
ACTA
MICROBIOLOGICA

ACADEMIAE SCIENTIARUM  
HUNGARICAE

A D IU V A N T IB U S

I. DÖMÖK, E. FARKAS, J, HORVÁTH, S. KOTLÁN,
R. MANNINGER, I. NÁSZ,A. PELC, K. RAUSS, J. SZIRMAI,

J. WEISSFEILER

R E D I G I T

G. IV Á N O V IC S

TOMUS X I I FA SCICULUS I

AKADÉMIAI KIADÓ, BUDAPEST 
1 9 6 5

ACTA MICROBIOL. ACAD. SCI. HUNG.



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 TA L s B U D A P E S T  Vn A LKOTM ÁNY UTCA 21. 

Főszerkesztő

IY Á N O V IC S G Y Ö R G Y
akadém ikus

Szerkesztő

D Ö M Ö K  IST V Á N
az o rvostud . kand idátusa

Az A cta M icrobiologica  n ém et, ango l, f ra n 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  je len ik  m eg. T ö b b  fü z e t a lk o t 
egy k ö te te t.

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

A cta  M icrobiologica, B udapest, K ele ti P ostahivata l, Posta fiók 64.

U g y anerre  a  c ím re  k ü ld en d ő  m in d e n  szerkesz tőség i levelezés.
Az Acta M icrobiologica  e lőfizetési á r a  k ö te te n k é n t  belfö ldre  80, k ü lfö ld re  110 F t .  

M eg ren d e lh ető  a  b e lfö ld  sz á m á ra  az A k ad ém ia i K ia d ó n á l (B u d a p es t V., A lk o tm á n y  u tc a  21. 
B a n k sz ám la  05-915-111-46), a  kü lfö ld  sz á m á ra  ped ig  a  „ K u ltú ra ”  K ö nyv  és H ír la p  K ü l
k e 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) vagy 
a n n a k  külfö ld i k ép v ise le te in é l és b izo m án y o sa in á l.

D ie  A cta M icrobiologica  verö ffen tlich en  A b h an d lu n g en  au s dem  B ereiche d e r M ikro
b io log ie  in  deu tscher, e n g lisch er, fran zö sisch er u n d  ru ss isch e r Sprache.

D ie  Acta M icrobiologica  erscheinen in  H e fte n  w echselnden  U m fanges. M ehrere  H efte  
b ild e n  einen B and.

D ie  zur V e rö ffen tlich u n g  b estim m ten  M a n u sk rip te  sin d  a n  folgende A dresse  zu  senden: 

Acta  M icrobiologica , B udapest, K e le ti P ostahivata l, Postafiók 64.

A n  die gleiche A n s c h r if t  is t  auch  je d e  fü r  d ie R e d a k tio n  b estim m te  K o rresp o n d en z  
zu  r ic h te n .

A bonnem en tsp re is p ro  B an d : 110 F o r in t .  B e ste llb a r be i dem  B uch- u n d  Z eitungs- 
A u ß en h an d e ls-U n te rn eh m en  »K u ltúra« (B u d a p e s t I . ,  F ő  u tc a  32. B a n k k o n to  N r. 
43-790-057-181) oder be i se in en  A u s la n d sv e rtre tu n g en  u n d  K om m issionären .



ACTA
MICROBIOLOGICA

A C A D E M I A E  SC 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 . P 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 ,  A . P E L C ,  K .  R A U S S ,  J .  S Z I R M A I ,

J .  W E I S S F E I L E R

R E D I G I T

G. IVÁNOVICS

T O M U S  X I I

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

1 9 6 5 / 6 6

ACTA MICROBIOL. ACAD. SCI. H U N G .





T om us X II

Fasciculus 1

G im pl, F . : A ntigenic S tru c tu re  o f S ap ro p h y tic  M y c o b a c te ria .......................................................  1
K erekes, L .:  Salic in -F erm en ting  V a r ia n t  of Shigella f le x n e r i  S ero type  2 a ............................. 7
F arkas, J . ,  K iss , L :  O bserva tions on B iochem ical C hanges in I r ra d ia te d  Spores of B acil

lus c e r e u s ...................................................................................................................................................  15
V audra, F .,  Takáts, A .:  In d u ced  L ysogenesis o f M y c o b a c te ria ..................................................  29
Tóth, M ., Osváth, P . : A denov irus T ype  7 O u tb reak  in a K in d e rg a r te n ...............................  39
Cseri, Z .:  S tud ies on th e  F e rm e n ta tio n  of Stereum  p u rp u re u m ..................................................... 45
Cseri, Z .:  A m ylase A c tiv ity  o f S u bm erged  Stereum p u rp u reu m  C u ltu re s ....................................  49
Cseri, Z . : E ffec t of pH  on th e  G ro w th  in  Subm erged C ulture of some W ood -ro ttin g  F u n g i 55 
Gadó, I . ,  H orváth, I . :  A m ino A cid S en sitiv ity  o f S tra in s  D erived from  Escherichia coli K 12 59
Csiszár, К .,  Ivánovics, G.: T ran sd u c tio n  in B acillus su b tilis ............................................................ 73
Szabó, G., Rózsa, J . :  ß -G alac tosidase  A c tiv ity  o f Saccharomyces fra g ilis . I I .  Mode of A c tion  91 
H orváth, I . ,  Gadó, I .:  Possible C auses o f L eucine In h ib itio n  in  E scherichia coli K 12 Я— 28 103 
Szabó, G., Barabás, Gy., V á ly i-N a g y , T ., M agyar, Z s .:  A New C om ponent from  th e  Cell 

W all of Streptomyces griseus. I. T he Role of S trep to m y cin  in  th e  Life of Streptom yces 
griseus  ........................................................................................................................................................  109

Fascicu lus 2

Váczi, L . ,  Gönczöl, E ., Lehel, F .,  Gêder, L .:  Iso la tio n  of C ytom egalov irus an d  Incidence  of
C om plem ent-F ix ing  A n tib o d ie s  ag a in st C ytom egalov irus in D ifferen t A ge-G roups 115 

Jancsó, A .,  S im on, M . : A etio logy  o f K e ra to c o n ju n c tiv itis  in  E p idem ic  an d  N on-epidem ic
P e r io d s ........................................................................................................................................................  123

K ende, E .,  Balló, T ., Ferenczi, E . : A N ew  P hage T y p e o f  Staphylococcus aureus A ssocia ted
w ith  an  O u tb reak  of P e m p h ig o id ....................................................................................................  131

Galgóczy, J .  : The O ccurrence o f M icrosporon cookei in  H u n g a ry ..................................................  141
H orváth, E .,  Iladházy , G.: E ffec t o f H eparin  on th e  G row th  of th e  H erpes G roup of V iruses 145 
Galgóczy, J . ,  N ovák, E . K .:  Rhodotorula zsoltii n . sp. a new  Species o f Y easts an d  some

N otes on th e  T ax o n o m y  of th e  Genus R h o d o to ru la ........................................   151
B öszörm ényi, J .:  A n tis trep to k in ase  T itre  in H e a lth y  A d u lts .............................................................  157
B öszörm ényi, J .,  B aranyai, P .:  C om parison of A n tis trep to k in ase  an d  A n tis trep to ly s in  О

T itre  in H osp ita lized  C h ild re n ...........................................................................................................  163
Fodor, M ., Tóth, В . : S tudies on Staphylococcus aureus L  Form s B locked  a t  D ifferen t S tages

of Cell W all S y n th e s is ............................................................................................................................  173
N êm edi, L .:  S tud ies of th e  A erobic  E n te ric  F lo ra  o f In f a n ts ............................................................ 181
Tóth, M ., M ajor, V .: V iro logical In v estig a tio n  of H osp ita lized  Cases o f Pseudocroup  and

A cute  L a ry n g o tra c h e o b ro n c h itis ....................................................................................................  189
H orváth, L . B .:  Incidence o f SV-40 V irus N eu tra liz in g  A ntibodies in  Sera of L ab o ra to ry

W o r k e r s ......................................................................................................................................................  201

Acta Microbiologica Academiae Scientiarum Hungaricae 12, 1965/66



Fasc icu lus 3

Jancsó , A .:  H aem a g g lu tin a tio n -In h ib itin g  A n tib o d ies  to  A denov irus T ypes 8, 9 an d  10 in
P a ired  Sera  of P a tie n ts  w itb  E pidem ic K e ra to c o n ju n c tiv i t is .............................................. 207

Pácsa, S ., H ankovszky, O., H ideg, К .:  A n tiv ira l A c tiv ity  o f Two A m in o -E th y l-G u an id in e
a n d  A n E ugenol D e riv a tiv e s  .........................................................................................................  215

K ovács, E ., K ó ka i, К .,  M azareán , H . H .:  U n te rsu ch u n g  der K a ta la se a k tiv itä tsä n d e ru n g
von  F u c id in -re sis ten ten  S taphylococcus a u reu s  K u ltu ren  ..................................................... 223

H attya sy , D ., Szabó, I . ,  Za lay , L . ,  B arankay, T . : B a c te r io s ta tic  E ffec t o f Saliva of C hildren
w ith  an d  w ith o u t C a rie s ........................................................................................................................ 229

Tuboly, S .:  S tud ies on th e  A n tig en ic  S tru c tu re  o f M y co bacteria . I. C om parison of th e  A n ti
genic S tru c tu re  o f P a th o g en ic  an d  S a p ro p h itic  M y c o b a c te r ia ...........................................  233

