta l tem p e ra tu re  
w h en  eliciting th e  

reac tio n , °C
R eac tio n *

D esignation  
o f  an im als

R ectal te m p e ra tu re  
w hen elic iting  th e  

reac tio n , °C
R eaction*

3 3 1 9 .0 —

2 1 3 6 .5 1 0 /6 3 4 1 8 .5 -

2 2 3 7 .2 1 5 /6 3 5 2 0 .0 4 / 3

2 3 3 6 .8 2 0 / 5 3 6 1 9 .0 -

2 4 3 6 .5 1 6 /8 3 7 1 9 .4 -

2 5 3 6 .5 1 3 /5 3 8 1 9 .5 -

2 6 3 7 .1 1 2 / 4 3 9 2 0 .1 -

2 7 3 6 .4 9 /6 4 0 1 8 .7 -

2 8 3 7 .0 7 /7 4 1 2 0 .3 5 /3

2 9 3 7 .0 6 /2 4 2 1 9 .2 -

3 0 3 6 .8 9 /6 4 3 1 9 .0 —

3 1 2 0 .0 3 / 3 4 4 1 9 .0 —

3 2 1 9 .7 — 4 5 1 8 .4 —

* D iam eter of in flam m ated  area  in  m m  (largest/sm allest).

I t  is know n th a t  gu inea  pigs to le ra te  cooling less easily  th a n  m ice an d  
in  th e  fo rm er th e  low est lim it of h y p o th e rm ia  is abou t 20°C. As show n in 
F ig . 1 in  con tro l n o rm o th erm ic  an im als 70 /tg an tib o d y  caused  a m o d era te

\verage of reaction Average of intensity 
area mm4

Ab:70̂ ug/0,1ml i.c.сУ'Э'   Ш
2  50 1  +ÍI П П _|Л□ A .
38 25 23 20 °C 38 25 23 20 °C 

Ab:130pg/0,1ml i.c.

HiL inn
++■

1
+
П

38 25 23 20 °C 38 25 23 20 °C 
АЫ240 pg/OHml i.c.156

J S o n  ■++-++Oik ш
38 25 23 20°C 38 25 23 20 °C

F ig. 1. In v erse  passive A rth u s  reac tio n  in gu inea pigs. F igures u n d e r th e  colum ns in d ica te  
body  te m p e ra tu re  of th e  an im als. A verage of d a ta  ob ta in ed  in 10 an im als fo r each exp erim en t.

R eaction  a rea  in  m m 2
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Fig. 2. Inverse  passive  A rth u s  reac tio n  in  gu in ea  pigs. R ecta l te m p e ra tu re  w hen e lic iting
th e  re ac tio n , 38.2°C

Fig. 3. Inverse  passive  A rth u s  reac tion  in  gu inea  pigs. R ecta l tem p e ra tu re  w hen e lic iting
th e  re ac tio n , 25.3°C

/

F ig . 4. Inverse passive  A rth u s  reac tion  in gu inea  pigs. R ectal te m p e ra tu re  when eliciting
th e  reac tio n , 23.1°C

Acta Microliologica Academiae Scientiarum Hungaricae 16, 1969



EFFECT OF HYPOTHERM IA 367

Fig. 5. In v erse  passive  A rth u s  reac tion  in gu inea pigs. R ecta l te m p e ra tu re  when e lic iting
th e  reac tio n , 20.2°C

reac tio n , b u t  130 an d  240 ц g doses gave rise  to  d efin ite  changes. In  h y p o th e r
mic an im als th e  size of th e  reaction  area as well as th e  in te n s ity  of th e  reac tio n  
decreased  w ith th e  low ering of th e  b o d y  te m p e ra tu re  and  a t 20°C no 
inverse passive  A rth u s  phenom enon developed  (Figs 2 5).

D iscussion

O ur ex p e rim en ta l re su lts  in d ica te  th a t  a lle rg ic -type  skin reactions can 
be to ta lly  or m ark ed ly  in h ib ited  by  cooling th e  an im als. T he d a ta  show th a t  
h y p o th e rm ia  ex erts  th e  m ost defin ite  p ro te c tiv e  effect if  th e  anim als are  in 
h y p o th e rm ic  cond itio n  a t th e  tim e of e lic iting  th e  reac tio n . W e described  a 
sim ilar o b se rv a tio n  in an ap h y lac tic  shock [1].

In  a prev ious p a p e r  we described th a t  in  h yperg lycaem ia  due to  a lloxan  
t r e a tm e n t skin reac tio n s develop less read ily  th a n  in  an im als w ith no rm al 
b lood sugar level [5]. In  view  of these  fin d in g s th e  b lood  su g ar level of h y p o 
therm ic  an im als w as checked  regu larly  in  th e  p resen t exp erim en ts . As th e  
m ax im u m  v a lu e  was 135 m g% , it  has been  assum ed th a t  cooling is n ev er 
associa ted  w ith  hy p erg ly caem ia  high enough  to  in flu en ce  th e  developm ent 
of sk in  reac tio n s.

U t c h i t e l  an d  K r i m s k i  [6] in  s tu d y in g  th e  effect of h y p o th e rm ia  on 
th e  A rth u s reac tio n  h a v e  concluded th a t  co rticoste ro ids re leased  during  cooling 
are responsib le  for th e  in h ib ito ry  effect. O ur ex p e rim en ta l find ings do no t 
confirm  th is  h y p o th es is , as in  anim als cooled in  general an aes th es ia  very  sligh t 
am o u n ts  of co rtico ste ro id s  are m obilized [7] and  co rtiso n e  exerts  no a p p re 
ciable effect on passive  cu taneous an ap h y lax is  [8] or on passive  A rthus reac 
tio n  [9].
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H y p o th erm ia  m ark ed ly  in h ib its  th e  d isru p tio n  o f m a s t cells [10] and  
th e  release of h is tam in e  [11]. A ccord ing  to  H a y a s h i  et al. [12] h is tam in e  
p la y s  a role in  th e  f irs t rap id , Im m oral (“ a n a p h y la c tic ” ) p h ase  of A rth u s p h e 
n o m en o n  h u t it  ex erts  no effect on th e  reac tio n  itself. O v a r y  and  B i e r  [13] 
h a v e  show n th a t  specific a n tih is ta m in e s  in h ib it th e  d ev e lo p m en t of passive  
cu tan eo u s  an ap h y lax is . R ecen tly  L i e b e r m a n  and  O v a r y  [14] have  show n 
t h a t  h is tam in e  p lays an  im p o r ta n t ro le in passive cu tan eo u s  an ap h y lax is  
e lic ited  e ither by  hom ologous or b y  hetero logous an tib o d ies . In  our opinion 
h y p o th e rm ia , especially  in  passive  cu tan eo u s  anap h y lax is , in h ib its  th e  d evel
o p m en t of th e  reac tio n  by  decreasing  th e  release of h is tam in e .

In  our earlie r ex p erim en ts  [15] we show ed th a t  in h y p o th e rm ia  th e  degree 
o f  a n tig en -an tib o d y  reac tio n  decreases considerab ly . K i n g  and  F r a n c is  [16] 
d e m o n s tra te d  th a t  cooling of organs in  vitro decreases th e  degree of tissu e  
a n tib o d y  f ix a tio n  an d  th e  a n tig e n -a n tib o d y  reaction  ta k e s  p lace u n d e r  th is  
co n d itio n  m ore slow ly th a n  a t  n o rm a l te m p e ra tu re . F u r th e r  ex p erim en ts  
a re  needed to  e luc ida te  th e  a lte ra tio n  o f a n tig en -an tib o d y  reac tio n  in vivo.

F rom  th e  ex p erim en ts  of U r i u h a r a  and  Mo va t  [17] th e  m echan ism  
o f A rth u s  phenom enon  can he su m m arized  as follows. P o ly m o rp h o n u c lea r 
leucocy tes accu m u la tin g  a t  th e  s ite  o f th e  reaction  p h ag o cy tize  th e  an tigen- 
a n tib o d y  com plexes, u p o n  th e  effect o f w hich the  lysosom es are  d eg ran u la ted . 
F o r  th e  ch a rac te ris tic  changes th e  p ro tea se -ty p e  enzym es o f lysosom es are 
responsib le . I t  is s till d eb a ted  w h e th e r a sim ilar m echanism  is involved  in 
p assiv e  cu taneous an ap h y lax is  [14]. O u r resu lts  [18] in d ic a te d  th a t  h y p o th e r
m ia  h ighly  inh ib ited  th e  release of lysosom al enzym es. In  su b seq u en t ex p eri
m e n ts  we wish to  p ro v e  th is  effect also in  a llerg ic-type reactions.

DNCB h y p e rse n s itiv ity  is a de lay ed  reaction  an d  we know  li ttle  o f its 
m echanism . A ccording to  W i l l o u g h b y  et al. 119], s im ila rly  to  tu b ercu lin  
re a c tio n , th e  p e rm eab ility  fa c to r  re leased  from  m o n o n u c lea r cells p lays an 
im p o r ta n t  role in DNCB reac tio n . T he effect of th is fac to r  is n o t in fluenced  by  
h is ta m in e  or se ro to n in  an tag o n is ts . I t  m ay  he supposed  th a t  h y p o th e rm ia  
in h ib its  th e  release or p e rh ap s  th e  effect o f th is p e rm eab ility  facto r.
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COMPARATIVE STUDIES ON THE TAXONOMIC 
RELATIONSHIP BETWEEN MYCOBACTERIUM 

ABSCESSUS AND MYCOBACTERIUM BORSTELENSE
IN C ID E N C E  O F M Y C O B A C T E R IU M  A B SC ESSU S IN  M O N K E Y S  *

By

J .  G. W e i s z f e i l e r , V a l e n t i n a  K a r a s s e v a  and E r ik a  K ar c za g

M icrobiological Research Group (D irector: J .  G. W e is z f e il e r ), H ungarian  A cadem y o f
Sciences, Budapest

(R eceived  Ju n e  25, 1969)

Sum m ary, (i) On th e  basis of b iochem ical, pathogenic  an d  serological p ro p e rtie s  M yco
bacterium abscessus is a well defined species n o t  re la ted  an tig en ica lly  to  M ycobacterium  for- 
tu itu m  an d  should  no t, th ere fo re , be reg ard ed  as a subspecies of th e  la tte r .  M . abscessus belongs 
to  th e  serological group  D of m y cobacteria .

(ii) M . abscessus an d  M ycobacterium borstelense are id en tica l in b iochem ical p ro p erties  
an d  an tigen ic  s tru c tu re  b u t  differ in m ouse p a th o g en ic ity . T herefore  th e y  m ay  be classified 
as tw o  sep a ra te  species belonging to  th e  sam e serological group.

(iii) S tra in s  received  as M ycobacterium  runyon ii were in  all ch a rac te rs  id en tica l w ith  
M . abscessus.

(iv) S tra in s M4 a n d  M15 iso lated  from  M acacus rhesus m onkeys were id en tica l w ith  
M . abscessus in b iochem ical, pa thogenic  an d  serological p ro p erties . In  th e  gu inea pig s tra in  
M l5 failed  to induce  im m u n ity  against tu b ercu losis, b u t e x erted  a sensitiz ing  effect against 
in fec tio n  by  v iru le n t tu b erc le  b ac teria .

An increasing  n u m b er of o b se rva tions in d ica te  th a t  M ycobacterium  
abscessus m ay  be associa ted  w ith  h u m an  infections. M o o r e  and  F r e r i c h s

[ i i ]  iso la ted  on re p e a te d  occasions a rap id ly  grow ing m y co b ac te riu m  from  
a p a tie n t  suffering  from  a rth r itis  w ith  abscess. T hey  n am ed  th e  new  m ycobac
te r ia l  species M . abscessus. B o j a l i l , Ce r b ó n  an d  T r u j i l l o  [3] stu d ied  
5 m y co b ac te ria l s tra in s  iso lated  from  h u m an  infections in  th e  U n ited  S ta tes , 
Cuba an d  M exico an d  nam ed  th e m  M ycobacterium runyon ii. T s u k a m u h a , 
T s u k a m u r a  and  M iz u n o  [15] p erfo rm ed  num erical tax o n o m ic  analysis of th e  
s tra in s  described b y  B o j a l i l  et al. as M . runyon ii an d  of som e s tra in s  iso la ted  
in  J a p a n  and  classified  th em  as a subspecies of M ycobacterium  fo r tu itu m . 
L a te r  T s u k a m u r a , M iz u n o  and  T s u k a m u r a  [16] rev ea led  th a t  M . runyon ii 
w as iden tica l w ith  M . abscessus, b u t  th e y  still reg a rd ed  th e  organ ism  as 
M . fo r tu itu m  subs, abscessus. On th e  basis of b iochem ical, sensitin  and  n u m eri
cal tax o n o m ic  s tud ies T a k e y a , N a k a y a m a  and  N a k a y a m a  [14] w ere of th e  
opinion th a t  M . ru n yo n ii belonged to  a species d iffe ren t from  M . fortu itum . 
T heir own iso lates as well as s tra in s  o b ta in ed  from  v arious sources as M . 
fo r tu itu m  show ed th e  p ro p erties  of M . runyonii. Ma g n u s s o n , E n g b e a k  and

*These in v estig a tio n s were su p p o rted  fin an c ia lly  by  th e  W orld  H e a lth  O rg an iza tion .
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B e n t z o n  [8] ex am in ed  th e  specific sensitins of h u m an  m y co b ac te ria l s tra in s  
“ 29” and “ 66” . T h ese  cu ltu res  w ere la te r  id en tified  b y  M a g n u s s o n  [9] as 
M . abscessus. St a n f o r d  and  B e c k , as m en tio n ed  by  R u n y o n  [13] and  P a t t y n

[12] iso lated  ra p id ly  grow ing  s tra in s  from  sk in  u lcer and abscess; these  s tra in s  
w ere  iden tified  as M . abscessus. H o s t y  [4] d e m o n s tra te d  th e  sam e organism  
in  pu lm o n ary  d isease. B ö n i c k e  [1] described 15 fast-grow ing  m ycobac te ria  
iso la ted  from  h u m a n s  as a se p a ra te  species, M . borstelense. As show n by  
B ö n i c k e  and  S t o t t m e i e r  [2] p a r t  of these  s tra in s  produced  high am ounts 
o f n iacin  (M . borstelense v a r. niacinogenes). T he close re la tio n sh ip  betw een 
M . borstelense an d  M . abscessus w as in d ica ted  by  th e  b iochem ical stud ies of 
K ä p p l e r  [5]. K a r a s s e v a , W e i s z f e i l e r  an d  K r a s z n a y  [7] iso lated  from  
M acacus rhesus m o n k ey s tw o fast-g row ing  m y co b ac te ria l s tra in s  (“ 4 ”  and  
“ 15” ) no t exam ined  so fa r for re la tio n sh ip  to  th e  ab ove-m en tioned  m ycobac
te r ia l species.

In  th e  p re se n t s tu d y  th e  taxo n o m ic  re la tio n sh ip  betw een  M . abscessus, 
M . runyon ii, M . borstelense an d  s tra in s  M4 an d  M15 as well as serological 
connections b e tw een  th ese  organism s and  M . fo r tu itu m  w ere exam ined .

M aterials and  m ethods

Strains. M . abscessus ATCC 19977, M . ru n yon ii ATCC 14472 (SB 32), M . runyonii 
L a  2408, M . borstelense SN  281 an d  922, M . borstelense v a r. niacinogenes SN 286 abd 923, 
M . abscessus M4 a n d  M15 [6], M . fo r tu itu m  ATCC 6841.

Properties o f  the cultures (colony m orphology , g ro w th  a t  d iffe ren t tem p e ra tu re s , n iacin  
c o n te n t, enzym e a c t iv ity )  w ere exam ined  as described b y  Me is s n e r  [10] an d  K ä ppl e r  [5].

Virulence w as te s te d  in  albino m ice b y  in trav en o u s  in jec tio n  of 1 m g b ac te ria . Surviv ing 
an im als  were sacrificed  30 — 60 days a f te r  in fec tion  an d  p a tho log ica l lesions in  th e ir  organs 
w ere  exam ined. C u ltu res fro m  th e  organs w ere m ade on  L ö w en ste in —Je n se n  m edium .

A ntigenic structure  w as exam ined  by  Ou c h t e r l o n y ’s gel p re c ip ita tio n  m eth o d  as 
d escribed  by W e is z f e il e r  et al. [18]. A nti-abscessus an d  a n ti- fo r tu itu m  sera w ere p repared  in 
ra b b its  w ith  M . abscessus M15 and  M . fo r tu itu m  ATCC s tra in , respec tive ly .

Im m u n iz in g  capacity  ag a in st tu b ercu losis was ex am ined  by  in jec tin g  su b cu taneously  
10 guinea pigs w ith  a dose  of 1 mg of M . abscessus s tra in  M4. One m o n th  a f te r  im m u n iza 
t io n  th e  te s t group a n d  th e  con tro l group consisting  of 10 an im als were challenged  by  in jec ting  
0.0001 mg H 37R v c u ltu re  subcu tan eo u sly .

Three m o n th s a f te r  in fec tio n  th e  an im als w ere sacrificed  and  specific changes in th e  organs 
w ere  expressed by  W e is z f e il e r ’s index  [17].

R esults

All th e  ex am in ed  7 s tra in s  grew  a b u n d a n tly  on L öw enstein  Jen sen  
m ed ium  afte r 3 d ay s . T he colonies w ere sm oo th , w h ite  or p ink  in colour. 
M . runyonii SB 32 a n d  M . borstelense 286 p roduced  p a r tly  R  colonies. B iochem 
ica l p roperties of th e  s tra in s  are show n in T ab le  I. M . abscessus, M . runyon ii 
an d  M . borstelense w ere id en tica l in b iochem ical p ro p erties . M . borstelense 
s tra in s  286 and 923 (b o th  v a r. n iacinogenes) w ere n iac in  positive . M . fortu itum  
d iffered  in am idase  sp ec tru m , n i tra te  red u c tase , lipase, b e ta -es te rase  and
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p h o sp h a ta se  reac tio n  fro m  th e  above s tra in s . O n L öw enstein  Jen sen  m edium  
con ta in in g  1000 Цg PA S p e r  m l th e  s tra in s  grew  well an d  fo rm ed  b lack  colo
nies (b lack ing  p h en o m en o n ) in  one day  (T ab le  I).

Table I

Biochemical reactions
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M . abscessus — + — — + — — + — + - f — +

M . runyonii SB32 - + - - + — + - + + + - +
M . runyonii 2408 - + - - + - - + - + + + - —

M . borstelense 281 - + - - + - - + - + + + - 4 "

M . borstelense 286 + + - - + - - + - + + + - +
M . borstelense 922 + - - + - — + - + + + - +
M . borstelense 923 + + - - + - - + - + + + - +
M ycobacterium  M4 — + - - + - — + + + + + - +
M ycobacterium  M15 — + — - + - - + + + + + - 4-

M . fortu itum  ATCC 6841 — + + + + + — — + + + + + —

P a th o g en ic ity  of th e  s tra in s  to  alb ino m ice and  th e  re su lts  of cu ltu ra l 
exam in a tio n s are show n in  T ab le  II .

M . abscessus, M . ru n y o n ii, s tra in  M4 and  s tra in  M15 caused severe 
a lte ra tio n s  in the  k id n ey  a n d  h y p e rtro p h y  of th e  spleen. W hile  th e  M . abscessus 
s tra in  gave rise to  m ild changes, its su b c u ltu re  (“ 955” ) iso la ted  from  th e  
in fected  anim al was h ig h ly  pathogen ic  and  caused  th e  d e a th , due to  severe 
a lte ra tio n s  in th e  k id n ey , o f  m an y  anim als as soon as 2 7 d ay s  a fte r in jection .
F rom  th e  organs of th e  an im als  th e  b ac te ria  grew  in dense c u ltu re  60 —90 days 
a fte r  in fection . N one of th e  10 mice in fec ted  w ith  M . borstelense died d u ring  
th e  60 day  observ a tio n  p e rio d , th e ir  organs w ere free from  pa tho log ica l changes 
an d  cu ltu ra l e x am in a tio n s  w ere negative.

Gel p rec ip ita tio n  w ith  im m une serum  fo r s tra in  M15 revealed  6 p re 
c ip ita tio n  lines aga in st a n tig e n s  p repared  from  th e  hom ologous cu ltu re  an d  
from  s tra in  M4 (Figs 1 a n d  2). The an tig en ic  id e n tity  of s tra in s  M15 and  
M . runyon ii 14472 was also  d em o n stra ted  (F ig . 2). A n tigens fo r M . fo rtu itu m , 
M . smegmatis, M . ph le i, a n d  M . tuberculosis H 3 7 R v  show ed no p rec ip ita tio n  
w ith  an tise ru m  M15. A w e a k  line was observed  w ith  M . avium  an tigen  and
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Table II

Pathogenicity tests

A nim als d ied
C u ltu ra l

e x am in a tio n P a th o lo g ical changes in organs

S tra in s No. o f 
an im als

N o. A fter
days

D ays
a f te r
infec
tio n

I n ten s ity  
of

grow th

Lung L iver Spleen K id n ey

M . abscessus
19 977 10 4 2 8 - 3 5 60 ± ±

M . borstelense 
SN  286 5 60 _ _

JVf. borstelense 
SN  281 5 _ 60 _ _ _ _ _

M . runyonii 
L a  7408 10 — — — — — + + + +

M . ru n yo n ii 
14 472 10 3 23 90 _ _ + +  +  +

M . abscessus 
M 4 10 6 67 90 90 +  +  + _ + +  +  +  +

M . abscessus 
M 15 10 6 1 3 - 2 1 51 +  +  + _ + + +  +

S tra in  955 10 10 2 - 7 +  +  + — - -

Table III

Gel precipitation reactions w ith unabsorbed and absorbed M 15 serum

N um ber o f  p re c ip ita tio n  lines

Im m u n e  serum ab so rb ed  b y M . abscessus M . ru n yo n ii M . borstelense

M15 ATCC ATCC SN 281 SN  286

M . abscessus M15 _ 6 6  6 4 4

M . abscessus M15 M . abscessus ATCC — — — — —

M . abscessus M l5 M . borstelense — — —

Table IV

im m u n iza tio n  tests

S t ra in  used  for N u m b e r of T  uberculosis
im m u n iza tio n gu in ea  pigs in d ex

M . abscessus M4 5 17.1

Nil 7 13.7
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4 6 lines w ith  M . abscessus ATCC stra in  (Figs 3, 4 and  5). M . abscessus an tig en
fa iled  to  reac t w ith  phlei, sm egm atis , H 3 7R v , av ium  an d  kansasii sera  b u t  
show ed p rec ip ita tio n  w ith  serum  M15. M . borstelense s tra in s  281 an d  286 
w ere an tigen iea lly  iden tica l w ith  s tra in s  M15 and  M4 (F igs 5 and  6).