L a p is , K .  : E lectronm icroscop ic  E x am in a tio n  of K B  Cell C ultures In fec ted  w ith  A d en o 
v iru s  T ype 12   241

D eák, Z s .:  Phage-T yp ing  of Escherichia coli 0124 : K72 (B17) by  th e  E x am in a tio n  of Lyso-
g en ic ity  ........................................................................................................................................................ 261

N ovák, E . K .,  K eve i, F ., Oláh, В .,  Zsolt, J . :  In v e s tig a tio n s  in to  th e  O ligosaccharide D ecom 
p o sitio n  by  Candida b ru m lii (L angeron  e t  G u erra) L angeron  e t  G uerra  and  Procan-
dida grubyi N ov ák  e t  V ité z ..................................................................................................................  269

K arassova, V ., W eissfeiler, J . ,  K ra szn a y , E .:  O ccurrence of A ty p ica l M ycobacteria  in  M a-
cacus r h e s u s ............................................................................................................................................... 275

Serény, В .:  B reakdow n of A m ino Acids by  E n te ro b ac te riac e ae , IV . G lycine D ecom posi
tio n  T est .......................    283

R om váry, J . ,  Taká tsy , Gy., F a rka s, E .:  Serological E v id en ce  of th e  In c idence  of In fluenza
E q u in e  А- l  V irus In fec tio n s  am ong H orses in  H u n g a r y ......................................................  289

P rop o sa ls  an d  R eco m m en d a tio n s o f th e  P rov isional C om m itte  for N om en cla tu re  o f V i
ru se s (P . C. N. V . ) ................................................................................................................................... 295

Fasciculus 4

K éty i, Vertényi, A .:  E pisom ic A n tib io tic  R esistance  A m ong Shigella S tra in s  Iso la ted  in
H u n g a ry  ....................................................................................................................................................  305

Váczi, L .,  R édai, I . ,  R éthy, A .,  K is s , M . J .:  S tud ies o f th e  R e la tio n sh ip  betw een  L ip id
C o n stitu en ts  an d  B iological P ro p e rtie s  of P ro te u s  B a c te r ia ...............................................  319

B éládi, I . ,  P u sz ta i,R ., B a ka i, M ., M u csi, I .:  E ffec t o f T an n ic  A cid o n  D iffe ren t V iru se s . . 327 
Ferenczy, L .,  Zsolt, J . ,  H áznagy, A . ,  Tóth, L ., Szendrei, K .:  The A n tifu n g a l C om pounds of 

C ynanchum  vincetoxicum  (L .) Pers. I. The Q u a n tita tiv e  A n tifu n g al S p ectrum  of
S u b stan ce  C -l ........................................................................................................................................ 337

Váczi, L . ,  H orváth, E ., H adházy, G y.: S tud ies on th e  C onditions o f In te rfe ro n  P ro d u c tio n
b y  Cells In fec ted  w ith  H e rp esv iru se s ..........................................................................................  345

N agylucskay, S ., Sujbert, L .,  Szél, G y., Tapfer, D ., Vedres, I . :  A n im al E x p erim en ts  Con
cern ing  th e  A etio logy of V ira l H e p a ti t is ..........................................................................................  351

Baló, J . ,  K endrey, G., Sellyéi, M ., B a jta i, A .:  H isto patho log ica l F ind ings in  A nim al E x p e 
rim e n ts  on th e  A etio logy of V ira l H e p a ti t is ...............................................................................  357

Gadó, I . ,  Savtchenko, G., H orváth, I . :  A gar-diffusion M ethod  for th e  Screening of A n tican 
cer S u b stances b y  P hage  I n d u c tio n .................................................................................................  363

Kerekes, L .:  Shigella f le x n e r i  S e ro v a ria n ts  C ontaining C om binations of T ype  A n tig en s . . . . 367 
R auss, K .,  K é ty i, I . :  Im m uno log ica l S tud ies on Shigellosis b y  th e  M ouse M odel T echnique.

I. A n tiin fective  Im m u n ity  o f A ctive ly  Im m unized  M ice .......................................................  377
R auss, K . ,  K é ty i, I. : Im m uno log ica l S tud ies on Shigellosis b y  th e  M ouse M odel T echnique.

I I .  A n tiin fectiv e  Im m u n ity  o f Passive ly  Im m u n ized  M ice..................................................  387
Szen tirm ai, A .:  P ro p ertie s  of P en icillin  A cylase Iso la ted  from  Escherichia c o li ........................ 395

Acta Microbiolog ica Academiae Scienliarum Hungaricae 12, 1965/66



ANTIGENIC STRUCTURE OF SAPROPHYTIC 
MA'COR ACTE RIA

B y

1 F .  G i m p l

D epartm ent o f  P ulm onary  Diseases (D irector : G. M is k o v it s J ,  U niversity  M edical School,
B udapest

(R eceived Ju n e  17, 1964)

Sum m ary . S a p ro p h y tic  m y co b acte ria  h av e  been  d iv ided  in to  th ree  sero logical groups on 
th e  b asis o f im m une-d iffusion  and  im inu n e-e lec tro p h o re tic  b eh av io u r. M . sm egm atis , M .fr ib u r -  

nsis an d  M . butyricum  fell in to  group I, M . p h le i  in to  group  II  an d  M . pellegrino  in to  group III . 
S ap ro p h v tic  m y co b acte ria  d iffered in an tig en ic  s tru c tu re  from  M . tuberculosis an d  tw o a ty p ica l 
s tra in s . S ap ro p h y tic  s tra in s  can  be id en tified  an d  classified, and  be d istin g u ish ed  from  M . tuber- 
culosis b y  im m une diffusion  and  im m une e lectrophoresis.

In  v iew  of th e  increasing  n u m b e r of “ an o n y m o u s”  ac id -fa s t bac te ria  
described  in th e  lite ra tu re , it  seem ed desirab le  to  ca rry  ou t fu r th e r  stud ies on 
th e  c lassification  of th ese  organism s. In  ad d itio n  to  th e  classical m orphological, 
b iochem ical and  p h ag e-ty p in g  m e th o d s , im m une diffusion  an d  im m une 
electrophoresis m ay  be of assistance  in  th e  c lassifica tion  of m y cobac te ria . 
I t  has been  show n th a t  w hen s ta n d a rd  ex p erim en ta l cond itions an d  im m une 
sera  are  used, th e  re su lts  are co m p arab le  w ith  those  of o th e r  m ethods and 
yield  an  im m unolog ical basis for c lassifica tion  purposes [1 8].

T hese o b serv a tio n s and  th e  g rea t n u m b er of unclassified  ac id -fast b ac te 
ria  occu rring  in  p u re  or m ixed [9] cu ltu re  in pa th o lo g ica l m a te ria ls , have 
m ade us to  com pare serologically  som e sap ro p h y tic  m y co b ac te ria , M . tuber
culosis an d  tw o  a ty p ic a l s tra in s p resu m ab ly  associa ted  w ith  h u m a n  disease
[10, П ].

Materials and methods

M ycobacterial stra ins. M . smegmatis (B u d a p es t) , M . sm egm atis (L au san n e ), M . smegmatis 
(U. S. A .), M . butyricum  (B u d ap es t), M . fribu rg en sis  (B u d ap est), M . p h lei (B u d ap es t) , M . phlei 
(L au san n e), M . pellegrino  (B u d ap es t), H 37 R v  (B erlin ), a ty p ica l s tra in s  232 ( M . ka n sa sii)  and  
918 (L au san n e).

P reparation o f im m u n e  sera. T en -d ay  S a u to n  cu ltu res o f M . sm egm atis  (L ausanne), M . 
butyricum  (B u d ap es t)  and M . p h le i (L au san n e) were tre a te d  w ith  1 per cen t p h en o l for 12 hours 
a t  37°C. T he sam e tr e a tm e n t  w ith  2 per cen t p h eno l was app lied  for s tra in s  H  37 R v  and  232. 
The suspensions were th e n  filte red , w ashed in s te rile  d istilled  w a te r  an d  d ried  a t  4°C in the  
ex siccato r. The d ry  b a c te ria  were suspended  in a s te rile  m ix tu re  co n ta in in g  85 pe r cent B ayol 
5 p a ra ffin  oil an d  15 pe r cen t A rlacel A , to  give fin a l co n cen tra tio n s o f 100 m g/nd . R ab b its  
w eighing 2200 to  2800 g w ere im m unized  su b cu tan eo u sly  w ith  1 m l w eekly  doses for 6 to  8 
w eeks. B efore in jec tin g  th e  suspension, i t  w as m ixed  w ith  an  eq u al vo lum e of saline. The 
an im als w ere ex sa n g u in a te d  10 to 14 days a f te r  th e  la s t in jec tio n . T he sera w ere passed  th ro u g h  
Seitz E K  filte rs  an d  s to red  a t  —10°C.

P reparation o f  antigens. S ap ro p h y tic  s tra in s  were grow n for 3 w eeks, h u m an  an d  a ty p ica l 
s tra in s  for 6 w eeks, in S au to n  m edium . A fte r f i ltra tio n  in B ü ch n er fun n e ls , th e  cu ltu re  was

1 Acta microbiol. Acad. Sei. hung. X I I ,  1965



2 F. GIMPL

cen trifu g ed  for 30 m in u te s  a t  6000 r .p .m . T he su p e rn a ta n t w as passed  th ro u g h  G 5 glass f i lte r ,  
d ia ly sed  against d is tilled  w a ter a t 4°C for 24 hours, th en  c o n ce n tra ted  to  1/30 of th e  o rig ina l 
vo lu m e under red u ced  pressu re  a t  40°C. S tan d ard iza tio n  w as pe rfo rm ed  b y  add ing  0.9 p e r 
c en t NaCl solution u n t i l  th e  in te n s ity  o f  th e  b iu re t colour re ac tio n  co rresponded  to  th a t  given 
b y  a 30 m g/m l bovine  a lb u m in  so lu tion .

Imm unological methods. (1) Im m u n e  d iffu sion  as desc rib ed  by  O u c h t e r l o n y  [12]: 
55°C agar p repared  w ith  p H  7.4 veronal sodium  buffer was p o u red  in to  P e tr i  d ishes, th e n  wells 
w ere p repared  an d  filled  w ith  u n d ilu te d  im m une serum  a n d  v a rio u s  d ilu tio n s o f th e  an tigen  
T h e  p la tes were in c u b a te d  in  a w et ch am b er a t  26°C for 5 d ay s, th en  w ashed w ith  saline, fixed  
w ith  2 per cent ace tic  ac id , d ried  an d  s ta in e d  w ith  azocarm ine B.

(2) Im m u n e  electrophoresis as described  by  G r a b a r  a n d  BURTIN [13]: 55°C agar p re 
p a re d  w ith  pH  8.2 v e ro n a l sodium  b u ffer w as poured  in to  12 X 12 cm  glass p la tes , th en  wells 
w ere p repared  and  filled  w ith  the  a n tig en  m ixed p rev iously  w ith  b u ffered  agar. E lectro p h o resis 
w as carried  ou t by  use  o f  in te rp o sed  Seitz  K 5 and W h a tm an  No. 1 p ap ers  w ith  pH  8.2, ion ic  
s tre n g th  0.1 v e ro n al sod ium  buffer, a t  3 V /cm  p o ten tia l d ro p  fo r 4 h ours. A fter e lectrophoresis 
o th e r  wells were p re p a re d  and  filled w ith  u n d ilu ted  im m une serum . T he p la tes  were th en  in cu 
b a te d  in a wet ch am b er fo r 3 days a t  26°C, w ashed w ith  saline, f ix ed  w ith  a so lu tion  co n ta in in g  
50 pe r cent e th an o l a n d  2 per cen t ace tic  acid  and fina lly  s ta in e d  w ith  am idoschw arz  10 В an d  
azocarm ine В m ix tu re  (0.1 g am idoschw arz  10 B ; 0.1 g azocarm ine  B ; 45 m l 12 per cen t ace tic  
ac id ; 45 ml 1.6 pe r c e n t sodium  a ce ta te , 10 m l glycerol). P a ra lle l w ith  im m une e lectrophoresis 
a g a r  gel e lectrophoresis w as carried  o u t b y  th e  m ethod  of U r ie l  a n d  G r a b a r  [14]. A fter th e  
e lectrophoresis, p ro te in s  an d  lip ids w ere s ta ined  w ith  am idoschw arz  10 В an d  Sudan IV , 
resp ec tive ly . S c h if f ’s perio d ic  acid re ac tio n  was also carried  ou t.

(3) Absorption experim ents. To 1 m l of im m une serum  1 m l of he tero logous an tigen  w as 
a d d ed . The m ix tu re  w as le ft to s ta n d  a t  4°C o v e rn igh t, th e n  cen trifu g ed  fo r 30 m inu tes a t 
7000 r.p .m . The s u p e rn a ta n t  was used  as an  absorbed  serum .

Results

E xam ina tion  o f  im m une sera in  homologous im m une  precip ita tion  system s . 
C oncen tra ted  f i l t r a te s  of m y co b ac te ria l cu ltu res w ere exam ined  w ith  th e  
hom ologous sera . W ith  an ti-sm eg m atis  serum  13 an tig en  com ponen ts w ere 
revealed  in each M . smegmatis s tra in . The m a jo rity  of com ponen ts m ig ra ted  
to w ard s  the anode in  ch a rac te ris tic  groups, som etim es in an  a lm ost p e rfec tly

F ig . 1. Im m une e lectro p h o resis of M . sm egm atis (L ausanne) a n tig en  (well A) vs. an ti-sm eg m atis
serum  (wells 1,2)

F ig . 2. Im m une e lectrophoresis of M . phlei (L ausanne) a n tig en  (well A)
serum  (wells 1,2)

an ti-ph le i
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ANTIGENIC STRUCTURE OF SAPROPHYTIC MYCOBACTERIA 3

unchanged position . Tw o com ponents m ig ra ted  to w ard s th e  ca thode (Fig. 1). 
W ith  th e  hom ologous im m une  sera in  M . phlei 11 (Fig. 2), in  M . butyricum  10 
an tigen  com ponen ts w ere show n. W ith  th e  excep tion  o f one com ponent in

F ig. 3. Im m une e lectrophoresis o f a ty p ica l s tra in  232 an tig en  (well A) vs. anti-232 serum
(wells 1,2)

Fig. 4. A gar gel e lectrophoresis o f M . smegmatis an tigen . Schiff’s periodic  acid sta in ing

Fig. 5. Im m une-d iffusion  p a tte rn  of M . ph lei, M . sm egm atis and  M . pellegrino  an tigens vs.
an ti-ph lei se rum

each of th e  la t te r  s tra in s , these  com ponen ts m ig ra ted  to w ard s th e  anode. 
In  each of s tra in s H  37 R v  an d  232, 10 com ponen ts w ere fo u n d ; these  s tra in s 
co n ta ined  m ore positiv e ly  charged  com ponen ts th a n  sap ro h y tic  m ycobacteria  
(F ig. 3). The cu ltu res show ed an  o p tim um  p ro te in  s ta in in g  corresponding tu  
th e  an tigenic  groups. W ith  S u d an  IV, s tra in s  H  37 R v  an d  th e  a ty p ica l s tra in s
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show ed an  op tim u m  sta in in g  in th e  w ells. In  antigenic e x tra c ts  p repared  from  
sap ro p h y tic  m y co b ac te ria  no such  s ta in in g  лгав observed . W ith S c h i f f ’s 
re a c tio n  h u m an  an d  a ty p ica l s tra in s  w ere characterized  b y  one op tim u m  in  
th e  well and a n o th e r in th e  d irec tion  o f th e  cathode. In  sap ro h y tic  organism s

Fig. 6. Im m une-d iffusion  p a tte rn  of M . sm egm atis, M . friburgensis  a n d  H  37 R v  an tig en s ns.
an ti-sm eg m atis  serum

F ig. 7. Im m une e lectrophoresis of M . bu tyricum  (well A) and  V/. ph le i  (well B) an tig en s vs. 
a n tib u ty r ic u m  (wells 1,2) an d  an ti-phlei (well 3) sera

on ly  one  ScH iF F-posit ive  o p t im u m  m ig r a t in g  to w a rd s  t h e  c a th o d e  w as  r e v e a le d .  
T h e  on ly  e x c e p t io n  w as  M . phlei, w h ic h  co n ta in e d  no S cH iF F-posit ive  c o m p o 
n e n t  (F ig .  4).

E xam ination  o f  im m une sera in  heterologous im m une precipitation system s. 
C om parison of th e  an tigen ic  s tru c tu re  of sap ro p h y tic  m yco b ac te ria  and  
d em o n stra tio n  o f com m on an tigens w ere carried o u t in  several ex p erim en ts . 
F o r im m une diffusion  and  im m u n e  electrophoresis, an tigens p rep a red  a t
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ANTIGENIC STRUCTURE OF SAPROPHYTIC MYCOBACTERIA 5

d ifferen t tim es were em ployed . In  order to  assure an  o p tim a l reaction  fo r 
every  an tig en  com ponen t, th e  an tigens and  sera  w ere te s te d  a t  various concen
tra tio n s . I t  w as show n ih a t  M . smegmatis s tra in s  were an tigen ica lly  iden tica l. 
This species shared  11 and 10 com m on an tig en  com ponen ts w ith  M . friburgensis  
and  M . butyricum , re spec tive ly . The com m on com ponents w ere iden tica l as to  
serological beh av io u r an d  e lec trophoretic  m o b ility . As be tw een  M . smegmatis 
and  M . friburgensis  or M . butyricum  a s ligh t serological d ifference was no ted , 
serum  an ti-sm eg m atis  was absorbed  w ith  M . friburgensis  an d  M . butyricum .

Fig. 8. Im m une-d iffusion  p a tte rn  o f an tigens p rep ared  from  M . phlei an d  a ty p ica l stra in s , vs.
an ti-ph lei serum

Since these  experim en ts did no t confirm  th e  supposed  difference, these species 
were included  in  one im m unological group . In  an tigen ic  s tru c tu re  our 2 M . 
phlei s tra in s  w ere id en tica l, b u t differed considerab ly  from  th e  fo rm er cu ltu res. 
M . phlei w as there fo re  reg a rd ed  as com prising  a sep a ra te  serological group. 
O ur M . pellegrino  s tra in  shared  only one an tig en  com ponen t w ith  o ther m yco
b ac te ria . T his fac to r co rresponded  to  th e  com ponen t com m on to s tra in  
H  37 R v  an d  sap ro p h y tic  cu ltu res  (Figs. 5, 6, 7).