M . fo r tu itu m  an tise ru m  p re c ip ita te d  M . fo rtu itum  an tig en  b u t  n o t ML'S 
an tig en  (Fig. 7).

A n tise ru m  M15 was ab so rb ed  w ith  M . abscessus an d  M . borstelense a n t i 
gens. As show n in T able I I I  th e  abso rbed  serum  failed to  p re c ip ita te  n o t only

Fig. 1. M . abscessus hom ologous gel p re c ip ita tio n  system . Im m une sera  are  d eno ted  b y  c a p ita l  
le tte rs : M15 =  an ti-abscessus M 15; F  =  a n ti- fo r tu itu m ; K  =  a n ti-k an sas ii;  P  =  a n ti-p h le i; 
S =  an ti-sm eg m atis ; H s, =  a n ti-H 3 7 R v ; A =  a n ti-av iu m  ATCC. A n tig en s are show n by 
th e  correspond ing  sm all le tte rs : absc  =  M . abscessus ATCC a n tig en ; b o rs t 281 =  M . borste- 
lense 281 an tig en ; b o rs t 286 =  M . borstelense 286 an tig en ; r =  M . ru n yo n ii  ATCC a n tig en .

D enom inato rs in d ica te  th e  d ilu tio n  of th e  sera (1 : 4 o r 1 : 32)

th e  hom ologous an tigen  b u t  also M . abscessus, M . runyo n ii an d  M . borstelense 
an tigens. These ex am in a tio n s ind ica ted  th e  an tigenic  id e n ti ty  of s tra in  M lö  
an d  th e  above organism s.

Im m u n iza tio n  ex p erim en ts  are sum m arized  in T ab le  IV . The in d ex  for 
tu b e rcu lo u s  changes in  co n tro l anim als w as 13.7. In  m ice in jec ted  p rev io u sly  
w ith  s tra in  M4 an d  challenged  w ith  v iru len t tu b e rc le  b a c te ria  m ore severe 
changes expressed  b y  an  in d ex  of 17.1 w ere observed.
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Fig. 2. C entral reservo ir: M . abscessus M15 reference serum  d ilu ted  1 : 2. See legend of Fig. 1

F ig . 3. C entral reservo ir: M . abscessus M15 
serum . Periphera l reservo irs: an tig en s as in 

d ica ted  in  Fig. 1

F ig. 4. C entra l re servo ir: M . abscessus ATCC 
a n tig en . P erip h era l reservo irs: reference sera 

as in d ica ted  in Fig. 1
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Fig. 5. Lower reservo irs: M . abscessus M15 serum . U pper reservo irs: an tig en s as in d ica ted
in Fig. 1

mX5/4]

m Xß/M-i

Acta Microbiologica Acadcmiae Scicntiarum Hungaricae 16, 1969

F ig. 7. Lower reservo ir: M . fortuit um  serum . 
U pper reservo irs: an tig en s  as ind ica ted  in 

F ig. 1

Fig. 6. C entral reservo ir: M . abscessus M15 
serum . P eriphera l reservo irs: an tig en s as in 

d icated  in Fig. 1
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D iscussion

In  th e  p resen t s tu d ie s  tw o m y co b ac te ria l s tra in s iso la ted  from  m onkeys 
w ere stud ied . B oth s tra in s  Mere fast-groM ing organism s, th a t  is sap ro p h y tic  
in  c u ltu ra l ch arac ter, w h ich , how ever, w ere pathogen ic  to  m ice. These s tra in s 
w ere  iden tified  by K ä p p l e r  [6] as M . ru n yo n ii described b y  B o j a l i l  et al. O ur 
s tu d ie s  have confirm ed th is  find ing  as th e  iden tical p re c ip ita tio n  line p a tte rn  
a n d  com plete cross a b so rp tio n  show ed th e  id en tity  of M . abscessus and  M15 
an tig en s . Ma g n u ss o n  [9] has d e m o n s tra te d  by  th e  use of his sensitin  m ethod  
th a t  s tra in  M15 is id en tica l w ith  s tra in s  29 and 66 iso la ted  in  D en m ark  and 
described  in his p rev ious w ork [8]. H e also showed th e  id e n ti ty  of these stra ins 
anti cu ltu res described  as M . ru n yo n ii.

Since T s u k a m u r a  et al. [16] and  our p resen t s tu d ies  have  show n th e  
id e n t i ty  of M . abscessus an d  M . ru n yo n ii [15], the  la t te r  c an n o t be regarded 
as a new species. S tra in s  iso la ted  b y  S t a n f o r d  and B e c k  [13] in E ngland  
fro m  subcu taneous abscesses w ere also iden tified  as M . abscessus. HoSTY [4] 
iso la ted  th is  organism  from  p u lm o n a ry  disease, P a t t y n  [12] in Belgium  and 
Congo from  cu taneous u lcers. A ccord ingly , M . abscessus is a facu lta tiv e ly  
p a th o g en ic  m icroorganism  occurring  in  E u ro p e , Asia ( J a p a n ) , A m erica (U .S.A ., 
M exico) and A frica (Congo). I t  has been  shoMn no t on ly  in  m an b u t also in 
m onkeys.

On th e  basis of n u m erica l tax o n o m ic  studies T s u k a m u r a  et al. regarded  
M . abscessus as a subspecies of M . fo r tu itu m . This concep tion  shou ld  be re jec ted  
since in antigenic s tru c tu re  M . abscessus differs from  o th e r  rap id ly  grow ing 
m y co b ac te ria  and th u s  from  M . fo r tu itu m  so m uch th a t  мге have inc luded  it 
in a sep a ra te  serological g roup  c o n ta in in g  only M . borstelense. This consider
a tio n  does no t exclude, o f course, th e  com m on origin of th e  tw o organism s. 
D eep  changes as p lu rifa c to ria l m u ta tio n s  affecting an tig en ic  s tru c tu re  [17] 
m a y  lead to  the  fo rm a tio n  of new species. M . fo rtu itu m  an d  M . abscessus are 
b o th  pathogen ic  to  m ice and  m u ltip ly  m a in ly  in th e  k id n e y  w here th e y  give 
rise  to  abscesses. M o o r e  an d  F r e r i c h s  [11] failed to  d e m o n s tra te  th is  effect 
p ro b a b ly  because th e ir  s tra in  lost its v iru lence  on serial passages. As dem on
s tra te d  in  th is s tu d y  w ith  s tra in  955, passage  in th e  m ouses resto res th e  high 
v iru len ce  of th e  o rgan ism . I t  is no ticeab le  th a t  s tra in  955 caused lethal 
in fec tio n  in 2 7 days.

M . abscessus is a fa c u lta tiv e ly  p a th o g en ic  m icroorganism . Soil is p ro b ab ly  
its  n a tu ra l source an d  i t  in vades m an  or anim als b u t occasionally , perhaps 
th ro u g h  lesions of th e  sk in  or th ro u g h  in h a la tio n . I t  is, hoM-ever, rem ark ab le  
th a t  M . abscessus m ay  sp read  from  a rtific ia lly  in fec ted  to  h e a lth y  mice 
( W e i s z f e i l e r  1969). I t  is a d e b a te d  problem  w h e th e r in fec tio n  by  a ty p ica  
m y co b ac te ria  induce im m u n ity  a g a in s t tubercu losis. As to  M . abscessus, our
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stud ies in d ica te  th a t  in fec tion  w ith  th is  o rgan ism  ag g rav a tes  th e  course of 
a su b seq u en t tu b e rcu lo sis  infection .

M . borstelense described  b y  B ö n i c k e  is v e ry  sim ilar in  p ro p ertie s  to  
M . abscessus accord ing  to  K ä p p l e r  [5]. T s u k a m u r a  et al. described  th is  
organism  as a sep a ra te  species. O ur s tud ies in d ica ted  th a t  in  an tigenic  s tru c tu re  
i t  s tan d s v e ry  close to  M . borstelense. A b so rp tio n  o f M . abscessus serum  w ith  
M . borstelense rem oves all p rec ip ita tin g  an tib o d ies  fo r  th e  hom ologous s tra in , 
th a t  is, th e  tw o  organ ism s are by  th is m e th o d  an tig en ica lly  iden tical. In  p a th o 
genic p ro p ertie s  th e re  is a considerable d ifference: M . borstelense is n o t p a th o 
genic to  m ice w hile M . abscessus causes fa ta l in fec tio n  w ith  severe changesО О
in th e  k id n ey . M . borstelense canno t be iso la ted  60 day s a fte r  in jec tion  from  
mice, th a t  is, it behaves like a sap ro p h y te . In  ou r op in ion  th e  tw o organism s are  
closely re la te d  and  th u s  th e y  belong in to  one serological group. I t  seem s 
likely th a t  m any  M . abscessus s tra in s  h av e  been  in co rrec tly  d e te rm in ed  as 
M . fo rtu itu m .
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and Mrs. S .  C s a p ó  for sk illed  technical assistance.
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INTESTINAL MICROFLORA OF THE LARVAE 
OF ST. MARK’S FLY

IV . S T U D IE S  ON T H E  IN T E S T IN A L  B A C T E R IA L  F L O R A  O F  A L A R V A -PO P U L A T IO N

By

I .  S z a b ó , M a r i a  M a r t o n  and I l o n a  B u t i

In stitu te  fo r  Soil Research and Agrochem istry  (Director : I. Szabolcs) o f the H ungarian
A cadem y o f  Sciences, B udapest

(R ece iv ed  Ju n e  27, 1969)

Sum m ary. In  th e  in te s tin a l t r a c t  o f th e  larvae  of S t. M ark ’s f ly  th e re  is a d e fin ite  selec
tio n  of bacteria l flo ra  in g ested  w ith  o rgan ic  rem ains and  soil m a tte r . T he abso lu te  p red o m i
n a n t  m em ber of th e  b a c te r ia l p o p u la tio n  com prising m ore th a n  70%  of th e  to ta l in te s tin a l 
m icroflo ra  was Pseudom onas fluorescens. Enterobacter aerogenes occu rring  in freq u en tly  in 
soil a n d  an  in te rm ed ia ry  Enterobacteriaceae b io type  were also im p o r ta n t  co n stitu en ts . Som e 
rep re sen ta tiv es  of th e  soil m icroflo ra  (B acillus cereus, M ycobacterium  sp., Chromobacterium  
sp ., e tc .) survived th e  in te s tin a l passage  an d  were recovered  in m ore or less reduced  num bers. 
O th ers , m ain ly  in h a b ita n ts  o f horizons А /у and  A p  (B acillus sub tilis , B acillus sphaericus , 
Alcaligenes faecalis, Achromobacter p estife r , Agrobacterium radiobacter, R hizobium  spp ., M icro
coccus cryophilus, e tc .) w ere ab sen t from  th e  m iddle and h in d  in te s tin e  and  from  fresh  excre
m en t. A lthough th is ty p e  o f selection  is ch aracteris tic , th e  q u a lita tiv e  and  q u a n tita tiv e  com 
p osition  of th e  p re d o m in an t o rgan ism s is considerably  in fluenced  b y  env iro n m en ta l facto rs 
(food an d  soil), w hich m ay  a lte r  th e  su rv iv a l chance of soil m icro flo ra  passing  th ro u g h  th e  
d ig es tiv e  canal.

C om puter analysis  of th e  in te s tin a l ac tin o m y cète  flo ra  of Bibio m a rd  
la rv a e  revealed com p lica ted  selection processes ta k in g  p lace in th e  d igestive 
can a l [1]. I t  has been  show n th a t  only some species of th e  ac tin o m y cète  p o p 
u la tio n  in soil are ab le  to  m u ltip ly  in th e  in te s tin a l t r a c t  of th e  la rvae . In  
view  of th e  fact th a t  ac tin o m y cè tes  p lay  only a seco n d ary  role in th e  in tes tin e  
of S t. M ark’s fly , i t  seem ed im p o r ta n t to  s tu d y  th ese  selection  processes in 
re la tio n  to  enteric b a c te ria . T he investiga tions w ere perfo rm ed  on ind iv idua l 
an d  collective in te s tin a l sam ples ta k e n  from  220 la rv ae  of p o p u la tio n  No. 6 
described  in our p rev ious p a p e r  [2].

M ateria ls and  m ethods

1. Quantitative exam ination  o f  in testinal bacterial f lo ra  w as p e rfo rm ed  w ith  specim ens 
ta k e n  asep tiea lly  from  th e  m iddle and  h in d  in testine  and  w ith  fresh  excrem en t by  use of 
th e  follow ing m edia: (a ) N -free A sh b y  agar; (b) pep tone  ag ar; (c) casein-glucose ag ar; (d) 
g lucose-asparagine ag ar; (e) cellu lose-pep tone  agar; (f) cellulose am m onium  su lp h a te  agar; (g) 
g lycero larg in ine  agar. M edia (e) an d  (f) were in cubated  b o th  aero b ica lly  and  anaerob ica lly .

2. Isolation o f  stra ins  for id en tif ic a tio n  was perform ed by  tran s fe rrin g  colonies from  
th e  above m edia to  a g a r s la n t (see below ).

3. Pure culture w as o b ta in ed  b y  s treak in g  from  the  stock  cu ltu re  o r from  d ilu tion  series 
m ade  on peptone-glycerol ag ar on to  p la te s . R eisolation of th e  s tra in  w as checked by s treak in g
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s im u ltan eo u s ly  on ag ar p la te s . D uring  th e  ex am in atio n  period  th e  p u r i ty  o f th e  stra ins was 
c h ec k ed  by  m aking sm ears an d  p la te  cu ltu res  [3].

4. M aintenance o f  stra ins  was m ade p a r tly  by  freeze-dry ing  p a r tly  b y  sto rin g  a t  4 —6°C. 
S tra in s  m ain ta ined  on s la n ts  w ere su b c u ltu re d  a t  in te rv a ls  of 4 days to  2 w eeks according 
to  th e  v iab ility  of th e  cu ltu re s . A fter ino cu la tio n  th e  m edia were in cu b a ted  a t  28°C for 24 — 
28 h o u rs .

5. Standard inoculum . A loopful o f cu ltu re  grow n on th e  stock  ag ar m ed iu m  for 24 — 48 
h o u rs , or 0.05 ml of one loopfu l of b a c te ria  suspended  in 10 m l sa line  w as used .

6. Stock agar m ed ium . M ost s tra in s  grew  well on y eas t-ex trac t-g lu co se  agar [4]: yeast 
e x tr a c t ,  5 g; pep tone , 5 g; glucose, 10 g; agar, 20 g; d istilled  w a ter, 1000 m l; p H  7.2.

7. Incubation , e x cep t fo r ce rta in  special ex am in atio n s , was p e rfo rm ed  a t 28°C.
8. Colony morphology. P ep to n e-g lycero l agar, stock  agar m edium  an d  som etim es special 

m ed ia  were used. T he p ro p e rtie s  w ere reco rded  a fte r  2 — 6 days in cu b a tio n  as follows: (a) 
c o lo n y  ty p e  (S, SR, R ); (b) edge (u n d u la te , rh izo id , d e n ta ted , lo b a te d ); (c) e levation  (fla t, 
p a p il la ry , w rinkled, co n v ex ); (d) consistency  (b u ty ro u s , d ry -friab le , m ucoid , v iscid); (e) su r
face  (g listening, m a tt) .

9. Cell morphology, (a) A rran g em en t of cells (filam en t, chain , c lu s te r, p a ck e t); (b) shape 
acco rd in g  to H a r r in g to n ’s c lassifica tion  [5]* long rods, >  5 /í ; m ed iu m  rods. 3 // — 5 p; 
s h o r t  rods, <C 3 щ  coccus; ova l; b ran ch in g ; (c) presence of spores.

10. E xam ination  o f  cell morphology was perfo rm ed  w ith  24 — 48 h o u r cu ltu res  grown on 
s to c k  ag ar m edium  u n d e r  p h a se -c o n tra s t m icroscope and  in G ram -sta in ed  sm ears: M otility  
w as exam ined  in h an g in g  d ro p s  p re p are d  w ith  2 day  p ep to n e  w a te r  cu ltu res . T he m ethod of 
G e m m e l  and H o d g k i s s  [ 6 ]  e la b o ra te d  for th e  m acroscopic d e tec tio n  of th e  m o tility  of lacto- 
b ac illi was also em ployed.

11. Flagella s ta in ing  a n d  electron microscopic studies. F lagellae were s ta in e d  b y  P e p p l e r ’s 
t a n n in  m ethod. E lec tro n  m ic ro g rap h s w ere p rep ared  in th e  T esla 242A a p p a ra tu s . A gar 
m ed iu m  was overlayered  w ith  collodion, seeded by  spray ing  th e  b a c te ria l suspension on the 
m em b ran e  and in cu b a ted  u n til  m icrocolonies developed. T hen  th e  m em b ran e  was m ounted  
a n d  shadow ed w ith  p a lla d iu m  a t  20° angle.

12. Spores were show n by  sta in in g  w ith  aniline fuchsin th en  w ith  m ethy lene  blue.
13. Cultural characters. In  co m paring  th e  cu ltu res  p ig m en t p ro d u c tio n  on peptone- 

g ly ce ro l agar, d issociation  on  s ta rch  ag ar m edium , e tc . were considered . F o r th e  de tection  of 
c h a ra c te ris tic  p igm en ts o f c e r ta in  o rgan ism s special m edia were em ployed .

14. Growth characters w ere exam in ed  on pep tone-g lycero l ag ar s la n ts  in cu b a ted  a t 37°C 
a n d  45°C for 48 hours a n d  a t  5°C for 1 week.

15. Heat tolerance. T w en ty -fo u r h o u r cu ltu res  p rep ared  in n u tr ie n t  b ro th  (m ea t ex trac t.
3.0 g; pep tone, 5.0 g; d is tilled  w a ter, 1000 m l) w ere exposed in w a te r b a th  to  56°C and 60°C 
fo r 10 m inutes. The c u ltu re s  w ere th e n  rap id ly  cooled, su b cu ltu red  on s tock  ag ar slan ts , in cu 
b a te d  for 48 hours an d  co m p ared  w ith  th e  u n h e a ted  contro l.

16. Influence o f  p H  on growth. N u tr ie n t  b ro th  was ad ju s te d  to  p H  4.0 w ith  HC1 and 
to  8.0 w ith  N aO H . O b serv a tio n  of th e  ino cu la ted  m edium  las ted  for 6 days.

17. Salt tolerance w as te s te d  in n u tr ie n t  b ro th  co n ta in ing  3.5 an d  10%  NaCl. O bserva
tio n  las ted  for 6 days.

18. Phenol resistance w as te s te d  as described b y  Sn ea th  [7]. A liquo ts o f 1.6 ml n u trien t 
b ro th  cu ltu re  were in c u b a te d  fo r 48 h o u rs  a t  28°C. T hen  0.4 ml 5%  aqueous phenol solution 
w as ad d ed  to  each tu b e . A fte r exposure  a t  20°C for 7 m inu tes 0.05 m l sam ples were dilu ted  
w ith  5 ml b ro th . F in a lly  one d rop  of th e  suspension was tran sfe rred  to  ag ar s la n t and  incubated  
fo r 4 days.

19. Indole production . T h ree  to  6 day  p ep to n e  w a te r (B acto  p ep to n e , 1 % ; NaCl, 0 .5% ; 
p H  7.2) cultures were e x tra c te d  w ith  xy lene and  te s te d  w ith  K o v a c s ’ s reag en t.

20. A m m onia  production  w as d e tec ted  in 4 d ay  p ep to n e  w a te r  cu ltu res  w ith  Nessler 
re a g e n t.

21. A rginine hydrolysis. A fter in cu b a tio n  for 5 days in arg in ine-g lucose  m edium  (arg i
n in e , 3 g; glucose, 1 g; K 2H P 0 4, 1 g; y e as t e x tra c t,  1 g; d istilled  w a te r. 1000 m l; pH  7.0) 
am m o n ia  was show n w ith  N essler reag en t.

22. A rginine dihydrolase  w as d e te c te d  as described b y  R ich a rd  [8].
23. Hydrogen su lph ide  p ro d u c tio n  from  cysteine, sodium  th io su lp h a te  an d  pep tone was 

sh o w n  w ith  lead a c e ta te  p a p e r  strip s . C u ltu re  m edia for th e  d e tec tio n  of H 2S p ro d u c tio n  from  
cy ste in e  and th io su lp h a te  consisted  of: glycerol, 12 m l; a sp arag ine, 1.5 g: K 2H P 0 4, 1.5 g; 
N aC l, 3.0 g; MgCl2, 0.75 g; C aC 0 3, 0.3 g; d istilled  w ater, 1500 ml. To 1.5 litre s o f basal m edium  
0.185 g th io su lp h a te  or 0.283 g L -cyste ine  was added .