A ntigen ic  difference among saprophytic, M . tuberculosis and atypical 
strains. E x am in a tio n  in  hetero logous im m une  p rec ip ita tio n  system s showed 
th a t  M . tuberculosis and  th e  a ty p ica l s tra in s  differed  p rin c ip a lly  in  antigenic 
s tru c tu re  from  sap ro h y tic  cu ltu res . Some com m on an tig en s, how ever, were 
d em o n stra ted  (Fig. 8.).

Discussion

Large doses of sap ro p h y tic  m ycobac te ria  given w ith  incom plete  F reu n d  
a d ju v a n t p roduce  b road  p rec ip itin  spec tru m  im m une sera. In  the  p resen t 
experim en ts d ialysed  and  co n cen tra ted  f i l tra te s  of m y co b ac te ria l cultures 
were applied  as an tigen  e x tra c ts . In  th e  p rep a ra tio n s  a t  le a s t 10 d ifferen t
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com ponen ts were p resen t. On th e  basis o f serological id e n tity  and  e lec tro p h o 
re tic  m ob ility  of th e ir  co m ponen t, ssap ro p h y tic  m yco b ac te ria  were d iv ided  
in to  3 serological g roups: I ,  M . sm egm atis , M . friburgensis  and  M . butyricum ; 
I I ,  M . phlei; I I I ,  M . pellegrino. C om m on an tig en  com ponen ts revealed  in  th e  
3 groups were id en tica l as to  serological b eh av io u r an d  e lec trophore tic  m o b ility . 
M . tuberculosis and  th e  2 a ty p ica l s tra in s  differed considerab ly  from  sa p ro 
p h y tic  m y cobac te ria , a lth o u g h  som e com m on com ponen ts were p resen t in  all 
o f  these  organism s. A bso rp tio n  ex p erim en ts  revealed  no difference am ong 
v a rious s tra in s  an d  su b s tra in s  o f species belonging to  g roup  I . The 2 M . phlei 
s tra in s  falling  in to  group  I I  w ere id en tica l in  an tigen ic  s tru c tu re . F ro m  th e  
re su lts  it  m ay  be concluded  th a t  sap ro p h y tic  m yco b ac te ria  can be id en tified  
a n d  classified by im m une-d iffusion  and  im m une-electrophoresis and be d iffe r
e n tia te d  from  M . tuberculosis and  a ty p ic a l s tra ins.

L IT E R A T U R E

1. P a r l e t t , R . C., Y o u m a n s , G. P .: A m er. R ev. T uberc . 73, 637 (1956).
2. P a r let t , R . C., Y o u m a n s , G. P .: A m er. R ev . T uberc . 77, 450 (1958).
3. L i n d , A.: In t .  A rch. A llergy 14, 264 (1959).
4. L in d , A.: In t .  A rch. A llergy 17, 300 (I960).
5. S o u r e k , J . ,  S i r , Z.: £s. E p idem . 8, 33 (1959).
6 . G im p l , F ., W e i s s f e il e r , J . :  A cta  m icrobiol. A cad. Sei. hung . 9, 175 (1962).
7. Ca steln u o v o , G ., Ga u d ia n o , A ., M o r e l l in i, M., P en so , G ., P o lizzi-Sc ia r r o n e : A nn.

1st. F o rlan in i 19, 1 (1959).
8. Ca steln u o v o , G., Ga u d ia n o , A ., Mo r e l l in i, M., P en so , G ., R o ss i, G.: R . C. 1st. sup .

sa n ità  23, 1222 (1960).
9. S z a b ó , I .,  V a n d r a , E .: R ev. Im m u n o l. (P a ris )  25, 172 (1962).

10. P o l l a k , A ., B u h l e r , Y. B .: A m er. R ev . T u berc . 71, 74 (1955).
11. W o od , L. E ., B u h l e r , V. B ., P o lla k , A .: A m er. Rev. T uberc . 73, 917 (1956).
12. O u c h t e r l o n y , Ö.: P rogr. A llergy 5, 1 (1958).
13. G r a b a r , P ., B u r t in , P .: L ’A nalyse  Im m u n o -e lec tro p h o ré tiq u e , M asson, P a r is  1960.
14. U r ie l , J . ,  G r a b a r , P .: A nn. In s t .  P a s te u r  90, 427 (1956).

Address of the author:
F e r e n c  G im p l ,
Department of Pulmonary Diseases, University Medical School, 
Diósárok u. 1., Budapest XII., Hungary

Acta microbiol. Acad. Sei. hung. X I I ,  1965



SALICIN-FERMENTING VARIANT OF SHIGELLA 
FLEXNERI SEROTYPE 2a

B y
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(R eceived S e p tem b e r  18, 1964)

Sum m ary. P a ra lle l subcu ltu res  of an  o rg a n ism  an tigen ically  id e n tic a l w ith  Sh. fle x n er i  
2a  y ielded  so rb ito l-positive  Sh. fle xn eri 2a v a r ia n ts ,  rh am n o se  positive  cu ltu re s  an d  salicin-fer- 
m en tin g  Shigella-coli in te rm e d ia ry  stra in s . T h e  s tra in  iso lated  from  a p a tie n t  w ith  clinical 
sy m p to m s of d y sen te ry , caused  k e ra to co n ju n c tiv itis  shigellosa in th e  gu in ea  pig.

In  t he D y sen te ry  L ab o ra to ry  o f ou r in s t i tu te  some qu ick -so rb ito l-fe rm en t- 
in g  Shigella fle xn er i  2a cu ltu res w ere iso la te d  from  rou tin e  m a te ria l. The f irs t, 
non-se lec ted  su b cu ltu res  of these s tra in s  fe rm en ted  rh am n o se  ra p id ly  or 
slow ly  in  0.5 —100 p e r  cen t. Some su b c u ltu re s  of stra in s 215 an d  295, w hich 
h a d  been  iso lated  on d ifferen t occasions fro m  th e  sam e p a tie n t  also ferm ented  
sa lic in . As accord ing  to  th e  decision of th e  In te rn a tio n a l E n te ro b ac te riaceae  S u b 
co m m ittee , salic in -ferm enting  organism s shou ld  be excluded from  th e  Shigella 
g ro u p , an d  to  our know ledge no such S h . fle x n e r i  s tra in s h a v e  been  described, 
i t  seem ed desirable to  perform  d e ta iled  s tu d ie s  on th e  tax o n o m ic  position  of 
o u r cu ltu res.

Materials and methods

G enerally  th e  m eth o d s recom m ended  b y  th e  In ternational Enterobacteriaceae Subcom 
mittee  [1], E d w ards an d  E w in g  [2], K a u ffm a n n  [3] a n d  R auss [4] w ere u sed . M ost o f these  
m e th o d s  are  ro u tin e ly  em ployed  in  our la b o ra to ry  [5 — 7].

Colonial morphology w as exam ined in  th e  u su a l m an n er a t  re flec ted  lig h t an d  also a t  
t r a n s m it te d  oblique a rtif ic ia l illum ination  [8].

Biochem ical reactions. F e rm en ta tio n  of sa lic in  w as te s te d  b y  use o f v a rio u s com m ercial 
a n d  one recry sta llized  p re p a ra tio n . P u rity  o f th e  la t te r  su b stan ce  was checked  b y  m elting  p o in t 
d e te rm in a tio n . Salicin w as dissolved a t  0.5 pe r c e n t co n cen tra tio n  in  p e p to n e  w a te r  co n ta in ing  
b ro m creso l pu rp le  in d ic a to r or in  K a u f f m a n n ’s p e p to n e  w a ter. F e rm en ta tio n  w as ex am ined  a t  
le a s t in  100 paralle l tu b es  a t  37°C. O bserv a tio n  la s te d  fo r 30 days or u n t i l  ac id  re ac tio n  h a d  
a p p ea red . In  ad d itio n  to  lac to se , b e ta -g a lac to sid ase  a c t iv ity  was te s te d  w ith  o -n itropheny l- 
b e ta -D -g a lac to s id e  (O N PG ) [9 — 12].

Serological exam inations. E . coli 0 1 3  a n d  A lkalescens-D ispar s tra in s  w ere supp lied  b y  
th e  C u ltu re  Collection C entre  o f our in s titu te , w h ich  o b ta in e d  the  fo rm er s tra in  from  th e  S ta te  
S eru m  In s t i tu te ,  C openhagen, and  th e  la t te r  c u ltu re s  from  th e  P ub lic  H e a lth  L ab o ra to ry  
Service , L ondon . R a b b it  im m u n e  sera were p re p a re d  in  o u r lab o ra to ry .

Testing o f virulence w as perform ed by  c o n ju n c tiv a l in fec tion  of gu inea  pigs [13]. P u r i ty  
of th e  cu ltu res  was en su red  b y  several passages on  c u ltu re  m edia , or, in  case o f  v iru le n t s tra in  
215, also b y  serial in o cu la tio n  in to  the  eyes o f g u in ea  pigs.
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Results

In  colonial m orph o lo g y  th e  tw o s tra in s  resem bled  sh igellae . W hen  sub- 
cu ltu red  on y eas t e x tra c t  agar a fte r  a longer s to rag e  on D orse t m ed ium , th e  
cu ltu res  produced  o p tica lly  inhom ogeneous, “ re tic u la r”  colonial v a r ia n ts  (14).

Table I

B iochem ical properties o f  stra ins 215 and 295

A rabinose ............................................. -}-1
X ylose ......................................................  —

R ham nose ..........................................  X 1-28

Glucose .................................................  -j-1

S u c ro s e ......................................................  —

L actose ....................................................  —

M altose ..................................................... j  1

M annito l ............................................... -j-1

Sorbitol ................................................. -f-1

A d o n i to l .................................................

D ulcito l .................................................

I n o s i to l ...................................................

Salicin ...................................................  X 1-28

B eta-galactosidase  (O N PG ) . . . .

I n d o le .....................................................

M ethyl red . . . 

V oges-Proskauer

H 2S .....................

U rease ................

G e la t i n ................

K C N .....................

I A m m onium  g lu c o s e ....................... —

Am m onium  c itra te  ....................... —

I M alonate ...........................................  —

M u c a te ............................................... —

Lysine ............................................... —

I A rg in in e .............................................. —

I O r n i th in e ...........................................  —

G lutam ic a c i d .................................

C arlqu ist’s reac tion  ..................  —

T ry p to p h an  d e a m in a s e .........

Phenylalanine deam inase  . . .

M otility  ........................................

K e ra to co n ju n c tiv itis  reaction

in guinea pigs: 215 ..............

295 ..............

In  checking th e  p u r i ty  of su bcu ltu res th e  ex am in a tio n  o f these  v a r ia n ts  w as 
also inc luded . T he c u ltu re s  consisted of G ram  neg a tiv e  rods show ing no m o tility  
in  sem isolid  (0.2 p e r  cen t) agar.

S tra in  215, w hich  was iso lated  f irs t , p roved  h ig h ly  v iru le n t in th e  g u in ea  
p ig  eye. S tra in  295 iso la ted  9 weeks la te r , was n o n -v iru len t.

The tw o s tra in s  w ere sim ilar in an tib io tic  se n s itiv ity . T hey  were r e s is ta n t  
to  penicillin , s tre p to m y c in , e ry th ro m y c in  and  su lp h o n am id es, and sen s itiv e  to  
te tracy c lin es , ch lo ram phen ico l, neom ycin  and  p o ly m y x in .
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T he b iochem ical b eh av io u r o f th e  s tra in s  is sum m arized  in T ab le  I. 
Salicin an d  rham nose  fe rm en ta tio n  resu lts  w ere o b ta in ed  w ith  th e  firs t para lle l 
su b cu ltu res  o f s tra in s  iso la ted  d irec tly  from  th e  faecal specim ens. S u b cu ltu res

Table lia

Serological analysis o f  cultures 215, 295, S h .fle x n e r i 2a and A lkalescens-D ispar

Serum Absorbed by
Strain

215 295 2a A -  D 01 A - D  02 A - D  03 A - D  04

— 3200 3200 1 600 10 20 100 400

215 — — — - — - —

295 - — - — — — —

215
2a

A - D  01 1600 1600 1 600 — 200 — 400

02 1600 1600 1 600 — — - 400

03 1600 1600 1 600 - 20 — 400

04 800 800 800 - 20 - —

— 1600 1600 6 400 200 200 200 100

215 — — — — — — —

295 - - - - - - -

295
2a _

A - D  01 800 800 800 — 100 — 100

02 800 800 400 400 — — 100

03 800 1600 800 400 20 - 20

04 800 1600 800 400 20 - —

— 1600 1600 12 800 10 200 10 200

215 — - — - — - —

295 — — — — — — —

2a
2a - — — - 20 - 20

A - D  01 3200 1600 3 200 ' — 200 — 100

02 800 1600 1 600 — — — 100

03 800 1600 800 — — — 100

04 1600 1600 1 600 — — — —

of s tra in  215 fe rm en ted  salicin a n d  rh am n o se  in  ab o u t 10 p e r cen t; tho se  o f 
s tra in  295 fe rm en ted  rham nose in  10, w hile salicin  only in  0.5 p er cen t. All 
su b cu ltu res  of b o th  s tra in s  sp lit so rb ito l. B y a d a p ta tio n  an d  selection  of posi
tiv e  su b cu ltu res , v a rian ts  p ro d u c in g  acid a fte r  1 d ay  in  rham nose  a n d /o r  
salic in , were o b ta in ed . As to  o th e r  b iochem ical p roperties an d  an tigen ic  s tru c -
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tű re , th e  rham nose  and  sa lic in-positive v a r ia n ts  resem bled  th e  orig inal cu ltu res 
o r th e ir  salic in -negative  v a r ia n ts . N e ith e r  o f th e  v a r ia n ts  sp lit lactose in  30 
days or O N PG  in 20 h o u rs . V arian ts  c u ltu re d  on agar co n ta in in g  10 per cen t 
lac to se  [12] d isp layed  no b e ta -g a lac to d id ase  a c tiv ity . As regards fe rm e n ta 
tio n  reac tio n s, our s tra in s  rem inded  m o stly  of lac to se -n eg a tiv e  coli s tra in s  or

Table lib

Serological analysis o f  cultures 215, 295, Sh. f le x n e r i  2a and A lkalescens-D ispar

Serum Absorbed by
Strain

Serum Absorbed by
Strain

215 295 2a 215 295 2a

— 20 20 10 — — 10 10

215 — — — 215 — — —

A - D  01 295 — — — A - D  03 295 — — —

2a — — — 2a — — —

A - D  01 - - - A - D  03 - - -

— 20 20 20 — 40 40 20
215 — — — 215 — — —

A - D  02 295 - - - A - D  04 295 — - -
2a - - - 2a — — —

A - D  02 — — A - D  04 — —

som e sa lic in-positive m em bers of th e  A lkalescens-D ispar group . T heir o th e r 
b iochem ical p ro p ertie s  were c h a ra c te ris tic  of shigellae.

As de te rm ined  b y  slide ag g lu tin a tio n  w ith  fac to r sera  p rep ared  accord ing  
to  R a u s s  and accord ing  to  E w i n g , b o th  s tra in s  gave reac tions ty p ica l o f Sh. 

fle x n e r i  2a; D -|--f- +  + ,  V II I2-|—|—|—|-, V I I I 123- f - |-  ( R a u s s ), or I I -)—|—|—|-, 
3, 4 +  +  +  +  ( E w i n g ).

In  view  of slide ag g lu tin a tio n  reac tio n s , our s tra in s  w ere to  be d is tin 
guished  p rim arily  from  E . coli 013 a n d  A lkalescens-D ispar sero types. W ith  
E . coli 013 our s tra in s  gave a defin ite  (1600 — 6400) p a r tia l  reac tio n  co rrespond
ing  to  th a t  o b ta in ed  w ith  ty p e  s tra in  Sh. fle xn er i  2a. T he an tigen ic  re la tio n 
sh ip  betw een  E . coli 013 and Sh. fle x n e r i  2a is know n from  th e  lite ra tu re .

O f A lkalescens-D ispar s tra in s  th o se  belonging to  F r a n t z e n ’s 01, 02, 03 
a n d  04 groups gave cross ag g lu tin a tio n  w ith  our s tra in s .

R esults o f th e  serological analysis are  sum m arized  in  Tables I I  a, b , and  c. 
T h e  an tigen ic  id e n tity  o f th e  exam ined  s tra in s  and  Sh. fle x n e r i  2a is ev id en t:

(1) In  cross ab so rp tio n  ex p erim en ts  sera for our cu ltu res  an d  Sh. fle xn er i  
2a w ere com pletely  d ep le ted  of agg lu tin in s  against any  o f th e  absorb ing  s tra in s  
an d  also against A lkalescens-D ispar se ro ty p es.
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(2) A bsorption  o f th e  above sera by A lkalescens-D ispar s tra in s  caused 
no sign ifican t decrease in titre s . T hus th e  type-specific  a g g lu tin in  con ten t was 
no t affected .

(3) A lkalescens-D ispar sera co n ta in ed  low  t i t r e  agg lu tin in s  against our 
s tra in s  and  Sh. fle x n e r i  2a; these  w ere com plete ly  rem oved  a fte r  abso rp tio n  
by  th e  sam e cu ltu res.

(4) F inally , th e  specific ag g lu tin ab ility  o f A lkalescens-D ispar s tra in s  in 
th e  hom ologous a n tise ra  rem ained  u n a lte red  a f te r  ab so rp tio n  b y  s tra in s 215,

Table lie

Serological analysis o f  cultures 215, 296, S h .fle x n e r i  2a and A lkalescens-D ispar

Absorbed
by

Strain
Absorbed

by

Strain

Serum
A - D

01
A - D

02
A - D
03

A - D
04

Serum
A - D

01
A - D

02
A - D

03
A - D

04

— 6400 40 — 20 — — 400 3200 200

215 6400 — — — 215 — 800 — 200

A — I) 
01

295 6400 — — — A - D
03

295 — 400 — 200

2a 3200 — — — 2a — 800 — 200

A - D  01 - - — - A - D  03 —
~

-

— — 12 800 — 200 — 20 400 — 6400

215 — 12 800 — 400 215 — 800 — 3200

A - D
02

295 — 6 400 — 400 A - D
04

295 — 400 — 3200

2a — 6 400 - 400 2a 800 — 6400

A - D  02 — — — — A - D  04 — — —

295 or Sh. flexn er i 2a. T he only excep tion  A lkalescens-D ispar s tra in  03 in th e  
hom ologous serum  m ay be exp la ined  b y  an  a lte ra tio n  in  th e  an tigens o f th e  
s tra in , which is an  old lab o ra to ry  cu ltu re . T his find ing  bears  no taxo n o m ica l 
im portance , as in  th is  respect our s tra in s  behaved  id en tica lly  w ith  ty p e  s tra in  
Sh. flexneri 2a.