24. M ethyl red (M R ) a n d  Voges Proskauer (V P) reac tio n s w ere te s te d  in flu id  glucose- 
p h o sp h a te  m edium . A ceto in  w as d e tec ted  by  B a r r it ’s m ethod.
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25. N itrate reduction  was exam ined in  IS P  n itra te  b ro th  (D ifco). N itr ite  was show n a fte r  
4 —12 d a y s  in cu b a tio n  w ith  Griess — Ilo sv ay  reag en t. R ed u ctio n  b ey o n d  n itr i te  was te s te d  b y  
th e  zinc d u s t m eth o d .

26. Starch hydro lysis  was de tected  w ith  Lugol so lu tion  a f te r  5 d ay s in cubation . B asa l 
m ed ium : p ep to n e , 5.0 g; m ea t e x tra c t, 5.0 g; N aC l, 5.0 g; agar, 15.0 g; soluble s ta rch , 4.0 g; 
d is tilled  w a te r , 1000 m l;

27. A esculin  hydrolysis  was te s te d  b y  Sn ea t h ’s m eth o d  [7] in  p ep to ne-aescu lin -iron  
c itra te  m edium .

28. Urease activ ity  was show n on Ch r is t e n s e n ’s ag ar [9] in cu b a ted  for 2 — 7 d ay s.
29. Lecithinase activity  w as te s te d  o n  eg g -y o lk  a g a r .
30. Cellulose activ ity  was de tected  b y  m icroscopic ex am in a tio n  of f ilte r p ap er s tr ip s  

in cu b a te d  for 7 —14 d ay s in pep tone  w a te r  o r am m onium  su lp h a te  liq u id  m edium .
31. M ethylene blue reduction. B asa l m edium : m ea t e x tra c t,  3 g; t ry p to n e , 5 g; d is tilled  

w a te r, 1000 m l. A fte r 24 hours in cu b a tio n  1 d rop  of 1%  m eth y len e  b lue  so lu tion  w as ad d ed  
an d  th e  m edium  w as in cu b a ted  fu r th e r  fo r 1 — 24 hours.

32. Proteolytic activity. N u trien t g e la tin  s tab s an d  L ie s k e ’s egg-w hite  agar p la te s  [11] 
w ere in cu b a ted  for 17 d ays. A ctiv ity  on egg-w hite ag ar was expressed  as th e  rad ius o f c lear 
zones.

33. H aem olytic activity. Basal m ed iu m : m ea t e x tra c t,  5.0 g; p ep to n e , 10.0 g; N aC l,
3.0 g; K 2H P O , 2.0 g; ag ar, 17.0 g; d istilled  w a te r, 1000 ml. To each  p la te  1 ml d e fib rin a te d  
sheep b lood  w as a d d ed . In cu b a tio n  la s ted  fo r 2 — 4 days.

34. A ntib io tic  sensitiv ity . P e p to n e-m ea t e x tra c t agar p la te s  w ere  seeded w ith  2 4 -  48 
h o u r cu ltu re s , th en  th e  a n tib io tic  discs w ere p laced  on th e  p la tes a n d  a f te r  24 hours in cu b a tio n  
th e  ra d iu s  of in h ib itio n  zones was m easured . T he follow ing discs m a n u fa c tu re d  by  th e  I n s t i tu te  
fo r Serobacterio log ical P ro d u c tio n  and  R esearch  “ H u m a n ” , B u d a p es t, w ere used: pen ic illin  
(3 IU ), oxacillin  (10 //g), m ethicillin  (20 jug), ch loram phenicol (30 //g), s trep to m y cin  (30 //g), 
o lean d o m y cin  (30 //g), te tracy c lin e  (30 fig), neom ycin  (100 fig), po ly m y x in -B  (15 fig), e ry th ro 
m ycin  (10 ^g), su p e rse p ty l (su lphonam ide d e riv a tiv e , 400 fig), n itro fu ra n to in  (300 fig), Chlor
te tra c y c lin e  (30 /*g), O xytetracycline  (30 //g), vancom ycin  (50 //g), k an am y cin  (30 fig), sp ira 
m ycin  (30 fig), n o v ob iocin  (30 fig).

35. O xidative and ferm entative breakdown  of glucose an d  lac tose  was te s ted  b y  th e  
m eth o d  of H ugh  a n d  L e if s o n  [12].

36. Oxidase test. T h e  m e th o d  o f  K o v á cs  [13] w as u se d .
37. Catalase production . Ten per c en t hydrogen  perox ide w as ad d ed  to  24 — 48 h o u r  

ag ar s la n ts  and  gas p ro d u c tio n  was reco rded . An u n in o cu la ted  s la n t served  as control.
38. Production o f  growth inhibitory substances. T he te s t  o rgan ism s were seeded on pep- 

to n e -m e a t e x tra c t a g a r  (pep tone , 5.0 g; m e a t e x tra c t,  5.0 g; N aC l, 5.0 g; d istilled  w a te r , 
1000 m l; p H  7.0) an d  th e  an tag o n ist s tra in  w as e ith e r sp o tted  or tran s fe rre d  as ag ar b lock  
c u ltu re  on to  the  p la te . T es t organism s: E . coli, B . subtilis, Saccharomyces carlsbergensis.

39. Tyrosinase activity. Basal m ed ium : L -ty rosine , 1.0 g; y e a s t e x tra c t  (Difco), 1.0 g; 
N aC l, 8.5 g; agar, 16.0 g; ta p  w ater, 1000 m l. In c u b a tio n  las ted  for 24 — 48 hours.

40. Casein hydro lysis. B asal m edium : m ea t e x tra c t,  3.0 g; t ry p to n e , 5.0 g; glucose,
10.0 g; ag ar, 15.0 g; d istilled  w ater, 1000 m l; p H  7.0; skim  m ilk , 0.5 m l/P e tr i dish. In c u b a tio n  
la s te d  fo r 2 — 3 days.

41. Citrate u tiliza tio n  was te s ted  on S im m ons’ solid m edium .
42. Lipase activity. S i e r r a ’s m eth o d  [14] w ith  Tween-80 su b s tra te  w as used.
43. O rnithine decarboxylase was te s te d  according to  th e  m eth o d  of R ich ard  [8]. L ysine  

d ecarb o x y lase  a c t iv ity  w as d em o n s tra ted  as described b y  M0LLER [15].
44. P henylalanine deaminase. T he m eth o d  of Co llin s  [1 6 1 w as used.
45. A cid  production  from  D -galac tose, m altose , sucrose, L -arab inose , D -fruc tose , 

D -in an n ito l and  g lycerol was tes ted  in th e  m ed ium  of H u g h  and  L e if s o n  [12].
46. Carbohydrate u tiliza tion  as sole source o f  carbon. B asal m ed ium  [17]: (N H 4) 2S 0 4, 

2.64 g; K H 2P 0 4, 0.5 g; M gSO, • 7 H 20 ,  0.5 g; Difco agar, 20 g; d is tilled  w ater, 980 m l; p H  
7.0; th e  m edium  w as sterilized  by  a u to c lav in g  a t  115°C for 30 m in u te s . T he carbon  sources 
(glucose, fructose , a rab in o se , rham nose, xy lose , galactose, m altose , m an n ito l, inositol, g lycerol) 
w ere Seitz  filte red  a n d  added  a t  0 .5%  f in a l con cen tra tio n s . T he b asa l m edium  was used  as 
co n tro l. In c u b a tio n  la s te d  for 16 days.

47. U tilization o f  nitrogen sources. B asa l m edium  [17]: K H 2P 0 4, 0.5 g; MgSO , • 7 H 20 ,  
0.5 g; glucose, 3.0 g; g lycerol. 2.0 g; Difco ag ar 20 g; d istilled  w a ter, 1000 m l; pH  7.0. N itro g en  
sources (N a N 0 3, g lycine , L -cystine, L -try p to p h a n , L -arg in ine  and  L -asparag ine) were ad d ed  
so t h a t  th e  final n itro g en  co n cen tra tio n  corresponded  to  280 mg p e r litre . T he cu ltu res  w ere 
in o cu la ted  also on n itrogen-free  A shby  agar.
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Results
F ro m  in te s tin a l an d  ex crem en t specim ens seeded on A shby agar no 

an ae ro b ic  or aerobic n itro g en  fix ing  b a c te r ia  w ere iso la ted . T he resu lts  w ere 
also  n eg a tiv e  fo r anaerob ic  cellu lose-decom posing  b a c te r ia . On cellulose 
a g a r  in cu b a ted  ae rob ica lly  only  som e fun g i w ere occasionally  observed . These 
f in d in g s  confirm ed o u r prev ious re su lts  [ 18] th a t  in  th e  in te s tin e  of la rv ae  
th e re  is n e ith e r increase  in ab so lu te  n itro g e n  co n ten t o f th e  organic m ateria l 
in g e s te d  n o r a s ig n if ican t decom p o sitio n  of cellulose. T h e  p red o m in a tin g  
in te s t in a l  organism s req u ire  less com plex  n u tr ie n t su b stan ces, m ost of them  
grow  w ell even on ino rg an ic  n itro g en  sources, or belong to  la c to se -sp littin g  
Enterobacteriaceae. C om parison of colonies on p rim ary  p la te s  an d  p roperties 
o f th e  iso lates in d ica ted  th a t  abou t 2/3 o f th e  b ac te ria l f lo ra  belonged  to  one 
sing le  species. S ev en ty  o u t of 100 s tra in s  iso la ted  from  th e  in te s tin a l m ilieu 
re p re se n te d  th is  species. I ts  im p o rtan ce  in  respect to  th e  ecology of Bibio  
la rv a e  is clearly u n d e rs to o d  if  i t  is co nsidered  th a t  in m ixed  g u t-c o n te n t speci
m en s from  larval co m m u n ity  No. 6 th e  incidence  of th e  b a c te r ia  w as h igher 
th a n  70%  of th e  to ta l  in te s tin a l flo ra . T hese organism s w ere G ram  negative  
n o n -ac id -fa s t and  n o n -sp o ru la tin g  rods p ro d u c in g  som etim es filam en ts , w ere 
b r isk ly  m otile  by  tw o  or m ore p o la r flagella , p roduced  green fluo rescen t 
p ig m e n t and  failed to  a t ta c k  lactose. In  T ab le  I  th ree  re p re sen ta tiv es  of pseudo
m o n ad s  iso lated  from  th e  in te s tin e  o f th e  la rv ae  (s tra in s  B-044, B-067 and 
B -068) are com pared  to  a u th e n tic  s tra in s . S tra in s  B-067 and  B-068 rep resen ted  
p re d o m in a n t p seu d o m o n ad s of th e  d ig estiv e  canal; B-044 w as a rep re sen ta tiv e  
o f  a f req u en t v a r ia n t. T hese b a c te ria  co rresponded  to  organism s described  a 
“ P s . fluorescens  species g ro u p ”  [19] or as “ P s. fluorescens species”  [20]. S tra in s 
P s. fluorescens CCM 1969 (N C IB  3756) w as v e ry  sim ilar in  ch a rac te rs  to  stra in s 
B -067 and  B-068 (T ab le  I).

R eactions and  in te n s ity  of g row th  w ere deno ted  in T ab le  I  in  tw o d ifferen t 
m a n n e rs , nam ely  on th e  one h an d  as -f- =  positive , ( - ( - ) =  d o u b tfu l or w eakly  
p o s itiv e , — =  n eg a tiv e  reac tio n  or no g ro w th , on th e  o th e r  as - =  nega tive ,
1 =  w eak , 2 =  m ed iu m , 3 =  s tro n g  re a c tio n  o r  a b u n d a n t g ro w th . T h e  degree 
o f  an tib io tic  se n s itiv ity  was reco rded  sim ilarly . A b b rev ia tio n s: S =  sm ooth , 
R  =  rough , Lo =  lo b u la r, F  =  f la t , W r =  w rinkled , B u =  b u ty ro u s , Ge = 
g lis ten in g , M =  m a tt ,  r  =  lim it o f o p aq u e  zone is n o t sh a rp , A1 =  alkaline 
re a c tio n . The incidence  of p seudom onads in  th e  in tes tin e  of low er anim als is 
k n o w n  from  th e  l i te ra tu re  [1]. The h igh  incidence in  th e  in te s tin a l t r a c t  of 
B ibio  la rvae  reflects th e  u n ifo rm ity  of th e  b ac te ria l flora as it has been observed 
fo r ac tinom ycètes. P s. aeruginosa  s tra in  CCM 1959 used  fo r com parison  was 
ab le  to  grow even a t  45°C and  show ed a s tr ic t  physio logical re la tio n sh ip  w ith  
L á n y i ’s general descrip tio n  of th is  species [21] based  on a large n u m b er of 
iso la te s . The sy s tem atic  position  and  in d iv id u a l species ra n k  [20] of Ps. ovális 
h a v e  n o t y e t been e lucidated .
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T able  I

C omparison o f Pseudomonas cultures isolated fro m  the digestive canal o f  the larvae o f  St. M a rk 's
f l y  w ith authentic strains

Ps.
fluorescens  
CCM 1969 

(N C IB  3756)

P s.
fluo rescen s

B -044

P s.
fluorescens

B-067

P s.
fluorescens

B-068

P s. ovális 
CCM 1977 

(ATCC 8209)

P s.
aeruginosa  
CCM 1959 

(N C IB  6750)

Peptone-glycerol agar 

Colony type s s s s R R
E dge of colony Lo Lo Lo Lo (Lo) Lo
E lev a tio n  of colony F F F F W r F
C onsistency Bu B u B u Bu Bu B u
Surface Ge Ge Ge Ge M M
Soluble pigm ent - — — — — —

Colour of colony - — — — — —
G reen fluorescent p igm ent _l_ + + + —

O xidase  (Kovács) 3 3 2 2 3 3
L ecith inase 3r 1 3r 3r 1 3
L ip ase  (Tween-80) - — 3 3 — 3
A esculin  hydrolysis — — — — — —
S ta rc h  hydrolysis — — — — — _
Casein hydrolysis 2 1 3 3 2 2
A rgin ine hydrolysis 3 ± 3 3 3 3
A m m o n ia  from  peptone 3 1 3 3 3 1
C itra te  (Sim mons) 1, Al 1, A l 1, Al 1, Al 1, Al 1, Al
H aem olysis 1 1 2a — 1 1
L itm u s  reduction — - f + — _L.

P h en y la lan in e  deam inase — — — — — _
T au ro ch o la te 3 3 3 3 3 3
Acid p roduction  

D -G alactose “Г + + +
M altose — — — — _ _
Sucrose — — — _. _ _
L -A rabinose + + + + + +
D -F ructose ( + ) — — — — _
D -M annito l — + — — — ( + )
G lycerol ( + ) — — — — —

R esistance  to  phenol — — — — — _
H e a t to le rance , 56—60°C — — — _ _
pH  to le ran ce , 4.0 — — — _ _

8 .0 3 3 3 3 3 3
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Table I continued

P s.
fluorescens 
C C M  1969  

( N C I B  3 7 5 6 )

Ps.
fluorescens

B -0 4 4

Ps.
fluorescens

B -0 6 7

P s.
fluorescens

B -0 6 8

Ps. ovális
C C M  1977  

(A T C C  82 0 9 )

Ps.
aeruginosa
CC.M 1 9 5 9  

( N C I B  6 7 5 0 )

NaCl to lerance 3 .5% 3 l 3 3 2 l

Ю .0% — — - — - —

H 2S p roduction

Cysteine l 3 - — - —
N a 2S 20 3 - — — — —

P ep to n e - — - - - -

T resn er — D anga  reac tion - — — — -

G ram  sta in ing - — - — — —

Ziehl — Neelsen sta in ing - - - - - -

Spores - - - - -

M otility + + -f + + +
M R — — - — -
VP — — — — — —

Indole — — — — —

P ro teo ly tic  a c tiv ity

G elatin — — — l - 2

E gg-w hite  agar - - l l - 1

Cellulase — — - — —

N itra te  reduction

to  n itr ite + — + + - +

beyond  n itr ite + - + + - +
Glucose breakdow n

o x idative + + + + +
fe rm en ta tiv e - - — - —

L actose  b reakdow n

oxidative - — - - -

fe rm en ta tiv e — — — — —

M ethylene blue reduction 3 2 3 3 3 3

U rease 3 ± 3 3 2 3

G roivth 5°C 3 2 3 3 2

37°C ± d= 3 3 ± - l 3

45°C — — — _ - 2

In h ib itio n  of th e  g row th  of

E . coli — — - - —

B . subtilis — i 1 1 1 2

Sacch. carlsbergensis 1 2 2 2 1 3
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Table I continued

P s.
fluorescens  
CCM 1969 

(N C IB  3756)

Ps.
fluo rescen s

B-044

Ps.
fluorescens

B-067

P s.
fluorescens

B-068

P s. ovális 
CCM 1977 

(ATCC 8209)

P s.
aeruginosa  
CCM 1959 

(N C IB  6750)

C atalase 3 3 3 3 3 3

T yrosinase — — - — —

A n tib io tic  sen sitiv ity

Penicillin - - - - —

O xacillin — — - - — —

M ethicillin — - - - -

Chloram phenicol ± ± - — — —

Strep tom ycin l l l l l l

O leandom ycin — - - - —

T etracycline l l l l l l

N eom ycin l l l l l l

Polym yxin-B l l l l l l

E ry th ro m y cin — - — — —

S upersep ty l i l l l —

N itro fu ran to in — - — - —

C hlorte tracycline i l l l l l

O xy te tracycline l l l i l l

V ancom ycin — — — —

К  а машу cin l l l l l l

Spiram ycin —
_

— — —

N ovobiocin — - - — —

C arbon source u tiliza tio n

Glucose l l l l l l

F ruc tose l l l l l l

A rabinose — l — — — —

R ham nose - - — —

X ylose — - - - -

G alactose l l l l l l

M altose - — — - —

M annitol l 2 — — - l

Inosito l ± , i — — — - —

Glycerol l 2 l l l l

N egative  contro l (w ith o u t C) — - - - — —

P ositiv e  control (peptone) 3 3 3 3 3 3

N itrogen  source u tiliza tio n

N a N 0 3 2 — 2 2 — 1
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Table I continued

Ps.
fluorescens
CCM 1969 

(N C IB  3756)

Ps.
fluorescens

B-044

P s.
fluorescens

B-067

P s.
fluorescens

B-068

P s. ovális 
CCM 1977 

(ATCC 8209)

P s.
aeruginosa  
CCM 1959 

(N C IB  6750)

Glycine 2 3 3 3 2 2

L -C ystine - 2 — - - —

L -T ry p to p h an 1 - - — - —

L-A sparagine 2 3 2 2 2 2

L-A rginine 2 3 3 3 2 2

N egative  control (w ith o u t N ) — — — — — —

In  lack  of su ita b le  m eth o d s th e  p e rcen tag e  inc idence  of o th e r species o f 
th e  in te s tin a l flo ra  w as n o t de term ined . H ow ever, we give an acco u n t of 
th e  ap p ro x im ate  fre q u e n c y  of these o rgan ism s. Enterobacter (A erobacter) 
aerogenes occurred  m u ch  less freq u en tly  th a n  Ps. fluorescens. The p ro p ertie s  
o f  E . aerogenes s tra in  B-014 chosen as a re p re se n ta tiv e  of th e  isolates w ere as 
follow s: 0.3 0.6 X 0.5 -  1.4 /t m otile  rods a rran g ed  singly  or in pairs, som etim es
in sh o rt f ilam en ts an d  chains. E lec tron  m icro g rap h y  in d ica ted  th e  p resence o f 
p e r itr ic h a te  flagellae . IM ViC reac tio n  - +  +  (ch a rac te ris tic  of th e  species); 
ox idase , lec ith inase , lipase , pheny la lan ine  deam inase , ty ro sin ase , cellu lase, 
p ro teo ly tic  a c tiv ity  a n d  s ta rc h  hydro lysis n e g a tiv e ; casein  hyd ro lysed  w eak ly ; 
n itra te s  reduced  to  n i t r i te ;  m ethy lene  b lue  red u c ta se , ca ta lase  and u rease  
p o sitiv e ; ox id a tiv e  a n d  fe rm e n ta tiv e  b reak d o w n  of glucose an d  lactose; h y d ro 
gen su lph ide p ro d u ced  from  cysteine, p e p to n e  an d  sod ium  th io su lp h a te  [1]; 
T re sn e r D anga n e g a tiv e ; in ten se  am m onia  p ro d u c tio n  from  p ep to n e  an d  
a rg in in e ; w eak h aem o ly sis ; aesculin  rap id ly  h y d ro ly sed ; litm u s n o t red u ced ; 
m ilk  s trong ly  ac id ified ; a b u n d a n t grow th a n d  acid p ro d u c tio n  on M acC onkey 
a g a r; acid p ro d u c tio n  from  D -galactose, m alto se , L -arab inose , D -fruc tose , 
D -m an n ito l, g lycerol, b u t  n o t from  sucrose. K illed  a t  56°C, n o t re s is tan t to  
pheno l; g row th  a t  p H  8.0 h u t  no t a t 4 .0; 3 .5%  NaCl well to le ra ted  b u t  no 
g ro w th  a t 10%  N aC l; g ro w th  a t 5°C and  37°C b u t  no t a t 45°C; argin ine d ih y 
d ro lase  positive, no d eh y d ro g en a tio n , nucleus or chain  b reak d o w n  of s te ro id s; 
g ro w th  o f B. subtilis  an d  Sacch. carlsbergensis in h ib ite d  b u t no effect on E . coli. 
R e s is ta n t to  pen ic illin , oxacillin , m eth ic illin , o leandom ycin , e ry th ro m y c in , 
su p e rsep ty l, v an co m y cin , sp iram ycin  an d  novob iocin , m o d era te ly  sen sitiv e  
to  ch lo ram phen ico l, s trep to m y c in , te tra c y c lin e , neom ycin , p o lym yx in -B , 
n itro fu ra n to in , C h lo rte tracyc line, O xytetracycline, an d  k anam ycin . U tilizes  
glucose, fructose, a rab in o se , rham nose, xy lose, ga lac tose , m altose, m a n n ito l
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b u t  n o t  inositol as sole source of ca rb o n . U tilizes well g lycine, L -asparag ine  
an d  L -arg in ine, w eak ly  L -cystine b u t  n o t  L - try p to p h a n  and  N a N 0 3 as n itro g en  
source. Produces on pep tone-g lycero l ag a r S -ty p e , m ucoid, colourless colonies 
w ith  u n d u la te  edge a n d  glistening su rface ; p roduces no so luble  p ig m en t; 
G ram  negative, n o n -sp o ru la tin g , n o n -a c id -fa s t rods.