Discussion

Strains 215 an d  295 are id en tica l in  an tigen ic  s tru c tu re  w ith  Sh. fle xn er i  
2a and  show all th e  know n serological re la tio n sh ip s  ex is tin g  am ong th is  se ro 
ty p e  and o th e r  b ac te ria  [2 4]. D esp ite  th e ir  com plete  serological id e n tity ,
it  is questionable  w h e th e r our s tra in s  co rrespond  to  Sh. fle xn er i 2a or to  a new 
E . coli 0 group .

Betw een th e  Shigella and  E scherich ia  groups severa l serological cross 
reactions h av e  been  no ted . Some coli cu ltu res  co n ta in  com plete  Shigella an ti-
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gens, like th e  s tra in  rep re sen tin g  E . coli 0  group 129 [15], w hich is an tigen- 
ically  iden tical w ith  S h .fle x n e r i  5. T he s tra in  iso la ted  b y  R a u ss  and  V e r t é n y i  
[16] and  la te r  described  as ty p e  s tra in  E . coli 0  g roup  135, is serologically  
id en tica l w ith  Sh. fle x n e r i  4b. B r a n d e s  [17] and  S l o p e k  and  D a b r o v s k y

[18] repo rted  on coli s tra in s  sh a rin g  com m on an tig en s w ith  Sh. fle x n e r i  
5 or 3.

S trains of d o u b tfu l tax o n o m ic  position  have  also been described . These 
cu ltu res , iso lated  from  p a tie n ts  w ith  d y sen te ry  or h e a lth y  in d iv id u a ls , rem ind  
m o stly  of hy b rid s  o b ta in ed  in  reco m b in a tio n  ex p e r 'm e n ts . Such cu ltu res  
causing  k e ra to co n ju n c tiv itis  in  gu inea pigs were iso la ted  by  M a n o l o v  [19]. 
T hese  stra ins were re in v e s tig a te d  b y  S t e n z e l  [20], b u t th e  problem  o f th e ir  
c lassification  has n o t y e t  been  solved. S im ilar s tra in s  were exam ined  by  
S z t u r m  R u b i n s t e n  (Saigon s tra in s) w hich shared  an tig en s w ith  Sh. boydii 
11 a n d  A lkalescens-D ispar О g roup  4 [21].

W ith  th e  ex cep tio n  o f som e fe rm en ta tio n  reac tio n s m en tioned  above, 
s tra in s  215 and  295 w ere b iochem ically  ty p ic a l Shigella cu ltu res . On th e  basis 
o f  th e ir  sorbito l an d  rh am n o se  p o s itiv ity  our s tra in s  can n o t be excluded  from  
Sh . fle x n e r i  2a, as such  organ ism s, a lth o u g h  in freq u en tly , occur w ith in  th is 
se ro ty p e  [2]. The on ly  p ro p e rty  w hich suggests th a t  th e  cu ltu res m ay  no t 
be long  to  th e  Shigella g roup , is its  salicin  p o sitiv ity . T he salicin  po sitiv e-cu l
tu re s  have , how ever, been  show n to  sp lit o ff large n u m b ers  (80 — 90 p e r cent) 
o f  v a r ia n ts  w hich are in d is tin g u ish ab le  from  th e  know n so rb ito l-p o sitiv e  b io 
ty p e  o f Sh. flexn eri 2a. I t  shou ld  be n o ted  th a t  S e r é n y  [22], S ir o k o  [23], 
N a k a m u r a  [24], K l e c k o v a -A i d o v a  [25] show ed th a t  a sign ifican t p a r t of 
o th erw ise  typ ica l Sh. sonnei s tra in s  p roduced  sa lic in-positive v a rian ts . Salicin- 
fe rm en tin g  v a rian ts  o f o u r s tra in  215 iso la ted  f irs t, sim ilarly  to  sa lic in -negative 
c u ltu re s , gave rise to  ty p ic a l k e ra to c o n ju n c tiv itis  shigellosa. T herefo re, in  view  
o f th e ir  serological, b iochem ical and  pathogen ic  p roperties, ou r s tra in s  shou ld  
be reg a rd ed  as sa lic in -fe rm en ting  v a r ia n ts  o f Sh. fle xn er i  2a. These s tra in s  
a re  ab le  to  produce in te rm e d ia te  cu ltu res  as so rb ito l-positive  b io v a rian ts  of 
Sh. fle x n e r i  2a, rh am n o se-p o sitiv e  organ ism s and  sa lic in -positive  Shigella-coli 
in te rm e d ia ry  form s.

In te rm ed ia ry  form s m ay  be p ro d u ced  by  spon taneous m u ta tio n . This holds 
especia lly  tru e  for v e ry  ra re ly  en co u n te red  cu ltu res. On th e  o th e r h an d , i t  has 
been  d em o n stra ted  in  vitro, t h a t  u n u su a l v a ria n ts  can be p ro d u ced  by  phage 
ac tion  or by  d irect crossing. The lac to se-positive  Sh. flexn er i o b ta in ed  in t r a n s 
d u c tio n  experim ents and  ou r sa lic in -positive  cu ltu res are  s im ila r in ch a rac te r. 
B o th  k inds of positive v a r ia n ts  are  p a r t ly  u n stab le , sp lit off n eg a tiv e  cu ltu res  
easily  an d  some of th e ir  su rface  cu ltu res , w hen sto red  in  th e  re frig e ra to r, lose 
th e ir  a ty p ica l fe rm en ta tio n  c a p ac ity  [26]. I t  is rem ark ab le  th a t  th e  an tigen ic  
s tru c tu re  of the  original Sh. fle xn er i  cu ltu re  should  be p reserved  inain lv  in  th e  
s tab le  lac to se-fe rm en ting  su b cu ltu re s  of u n s tab le  h y b rid s  [27].
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T hese considera tions only serve as an  aid  for fu r th e r  o r ie n ta tio n  and , of 
course, canno t be re g a rd e d  as the so lu tio n  of th e  problem .

Acknowledgement. T h e  a u th o r is in d e b te d  to  D r. B. L á n y i , H ead  o f C ultu re  Collection 
C entre , S ta te  In s titu te  o f  H y g ien e, for su p p ly in g  th e  ty p e  stra in s .
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OBSERVATIONS ON BIOCHEMICAL CHANGES IN 
IRRADIATED SPORES OF BACILLUS CEREUS

B y
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Central Food Research In s titu te  (Director : G. T ö r ö k ), B udapest

(R eceived O c to b er 17, 1964)

Sum m ary . D ip ico lin ic  acid  con ten t o f re s tin g  B acillus cereus spores co n ta ined  in a dense 
aq u eo u s suspension h as  b een  in v estig a ted  a f te r  irrad ia tio n . S p e c tro p h o to m e try  and  ch ro m a to 
g ra p h y  w ere applied to  th e  s tu d y  of su b s tan ces  leaking from  b a c te r ia l cells a fte r  irrad ia tio n  
w ith  le th a l doses.

I t  w as estab lished  th a t  the  “ p seu d o g e rm in a tio n "  observab le  in th e  restin g  spores a fte r 
i r ra d ia tio n  w ith  high doses is corre lated  to  th e  increased  p e rm e ab ility  o f th e  cell wall. I t  ap p ears 
th a t  m u ch  h igher’ doses a re  requ ired  to  d am a g e  th e  cy to p lasm  m em b ran e  th a n  to  desorganize 
th e  processes inducing cell1 division.

T he substances le ak in g  from  the  spo re  as a re su lt o f ir ra d ia tio n  resem ble  those ch arac 
te riz in g  th e  exudate  o f physio logical g e rm in atio n .

T he high re s is tan ce  of b ac te ria l spores to  bac te ric id e  fac to rs  co n stitu tes  
a serious problem  in  m an y  b ranches o f  in d u s try  an d  is o f u tm o s t im portance  
in  th e  p rac tica l re a liz a tio n  of ra d ia tio n  ste riliza tio n  for food p reserva tion .

T he know ledge of th e  fu n d a m e n ta l b iochem ical fac to rs  d e te rm in ing  th e  
s ta te  an d  rad ia tio n  resistance  of spo res m ay  help  to  in fluence  these  fac to rs 
ad v an tag eo u sly , to  low er the  ra d ia tio n  resistance  of th e  spores.

In  a previous p a p e r  [3] it w as s ta te d  th a t  on ir ra d ia tio n  w ith  X -ray s a t 
a h ig h  dosage level, in  a resting  spore suspension  of B acillus cereus a s ign ifican t 
increase  of g e rm in a ted  (i.e . dark) spores could be observed . Since the  phen o m 
enon  te rm ed  “ p seu d o -g erm in a tio n ”  is p ro b ab ly  due to  an  increased  p e rm ea 
b ility  of the  cell w all, experim ents h a v e  been carried  ou t in o rd er to  s tu d y  the  
b iochem ical changes induced  by  ir ra d ia tio n  in B . cereus suspensions.

Materials and methods

T he B . cereus s t r a in  used was th e  sam e as in  th e  p rev io u s ex p erim en ts . The m ethods 
a p p lied  for p ro p ag atio n  a n d  in the  p ro d u c tio n  of v eg e ta tiv e  cell m asses, germ in atin g  an d  re s tin g  
sp ores, respectively , h a v e  been described p rev io u sly  [3].