In  add ition  to  E . aerogenes an as y e t  u n id en tified  o rgan ism  com prised  a 
ch a ra c te ris tic  a lth o u g h  less freq u en tly  occu rrin g  m em ber o f th e  in te s tin a l 
flo ra . T he re p re se n ta tiv e  stra in , B -061, show ed th e  fo llow ing p ro p ertie s : 
g lucose rap id ly  fe rm en ted ; lactose n o t  a t ta c k e d  aerobically  o r anaero b ica lly ; 
lM V iC te s t  ( +  ) - — ; oxidase, lec ith in ase , lipase, p h en y la lan in e  deam inase,
ty ro s in a se , cellulase, p ro teo ly tic  a c tiv ity  n e g a tiv e ; casein an d  s ta rch  h y d ro 
ly sed ; w eak ca ta lase  a c tiv ity ;  n itra te  re d u ced  to  n itr i te ;  u rease neg a tiv e ; m e th y 
lene b lu e  w eakly red u ced ; hydrogen su lp h id e  produced  from  cy ste in e  h u t  n o t 
from  sodium  th io su lp h a te  and p ep to n e ; T re sn e r D anga n eg a tiv e ; am m onia  
n o t p ro d u ced  from  p e p to n e  or arg in ine; haem olysis  nil; aesculin  rap id ly  h y d ro 
ly sed ; litm us m ilk u n ch an g ed ; good g ro w th  b u t  no acid p ro d u c tio n  on Mac- 
C onkey  agar; acid p ro d u ced  from  D -g a lac to se , m altose, sucrose, an d  glycerol 
b u t  n o t  from  L -arab inose , D -fructose a n d  D -m ann ito l. R e s is ta n t to  pheno l 
an d  to le ra te s  56°C h u t  n o t 60°C, grow s a t  p H  8.0 b u t n o t a t  4 .0; to le ra te s  
3 .5 %  b u t  no t 10% N aC l; grows well a t 5°C h u t  n o t a t 37°C; no d eh y d ro g en a tio n , 
n uc leus or chain b reak d o w n  of s te ro id s; ex e rts  no d efin ite  a n tib io tic  effect; 
re s is ta n t  to  n itro fu ra n to in , w eakly  sen s itiv e  to  penicillin , oxacillin , m etlii- 
cillin , o leandom ycin , po lym yxin-B , e ry th ro m y c in , kan am y cin  an d  sp iram y cin ; 
m o d e ra te ly  sensitive to  ch loram phenico l, s trep to m y c in , te tra c y c lin e , neom ycin , 
su p e rse p ty l, C hlorte tracycline, O xy te tracyc line, vancom ycin  an d  novob iocin ; 
grow s on ly  on com plex m edia and fails to  u tilize  glucose, fru c to se , a rab inose , 
rh am n o se , xylose, ga lac tose , m altose , m a n n ito l, inositol an d  glycerol as 
ca rb o n  source; fails to  grow  a t the  exp en se  of inorganic n itro g en  and  to  u tilize  
am ino  acids as n itro g en  sources; on pep to n e-g ly cero l ag ar p roduces easily  
em ulsifiab le  S -type colonies ligh t yellow  in co lour w ith u n d u la te  edge and  f la t  
g lis ten in g  surface; fo rm s no soluble p ig m e n t, p roduces no spores, G ram  n eg a 
tiv e  an d  non-acid -fast. This organism  belonged  n e ith e r to  Escherichia  n o r to  
Enterobacter. W e re g a rd  it  as an in te rm e d ia ry  organism  of an  as y e t u n d e te r 
m ined  taxonom ic  positio n . In  Fig. 1 i t  is d esigna ted  as “ P a ra c o lo b a c tru m ” .

In  add ition  to  organism s discussed ab o v e , 4 d ifferen t species of b a c te ria  
w ere encoun tered . F ro m  th e ir c o n s ta n t p resence  in low n u m b ers  i t  has been 
conc luded  th a t  be ing  com m on in h a b ita n ts  of soil — th e y  are  re la tiv e ly  
re s is ta n t  to  th e  se lec tive  effect of in te s t in a l  passage and  tlic ir  p o p u la tio n s 
pass th ro u g h  th e  in te s tin e  m ore or less u n ch an g ed  and  w ith o u t p lay ing  an y  
im p o r ta n t  role. Iso la te s  o f th is  group o f o rgan ism s belonged to  B acillus cereus 
[22]. T h e  charac ters o f th e  cu ltu re  re p re se n tin g  these  iso la tes (s tra in  B-062) 
an d  o f au th en tic  B . cereus cu ltures a re  show n in T able I I .
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I Bodo ovatusl

LI TTER 
arpinus betulusl 

I quercus cerris 
1 gramineae 

e tc  '

Cercomonas
longicouda

Coipoda cucullus |
saprophilus 
muscorum

Tetrgmitus 
œtratus

NTillina n

IPseudomonas speciesl.
Soil

organic 
and 

mineral 
matter

|Amoebaterricola| 
piffluqia globulus lEuglypha alveolate: |

|Adineto gracilis
Habrotrocdo constricto]

Actinomyces 
citreofluorescens

IBacillus subtilis I V |Actinomyces vulgaris!

igéét[vë .Câhâf 
|fterobacter gelegenes

[Pénicillium sp.i.|

• ! M|feajdomonœ̂ joresçet̂  
USacdobactrum sp. |

|Streptomycesfintajji |  V A  

.Actinomyces vulgaris | j':;j

Mycobacterium 
spp

^vX n-X B i.b i.O . .ipffl:Pj№VQgipr.A;:;:;V^

^^^omycesfinlayj

iBac.cereus v. mycoides 
[Actinomyces vulgaris 

^tregtomipesdTQrt^usisJ 

IStreptomuces(cinersoruber) | 
lAgrobocterlum radiobocter 

[Streptomyces olivoceus 

rstreptomycesfalbosporeus) | 
[Ächromobacter pestifei 

IBacillus subtilis

I Monas vulgaris |

jpseudomonas fluorescënsl 

Azatobacter agili: 

iPenicillium sp.~

[Booo e a ^ j M,crococcus cryoppiyiusi 
Monas vulgaris- 

[Bacillus spnaericus| 

^acardia_ata_|
Alcaligenes faecalis 

Bacillus cereus 1 
[Mycobacterium spp.|

F ig . 1. Succession o f m icrob ial com m unities as an  effect of a B ib io  m a rd  la rv a -p o p u la tio n  in 
th e  F ö rn a  of a m ull like fo rest ren d zin a

I t  is ev id en t th a t  s tra in  B-062 belongs to  th e  species B . cereus. I t  is in te r 
estin g  th a t  B . cereus v a r . m ycoides occurred  fre q u e n tly  in th e  soil b u t  w as 
ab se n t from  in te s tin a l and  ex crem en t specim ens.

S tra in s belonging  to  one M ycobacterium , one Chromobacterium  a n d  one 
Brevibacterium  species w ere iso la ted  occasionally . T he Chromobacterium  s tra in s  
wore no t id en tica l w ith  C. violaceum  an d  C. liv idum  described  by  S n e a t h  [7] 
and  M o f f e t  an d  C o l w e l l  [23]. As th e se  organism s occur in horizon A H an d  
even  in  th e  rh izo p lan e  of ce rta in  p la n ts , th e y  will he d iscussed  in th e  genera l 
d escrip tion  of th e  b ac te ria l flo ra  o f ren d z in a  soil [24].

As th e  id en tif ic a tio n  of m an y  soil m yco b ac te ria  p resen ts  ex trem e d iff i
cu lties, only th e  ch a ra c te rs  of s tra in  B -047, re p re se n ta tiv e  of th e  M ycobacterium  
species iso la ted  from  th e  in te s tin a l specim ens are g iven : glucose an d  lac to se  
a re  a tta c k e d  n e ith e r  o x id a tiv e ly  n o r  fe rm e n ta tiv e ly ; oxidase, le c ith in ase , 
p h en y la lan in e  deam inase , ty ro s in ase , cellulase n e g a tiv e ; lipase po sitiv e ; no
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Table II

Comparison o f  B acillus cereus strains

B . cere U
B-062

B . cereus 
O K I 100 002 

( IP  5257)
B . cereus

R I P P ,  А -115

B . cereus var.
m ycoides 

R I P P ,  A - l l l

Peptone-g lycero l agar 

Colony type R R R R

E dge of colony (U n) (Un) (U n) R h

E levation  of colony F F F F

C onsistency D r. sm. Dr. sm. Dr. sm. D r. sm .

Surface м м M M
Soluble pigm ent -  (yellow ) — (yellow) —  (yellow) —  (yellow )

Colour of colony
~

- - —

O xidase  (K ovács) - - —

L ecith inase 1 1 — 9

L ipase  (Tween-80) 2 2 1 2

A esculin  hydrolysis 3 2 3 2

S ta rch  hydrolysis 3 3 3 3

Casein hydrolysis 2 2 2 2

A rgin ine hydrolysis - - — 3

A m m onia  from  p ep to n e ± 1 ± 3

C itra te  (Sim m ons) — ±  — 1 . Al 3, Al —

H aem olysis 3ß 2ß 3ß 1

L itm u s reduction + +

P h eny lalan ine  deam inase — - - —

T aurocholate — - — —

A cid production  

D -G alactose (  +  )
_

M altose + ( +  ) 4- 4 -

Sucrose ( 4 ) - — —

L-A rabinose — - —

D -F ructose ( + ) 4- + 4-
D -M annitol — - —
Glycerol - - — ( + )

R esistance to phenol 3 3 3 3
H eat to lerance, 56°C 3 3 3 3

60°C 3 3 3 3
pH  to lerance , 4.0 — - — —

8.0 3 2 2 3

Acta Microbiologica Academiae Scientiarum Hungaricae 16, 1969



392 SZABÓ e t al.

Table II continued

B. cereus 
B-062

B. cereus 
O K I 100 002 

( IP  5257)
B. cereus 

R I P P ,  A-115

B. cereus var.
m ycoides 

R IP P , A - l l l

NaCl to lerance, 3 .5% 2 2 2 3

10% — — — —

H 2S production

Cysteine 3 3 3 —
N a 2S20 3 - - - —
P eptone 2 - - l

T resner — D anga reac tio n — — - —
G ram  stain ing + + + +
Spores + + + +
M otility + — + —
MR ( + ) — — —
V P ( +  ) + ( + ) —
Indole — — — —
P ro teo ly tic  ac tiv ity

G elatin 3 3 2 2
E gg-w hite  agar 1 2 1 3

P ep ton iza tion  of m ilk + + + +
Cellulase — — —
N itra te  reduction

to  n itr ite + + + +
beyond n itrite _ — - —

Glucose breakdow n

oxidative + — -4- ?

ferm en ta tive + + + 9

L actose b reakdow n

oxidative — — —

ferm en ta tive ( +  ) ( ) ( + ) —
M ethylene blue red u ctio n 3 3 — 2

U rease - — — -

G row th 5°C 2 — — 3

37°C 1 3 2 3

45°C — 1 ± —

In h ib itio n  of th e  g ro w th  of

E . coli - — —

B . subtilis 1 — 1

Sacch. carlsbergensis ± 1 ± ±
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Table II  continued

B .  c ireus  
B-062

В .cereus  
OKI 100 002

(IP 5257)
B . cereus 

RIPP, A-115
B . cereus var. 

mycoidcs
RIPP, A-lll

C atalase 3 3 3 3

T yrosinase - - - -

A n tib io tic  sensitiv ity

Penicillin — — — l

O xacillin — — — l

M ethicillin 2 2 2 l

C hloram phenicol 1 1 1 l

S trep tom ycin 1 1 1 l

O leandom ycin 1 1 1 l

T etracy c lin e 2 2 2 2

N eom ycin 1 1 1 1

Polym yxin -B 1 1 1 1

E ry th ro m y cin 1 1 1 1

S u p ersep ty l 1 2 1 1

N itro fu ran to in 1 1 1 1

C hlorte tracycline 2 2 2 2

O x yte tracycline 2 2 2 2

V ancom ycin 1 1 1 1
K an am y cin 1 1 1 1

Spiram ycin 1 1 1 1
N ovobiocin 2 2 2 2

C arbon source u tiliza tion

Glucose ± , 1 ± , 1 ± i
F ruc tose — ± ■ 1 — —
A rabinose — — — —

R ham nose — — — . . .

X ylose — — — —
G alactose — — — --

M altose ± , 1 ± , 1 ± ±
M annito l — — — —
Inosito l — — — —

Glycerol — — — —

N egative  contro l (w ithou t C) — — - —
P ositive  control (peptone) 3 3 3 3

N itrogen source u tiliza tion

N a N 0 3 — — — —
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Table II continued

B. cereus 
B-062

it. cereus 
OKI 100 002 

(IP 5257)
B. cereus 

RIPP, A-115
B. cereus var. 

mycoides
RIPP. A-lll

Glycine ± 2 1 2

L-Cystine - - - —
L -T ryptop lian - - —
L -A sparagine i 2 l 1

L-Arginine l 2 l ±
N egative  control (w ith o u t N) — — —

p ro teo ly tic  a c tiv ity ;  casein and  s ta rch  no t h y d ro ly sed ; ca ta lase  p o sitive ; 
n i t r a te  reduced  to  n itr i te ;  u rease  p o sitive ; m eth y len e  blue red u c tio n  w eak; 
h y d ro g en  su lph ide  p roduced  from  p ep to n e  and  cy ste in e  h u t no t from  sodium  
th io su lp h a te ; T re sn e r-  D anga n e g a tiv e ; am m onia p ro d u c tio n  from  p e p to n e  
w eak , from  arg in ine  n il; w eak haem olysis; traces of aesculin  hyd ro lysis; litm u s 
m ilk  u nchanged ; a b u n d a n t g row th  an d  acid p ro d u c tio n  on M acConkey agar; 
acid p ro d u c tio n  from  D -fructose, w eak  acid from  D -m ann ito l; D -galactose, 
m alto se , sucrose, L -arab inose  an d  glycerol not a tta c k e d ; re s is tan t to  pheno l; 
h e a tin g  at 60°C to le ra te d ; rap id  g ro w th  a t pH  8.0, no m u ltip lica tio n  a t pH  
4 .0 ; 3 .5%  NaCl to le ra te d , no g ro w th  a t  10%  N aCl; stero ids d eh y d ro g en a ted , 
nucleus and  chains a tta c k e d ; a n tib io tic  ac tiv ity  ex e rte d  only ag a in s t y eas ts ; 
re s is ta n t to  oxacillin  and  m eth ic illin , m odera te ly  sensitive  to  o leandom ycin , 
po lym yx in -II, n itro fu ra n to in , sp iram y c in , novobiocin , sensitive to  penicillin , 
ch lo ram phen ico l, s trep to m y c in , te tra c y c lin e , neom ycin , e ry th ro m y c in , super- 
sep ty l, C hlorte tracycline, O xyte tracycline, vancom ycin  and  kan am y c in ; am ong 
carb o n  sources glucose, fructose, m an n ito l and glycerol u tilized  well, galactose 
w eakly  and  rh am n o se , arab inose , xy lose, m altose an d  inosito l n o t a t all; 
good grow th in defined  m edium  w ith  N aN O ;s and d iffe ren t am ino acids (glycine 
L -cyste ine , L -try p to p h a n , L -arg in ine , asparag ine); no g row th  on A shby agar; 
on pep tone  glycerol agar R -ty p e , a t  f irs t em ulsifiable th e n  d ry  p ink  colonies 
w ith  u n d u la te  edge; no soluble p ig m en t; n o n -sp o ru la tin g  G ram  positive , 
m o d era te ly  ac id -fa s t rods 0.5 - 0.7 X 0.5 8.0 p  in  size arranged  singly , in
p a irs  or in sh o rt chains. S tra in  B-047 belongs to  T s u k a m u r a ’s group  В of 
m y co b ac te ria  [17]. A ccording to  th e  schem e of C e r b o n  and  B o j a l i l  [25] 
i t  falls in to  “ B ran ch  1” of rap id ly  grow ing orange p igm en t-p ro d u c in g  m yco
b ac te ria . Of M . sm egm atis, M . ph le i an d  “ irreg u la r b ra n c h ” com prising  th e  
above  u n it, s tra in  B-047 belongs to  th e  la tte r . I t  is in te restin g  th a t  in  com 
p a rin g  M . ph le i, M . smegmatis, M .fo r tu itu m  and  M . rhodochrous, G o r d o n  

an d  М ш м [26] fo u n d  th a t  only  M . smegmatis an d  M .fo r tu itu m  p roduced
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changes in  th e  co lour of M acConkey ag ar (in 43 an d  in  9 6 % , resp ec tiv e ly ). 
S tra in  B-047 grew  well on M acConkey ag ar an d  p roduced  acid.

F in a lly  th e  d escrip tion  of s tra in  B-057 c o n tr ib u te s  to  d a ta  fo r Brevi- 
bacterium. T he cu ltu re , no t be longing  to  anv  know n species of th e  genus, w as 
ch a rac te rized  as follow s; a tta c k s  glucose an d  lac to se  n e ith e r  fe rm e n ta tiv e ly  
n o r o x id a tiv e ly ; ox idase, p h en y la lan in e  d eam in ase , ty ro sin ase , cellulase an d  
lipase neg a tiv e ; lec ith inase  w eakly  po sitiv e ; p ro teo ly tic  a c tiv ity  an d  casein 
hyd ro lysis  n eg a tiv e ; hydro lyses s ta rc h ; c a ta la se  p o sitive ; n i tr a te  red u c tio n  
neg a tiv e ; urease n eg a tiv e ; reduces m e th y len e  b lu e  rap id ly ; p roduces hyd ro g en  
su lph ide  from  cy ste in e  and  p ep to n e  b u t  n o t from  sodium  th io su lp h a te ; T res- 
n e r D anga n eg a tiv e ; p roduces am m onia  from  p e p to n e  in  slight am o u n ts  b u t  
n o t from  arg in ine; w eak haem olysis; rap id  aescu lin  hydro lysis; reduces litm u s; 
grow s on M acC onkey agar b u t  fails to  p ro d u ce  acid ; p roduces acid from  
D -galactose, m alto se , L -arab inose , D -fruc tose  an d  glycerol b u t no t from  sucrose 
and  D -m an n ito l; m odera te ly  re s is ta n t to  pheno l and  to le ra tes  56CC; grow s 
a t p H  8.0 b u t  n o t a t  p H  4 .0; h ig h est level of N aC l to le ran ce  3 .5 % ; fails to  
d eh y d ro g en a te  ste ro id s  an d  to  a t ta c k  th e  nucleus an d  chains; ex e rts  no a n t i 
b io tic  effect; re s is ta n t to  penicillin , oxacillin , su p ersep ty l, n itro fu ra n to in , 
sp iram y cin ; m o d e ra te ly  sensitive  to  m eth ic illin , s trep to m y c in , o leandom ycin , 
p o lym yx in -B , e ry th ro m y c in  an d  k a n am y c in ; sen sitiv e  to  ch lo ram phen ico l, 
te tracy c lin e , neom ycin , C h lo rte tracycline, v an co m y cin  and  novob iocin ; grow s 
on ly  on com plex m ed ia ; fails to  u tilize  ino rgan ic  n itro g en  sources an d  am ino  
acids; does n o t grow  in th e  presence o f glucose, fru c to se , arab inose, rh am n o se , 
xy lose, galactose, m altose , m an n ito l, inosito l an d  glycerol as sole sources o f 
ca rb o n ; no g ro w th  on N -free A shby ag ar; on pep tone-g lycero l ag ar p roduces 
easily  em ulsifiab le , colourless colonies w ith  u n d u la te  edge an d  g listen ing  
su rface; p roduces no soluble p ig m en t; G ram  po sitiv e , n o n -ac id -fast, non- 
sp o ru la tin g  rods 0.3 — 0.5 X 0.8 -4  p, in  size a rran g ed  singly or in  pairs.

T he ex am in a tio n  of in te s tin a l an d  ex crem en t specim ens confirm ed  th a t  
b a c te ria l species p red o m in an t in , an d  ch a ra c te ris tic  of, horizons A H, A F an d  
A00 [24] occur in sm all num bers or no t a t all in  th e  in te s tin a l t r a c t  of Bibio  
la rv ae . T hus B . subtilis, B . sphaericus , Alcaligenes faecalis, Achromobacter 
peslifer , Agrobacterium  radiobacter, R hizobium  spp ., Micrococcus cryophilus, 
e tc ., th e  com m on in h a b ita n ts  of ren d z in a  m ilieu  w ere en tire ly  ab se n t from  th e  
fresh  excrem ent of th e  anim als.

T he p resen t re su lts , as m en tio n ed  in th e  in tro d u c tio n , reflect th e  ex am i
n a tio n  of in te s tin a l and  ex crem en t specim ens ta k e n  from  la rv a -p o p u la tio n  
N o. 6 [2]. I t  seem ed desirab le  to  perfo rm  an  o rie n ta tio n  analysis in o th e r  
la rv a -p o p u la tio n s  of th e  ren d z in a  m ilieu . T hese ex am in a tio n s  will be described  
in a su b sequen t p ap er. H ow ever, it is n ecessary  to  p o in t out here th a t  th e  selec
tio n  of m icroflora  tak in g  p lace in  th e  in te s tin e  can  generally  be d e m o n s tra te d , 
b u t  as to  sy s tem a tic  position  and q u a n tita tiv e  re la tio n sh ip  th e  b ac te ria l species
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gain ing  p red o m in an ce  in the  in te s tin e  m ay  v a ry  considerab ly . F o r th e  d iffer
ence m an y  fac to rs  as q u a lity  of food, physio logical s ta te  of th e  an im al, com 
p o sitio n  of soil m icro flo ra , etc ., m a y  be responsib le .

D iscu ssio n

T he p resen t s tu d ies  on th e  in te s t in a l  b a c te ria l m icroflora of B ib io  la rv ae  
in d ic a te  a selection  sim ilar in  m ech an ism  to  th e  selection  of in te s tin a l a c tin o 
m y cètes  [1, 27]. In  course of th e  in te s t in a l  passage  of l i t te r  an d  soil m a tte r  
c e r ta in  m icroorgan ism s, though  th e y  m a y  be ingested  in v e ry  sm all n um bers, 
becom e p re d o m in a n t m em bers of th e  an im als’ flo ra . These b a c te r ia  are  able 
to  m u ltip ly  ra p id ly  in  th e  d igestive can a l an d  p la y  an  im p o rta n t ro le in  th e  
m etab o lism  of th e  an im al and  also in  an  a t  le a s t p a r tly  e lim in a tio n  of o th e r 
m icroorganism s in g es ted  w ith  th e  food. T he ch a rac te ris tic  re p re se n ta tiv e s  
o f th e  in te s tin a l f lo ra  in  Bibio la rv a e  belong  to  th e  fam ilies Pseudomonadaceae 
a n d  Enterobacteriaceae. I t  m ay be  supposed  th a t  th e  in te s tin a l m icro flo ra  
show s a certa in  deg ree  of q u a lita tiv e  an d  q u a n ti ta t iv e  difference n o t on ly  in 
th e  im agos and  la rv a e  of various in se c t species, b u t  also in  p o p u la tio n s  of th e  
sam e species liv ing  in  d ifferent e n v iro n m e n ts . T he a lte ra tio n  m ay  n o t  affect 
on ly  th e  p re d o m in a n t b ac te ria  b u t  also th o se  th a t  su rv ive  th e  in te s tin a l passage 
(“ a d d itio n a l in te s tin a l flora e lem en ts” ). F ig . 1 show s b ac te ria l species p red o 
m in a n t in  th e  in te s tin e  o f larvae o f la rv a -p o p u la tio n  No. 6 and  in  th e  en v iro n 
m e n t. T he sk e tch  is a su pp lem en ted  fo rm  o f a schem e p rep ared  on th e  basis of 
o u r prev ious zoo logical-bacterio log ical in v es tig a tio n s  [28]. T he arrow s in d ica te  
th e  d irec tion  of th e  m a te ria l and  en erg y  flow . T he p red o m in an t m em bers of 
m icro flo ra  and fa u n a  developing in  th e  l i t te r  com posed m ain ly  of th e  rem ain d ers  
o f C arpinus betulus, Quercus cerris a n d  G ram ineae  are  as follow s: Am oeba  
terricola, Bodo ovatus, Colpoda cucu llus , D ifflu g ia  globulus, Saproph ilus musco- 
rum , Actinom yces citreofluorescens, Streptom yces aureofaciens, P én ic illiu m  spp ., 
B acillus cereus v a r . m ycoides, B a cillu s  subtilis , M ycobacterium  sp p ., A gro
bacterium  spp ., e tc . These o rganism s m etab o lize  d irec tly  or in d ire c tly  th e  
o rgan ic  m a tte rs  o f th e  litte r. T h ey  a n d  o th e r organism s co n ta m in a tin g  th e  
soil m a tte r  in  th e  u p p e r  layer of h o rizo n  A H are ingested  by  B ibio  la rv ae . 
D u rin g  in te s tin a l passag e  th e  to ta l  b a c te r ia l co u n t increases to  m anyfo ld , 
w hile th e  n u m b er o f species decreases. In  th e  d ig estiv e  canal, w here  b a c te ria  
a lw ays gain an  a b so lu te  p red o m in an ce , ac tin o m y cètes  are re p re se n te d  by  
Streptom yces f in la y i  a n d  small n u m b ers  o f A ctinom yces  (S trep tom yces) vulgaris. 
T h e  p red o m in a tin g  b a c te ria l species a re  P s. fluorescens, E . aerogenes, in te rm e d i
a ry  Enterobacteriaceae s tra in s, etc. P ro to z o a  and  ro tife ra  [29] ch a ra c te ris tic  of 
th e  l i t te r  d isap p ear com pletely . In  th e  ex crem en t ac tinom ycètes ( f irs t o f all 
Str. f in la y i  com m on also in th e  in te s tin e )  becom e p red o m in an t in a w eek  a fte r  
ex cre tio n  and increase  th e ir  n u m b er to  80 %  of th e  to ta l flo ra . C erta in  b a c te ria
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also m u ltip ly  in  th e  ex c rem en t to  high n u m b ers  (Azotobacter agilis , B . cereus 
v a r . m ycoides); y e t,  Ps. fluorescens  still occurs v e ry  fre q u e n tly . In  a few day s 
o r weeks th e  m icro flo ra  o f th e  fresh ex c rem en t changes in to  a p o p u la tio n  
ch a rac te ris tic  of th e  “ h u m ified ” excrem en t: m an y  s trep to m y ce te s  in c lud ing  
th e  p red o m in an t Sir. chartreusis and  locally  accu m u la tin g  Nocardia alba, as 
w ell as a w ide v a r ie ty  of b ac te ria , y easts  a n d  p ro tozoa . T h e  schem e show n 
in  Fig. 1 rep re sen ts , o f course, only one of th e  m an y  possib le  com binations 
w hich m ay  develop in  d iffe ren t env ironm en ts.

F u r th e r  s tu d ies  on th e  in te s tin a l m icro flo ra  of B ib io  la rv ae  w ill be  
p resen ted  in  su b seq u en t p apers.
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SECOND INTERNATIONAL CONGRESS FOR VIROLOGY
B udapest, 5 11 S ep tem b er, 1971

FIRST CIRCULAR ANNOUNCING THE SECOND 
INTERNATIONAL CONGRESS FOR VIROLOGY

G E N E R A L  P O IN T S . A t a p le n a ry  session of th e  F irs t In te rn a tio n a l 
Congress fo r V iro logy  th e  p a r tic ip a n ts  in d ic a te d  w arm  approval fo r th e  p ro 
posal to  se t up  a new  Section of V irology w ith in  th e  IAM S. T hey also in d ica ted  
a general w ish to  hold a second In te rn a tio n a l Congress for V irology in  1971. 
B ecause th e  new  Section  of V irology could n o t he form ed u n til the  In te rn a tio n a l 
M icrobiology M eeting in  1970, th e y  req u ested  th a t  th e  Convening C om m ittee  
for th e  F irs t  Congress for V irology should  begin  m ak in g  a rran g em en ts  fo r th e  
1971 Congress and  th a t  re sp o nsib ility  for th e  a rran g em en ts  could th e n  be 
handed  over to  th e  new  V irology Section  in 1970.

W e have m ade th e  following te n ta t iv e  a rran g em en ts :
LO C A TIO N . T he Congress w ill be held  in  a new  hotel, H o te l D U N A  

In te r-C o n tin e n ta l, s itu a te d  on th e  e m b a n k m e n t of th e  D anube in  B u d a p e s t, 
H u n g a ry . T he h o te l contains an a u d ito riu m  fo r 1,000 persons and  num ero u s 
sm aller room s fo r 50 — 200 persons each . A local organizing ' com m ittee  has 
been se t u p : C hairm an , G. Iv án o v ics; V ice-C hairm an , E. F a rk a s ; R eg is tra r , 
I. D öm ök; and  has begun to  organize th e  local a rran g em en ts .

T IM IN G . T he Congress will la s t  for one w eek w ith  five w ork ing  days. 
The d a te s  are S ep tem b er 5 11, 1971.

E L IG IB IL IT Y  FO R  P A R T IC IP A T IO N . In  o rder to  lim it th e  p a r tic i
p a n ts  to  v iro log ists , we propose once again  to  lim it th e  m em bersh ip  to  those  
who have c o n tr ib u te d  to  some aspec t o f v iro logy .

R E G IS T R A T IO N  F E E  will be US $ 6 0 .0 0 'fo r full p a r tic ip a n ts  and  US 
$25.00 for accom pany ing  fam ily  m em bers. T he R eg is tra tio n  Fee inc ludes th e  
cost of th e  Proceedings (In te rn a tio n a l V irology I I )  w hich will be d is tr ib u te d  
to  all p a r tic ip a n ts . $50.00 should be se n t to  A ccoun t No. MNB IB U S Z  
RCS — 55.001, B u d ap est, H u n g ary , an d  $10.00 shou ld  be sen t to  th e  S ecre ta ry - 
G eneral D r. M elnick in H ouston , U .S.A .

FO R M  O F  T H E  C O N G RESS. W e have  considered w h a t p rinc ip les 
should  underlie  th e  Congress. P la in ly , th e  ce n tra l them e m ust concern  fu n d a 
m en ta l in te rp re ta tio n s  com m on to v iro logy  as a w hole. A t th e  sam e tim e , 
th e re  are  m ore re s tr ic te d  aspects b earin g , fo r exam ple , on ep idem iology, p la n t 
p a th o lo g y , p a r tic u la r  groups of v iruses, d iag n o stic  problem s and  p a r tic u la r  
techn iques.

A ccord ingly , we plan  to  hold five  large sym posia  on top ics of general 
in te re s t com m on to  all virologists. These will occupy th e  m ornings. T he a f te r 
noons w ill be occupied  by  several (a t le a s t six) sim u ltan eo u s sessions o f d iffe ren t 
aspects  o f v iro logy  of m ore re s tr ic ted  in te re s t. Som e of these can be s tr ic tly



sm all discussion g ro u p s com posed of th o se  w ork ing  in  th e  field (p erh ap s, 12 — 24 
people) w here th e  to p ic  d ic ta tes i t ;  o th e rs  m ay  he more heterogeneous and , 
acco rd ing ly , will h av e  w ider appeal (a b o u t 200 people).

W e have suggested  a n u m b er o f to p ics for th e  program m e (see below) 
w hich  have been seen b y  a c o n su lta tiv e  b o a rd  o f 84 viro logists w ork ing  in  17 
co u n trie s  on all a sp ec ts  of v iro logy. W e h av e  received  a good n u m b e r o f sug 
gested  m odifica tions from  these people , som e o f w hich we can in c o rp o ra te  w hen 
th e  program m e is co n stru c ted .

TO PIC S.

Large Sym posia

N ucleic A cids  — S tru c tu re  physical an d  chem ical, R ep lica tion , R e p a ir  M echa
nism s, Cell-free System s

Replication o f  V iruses  R egu la to ry  M echanism s, N o n -s tru c tu ra l P ro te in s , 
A bortive In fec tio n s , Cell-free S ystem s

V iruses, M em branes, and Organelles Role o f organelles (nucleoli, polysom es, 
etc.) in the  sy n th esis  of v ira l co m p o n en ts , including m a tu ra tio n  a t cell 
m em branes

Structure and F unction  This shou ld  include v iru s partic les, s tru c tu re  and 
function  o f su b v ira l com ponen ts, v ira l assem bly

Viruses Related to Cancer T ran sfo rm a tio n , P ersistence  of V iral G enom e, 
Im m unological E v en ts , G enetics

Specialized Topics

(O ne or m ore sessions can be a rran g ed  for specialized  topics, i f  th e  w ishes of 
th e  Congress p a r tic ip a n ts  are m ade know n  well in  advance o f th e  Congress)

A denoviruses 
A rboviruses 
B ac te ria l V iruses 
C ell-m ediated  Im m u n ity  in Virus 

In fec tions
C ooperative In fec tions 
D efective A nim al V iruses 
E ffec t of V irus on Im m unological 

C om petence 
E p idem iology  
F o rm a l G enetics 
H erpesv iruses
H o s t C om ponents o f th e  Virion 

and  T heir Role 
In it ia t io n  of In fec tio n  
In se c t- tra n sm itte d  P la n t  Viruses 
In te rfe ro n  and In te rfe ren ce  
In v e r te b ra te  V iruses 
L am b d a  and P h ag e  P22 
M yxo- and P aram y x o v iru ses

P e n e tra tio n  of V iruses in to  Cells 
P ico rn av iru ses  of A nim als,

B ac te ria , P lan ts , In v e r te b ra te s  
P la n t V iruses 
P oxv iru ses
R ad iob io logy  of V iruses an d  V irus- 

in fec ted  Cell (X -ray , u ltra v io le t, 
an d  visible light)

R ecen t A dvances in H u m an  V irus 
In fec tions 

Slow V iruses
V ira l C hem otherapy  — M echanism s 

and  P rospects
V irus-contro lled  In fo rm a tio n  

T ran sfe r
V irus S tru c tu re : D isassem bly  and  

R eassem bly
V irus T axonom y and  C lassification  
V iruses, A ntibodies, and  

N eu tra liza tio n  
V iruses o f Algae and  F u n g i



LA N G U A G E . As a t the  F irs t In te rn a tio n a l Congress for V irology, s im u l
ta n e o u s  in te rp re ta tio n  will n o t be ava ilab le . E ven  th o u g h  all languages w ill 
be considered  as official languages o f th e  Congress, once again  all speakers an d  
d iscu ssan ts  are req u ested  to  use E ng lish .

A D M IN IS T R A T IV E  D E T A IL S . In  due course we shall d is tr ib u te  a 
Second C ircular w hich  will give fu r th e r  d e ta ils . In  th e  m ean tim e  we w ould 
like to  have  p re lim in a ry  d a ta  on th e  expec ted  n u m b er o f p a rtic ip a n ts  and  
fam ily  m em bers and  on th e ir  needs fo r accom m odation . F o r th is  pu rpose  we 
a t ta c h  a p re lim in ary  app lication  form  for p a rtic ip a tio n . I t  should be re tu rn ed  
b y  M arch 31, 1970 to :

Dr. I. D öntök, R eg is tra r
2nd In te rn a tio n a l Congress for V irology
M OTESZ
A pród u. 1,
B udapest I, H u n g a ry

F u r th e r  c ircu lars will be sen t to  tho se  who in d ica te  th e ir  desire to  p a r 
tic ip a te  in th e  Congress by re tu rn in g  th is  app lica tion .

B u d ap est, J a n u a ry , 1970.

C O N V E N IN G  C O M M ITTEE

SE C O N D  IN T E R N A T IO N A L  C O N G R E SS F O R  V IR O L O G Y  
B udapest, S ep tem b er 5 — 11, 1971

P re lim in ary  A p p lica tio n  for P a r tic ip a tio n  
(P lease ty p e  or use  b lock  le tte rs )

F irs t
n a m e ( s ) ..............................................

T itle  o r position  .............................................................................................................................

I n s t i tu t io n  ..........................................................................................................................................

M ailing address

F a m ily  
n am e .

P re su m a b ly  I will n e e d ..............................................................  single, double, L u x u ry ,

1st C lass, 2nd C lass, H o te l, P riv a te  room /s/.

P lease  circle th e  desired  accom m odation .

D a te  .....................................................

s ig n a tu re
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R . A. L e v i n  an d  D. M. L o u n s b e r y  Iso la tio n , C u ltiv a tio n  and  C h arac te riza tio n  
of F lex ib ac te ria .

M. M a n d e l  and  R . A. L e w i n  D eoxyribonucleic  A cid Base C om position  of F lex i
bac teria .

E . W . F a g e r  R e c u rre n t G roup A nalysis in th e  C lassification  of F lex ib ac te ria .

R . A. L e w i n  A C lassification  of F lex ib ac te ria .
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J .  A. F u e r s t  a n d  A. C. H a y w a r d  Surface A p p en d ag es Sim ilar to  F im b riae  (Pili) 
on P seudom onas Species.

J .  A. F u e r s t  a n d  A. C. H a y w a r d  T he S h e a th e d  F lagellum  o f Pseudomonas 
stizolobii.

D. G. B r y a n - J o n e s  and  R . W h i t t e n b u r y  H aem a tin -d e p en d e n t O x id a tiv e  P h o s 
p h o ry la tio n  in Streptococcus faeca lis.

A. M a n g a n  In te ra c tio n s  betw een som e A ura l A sperg illus Species and  B ac te ria .

T. M. J o y s  an d  B. [A. D. S t o c k e r  R eco m b in a tio n  in H I ,  th e  G ene D eterm in ing  
th e  F lag e lla r A ntigen-i o f Salm onella typ h im u r iu m .  M apping of H I  and  f l a  
M uta tions.

S. L I i l l  and  J .  R . P O S T G A T E  F ailu re  o f M u ta tiv e  N itrogen-fix ing  B ac te ria  to  F ix
N itrogen.

L. O. W h i t e  A N ote  on th e  P ro d u c tio n  o f S im u lac ra  o f C ertain  G enera  о i A cti- 
nom ycetales b y  S trep tom yces G row n on D iffe ren t C ulture M edia.
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Р Е З Ю М Е

IM M U N O LO G IC A L A C T IV IT Y  O F  R IB O N U C L E O P R O T E IN S  
I I .  IM M U N E  D IF F U S IO N  S T U D IE S  O F  R IB O N U C L E O P R O T E IN S  E X T R A C T E D

FRO M  G U IN E A -P IG  L IV E R

K .  M E R É T E Y ,  V . V Á R T E R É S Z ,  E .  E L E K E S

ИММУНОЛОГИЧЕСКАЯ AKTIIBHOCTb РИБОНУКЛЕОПРОТЕИНОВ 
II. ИССЛЕДОВАНИЕ ИММУННОЙ ДИФФУЗИЕЙ 

РИБОНУКЛЕОПРОТЕИНОВ, ЭКСТРАГИРОВАННЫХ 
ИЗ ПЕЧЕНИ МОРСКОЙ СВИНКИ

к. М Е Р Е Т Е И ,  В .  В А Р Т Е Р Е С ,  Е .  Э Л Е К Е Ш

РНП-овая вытяжка из печени морской свинки и гомологичная иммунная сы
воротка создают мультиплексную систему антиген-антитело. Число антигенных компо
нентов, выявляемых иммунэлектрофорезом, колеблется между 2 и 8. Некоторые из анти
генов имеют нуклеопротеиновую природу. На это указывает антигенное свойство фракции 
нуклепротеинового характера, выделенной электрофорезом. Электросинеретические пре
параты антигена, меченного in  vivo 32Р, и сыворотки дают положительную авторадиогра
фическую картину. Выделенные фракции, содержащие только нуклеиновую кислоту и 
нуклеотиды, не играют роли в серологических реакциях. Антигенные компоненты оказа
лись подобными антигенам, обнаруживаемым в субцеллюлярной фракции гомогенизата 
печени. Большая часть антигенов обладает видовой и органной специфичностью.

IM M U N O LO G IC A L A C T IV IT Y  O F R IB O N U C L E O P R O T E IN S
III .  C H A N G E S IN  M AM M ALIAN R IB O N U C L E O P R O T E IN S  U P O N  T H E  E F F E C T  

O F W H O L E  B O D Y  X -IR R A D IA T IO N
K .  M E R É T E Y ,  V .  V Á R T E R É S Z ,  V . K U T A S ,  L . K O C S Á R

ИММУНОЛОГИЧЕСКАЯ АКТИВНОСТЬ РИБ0НУКЛЕ011РОТЕИНОВ
III. ИЗМЕНЕНИЯ В РИБОНУКЛЕОПРОТЕИНАХ МЛЕКОПИТАЮЩИХ 

НА ДЕЙСТВИЕ РЕНТГЕНОВОГО ОБЛУЧЕНИЯ ВСЕГО ТЕЛА
К .  М Е Р Е Т Е И ,  В .  В А Р Т Е Р Е С ,  В .  К У Т А Ш ,  Л .  К О Ч А Р

В агар-электрофоретических препаратах РНП-овых экстрактов, выделенных из 
печени облученных и нормальных морских свинок, разделение нуклеиновой кислоты 
было различным. Изменения затронули, в основном, олигонуклеотидные фракции. По 
результатам иммунной диффузии и иммунэлектрофоретических исследований в антиген
ных компонентах вытяжки существенных изменений не произошло. Коэффициенты диф
фузии антигенных компонентов в случае нормальных вытяжек находились в пределах 
0,5х1СГ7 и 7,3 X Ю~7, в то время как в отношении облученных экстрактов они колебались 
между 0,7 — 9,9X Ю-7. Нормальные и облученные РНП-овые экстракты в одинаковой 
степени обладали комплементсвязывающей активностью. В переваривании экстрактов 
РН-азой и трипсином не было отмечено никакой разницы. Облучение морских свинок, 
по-существу, не влияло на антигенность рибонуклеопротеинов печени.
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PERSISTENCE OF HUMAN GAMMA-GLOBULIN IN ANIMALS

F .  F O D O R , L .  K O C S A R ,  J .  L E N D V A Y , K .  M E R É T E Y ,  D . T A P F E R ,  I .  V E D R E S

ПЕРЗИСТЕНЦИЯ В ЖИВОТНЫХ ЧЕЛОВЕЧЕСКОГО у-ГЛОБУЛИНА
Ф .  Ф О Д О Р ,  Л .  К О Ч А Р ,  Й .  Л Е Н Д В А И ,  К .  М Е Р Е Т Е И ,

Д .  Т А П Ф Е Р ,  И .  В Е Д Р Е Ш

В организме морских свинок человеческий у-глобулин не фрагментируется в тече
ние 2—3 недель. После дачи человеческого у-глобулина, меченного изотопом йода, наи
более высокую специфическую активность в течение 2 недель можно было обнаружить 
в крови, но высокие значения наблюдались также в печени, почках и лёгких. После 
введения человеческого у-глобулина (0,125 г/кг веса тела) антитела, образуемые против 
него, появляются на второй неделе и остаются на высоком уровне ещё в течение 3 ме
сяцев.