M ethods o f irrad ia tion . I rrad ia tio n  w as effected  w ith  a ty p e  “ S ta b il 250”  X -ray  a p p a ra tu s , 
o p e ra te d  a t  250 kYp a n d  15 m A, w ith o u t f ilte r .

T he cells to  be i r ra d ia te d  were su sp en d ed  in sterile  d istilled  w a te r. T he d en sity  o f th e  cell 
suspension  was set a t  th e  desired  level b y  m icroscopic  cell co u n t d e te rm in a tio n s . I rrad ia tio n  was 
ca rried  o u t a t room  te m p e ra tu re  b u t w hen  long  periods o f ir ra d ia tio n  w ere app lied  a w arm ing  
u p  o f th e  sam ples to  30° C w as to be ex p ec te d .

D ipicolinic acid  ( D P A )  content in  i r ra d ia te d  or h e a t- tre a te d  sam ples was de te rm in ed  
b y  th e  m ethod  of J a n s s e n  et al. [5] using  a  U n icam  SP  500 ty p e  sp ec tro p h o to m ete r.

Absorption spectra  in  th e  UY ra n g e  o f  th e  clear su p e rn a ta n ts  o f th e  cen trifuged  su sp en 
sions o f b acteria  w ere d e te rm in ed  w ith  th e  a id  o f th e  U n icam  SP  500 sp ec tro p h o to m eter.
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N  inhydrin-positive com pounds were d e te rm in ed  by m ix ing  1 m l sam ples o f th e  su p e rn a 
t a n t s  w ith  4.3 ml o f a n in h y d rin -c o n ta in in g  c itra te  buffer of p H  5.0 an d  p lacing  th e  m ix tu re  
fo r  10 m inutes in to  a b o iling  w a te r  b a th  [17]. A fte r cooling th e  sam ple , its  colour in te n sity  w as 
d e te rm in e d  in a P u lfrich  s te p p h o to m e te r  using filte r  S 574.

Paper and th in-layer chromatography o f th e  sam ples was carried  o u t as follows.
F ive m l sam ples o f th e  su p e rn a ta n ts  o f b a c te ria l suspensions o f 1010 m l d en sity  were 

e v a p o ra te d  in  a w a ter b a th ,  th e  rem a in d e r was ta k e n  up  in 0.1 m l d is tilled  w a te r  (th u s fo rm ing  
a  fif ty fo ld  concentra te).

F o r amino acid  p a p e r  c h ro m a to g ra p h y  a b o u t 20 p i  of th e  c o n ce n tra te  w as dropped  on 
W h a tm a n ’s No. 1 p a p e r a n d  su b jec ted  to  descending  ch ro m a to g rap h y  fo r 20 h ours, a t room  
te m p e ra tu re . The so lv en t sy s te m  consisted  of n -b u ty l a lcohol-acetic  ac id -w ate r (120 : 30 : 50, 
v /v )  [15].

The ch rom atogram s w ere developed b y  sp ray in g  w ith  th e  n in h y d rin  co n ta in in g  solu tion  
a s  suggested  by  M o f f a t  a n d  L y t l e  [6], and  d ried  a t  100°C d u rin g  10 m inu tes.

In  tw o-d im ensional p a p e r ch ro m a to g rap h y  of am ino acids th e  so lv en t sy s tem  used in 
th e  f i r s t  dim ension w as n -b u ty l  alcohol — ace tic  acid  — w ater, an d  in  th e  second dim ension a 
p h e n o l — am m o n iu m h y d ro x id e  m ix tu re  accord ing  to  S m it h  [15].

T hin-layer c h ro m a to g ra p h y  w as carried  o u t in  a silica-gel a d so rb en t (K ieselgel “ G” , 
M erck), w ith o u t a c tiv a tio n  [2]. F o r th e  sep a ra tio n  of am ino acids severa l so lven t-system s 
w ere  te s te d ; of these th e  follow ing p roved  to  be  th e  best.

A. n -b u ty l a lcohol — ace tic  acid  — w a te r (80 : 20 : 20, v /v )
B. phenol-w ater, (75 : 25, w/w)
C. n -propyl a lcoho l — 25 per cen t am m o n iu m  h y d ro x id e, (70 : 30, v /v).
W hen the  so lv e n t-fro n t reach ed  a d istan ce  of 10 cm from  th e  s ta rt- lin e  th e  ru n  was 

in te r ru p te d .
In  th e  f irs t d im ension  o f th e  tw o-d im ensional th in -lay er ch ro m a to g ra p h y  so lven t A, in 

th e  second , solvent В w as u sed . T h in -lay er ch ro m ato g ram s were developed  in th e  sam e w ay as 
th e  p a p e r  chrom atogram s.

Results

D ipicolinic acid content o f  irradiated or heat-treated spores. T he su sp en 
sions o f resting  spores (a t a b ac te ria l den sity  of ap p ro x im a te ly  1010/m l) were

Table I

D ipicolinic acid content o f  irradiated or heat-treated resting spores

X -ray  dose or heat-treatm ent
Concentration 
of dipicolinic 

acid
DPA //g/10* spores

R elative con
centration of DPA

%

0 k ra d  (u n trea ted ) 34.8 100.0

250 k ra d 35.9 103.4

500 k ra d 33.9 97.2

1000 k ra d 30.8 88.3

2000 k ra d 11.9 34.1

100°C, 30 m inu tes 3.2 9.3

i r r a d ia te d  a t d ifferen t dose levels or h e a t- tre a te d  a t 100°C for 30 m inutes 
an d  a f te r  cen trifuga tion  an d  w ashing  w ith  d istilled  w a te r, th e  dipicolinic acid 
c o n te n t was de te rm ined . R esu lts  of these  investig a tio n s are  given in  T able  I.

T he dipicolinic ac id  co n te n t of ge rm in a ted  spores p roduced  as described 
p rev io u sly  [3] was a b o u t 42 p er cen t o f th a t  o f res tin g  spores.
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The absorption spectra and D P A -conten t o f  the supernatants o f  irradiated  
bacterium  suspensions. M any in v estig a tio n s have  p roved  th e  d isorganizing  
effect of various chem icals an d  h e a t- tre a tm e n t on th e  cy top lasm ic  m em brane 
[4, 12, 13, 16]. V a s  an d  F a r k a s  [18] observed  such  a d irec t e ffect o f ionizing 
ra d ia tio n  on y eas t cells. T he spore germ ination  s tim u la tin g  e ffec t of high 
ra d ia tio n  doses is p resu m ab ly  due to  the  increased  p e rm eab ility  of the cell 
w all, causing th e  leakage  of v a rious cell com ponen ts in to  th e  su rro u n d in g  
m edium .

Fig. 1. A bsorp tion  sp e c tra  in  th e  u ltra v io le t  range  of su p e rn a ta n ts  o f B acillu s cereus suspen
sions a fte r irrad ia tio n  an d  h e a t- tre a tm e n t, respectively , a)  d iag ram : re s tin g  spores, b) d ia 

g ram : g e rm inated  spores, c) d iag ram : v eg eta tiv e  cells 
O O  k rad ; C> 500 k ra d ; ( J  1000 k rad : •  2000 k rad ; Д80°С, 10 m in u tes; д  100°C, 30 m inu tes

In  order to  e s tab lish  in d irec tly  th e  changes in  p e rm eab ility , dense su s
pensions (ab o u t 1010 cells/ml) o f re s tin g  and  g e rm in a ted  spores an d  vege ta tive  
cells, respective ly , w ere cen trifu g ed  a fte r ir ra d ia tio n  or h e a t- tre a tm e n t, an d  
th e  clear su p e rn a ta n ts  were in v es tig a ted  sp ec tro p h o to m etrica lly  in  the  u l tra 
v io le t region. Som e o f th e  sp ec tra  m easured  ag a in s t d istilled  w a te r  are show n 
in Fig. 1.

In  Fig. 1 th e  con tinous cu rves ind ica te  ir ra d ia te d  suspensions w ith  a 
m icrobial den sity  o f 109/inl. T he d o tte d  lines co rrespond  to  th e  sp ec tra  of su p e r
n a ta n ts  o f h e a t- tre a te d  suspensions a t th e  in d ica ted  cell densities. As it  m ay  
be seen, th e  su p e rn a ta n ts  of re s tin g  cell suspensions h av e  tw o  peaks a t 270

2 Acta microbiol. Acad. Sei. hung. X I I ,  1965



18 J . FARKAS and I. KISS

a n d  280 m//, re sp ec tiv e ly , w hereas th a t  of the  v eg e ta tiv e  cell suspension has 
a single peak a t  260 m /i. The sp ec tra  of th e  su p e rn a ta n ts  of g erm in a ted  cell

F ig . 2. A bsorption  sp e c tra  in th e  u ltra v io le t  range of re stin g  spores, germ in ated  spores and
v e g e ta tiv e  cells

•  re stin g  spores, i r ra d ia te d  a t  1000 k ra d ; germ inated  spores, irrad ia te d  a t  1000 k rad ; 
О  v eg e ta tiv e  cells, irrad ia te d  a t 1000 k rad

Fig. 3. A D ipicolin ic acid so lu tion  of 100 //g/m l c o n cen tra tio n  
О  T h e  su p e rn a tan t o f a re s tin g  spore suspension  of 109/m l cell d en sity , irrad ia te d  a t  2000 
k ra d ;  #  An aqueous so lu tio n  con tain ig  100 ц g /m l D PA  and  560 //g /m l C a(N 0 3)24 H 20 .  (The 

ab so rp tio n  in the  UV ran g e  of th e  C a (N 0 3)2 so lu tion  of given c o n cen tra tio n  is negligible)

Acta microbiol. Acad. Sei. hung. X I I , 1965
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suspensions show  a fte r  irrad ia tio n  th e  c h a ra c te r  of veg e ta tiv e  cells, an d  a fte r  
h e a t- tre a tm e n t th a t  of res tin g  cells.