EFFECT OF DIBROMOMANNITOL ON DEXTRAN-INDUCED INCREASE OF 
LOCAL CAPILLARY PERMEABILITY AND ON ANAPHYLACTOID REACTION

G . L A Z Á R

ДЕЙСТВИЕ ДИБРОМОМАННИТОЛА НА УСИЛЕНИЕ 
ПРОНИЦАЕМОСТИ МЕСТНЫХ КАПИЛЛЯРОВ, ВЫЗВАННОЕ 

ДЕКСТРАНОМ, И НА АНАФИЛАКТОИДНУЮ РЕАКЦИЮ

Г .  Л А З А Р

Предварительная обработка дибромоманнитолом в большой степени подавляла 
усиление капиллярной проницаемости, вызванное методом H a lp e rn — B rio t-a , а также 
анафилактоидную реакцию крыс, обусловленную декстраном. Принимая во внимание, 
что в анафилактоидной реакции, вызванной декстраном у крыс, решающую роль играет 
выход гистамина и серотонина и упомянутым веществам присваивается роль также и в 
патогенезе местной реакции Шварцмана, на основе исследований автора может предста
виться вероятным, что горчичный азот и его производное, дибромоманнитол, обеспечи
вают подавление реакции Шварцмана не только посредством их действия, вызывающего 
лейкопению, но в подавлении играет роль и измененная готовность тканей реагировать.

BACTERIOLOGICAL MODEL EXPERIMENTS ON RADIOSTERILIZATION
OF CATGUT

T . B A R T H  V, E .  M É R Ő ,  J .  S Z I T A

БАКТЕРИОЛОГИЧЕСКИЕ МОДЕЛЬНЫЕ ОПЫТЫ В СВЯЗИ С 
РАДИОСТЕРИЛИЗАЦИЕЙ КЕТГУТА

Т .  Б А Р Т А ,  Е .  М Е Р Ё ,  Й .  С И Т А

Авторы путем исследования естественного бактериального загрязнения проб 
кишечника овцы, э также на основе модельных опытов, в которых использовались пробы 
овечьего кишечника, зараженного аэробными споровыми штаммами бактерий, опреде
лили стерилизирующую дозу ионизирующего облучения.

Значение D10 бактериальных спор внутри кетгута было приблизительно в 2 раза 
больше такового спор, высушенных на поверхности фильтровальной бумаги. На основе 
результатов исследования для стерилизации кетгута предлагают дозу 3.5 M rad, при при
менении которой фактор достигает примерно 10е, и эта величина с бактериологической 
точки зрения достаточная.



STUDIES ON PERITONEAL EXUDATE OF ANIMALS EXPERIMENTALLY 
INFECTED WITH T. GONDII. I. EFFECT OF HEAT ON ACTIVITY

M . A H M E D  S A M IR

ИССЛЕДОВАНИЕ ПЕРИТОНЕАЛЬНОГО ЭКСУДАТА ЖИВОТНЫХ, 
ЭКСПЕРИМЕНТАЛЬНО ЗАРАЖЕННЫХ TOXOPLASMA GONDII 

I. ВЛИЯНИЕ ТЕМПЕРАТУРЫ НА АКТИВНОСТЬ ЭКСУДАТА 
М . А Х М Е Д  С А М И Р

Введенный внутривенно супернатант перитонеального эксудата белых мышей, 
зараженных внутрибрюшинно Toxoplasm a gondii, вызывал конвульсии и гибель мышей. 
Токсический материал оказался термостабильным при 37° С и 50° С; с другой стороны, 
при воздействии на него 56° С-ной температуры в течение 30 минут наблюдался рост его 
активности (термопотенциация). Этот последний эффект можно было наблюдать также 
после разведения и высушивания материала. После 56° С-ной обработки возрасла ополес- 
ценция материала и изменилась его вискозность.

Повторное замораживание и оттаивание материала понижало токсичность, но не 
снимало её совсем. Фильтрат эксудатов (стеклянный фильтр с величиной пор 0,7—1,5 //), 
разведенных физиологическим раствором, не оказался токсичным.

Автор пытается объяснить термопотенциацию и излагает предположения относи
тельно природы материала.

REPLICATION OF VACCINIA VIRUS IN THE EMBRYONATED EGG 
IN THE PRESENCE OF METHISAZONE 
AN ELECTRON-MICROSCOPIC STUDY

B . L O V A S , I .  H O L L Ó S

РАЗМНОЖЕНИЕ ВИРУСА ВАКЦИНИИ В ЭМБРИОНИРОВАННОМ ЯЙЦЕ 
В ПРИСУТСТВИИ МЕТИСАЗОНА 

ЭЛЕКТРОННО-МИКРОСКОПИЧЕСКОЕ ИССЛЕДОВАНИЕ
Б .  Л О В А Ш ,  И .  Х О Л Л О Ш

Авторы подавляли с помощью 20 М  метисазона размножение вируса вакцинии в 
клетках хорионаллантоисной мембраны эмбрионированного яйца. За ходом размножения 
вируса следили титрованием инфективности и электронно-микроскопическим исследо
ванием морфологии.

(1) Процессы, произошедшие в ранние этапы вирусного размножения до эклипса, 
оказались подобными таковым в контрольной (без подавления) системе.

(2) В первые 24 часа цикла в цитоплазме клеток молодые формы размножения не 
были найдены. Спустя 48 часов число появляющихся матрикс, производящих вирус, было 
незначительным, их структура зачастую была размытой, неправильной. Число незрелых 
вирусных форм, встречающихся в каждом скоплении было довольно низким, очертания 
частиц нередко были неправильными, их наружные мембраны имели недостатки в по
строении. Построение вироплазмы многих молодых частиц в отличие от большинства было 
аморфным, бесструктурным. Молодая форма, содержащая нуклеоид, встречалась редко. 
Такие срезы, в которых одновременно присутствовали бы зрелые и незрелые формы, най
дены не были. Число зрелых вирионов было довольно низким.

(3) По ходу морфологических исследований авторы наблюдали два, до сих пор ещё 
не описанных явления, (а) Спустя 24 часа после заражения и обработки метисазоном 
встречались такие клетки, в цитоплазме которых в большой степени размножались рас
ширенные ходы зернистого эндоплазматического re ticu lu m -a . (б) Большую часть зрелого 
вириона окружала не только двойная элементарная мембрана, но и вакуоль.
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EFFECT OF DIBROMOMANNITOL AND DIBROMODULCITOL ON IMMUNOLOGICAL 
AND MICROBIOLOGICAL SYSTEMS

G . E L E K ,  I .  F Ö L D E S ,  E .  V A N D R A

ДЕЙСТВИЕ ДИБРОМОМАННИТОЛА И ДИБРОМОДУЛЫДИТОЛА НА 
ИММУНОЛОГИЧЕСКИЕ И МИКРОБИОЛОГИЧЕСКИЕ СИСТЕМЫ

Г .  Е Л Е Н ,  И .  Ф Ё Л Д Е Ш ,  Е .  В А Н Д Р А

Авторы изучали действие дибромодидеоксиманнитола (ДБМ) и его стереоизомера, 
дибромодидеоксидульцитола (ДБД), на иммунный ответ, рост M ycobacterium  phlei 
и бляшкообразующую способность Phagus ph lei. ДБД сильнее, чем ДБМ, подавлял 
иммунитет против столбняка у мышей и выработку антител против сывороточного белка 
у крыс. ДБМ не влиял на среднее время переживания гомойотрансплантатов кожи крыс, 
размноженных рандомизированно, ДБД увеличил это время на 2 дня. Несмотря на то, 
что из двух соединений меньшей растворимостью обладает ДБД, чем ДБМ, иммуносупрес- 
сивное действие первого было всё-таки больше, чем последнего.

Рост культур M ycobacterium  phlei ДБД подавалял в более низкой концентрации, 
чем ДБМ. ДБД и ДБМ, добавленные к суспензии Phagus ph lei, снижали титр фага. В 
противоположность предшествующим моделям ДБМ сильнее понижал число фагов, чем 
ДБД.

PRODUCTION OF ANTIBODIES AGAINST MYCOBACTERIUM PHLEI PHAGE
G . E L E K ,  E .  V A N D R A ,  I .  F Ö L D E S

ВЫРАБОТКА АНТИТЕЛ MYCOBACTERIUM PHLEI ПРОТИВ ФАГОВ
Г .  Е Л Е Н ,  Е .  В А Н Д Р А ,  И .  Ф Ё Л Д Е Ш

Авторы иммунизировали кроликов p h ag u s phlei, затем изучали in  vitro  фагней- 
рализующее действие клеток селезенки этих кроликов частью подсчётом фагов, частью 

изотопным методом (с применением фагов ph lei, мечены 32Р). Число фагов phlei, инкубиро
ванных в растворе Паркер вместе с клетками селезенки иммунизированных животных, 
в бесклеточном супернатанте, полученном после центрифугирования, в течение 4-часо
вого эксперимента постепенно понизилось. Актиномицин-С или большая доза хлорам- 
феникола спустя 30 минут снимали фагнейтрализующее действие иммунных клеток селе
зенки. И фагнейтрализующее действие иммунных клеток селезенки, обработанных ульт
развуком, температурой и противолимфоцитарной сывороткой, продолжалось также 
только 30 минут. Если иммунные клетки селезенки предварительно инкубировались с 
фагом ph lei, то в среде, содержащей иммунные клетки селезенки, выявлялись антитела, 
несвязанные с клеткой.

TRANSFORMATION OF PHAGE RESISTANCE
S . H O R V Á T H

ТРАНСФОРМАЦИЯ ФАГОВОЙ РЕЗИСТЕНТНОСТИ
И .  Х О Р В А Т

Штамм Б. subtilis 168 М try“  phs — является клеткой хозяина фага SPO—1. 
Автор из клеток этого штамма выделил спонтанный мутант 168 М try“  phr (фагрезистент- 
ный). Мутационная пропорция оказалась 8.32 х  Ю“6. В течение опытов по трансформации 
автор селектировал фагрезистентные клетки как try+ phr, трансформанты. Кривые ком
петенции, начерченные в отношении формирования во времени числа трансформантов 
try+ phs, а также try+ phr, были примерно одинаковыми. Число трансформантов try+ phs, 
а также try + phr зависело от концентрации ДНК. Характеристики try+ и phr не оказались 
связанными.

В течение трансформации число трансформантов try+ phs быстро поднялось до 
высокого значения с 5-и часовой фенотипической lag фазой. Трансформанты try+ phr 
появились после 6,5-часовой инкубации.

Частота трансформантов try+ phr в сравнении с трансформантами try+ phs была 
0,12—0,032%.
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BIOCHEMICAL STUDIES ON STREPTOMYCES AUREOFACIENS 
V. THE ROLE OF COBALAMINS AND METHIONINE IN METHYLATION 

REACTIONS IN TETRACYCLINE BIOSYNTHESIS
M. JÂRAI

БИОХИМИЧЕСКОЕ ИЗУЧЕНИЕ STREPTOMYCES AUREOFACIENS 
V. РОЛЬ КОБАЛАМИНОВ И МЕТИОНИНА В РЕАКЦИИ 

МЕТИЛИРОВАНИЯ БИОСИНТЕЗА ТЕТРАЦИКЛИНА
М . Й А Р А И

Автор изучал роль кобаламинов в биосинтезе 7-хлортетрациклина в случае S. 
aureofaciens в отношении инкорпорации С—6-метила. Было выявлено, что у штамма S. 
aureofaciens С—13, который приблизительно в одинаковой пропорции производит 
хлортетрациклин и диметилхлортетрациклин, на питательной среде, содержащей коба- 
ламин, прекращается производство диметилхлортетрациклина. Ион кобальта вместе с 
другими ионами — оказался неэффективным, тогда как с производным кобаминовой 
кислоты, обладающей антагонистическим действием на штамм Е . coli 113—3, можно было 
понизить активность метилирования.

На штамме S . aureofaciens С^13 изучалось действие метионина — а также метио
нин-метил— С14 — на синтез группы 6-метил тетрациклиновой цепи. Активность метили
рования можно было также восстановить метионином — в высокой концентрации, — 
добавленным к ферментации.

Автор выявил, что добавляя метионин, цианокобаламин, аденин в высокой кон
центрации в питательную среду, используемую для приготовления вакцин, а затем после 
отмывки, прививая полученный мицелий, также можно понизить активность метилиро
вания во время ферментации.

COMPARATIVE STUDIES ON THE BIOLOGICAL PROPERTIES OF ESCHERICHIA
COLI 0124:K72(B17) STRAINS

S . D E Â K ,  M . Â D Â M

СРАВНИТЕЛЬНОЕ ИССЛЕДОВАНИЕ РАЗЛИЧНЫХ БИОЛОГИЧЕСКИХ 
СВОЙСТВ ШТАММОВ ESCHERICHIA COLI 0124:К72(В17)

Ш . Д Е А К ,  М .  А Д А М

В случае 725 штаммов Е . coli 0124 авторы исследовали лизогенные, колицино- 
генные свойства 725 штаммов, их жгутиковый антиген и время разложения лактозы- 
В результате исследований была разработана схема группировки штаммов, типированных 
на основе свойств фага и колицина. По лизогенным, колициногенным свойствам штаммы 
были подразделены на 4 группы и внутри каждой из них—на 7 типов. Авторы установили, 
что колициногенные штаммы встречаются в большем проценте, чем лизогенные штаммы. 
В исследуемом материале наибольшим числом был представлен колициногенный штамм 
1 типа. Лизогенные штаммы 2 типа в отличие от других штаммов располагали более 
коротким временем лактозной ферментации, и все штаммы, относящиеся в этот тип, ока
зались безжгутиковыми. Из жгутиковых штаммов в наибольшем количестве встречались 
штаммы, располагающие антигеном ИЗО; внутри 4 типа был найден в небольшом коли
честве штамм со жгутиковым антигеном Н27, тогда как в случае 4 штаммов, входящих в 
этот же тип, известный Н-антиген не выявлялся.

Для дифференцирования колицинов и фагов, происходящих из штаммов Е . coli 
0124, исследовалась чувствительность веществ, подавляющих рост бактерий, к темпера
туре, хлороформу, концентрации ионов Н+ и трипсину.

В случае штаммов типа 1 в, обладающих в одинаковой степени лизогенными и 
колициногенными свойствами, посредством лизогении удалось подтвердить способ воз
никновения штаммов среди естественных условий.



6

STUDIES ON SWINE SERUM IMMUNOGLOBULINS 
I. PROTEIN FRACTIONS IN SWINE SERUM

J .  S U R J Á N

ИЗУЧЕНИЕ ИММУНГЛОБУЛИНОВ СЫВОРОТОК СВИНЕЙ 
I. БЕЛКОВЫЕ ФРАКЦИИ СЫВОРОТКИ СВИНЬИ 

й .  ш у р ь я н

Изучение состава белка свиной сыворотки проводилось такими кроличьими сы
воротками, которые в пробирочном опыте преципитировали сыворотку свиньи даже в 
разведениях 10“6, 10“ 7. Суммируя результаты, полученные с различными кроличьими 
сыворотками, с помощью иммунэлектрофореза удалось выделить из сыворотки свиньи 28 
составных частей. Распределение фракций: альбумин, 3 преальбумин, То^-глобулин, 
5а2-глобулин, 5/^-глобулин, 4 (+1)/?2-глобулин, 2у-глобулин. Один из f t-глобулинов, по 
всей вероятности, подобен трансферину. Среди глобулиновых фракций хорошо распо
знаются 3 наиболее важных иммунглобулина, IgG, IgA и IgM.

EFFECT ON INFLUENZA VIRUS OF A MODIFIED FRANCIS INHIBITOR 
AND ITS ACETONE-SOLUBLE FRACTION

III. EXPERIMENTS ON THE MOUSE LUNG
I .  H O L L Ó S

ДЕЙСТВИЕ МОДИФИЦИРОВАННОГО FRANCIS-ИНГИБИТОРА И ЕГО 
АЦЕТОНОРАСТВОРИМОЙ ФРАКЦИИ НА ВИРУС ГРИППА

III. ОПЫТЫ НА ЛЕГКИХ МЫШЕЙ
и. холлош

На легких мышей изучалось подавляющее действие Francis-ингибитора (/<„), 
солевого производного диэтил-р-фенилен-диазониума (8т ) и ацетонорастворимой фракции 
последнего (8ас) на размножение вируса гриппа А— 1. Вещества вводились внутрибрю- 
шинно. Значительное подавляющее действие было оказано у 8т  против 50 ИД-„ и у вас  
против 800 ИД50 вируса. При большей вирусной дозе 8ас оказывала подавляющий эффект 
только в количестве с токсическим действием. Вдыхание растворимой в эфире фракции 
вас  подавляло размножение вируса даже при дозе последнего 5хЮ 5 ИД5и.

Автор определил некоторые химические и физикохимические свойства упомянутых 
выше веществ. Найдено, что содержание нейраминовой кислоты в веществах и её распад 
под действием вирусной нейраминидазы являются характерными.

INDUCTION AND MULTIPLICATION OF /-PHAGE
III. THE EFFECT OF HYDROXYUREA ON HEAT INDUCTION

4 .  G A D Ó , É .  B O R O M I S S Z A , I .  H O R V Á T H

ИНДУКЦИЯ И РАЗМНОЖЕНИЕ Я-ФАГА
111. ВЛИЯНИЕ HYDROXYUREA НА ТЕМПЕРАТУРНУЮ ИНДУКЦИЮ

И .  Г А Д О ,  Е .  Б О Р О М И С С А ,  И .  Х О Р В А Т

H y d ro x y u re a , обладающая противораковым действием и подавляющая синтез 
ДНК, не индуцирует, подобно митомицину и ультрафиолетовому облучению, штамм 
Е . coli Е—12 (Я cl—857), индуцируемый температурой. Эффект h y d ro x y u re a  на темпера
турную индукцию профага зависит от условий. На полной питательной среде в неболь
шой степени замедляет депрессию профага, возникающую на действие температуры. 
В состоянии „shift d o w n “ чувствительность процесса к h y d ro x y u rea  намного вырази
тельнее.
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BREAKDOWN OF OLIGOSACCHARIDES BY SOME AFERMENTATIVE YEAST
SPECIES

E . K .  N O V Á K , E .  D A R V A S , J .  Z S O L T

РАСЩЕПЛЕНИЕ ОЛИГОСАХАРИДОВ НЕКОТОРЫМИ 
АФЕРМЕНТАТИВНЫМИ ВИДАМИ ДРОЖЖЕЙ

Е ,  К .  Н О В А К ,  Е .  Д А Р В А Ш ,  Й .  Ж О Л Т

Изучалось расщепление мальтозы, сахарозы и раффинозы четырьмя афермента- 
ТИ В Н Ы М И  дрожжами (Buliéra tsugae, Sporobolomyces s in g u la ris , Debaryomyces v in i  и Rho- 
dotorula zsoltii) в случае полных и обработанных ацетоном клеток, а также в случае 
экстрактов, свободных от клеток. У всех четырех видов наблюдали ацетоночувствительное 
расщепление мальтозы. Подобные предполагаемым энзимам встречаются и у большинства 
других дрожжей. Внеклеточный энзим Rhodotorula zso ltii, расщепляющий сахарозу, 
пока только сомнительно может быть принят за инвертазу.

EFFECT OF ENDOTOXIN ON THE SERUM LEVEL OF COMPLEMENT
COMPONENTS

II. EFFECT OF ENDOTOXIN ON DOG SERUM COMPLEMENT LEVEL IN VIVO
AND IN VITRO

G . F Ü S T ,  M . K E R E S Z T E S

ДЕЙСТВИЕ ЭНДОТОКСИНА НА УРОВЕНЬ КОМПОНЕНТОВ СЫВОРОТОЧНОГО
КОМПЛЕМЕНТА

II. ИЗМЕНЕНИЕ ТИТРА КОМПЛЕМЕНТА В СЫВОРОТКЕ СОБАКИ НА 
ДЕЙСТВИЕ ЭНДОТОКСИНА IN VIVO И IN VITRO

Г .  Ф Ю Ш Т ,  м .  к е р е с т е ш

Авторы изучали in  vivo и in  vitro  изменение титра комплемента и его компонентов 
в сыворотке собаки на действие эндотоксина Serratia marcescens, а также занимались 
«естественными» антителами, играющими роль в комплементпонижающем действии 
эндотоксина.

Было установлено, что после внутривенного введения сублетальной дозы эндоток
сина, а также в процессе совместной in vitro инкубации сыворотки собаки и эндотоксина 
общий титр комплемента и титры четырех «классических» факторов комплемента значи
тельно понижаются.

Авторы не нашли взаимосвязи между титром антител к эндотоксину и степенью 
понижения уровня комплемента ни в случае исследования индивидуальных человече
ских сывороток, ни при сравнительном исследовании сывороток разных видов животных. 
Понижение титра комплемента имело место даже и тогда, когда антитела из сыворотки 
полностью удалялись.

На основе опытов и сопоставления с литературными данными представляется ве
роятным, что комплемент-система, активированная эндотоксином, играет роль в пато
механизме эндотоксинного шока. Наблюдаемое понижение уровня комплемента in  vivo 
и in  vitro  возникает не как или не в полной мере как результат реакции антиген-анти
тело.

INVESTIGATIONS ON THE OLIGOSACCHARIDE DECOMPOSITION 
BY ENDOMYCOPSIS WICKERHAMII VAN DER WALT

E .  K . N O V A K , F .  K E V E I ,  B .  O L Á H , J .  Z S O L T

ИЗУЧЕНИЕ РАЗЛОЖЕНИЯ ОЛИГОСАХАРИДА ENDOMYCOPSIS WICKERHAMII
VAN DER WALT

E .  К .  Н О В А К ,  Ф .  К Е В Е И ,  Б .  О Л А Х ,  Й .  Ж О Л Т

В процессе изучения разложения олигосахарида E ndom ycopsis w ickerham ii не 
удалось выделить энзим, разлагающий раффинозу. Энзим, разлагающий сахарозу, не 
относится к типу инвертазы, а похож на тот, который был выделен из других дрожжевых 
грибов. Энзим, разлагающий мальтозу, отличается от того, что. было найдено у других 
дрожжей, так как оказался чувствительным к ацетону.
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OBSERVATIONS ON PRIMARY BACTERIAEMIA
B . R A L O V I C H , L .  E M Ő D Y

НАБЛЮДЕНИЯ, КАСАЮЩИЕСЯ ПЕРВИЧНОЙ БАКТЕРИЕМИИ
Б .  Р А Л О В И Ч ,  Л .  Е М Ё Д И

Авторы заражали перорально мышей вирулентным для последних штаммом Sen- 
teritid is и апатогенным штаммом Е . coli 0111 : В4 : Н2. На основе полученных резуль
татов считают, что первичная бактериемия, наблюдавшаяся при заражениях, проведен
ных per os не в естественной форме, не является следствием активного поступления бак
терий из кишечного тракта в кровяное русло, а сопровождает метод проведения заражения.

NEW OBSERVATIONS ON ORAL VACCINATION AGAINST DYSENTERY
K .  R Á Ü S S , I .  K É T Y I ,  J .  M Á T É ,  P .  K N E F F E L ,  G . A M B Ó , J .  M A R Ó C Z I ,  S . P U S Z T A I ,  I .  J Ó Ó ,

L .  S Z E N D R E I

ДАЛЬНЕЙШИЕ НАБЛЮДЕНИЯ ОТНОСИТЕЛЬНО ИММУНИТЕТА
ПРОТИВ ДИЗЕНТЕРИИ ПОСЛЕ ПЕРОРАЛЬНОЙ ВАКЦИНАЦИИ

К .  Р А У Ш Ш ,  И .  К Е Т Ь И ,  Й .  М А Т Е ,  П .  К Н Е Ф Ф Е Л ,  Г .  А М Б О ,
Й .  М А Р О Ц И ,  Ш .  П У С Т А И ,  И .  Й О О ,  Л .  С Е Н Д Р Е И

(1) Высокий уровень антител (защищающий мышей от заболевания) у взрослых’ 
иммунизированных ранее парэнтерально адсорбированной дизентерийной вакциной, мог 
быть продлен в течение 6 месяцев эксперимента ревакцинацией через рот, если каждую 
неделю или 1 раз в две недели применяли 5-кратное количество антигена по сравнению с 
парэнтеральной дозой (приблизительно 0,5 мг сухого антигена B oiv in  на каждый ком
понент). С точки зрения поддержания иммунитета оральная ревакцинация, проведенная 
с тем же количеством антигена, но при интервалах 3 и 4 недель, оказалась безрезуль
татной.

(2) Дети, иммунизированные адсорбированной вакциной —■ независимо от того, 
два или 1 раз они прививались, — на ревакцинацию реагировали подобно взрослым.

(3) Исходя из наблюдений, для практики можно сделать вывод, что ревакцинации, 
принимая во внимание необходимую осторожность, нужно проводить с интервалом 
10 дней.

(4) У взрослых парэнтеральная иммунизирующая доза с 30-кратным количеством 
(приблизительно 3,0 мг сухого антигена B oivin), введенным в два приема через рот, может 
обеспечить — в отражении антител, защищающих мышей, — надежный иммунитет про
тив дизентерии.

(5) У детей оральная основная иммунизация, проведенная дозами, примененными 
у взрослых, или более высокими, только в меньшей степени повысила уровень титра, 
защищающего мышей, но после ревакцинации наблюдался желаемый подъем титра. 
Объяснение может быть найдено в продленном антигенном раздражении.

(6) В сыворотке орально ревакцинированных независимо от того, парэнтерально 
или орально была проведена основная иммунизация, после окончания курса вакцинации 
высокий титр антител сохранялся, по крайней мере, в течение 2 месяцев, что опять обра
щает внимание на значение продленных небольших антигенных стимулов.

(7) Авторы указали на преимущество антигена Boivin перед корпускулярными 
вакцинами.

SELECTIVE IN VITRO ANTIVIRAL EFFECT ON MYXOVIRUS STRAINS OF 
GUANIDINE DERIVATIVES

L . V Á C Z I ,  O . H A N K O V S Z K Y ,  K .  H I D E G ,  L . G E R G E L Y ,} G Y . H A D H Á Z Y

СЕЛЕКТИВНОЕ АНТИВИРУСНОЕ ДЕЙСТВИЕ ПРОИЗВОДНЫХ ГУАНИДИНА 
НА МИКСОВИРУСНЫЕ ШТАММЫ IN VITRO

Л .  В А Ц И ,  О .  Х А Н К О В С К И ,  К .  Х И Д Е Г ,  Л .  Г Е Р Г Е Й ,  Д Ь .  Х А Д Х А З И

Авторы изучали in vitro, на переживающих кусочках хорионаллантоисной мем
браны, действие гуанидина и 16 его производных, подавляющее размножение штаммов 
гриппа А—О, PR8 и парагриппа —1, Сендай. Была найдена взаимосвязь определенной 
степени между химической структурой соединений и их эффективностью.
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DISTRIBUTION IN THE ORGANS OF 131I-OVALBUMIN ANTIGEN 
IN RAT AND MOUSE ANAPHYLAXIS

В . C S A B A , G . D E S E Ő ,  M . K Ä V A I

РАСПРЕДЕЛЕНИЕ АНТИГЕНА 13,.]-ОВАЛЬБУМИНА В ОРГАНАХ КРЫС 
И МЫШЕЙ ПРИ АНАФИЛАКТИЧЕСКОМ ШОКЕ

Б. ЧАБА, Г. Д ЕШ ЕЁ, М. КАВАИ

(1) У крыс при анафилактическом шоке — на основе выявления распределения 
антигена — большое количество 13Д-овальбумина (ОА) фиксируется в тонком кишеч
нике, легких и сердце; предполагается, что некоторая часть его специфически связывается 
с антителами, имеющимися в этих органах. На основе этого авторы предполагают, что 
наряду с тонким кишечником в патомеханизме анафилактического шока крыс также иг
рают роль легкие и сердце.

(2) У мышей при анафилактическом шоке наибольшая активность m J —ОА может 
быть измерена в легких, вместе с тем, однако, активность антигена тонкого кишечника, 
а также кожи значительно выше, чем в контроле. Таким образом, в патомеханизме анафи
лактического шока мышей значительную роль можно отвести, в первую очередь, легким.

(3) На основе полученных результатов авторы искали и нашли взаимосвязь между 
симптомами анафилаксии у крыс и мышей и локализацией антител в органах. По их 
мнению все симптомы анафилаксии могут быть хорошо объяснены выпадением функции 
органов, пораженных и органически за счёт реакции антиген-антитело.

SOME PROPERTIES OF ALKALINE PHOSPHATASE IN BACILLUS SPECIES
A . D O B O Z Y , H .  H A M M E R

ИЗУЧЕНИЕ НЕКОТОРЫХ СВОЙСТВ ЩЕЛОЧНОЙ ФОСФАТАЗЫ В 
BACILLUS SPECIES

А. ДОВОЗИ, X. ХАММЕР

Щелочная фосфатаза В. anthracis, В . cereus, В . megaterium  и В. subtilis оказалась 
репрессибельным энзимом. Из фосфатаз четырех штаммов энзим В. subtilis репрессиро
вался при самом низком, в то время как энзим В . cereus при самом высоком содержании 
фосфата в питательной среде.

Специфичность к субстратам четырех штаммов, исследовав гидролиз p a ra -  N itro - 
p h en y lfo sfa t-a , /З-G licerofosfat-a , адениловой кислоты, G lucose-1-fosfat-a, G lucose-6-fosfat-a  
и P y ro fo sfa t-a , показывала только небольшую разницу.

Постоянная M ichaelis изученных штаммов находится между 2,8 х Ю ~5 и 4,1 х 
х10  ~ т .

Чувствительность фосфатазы штаммов Bacillus в отношении комплекс-образова- 
телей и температары в случае каждого штамма показывала характерную разницу.

HEART GLYCOSIDES IN POLIOVIRUS HOST CELL INTERACTION 
I. EFFECT OF DIGOXIN AND DIGITOXIN AND THEIR AGLUCONS ON 

ONE STEP GROWTH CURVES
A . K O C H , E .  G Y Ö R G Y

ВЛИЯНИЕ СЕРДЕЧНЫХ ГЛЮКОЗИДОВ НА ВЗАИМОДЕЙСТВИЕ 
ПОЛИОВИРУСА И КЛЕТКИ

I. ДЕЙСТВИЕ ДИГОКСИНА, ДИГИТОКСИНА И ИХ АГЛЮКОНОВ 
НА ОДНОСТУПЕНЧАТУЮ КРИВУЮ РАЗМНОЖЕНИЯ

А. КОХ, Е. Д ЬЁРД Ь

В системе, состоящей из штамма Махони полиовируса 1 типа и клеток- перманент
ной клеточной линии почки обезьяны РМК 111/1, в питательной среде Хэнкса с глюкозой 
наблюдали понижение количества образующегося вируса и вытягивание lag-фазы в при
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сутствии 1СГ6 или 10-7 М /1 дигитоксина, дигоксина и соответствующих аглюконов. Оба 
глюкозида повышали количество образующихся вирионов и сокращали lag-фазу в за
висимости от концентрации, в зоне последней 10“8 и 10~п М /1. Два максимальных и мини
мальных подавления наблюдались при концентрациях 10~6 и 10-8 М /1, а также 1CU7 и 
10-11 М/1. Подавляющее действие дигитоксигенина до концентрации 1СП6-Ю -8 М/1 
имело тенденцию к понижению, при концентрации 1СП9 М/1 и менее никакого эффекта не 
наблюдалось.

HEART GLYCOSIDES IN POLIOVIRUS HOST CELL INTERACTION 
II. EFFECT OF THE TIME OF ADDITION ON STIMULATORY OR INHIBITORY

ACTION
E .  G Y Ö R G Y , A . K O C H

ВЛИЯНИЕ СЕРДЕЧНЫХ ГЛЮКОЗИДОВ НА ВЗАИМОДЕЙСТВИЕ 
ПОЛИОВИРУСА И КЛЕТКИ

И ВЛИЯНИЕ ВРЕМЕНИ ДОЗИРОВКИ НА УСИЛИВАЮЩУЮ ИЛИ 
ПОДАВЛЯЮЩУЮ АКТИВНОСТЬ

Е. Д Ь Ё Р Д Ь ,  а . кох
После адсорбции штамма Махони полиовируса 1 типа к суспензии клеток РМК 

111/1 в различное время были добавлены дигитоксин, дигоксин и их аглюконы в концен
трации 1CU6, 10~8 и 1CU9 М/1. Эффект измерялся начертанием кривой одноступенчатого 
роста. Время прибавления значительно влияло на эффективность как подавления, так и 
усиления. В каждом случае максимальный эффект давало прибавление в 0 время. При 
низкой концентрации добавление через час или позднее уже не оказывало эффекта.

При высоких концентрациях подавляющее действие было тем меньше, чем позже 
происходило добавление. В случае дигитоксигенина, дигоксина и дигоксигенина резкое 
падение эффекта наблюдалось между первым и вторым часом. Кажется, что производные 
дигиталиса подавляют необратимую связь и/или ранний период принятия вириона (эк- 
липе).

INHIBITION OF THE DEVELOPMENT OF PRIMARY ANTITOXIC IMMUNITY 
BY HETEROLOGOUS ANTILYMPHOCYTE SERUM

L . R É T H Y ,  L .  H E G E D Ű S

ПОДАВЛЕНИЕ ОБРАЗОВАНИЯ АНТИТОКСИЧЕСКОГО ИММУНИТЕТА 
ГЕТЕРОЛОГИЧНОЙ АНТИЛИМФОЦИТАРНОЙ СЫВОРОТКОЙ

Л .  Р Е Т И ,  Л .  Х Е Г Е Д Ю Ш

Авторы изучали на мышах, иммунизированных градуированными дозами столб
нячного анатоксина и подвергнутых исследованию на токсинную толерантность, действие 
гетерологичной антилимфоцитарной сыворотки в отношении образования первичного 
иммунитета против активного столбняка. Йо ходу опытов было установлено следующее:

1. Гетерологичная антилимфоцитарная сыворотка (АЛС) эффективно подавляла 
образование первичного иммунитета против столбняка.

2. Иммуносупрессивная обработка, проведенная АЛС, оказалась эффективной в 
ранней стадии первичной иммунизации. Авторы по ходу опытов не нашли разницы в 
действии АЛС независимо от того, проводилась ли иммуносупрессия непосредственно перед 
введением иммунизирующего антигена или сразу же после него.

3. АЛС не оказывала иммуносупрессивного действия в продуктивной фазе анти
токсического иммунитета.

4. Из теорий, объясняющих механизм действия АЛС, полученными результатами 
подтверждаются теории, связанные с явлением «Rlindfolding».

5. При иммуносупрессивном действии АЛС — в экспирементальных условиях— 
удалось исключить возможность «антигенной конкуренции».



THE EFFECT OF BORDETELLA PERTUSSIS VACCINE ON THE HISTAMINE 
METABOLISM OF RAT TISSUES

B . C S A B A , L .  M U S Z B E K , L .  K A S S A I

ЭФФЕКТ ВАКЦИНЫ BORDETELLA PERTUSSIS НА ГИСТАМИНОВЫЙ 
МЕТАБОЛИЗМ ТКАНЕЙ КРЫСЫ 

Б .  Ч А Б А ,  Л ,  М У С Б Е К ,  Л .  К А Ш Ш А И

В ответ на действие вакцины Bordetella pertussis  (БИВ) поднялся уровень гиста
мина в тканях крыс и увеличилось содержание свободного гистамина в моче. Парал
лельно с этими изменениями понижается способность тканей разлагать гистамин. Макси
мум изменений падает на 4 день после введения вакцины. Активность гистидиндекарбок- 
силэзы существенно повысилась только в пилорической части желудка.

Подъем уровня гистамина относят, в первую очередь, за счёт пониженной способ
ности тканей разлагать гистамин. У животных с удаленными надпочечниками БПВ не 
оказывала эффекта, вызвала повышение уровня гистамина или понижение гистамин- 
разлагающей способности тканей. Лечение карткзоном прекращало или значительно по
нижало эффект такого характера коклюшной вакцины. Полученные результаты доказы
вают, что БПВ в первую очередь с вызыванием недостаточности функции надпочечников 
непрямым путем оказывает действие на тканевой метаболизм гистамина.

FATTY ACIDS IN STAPHYLOCOCCUS AUREUS AND ESCHERICHIA COLI
CULTURED IN VIVO

I .  R É D A I ,  A . R É T H Y ,  F .  R O Z G O N Y I

ИССЛЕДОВАНИЕ ЖИРНЫХ КИСЛОТ STAPHYLOCOCCUS AUREUS 
И ESCHERICHIA COLI, КУЛЬТИВИРОВАННЫХ IN VIVO

И .  Р Е Д А И ,  А .  Р Е Т И ,  Ф .  Р О З Г О Н Ь И

1. Распределение клеток эксудата брюшной полости морской свинки зависит от 
вызывающего раздрожителя. После введения 1% туши 94 -96% клеток составляли сег
ментированные лейкоциты, 4—6%-лимфициты. В эксудате, образовавшемся под влиянием 
4% декстрана, пропорция сегментированных лейкоцитов составляла 70—80%, палочко
ядерных лейкоцитов — 14—24%, лимфоцитов — 4—8%. На введение 10% казеина в 
эксудате, кроме указанных выше клеток, в 8—10% встречались клетки, по всей вероят
ности, эпителиального происхождения.

2. Распределение всех жирных кислот в клетках, находимых в брюшно-полостном 
эксудате морской свинки: жирные кислоты с С]2 и более короткой углеродной цепочкой
— 21- 66%, пальмитиновая кислота — 10—23%, стеариновая кислота — 9—28% и насы
щенные жирные кислоты — 8—19%.

3. В случае Staphylococcus aureus, культивированного in  v ivo , 23—42% от общего 
содержания жирных кислот составляют ненасыщенные жирные кислоты. Распределение 
основных жирных кислот: антеизо—С15—10—25%, пальмитиновая кислота — 12- 19%, 
стеариновая кислота — 16—28%, масляная кислота — 12—22%, линоленовая кислота
— 6,1 — 14% и арахиновая кислота — 3—11%.

4. В спектре жирных кислот Е . coli, культивированных in  v ivo , могут быть выяв
лены только следы жирной кислоты, содержащей циклопропановое кольцо. Наиболее 
основные компоненты спектра: пальмитиновая кислота — 24,8%, стеариновая кислота
— 22,2%, масляная кислота — 15,7% и линоленовая кислота — 12,4%.
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EFFECT OF EMETINE ON THE MULTIPLICATION OF PSEUDORABIES 
AND SEMLIKI FOREST VIRUSES AND ON THE INTERFERON PRODUCTION

BY CULTURED CELLS
I .  R O S Z T Ó C Z Y

ЭФ Ф ЕКТ ЭМЕТИНА НА РАЗМНОЖЕНИЕ ВИРУСОВ ПСЕВДОБЕШЕНСТВА И 
ЛЕСА СЕМЛИКИ, А ТАКЖЕ НА ПРОДУКЦИЮ ИНТЕРФЕРОНА КЛЕТКАМИ

ТКАНЕВОЙ КУЛЬТУРЫ
И .  Р О С Т О Ц И

Эметин и 2-дегидроэметин подавляли размножение вирусов псевдобешенства и 
Леса Семлики только в концентрации, подавляющей деление фибробластов куриного 
эмбриона. Наиболее чувствительным к упомянуты,« веществам оказался начальный пе
риод цикла размножения примененных вирусов. Синтез интерферона, индуцированного 
аденовирусом 8 типа в фибробластах куриного эмбриона, подавлялся даже 10-кратным 
разведением концентрации, подавляющей размножение вируса. В низкой концентрации 
эметин понижал действие интерферона. Эметин и 2-дегидроэметин не влияли на пережи- 
ваемость мышей, зараженных вирусом псевдобешенства.

Антивирусный эффект обоих веществ автор объясняет их свойством подавлять 
синтез протеина. По его мнению, клинические результаты, достигнутые с помощью эме
тина в отношении определенных вирусных заболеваний человека, не могут быть связаны 
со свойством этого средства подавлять размножение вируса.

PROPERTIES OF L-SERINE DEAMINASE IN SALMONELLA TYPHIMURIUM
AND BACILLUS CEREUS

I .  R A S K Ó , E .  K E R E K E S ,  L .  A L F Ö L D I

СВОЙСТВА ЭНЗИМА L-СЕРИНА ДЕАМИНАЗЫ У SALMONELLA 
TYPHIMURIUM И У BACILLUS CEREUS

И .  Р А Ш К О ,  Е .  К Е Р Е К Е Ш ,  Л .  А Л Ф Ё Л Д И

Энзим L-серин деаминазы у S. typ h im u r iu m  и у  В . cereus при разведении быстро 
инактивируется. Инактивирование энзима у S . typ h im u r iu m  разведением может быть 
замедленно L-серином, а инактивирование энзима у В . cereus зависит исключительно от 
разведения энзима и едва поддается влиянию L-серина. L-серин деаминаза обеих бактерий 
специфична в отношении L-серина, не разлагает других аминокислот, рН-оптимум 8,5. 
Потребность в кофакторе выявить не удалось. Их способность разложить субстрат отли
чается от простой кинетики типа M icliaelis-M enten. L-цистеин и D-серик подавляют их 
активность компетитивным путем.

HEART GLYCOSIDES IN POLIOVIRUS HOST CELL INTERACTION
III. CHEMICAL STRUCTURE AND ACTIVITY

I
A . K O C H , E .  G Y Ö R G Y

ВЛИЯНИЕ СЕРДЕЧНЫХ ГЛЮКОЗИДОВ НА ВЗАИМОДЕЙСТВИЕ ВИРУСА 
ПОЛИОМИЕЛИТА И КЛЕТКИ

III. ХИМИЧЕСКАЯ СТРУКТУРА И АКТИВНОСТЬ
А .  К О Х ,  Е .  Д Ь Е Р Д Ь

Были изучены следующие химические соединения: дигитоксигенин, дигитоксин, 
ланатозид А, дигоксин, дигоксигенин, ланатозид С и гитоксин. Каждое из этих соединений 
понижало число образующихся вирионов и повышало lag-фазу в концентрации 10_6 М/1. 
Самой высокой абсолютной активностью обладали соединения, располагающие структу
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рой типа дигитоксигенин. При концентрации 10-7 М/1 соединения со структурой дигок- 
сигенина оказались практически неэффективными, тогда как соединения, имеющие струк
туру дигитоксигенина, подавляли. При 10~s М/1 или меньшей концентрации все глюко- 
зиды за исключением гитоксина, э также ланатозид А и С повышали количество вирионов 
и укорачивали lag-фазу. Из аглюконов дигоксигенин во всех исследованных разведениях 
понижал число образующихся вирионов, в то время как дигитоксигенин в концентрации 
КП9 М/1 и меньше не оказывал никакого эффекта.

MICROBIOLOGICAL DECOMPOSITION OF I7a-METHYL-17/J-HYDR0XY 
STEROIDS WITH ANDROSTANE NUCLEUS

K .  G . B Ü K I ,  G . A M B R U S ,  A . S Z A B Ó

МИКРОБИОЛОГИЧЕСКОЕ РАЗЛОЖЕНИЕ 17а-МЕТИЛ-17/9-ГИДРОКСИ 
СТЕРОИДОВ С АНДРОСТАНОВЫМ СКЕЛЕТОМ

К .  Г .  В Ю К И ,  Г .  А М Б Р У Ш ,  А .  С А Б О

Было проведено сравнение способностей двух хорошо известных микроорганизмов 
преобразующих стероиды, Nocardia resirictus (АТСС 14 800) И  M ycobacterium  p h lei, 
метаболизировать стероиды со структурой 17а-метил-17/?-гидрокси и имеющие андро- 
становый скелет. Оба микроорганизма и эту группу химических соединений разрушают 
по способу, известному при распаде 17-кетостероидов. В то время как в случае Nocardia  
restrictus в зависимости от условий можно заменить 9а-гидроксилизацию и Л1-дегидро- 
генизацию, M ycobacterium  phlei раньше вносит всегда Л1-двойную связь. 9а-гидрокси- 
лаза у обоих микроорганизмов может быть подавлена 8-гидроксикинолином. В присут
ствии этого комплексобразующего агента в ферментной жидкости накапливается 17а- 
метил-17/?-гидроксиандроста-1,4 в степени 4-dien-3on из субстратов со структурой 5а- 
насыщенный-3/?-гидрокси, 5а-насыщенный-3-кето, А \ ~ 5а-насыщенный-3-кето, Ш-Э-кето, 
Д5-3/3-гидрокси и Д‘,6-3-кето.

TRANSFORMATION OF 4,5-EPOXYSTEROIDS WITH MYCOBACTERIUM
PHLEI

I. TRANSFORMATION UNDER AEROBIC CONDITIONS
E . T Ö M Ö R K É N Y , К .  A L B R E C H T ,  L .  I L A

ТРАНСФОРМАЦИЯ СТЕРОИДОВ 4,5-EPOXl ПОСРЕДСТВОМ 
MYCOBACTERIUM PHLEI 

1. ТРАНСФОРМАЦИЯ В АЭРОБНЫХ УСЛОВИЯХ
Е .  Т Ё М Ё Р К Е Н Ь ,  К .  А Л Б Р Е Х Т ,  Л .  И Л А

Стероиды 4,5-epoxi, содержащие 17/1-боковую цепочку и имеющие андростановую 
структуру, в аэробных условиях могут быть трансформированы культурой M ycobacterium  
phlei в a n d ro sta -l,4 -d ien -3 ,1 7 -d io n . В качестве промежуточного звена удалось выявить 
androsta-4 -en -3 ,17 -d ion . В процессе трансформации можно было заметить проходящую 
редукцию 3-кетогруппы и дегидрогенизацию — если присутствует — 17/?-гидроксиловой 
группы.

NEW SELECTIVE MEDIUM FOR THE ISOLATION OF CLOSTRIDIUM
PERFRINGENS

M . F Ű Z I ,  Z S . C S U K Á S

НОВАЯ СЕЛЕКТИВНАЯ ПИТАТЕЛЬНАЯ СРЕДА ДЛЯ ВЫДЕЛЕНИЯ ШТАММОВ
CLOSTRIDIUM PERFRINGENS

М .  Ф Ю З И ,  Ж .  Ч У К А Ш

Для селективного культивирования C lostridium  perfringens  с успехом можно 
использовать кровяной агар, содержащий 800)’/мл Д-циклосерин битартарата. На селек
тивной питательной среде штаммы C lostridium  perfringens  размножаются без помех, 
Грам-положительные бактерии не растут на ней, и Грам-отринательные виды также не



14

образуют колоний, за исключением Serratia marcescens. Резистентность Serratia делает 
возможным и использование питательной среды, проводимое по методу Фортнера, для 
выделения Clostridium  perfringens. Селективная питательная среда полностью подавляла 
смешанную, факультативную аэробную флору фекалий и других выделений различных 
животных и человека; рост C lostridium  perfringens  наблюдался в чистом виде.

STUDIES ON SWINE SERUM IMMUNOGLOBULINS 
IL RELATIONSHIP BETWEEN IMMUNOGLOBULINS AND ANTIBODIES

J .  S U R J Á N

ИССЛЕДОВАНИЕ ИММУНГЛОБУЛИНОВ В СЫВОРОТКЕ СВИНЕЙ 
И. ВЗАИМООТНОШЕНИЕ МЕЖДУ ИММУНГЛОБУЛИНАМИ И АНТИТЕЛАМИ

Й .  Ш У Р Ь Я Н

Природа антител ß2M  и ß2A  глобулиновых фракций, считаемых иммунглобулинами, 
была доказана на основе их непосредственной реакции, вызванной их антигенами. Так, 
преципитины сыворотки свиней, хорошо преципитирующие некоторые антигены бакте
риального происхождения, оказались иммунглобулинами IgM и IgA.

Макроглобулин IgM и в процессе образования иммунитета у свиней можно было 
раньше выявить, чем иммунглобулин IgA. Опыты подтвердили, что в определенную стадию 
иммунитета в организме против одного антигена могут и одновременно присутствовать 
два вида антител, специфичность которых одинаковая, однако, их иммунглобулиновые- 
свойства различны.

STUDIES ON PERITONEAL EXUDATE OF ANIMALS EXPERIMENTALLY 
INFECTED WITH TOXOPLASMA GONDII 

II. SUSCEPTIBILITY OF RATS AND CHICKENS
M . A . S A M I R

ИССЛЕДОВАНИЕ ПЕРИТОНЕАЛЬНОГО ЭКССУДАТА ЖИВОТНЫХ, 
ЭКСПЕРИМЕНТАЛЬНО ЗАРАЖЕННЫХ 

TOXOPLASMA GONDII 
И. ЧУВСТВИТЕЛЬНОСТЬ КРЫС И ЦЫПЛЯТ

М . А .  С А М И Р

Цыплятам внутривенно вводили, постепенно увеличивая дезу, перитонеальный 
экссудат мышей, зараженных токсоплазмой. Соответствующие дозы экссудата вызывали 
нарушения со стороны дыхания и нервной системы и даже гибель животных. Крысы 
также оказались чувствительными при внутривенном введении. При внутрибрюшном 
введении экссудат не вызывал никаких симптомов ни у цыплят, ни у крыс.

Замораживание и оттаивание понижали токсичность экссудата для крыс, но не 
снимали её.

COLIÉIN SENSITIVITY AND COLICI NOGEN ITY OF TYPE ()124:K72(B17)
E. COLI STRAINS

K .  C S I S Z Á R

ЧУВСТВИТЕЛЬНОСТЬ К КОЛИЦИНУ И КОЛИЦИНОГЕННОСТЬ 
ШТАММОВ Е. COLI СЕРОТИПА 0124 : К72 (В17)

К .  Ч И С А Р

С точки зрения чувствительности к колицину и колициногенности было изучено 
505 штаммов Е . coli 0124, происходящих из различных областей Венгрии. 54,2% штам
мов оказались колициногенными. В 96% штаммы были чувствительны к 2 (или больше) 
колицинам. На основе исследований удалось отличить 31 тип. Автор считает колициновую 
типизацию полезны,м методом для эпидемиологического анализа штаммов Е . coli 0124.
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ANTIGENIC RELATIONSHIP BETWEEN SHIGELLA SONNEI PHASE II 
AND ENTEROBACTER CLOACAE

B . R A L O V I C H ,  S .  V Ö R Ö S ,  A . V E R T É N Y I

АНТИГЕННАЯ СВЯЗЬ МЕЖДУ 11 ФАЗОЙ SH. SONNEI И ENTEROBACTER CLOACAE
Б .  Р А Л О В И Ч ,  Ш .  В Ё Р Ё Ш ,  А .  В Е Р Т Е Н Ь И

Авторы выделили штамм Enterobacter cloacae, обозначенный как 6302/RB, 
который имеет жгутиковый, поверхностный (L) и соматический (О) антигены. Было 
установлено, что за счёт О-антигена штамма антиген характера «ав-ас» находится в род
ственной связи со И фазой Sh. sonnei. Обсуждаются диагностические проблемы, связан
ные с полученными результатами.

PHAGE AND COLICIN TYPING OF SHIGELLA SONNEI
V . G . L Á S Z L Ó , L .  K E R E K E S

ФАГ- И КОЛИЦИН-ИССЛЕДОВАНИЯ У ШТАММОВ SHIGELLA SONNEI
В .  Г .  Л А С Л О ,  Л. К Е Р Е К Ё Ш

Авторы определили тип фага у 3522 штаммов и на основе колициногенных свойств 
тип кол и цини у 1418 штаммов Shigella sonnei, выделенных из различных районов Вен
грии. Типы, на основе повторных определений in v ivo и in  v itro ,  оказались постоянными. 
Типы по фагу и колицину в течение теста шегеллёзного кератоконъюнктпвпта не изме
нялись.

Наиболее частыми фаговыми типами были 6-ой, 7-ой и 65-ый, наиболее частыми 
типами по колицину — 0-ой, 6-ой и 4-ый.

Некоторые фаговые типы типизацией по колицину могли быть подразделены на 
последующие группы, и, таким образом, авторы нашли приемлемым для эпидемиологиче
ских целей совместное применение обоих методов.

INTERFERON STIMULATION AND OTHER PHENOTYPIC PROPERTIES OF TWO 
VARIANTS OF POLYOMA VIRUS

M . T Á L A S

ИНТЕРФЕРОНСТИМУЛИРУЮЩАЯ СПОСОБНОСТЬ И ДРУГИЕ 
ФЕНОТИПИЧЕСКИЕ СВОЙСТВА ДВУХ ВАРИАНТОВ ВИРУСА ПОЛИОМЫ

М .  Т А Л А Ш

Автором изучались два штамма вируса полиомы (Toronto-26 и SE-55) и было устано
влено, что они отличаются друг от друга не только по их онкогенной активности на ново
рожденных хомячках, но и по другим свойствам, которые можно было наблюдать in  vitro  
в клеточной культуре эмбриона мыши и хомяка.

Вирусный штамм Т—26, обладающий более выраженной онкогенностыо, стиму
лировал в клеточной культуре эмбриона мыши и хомяка более быстрое образование интер
ферона и с более высоким титром, чем штамм SE-55, обладающий низкой онкогенной 
активностью.

В клеточной культуре эмбриона мыши для штамма Т—26 оказался характерным 
более медленный синтез инфекционного вируса и более медленное развитие цитопатиче- 
ского эффекта, а также более высокая гемагглютинирующая активность в противополож
ность таковым штамма SE-55.

Обсуждается значение связи между онкогенной активностью п способностью двух 
вариантов вируса полиомы индуцировать интерферон.
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SEROLOGICAL AND PHAGE TYPING OF PSEUDOMONAS AERUGINOSA 
INVADING A MUNICIPAL WATER SUPPLY

J .  L A N T O S ,  M . K I S S ,  B .  L Á N Y I ,  J .  V Ö L G Y E S I

ИДЕНТИФИКАЦИЯ СЕРО- И ФАГ-ТИПИЗАЦИЕЙ ШТАММОВ
PSEUDOMONAS AERUGINOSA, ВЫРАЩЕННЫХ ИЗ ВОДНОЙ СЕТИ

Й .  Л А Н Т О Ш ,  М .  К И Ш Ш ,  Б .  Л А Н Ь И ,  Й .  В Ё Л Д Ь Е Ш И

Серо- и фаг-типизацией выращенных штаммов было раскрыто происхождение 
массивного загрязнения в 1967—68 гг. Ps. aeruginosa  водной сети в городе Сегед.

В связи с инвазией водной сети были проведены попытки выделения агента; в 34,5% 
водных проб сети и 11,7% водных проб, взятых на территории подозреваемой водной 
станции, удалось выделить штаммы, относящиеся к одной и той же серогруппе (4а, 4с), 
фаговая чувствительность которых также была одинаковой. С удалением источника 
загрязнения прекратилось и загрязнение водной сети с Ps. aeruginosa.

PROPERTIES OF ACETOHYDROXYACID SYNTHETASE IN MYCOBACTERIUM
PELLEGRINO

A . S Z E N T I R M A I ,  I .  H O R V Á T H

СВОЙСТВА СИНТЕТАЗЫ АЦЕ'ГОГИДРОКСИ-КИСЛОТЫ, 
ЭКСТРАГИРОВАННОЙ ИЗ MYCOBACTERIUM PELLEGRINO

А .  С Е Н Т И Р М А И ,  И .  Х О Р В А Т

Свойства синтетазы ацетогидрокси-кислоты, экстрагированной из M ycobacterium  
pellegrino, её потребность в коэнзиме подобны свойствам биосинтетического энзима, эк
страгированного из других бактерий; подавляется валином.

Незначительные воздействия, разведение, pH выше 8,0, высокая (выше 15 мМ) 
концентрация субстрата, температура выше 33° в присутствии субстрата медленно инак
тивируют энзим. Перед инактивацией наблюдается проходящий рост активности, который 
сопровождается понижением чувствительности к валину. Против всех перечисленных 
воздействий валин оказывает защитный эффект.

Кривая насыщения субстрата имеет характер сигмоида, но в области 2—15 мМ 
концентрации субстрата имеет вид гиперболы, а значение Кт  периода, высчитанное на 
основе этой фазы, равно 1,61 мМ. В присутствии валина сигмоидный характер исчезает. 
Кроме валина, и кофакторы стабилизируют энзим.

[INDUCTION AND MULTIPLICATION OF A-PHAGE
IV. THE EFFECT OF PANFURAN

I .  H O R V Á T H , I. O T T ,  I .  G A D Ó

ИНДУКЦИЯ И РАЗМНОЖЕНИЕ /-ФАГА
IV. ДЕЙСТВИЕ ПАНФУРАНА

И .  Х О Р В А Т ,  И .  О Т Т ,  И .  Г А Д О

Панфуран, 3-амино-6(2)5 нитро-2-фурил(винил)1,2,4 триазин НС1, подавляющий 
синтез ДНК, в концентрации 0,03 /tr/мл индуцирует штамм Е . coli К12(А—28) с кинети
кой, подобной таковой у митомицина. Варианты, резистентные к мицину, панфурану и 
гидроксиуреи, с точки зрения фаговой индукции не показывали перекрестной резис- 
тенции.
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B . L Á N Y I
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УТИЛИЗАЦИЯ АМИНОКИСЛОТЫ СЕРОЛОГИЧЕСКИ
СГРУППИРОВАННЫМИ ШТАММАМИ 

PSEUDOMONAS2AERUGINOSA
Б .  Л А Н Ь И

В определенной питательной среде была изучена утилизация аминокислоты 233 
штаммами P s. aeruginosa, относящимися к 23 различным серологическим группам, вы
бранными по частоте серологических групп и происходящими из различных источников.

Спектр аминокислоты P s. aeruginosa  может быть охарактеризован следующим 
образом: Л-аланин 99,6%, гамма-аминомасляная кислота 99,6%, Л-аргинин 99,6%, 
ДЛ-аспарагиновая кислота 99,6%, ДЛ-глютаминовая кислота 99,6%, глицин 99,6%, 
L-гистидин 99,6%, гидрокси-Л-пролин 99,6%, ДЛ-изолейцин 98,3%, ДЛ-лейцин 98,3%, 
Л-лизин 99,6%, ДЛ-орнитин 99,6%, ДЛ-фенилаланин 99,6%, Л-пролин 99,6%, Л-трипто- 
фан 97,4%, Л-тирозин 99,6%, ДЛ-валин 99,6— положительно. Л-цистеин, Л-цистин и 
ДЛ-метионин 100% — отрицательно. Неопределенные и даже для одного и того же штам
ма меняющиеся результаты были получены на питательной среде, содержащей ДЛ-нор- 
лейцин, ДЛ-норвалин, ДЛ-серин и Л-треонин.

По полученным результатам, P s. aeruginosa согласно спектру аминокислоты пред
ставляет собой гомогенный вид.

THE EFFECT OF HYPOTHERMIA ON ALLERGIC-TYPE SKIN REACTIONS
T . S Z I L Á G Y I ,  H .  C S E R N Y Ä N S Z K Y , S . I M R E ,  M . W E N T

ВОЗДЕЙСТВИЕ ГИПОТЕРМИИ НА КОЖНУЮ РЕАКЦИЮ 
АЛЛЕРГИЧЕСКОГО ХАРАКТЕРА

Т .  С И Л А Д Ь И ,  X .  Ч Е Р Н Ь А Н С К И ,  I I I .  И М Р Е ,  М .  В Е Н Т

Авторы вызывали на мышах пассивную кожную анафилаксию и динитрохлорбен- 
золовую гиперчувствительность, а на морских свинках - инвертный пассивный феномен 
Arthus-3. Было установлено, что при вызывании реакции у животных, находящихся в 
охлажденном состоянии, симптомы или вообще не появляются, или они выражены зна
чительно слабее, чем у контрольных животных с нормальной температурой. В статье 
обсуждается патомеханизм кожных реакций и подавляющий эффект гипотермии.

COMPARATIVE STUDIES ON THE TAXONOMIC RELATIONSHIP
BETWEEN MYCOBACTERIUM ABSCESSUS AND MYCOBACTERIUM 

BORSTELENSE. INCIDENCE OF MYCOBACTERIUM ABSCESSUS IN MONKEYS
J .  G . W E I S Z F E I L E R ,  V . K A R A S S E V A , E .  K A R C Z A G

СРАВНИТЕЛЬНОЕ ИССЛЕДОВАНИЕ MYCOBACTERIUM ABSCESSUS 
и MYCOBACTERIUM BORSTELENSE И ИХ ТАКСОНОМИЧЕСКАЯ 
ВЗАИМОСВЯЗЬ. ОБНАРУЖЕНИЕ М. ABSCESSUS В ОБЕЗЬЯНАХ

И .  Г .  В Е И С Ф Е Й Л Е Р ,  В .  К А Р А С Ё В А ,  Е .  К А Р Ц А Г

1. M ycobacterium  abscessus по своим биохимическим и патогенным свойствам, 
а также по антигенной структуре представляет собой хорошо определенный вид, не имеет 
серологического родства с M ycobacterium  fortu itum  и не может рассматриваться как 
подвид последней. На основании серологической группировки микобактерий относятся 
в группу Д.

2. M ycobacterium  abscessus и M ycobacterium  borstelense с Т О Ч К И  зрения И Х  био
химических свойств и антигенной структуры являются идентичными, но отличаются по 
их патогенности для мышей, поэтому они рассматриваются авторами как различные 
виды, но относящиеся в одну серологическую группу.
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3. Штаммы, обозначенные как M ycobacterium  runyon ii, по всем свойствам оказа
лись идентичными с М . abscessus.

4. Два штамма, М4 и M l5, выделенные авторами от обезьян M acaccus rhesus. 
по биохимическим, патогенным свойствам и антигенной структуре оказались идентичными 
с М . abscessus. Штамм Ml 5, введенный в морской свинке, не даёт защитного эффекта против 
турбекулёза, даже сенсибилизирует животное в отношении вирулентного заражения.

INTESTINAL MICROFLORA OF THE LARVAE OF ST. MARK’S FLY
IV. STUDIES ON THE INTESTINAL BACTERIAL FLORA OF A LARVA

POPULATION
I .  S Z A B Ó . M A R I A  M A R T O N  a n d  IL O N A

ИНТЕСТИНАЛЬНАЯ МИКРОФЛОРА ЛАРВ МАРТОВСКОЙ БАРХАТНОЙ 
МУХИ. IV. ОПЫТЫ ПО БАКТЕРИАЛЬНОЙ ФЛОРЕ ПОПУЛЯЦИИ ЛАРВ

И .  С А Б О ,  М .  М А Р Т О Н ,  И .  Б У Т И

В кишечном тракте ларв мартовской бархатной мухи происходит сильная селекция 
бактериальной флоры, накопленной почвой и органическими остатками, поступившими с 
пищей. Абсолютно доминирующий вид бактериальной популяции, представляющий 
более чем 70% интестинальной микрофлоры, был Pseudomonas fluorescens. Наряду 
с этим значительную роль играет Enterobacter aerogenes, встречающийся в почве только 
в следах, далее, неопределенный промежуточный тип из семьи E n te ro b ac te riaceae . 
Некоторые представители почвенной микрофлоры, устойчивые к пассажу в кишечнике 
(B acillus cereus, M ycobacterium  s p . ,  Chromobacterium  s p .  и Д р . ) ,  проходят П О  пищевари
тельному тракту с большей или меньшей редукцией их числа. Другие, в первую очередь 
господствующие представители уровней Ац  и А р  (B a cillu s  subtilis, B acillus sphaericus, 
Alcaligenes faecalis, Achromobacter pestifer , Agrobacterium  radiobacter, R hizobium  s p p . ,  
M icrococcus cryophilus и др.), уже не могут быть обнаружены в средних и конечных 
отделах кишечника, а также в свежих экскрементах. Хотя картина вышеизложенной 
селекции характерна, но не может считаться общей, так как факторы окружающей 
среды (пища ларв, тип почвы и т. д.) в значительной степени влияют на качественный и 
количественный состав доминирующей бактериальной флоры кишечника, что ведет за 
собой и изменения в возможности переживания проходящей микрофлоры почвы.
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