T he ty p ic a l cu rves, each belonging to  one o f th e  suspensions o f res tin g , 
g e rm in a tin g  an d  v eg e ta tiv e  cells, m ay be  com pared  d irec tly  in  F ig . 2.

T he abso rp tio n  sp ec tru m  w ith tw o  p eak s, ch a rac te ris tic  o f re s tin g  spores, 
co rresponds to  th e  sp ec tru m  of C a-d ip ico lina te , the  re p re se n ta tiv e  com ponen t 
of b a c te r ia l spores (F ig. 3).

S ince th e  h e ig h t o f th e  curves co u ld  be in fluenced  b y  o th e r substances 
p resen t in  th e  su p e rn a ta n ts  it was a t te m p te d  to  charac terize  th e  am o u n t of

Fig. 4. D P A  co n cen tra tio n  in  th e  cells and in  th e  m edium , un d er th e  effect of irrad ia tio n
and  h e a t- tre a tm e n t, resp ec tiv e ly

per c en t =  re la tiv e  D PA  concentra tion  in  th e  re s tin g  spores according to  T able  I.
D =  d ifference betw een th e  values obtained a t  270 m /и an d  245 mju, re sp ec tive ly , in cell sus

pensions of 109/m l d en sity

d ip ico lina te  leak ing  from  th e  cells by  th e  d ifference (D) betw een  th e  m ax im um  
value m easu red  a t  270 mju and th e  m in im u m  value m easu red  a t 245 m/n.

D va l ues as a fu n c tio n  of th e  ra d ia tio n  dose are  show n in Fig. 4. The curve 
belonging  to  th e  re la tiv e  am ount of d ip ico lin ic  acid rem ain ing  in  th e  spores, 
based  on d a ta  given in  T ab le  I, is also p re se n te d  in  Fig. 4.

As seen in  F ig . 4, th e  leakage o f  d ip ico lina te  in to  th e  en v iro n m en t 
s tro n g ly  increases a fte r  irrad ia tio n  a t  th e  500 1000 k rad  level. The resu lts  of
b o th  m eth o d s seem  to  p ro v e  th a t ,  du ring  h e a t- tr e a tm e n t a t 100°C for30  m in u tes , 
ab o u t 90 p e r cen t of th e  dipicolinic acid w ill leake in to  th e  en v iro n m en t. H ow 
ever, th e  d ip ico lina te  co n ten t of the  e n v iro n m e n t does no t increase to  the sam e 
e x te n t as th e  co n ten t of th e  irrad ia ted  spo res decreases. I t  seem ed probab le  
th a t  p a r t  o f th e  d ipicolinic acid suffered  d eg rad a tio n  as a re su lt of irrad ia tio n . 
T herefo re  th e  beh av io u r of pure d ip ico lin ic  acid , i.e. C a-d ip ico linate  du ring  
ir ra d ia tio n  w as also in v estig a ted  (Fig. 5). I t  w as estab lished  th a t  th e  aqueous
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20 J. FARKAS and I. KISS

F ig . 5. U ltrav io le t sp e c tru m  of so lu tions co n ta in in g  100 /иg/m l D PA  and  100 fig /m l D P A  -f- 
-f- 560 /ig /m l C a(N 0 3)24H 20 ,  as affec ted  by  irrad ia tio n

F ig. 6 A bsorption  sp e c tru m  of su p e rn a ta n t o f a v eg e ta tiv e  cell suspension and of aq u eo u s
adenosine so lu tion

О  S u p e rn a ta n t of a v e g e ta tiv e  suspension of 109/m l cell den sity , irrad ia te d  a t  1000 k ra d . 
•  A queous so lu tion  co n ta in in g  45 //g/m l adenosine
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so lu tio n  of dipicolinic acid was ra th e r  sen s itiv e  to  rad ia tio n . T he ch a rac te ris tic  
m ax im u m  of dipicolinic acid d isap p ears  w hen  irrad ia ted  above th e  400 k rad  
level. T he chelate  form ed w ith Ca seem s to  be m ore re s is tan t in  th e  aqueous 
so lu tion . A lthough  op tica l density  v a lu es  decreased  w ith  th e  increase o f th e

Reference Vegetative celts Reference Resting spores 
amino acids Okrad 70°C5mins amino 0 Ю00 90°C

500. krad acids krad krad 100 mins
Fig. 7. T he copy of a one-d im ensional p ap er-ch rom atogram  

L egend  to  a b b rev ia tio n s on th e  ch ro m a to g ram s: A la. =  a lan ine; ß-A \a . =  /З-a lan ine ;
A rg. =  a rg in in e ; Asp. =  a sp a rtic  acid; B uA  =  n -b n ty l  a lcohol—acetic acid  — w a te r; Cys. =  
cy stin e ; CysA. =  cysteic  acid ; Cyste. =  cy ste in e ; G lu. =  g lu tam ic acid ; Gly. =  glycine; 
H is t. =  h is tid in e ; H o-P ro . =  hydro x y -p ro lin e ; L eu . =  leucine; i-Leu. =  iso-leucine; L y s .=  
ly sine; Me.s. =  m eth ion ine  su lp h o n a te ; M eth. =  m eth io n in e ; P h .-N H 3 =  phenol-am m onium - 
h y d ro x id e ; P ro . =  p ro line; Ser. =  serine; T h reo . =  th reo n in e ; T ryp . =  try p to p h a n ;  T yro  =

ty ro sin e

O "

extremely intensive 

very intensive  

intensive  

m edium  

f a in t  

very fa in t

F ig . 8. In te n s ity  of n inhy d rin -p o sitiv e  spots in  sch em atic  draw ing and tab le s  based  on th e
c h ro m a to g ram
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irra d ia tio n  levels, th e  ch a rac te r o f th e  a b so rp tio n  curves a fte r ir ra d ia tio n  a t  
or above 800 k ra d  d id  n o t differ from  th a t  o f th e  u n tre a te d  sam ples. F ro m  th e  
re su lts  o b ta in ed  i t  seem s p robable  th a t  d ip icolin ic acid  is p ro tec ted , in  ad d itio n  
to  calcium , by  o th e r  cell com ponents as well. T hus th e  to ta l  d ip icolin ic acid 
co n ten t o f th e  cells an d  th e  m edium  begins to  decrease only a fte r t r e a tm e n t

I- - - 1 - - - - - - - - - - - - - V- - - - - - - :- - - - - - - - -  - - - -  - - - - - 4 — ,

Fig. 9. T h in -lay er c h ro m a to g ram  of su p e rn a ta n t  o f  v eg e ta tiv e  and  restin g  spore su sp en sio n s . 
1. V eg eta tiv e  cells, 0 k ra d ; 2. V egeta tive  cells, 100 k ra d ; 3. V eg eta tiv e  cells, 500 k ra d ; 4. V eg et
a tiv e  cells, 70°C, 5 m in u te s ; 5. R esting  spores, 0 k ra d ; 6. R estin g  spores, 500 k rad ; 7. R estin g  
spores, 1000 k ra d ; 8. R e stin g  spores, 90°C, 100 m in u te s ; 9., 10., 11. Amino acid so lu tions fo r

com parison

w ith  1000 k ra d  a n d  even  in  sam ples ir ra d ia te d  w ith  2 M rad nearly  tw o - th ird  
of the orig inal D P A  co n ten t is to  be found .

T he ab so rp tio n  sp ec tra  in th e  UV reg ion  o f pu re  solutions show ed  a 
good ag reem en t w ith  th e  resid ts o b ta in ed  by  o th e r au th o rs  [9, 14]. T he resu lts  
o f th e  p resen t ex p e rim en ts  corresponded  w ell to  th e  observations of S l e p e c k y  
in th a t  th e  o p tica l d en sity  values belong ing  to  th e  calcium  chelate are  m u ch  
low er th a n  those  belong ing  to  a dipicolin ic acid so lu tion  o f equal co n cen tra tio n .

The p rin c ip a l com ponen ts d e te rm in in g  th e  c h a ra c te r  of the  s u p e rn a ta n ts  
o f  v eg e ta tiv e  cell suspensions are p ro b a b ly  th e  pu rin e  an d  p y rim id ine  d e r iv a 
tiv es . This is show n b y  Fig. 6 in w hich th e  a b so rp tio n  spectra  of an adenosine  
so lu tio n  an d  th a t  o f th e  su p e rn a ta n t o f an  ir ra d ia te d  v eg e ta tiv e  cell suspension  
are  com pared . As an  effect of surface ac tiv e  com pounds [12, 13] and  o th e r  
chem icals [1], p u rin es  an d  py rim id ines w ill leak  from  G ram -positive m ic ro 
organism s.
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Table II
Paper chromatographic analysis

O ne-d im ensional, descending ch ro m a to g rap h y ; so lven t system : n -b u ty l alcohol —acetic  a c id —w ate r (120 : 30 : 50 v/v)

Components

RF values (%) Supernatants

literary
(15)' authors

Vegetative cells Resting spores

0 500
70° C 5 minutes

0 1000 90° C 100
minutesresults krad krad

cystine ............................ 5 + + +
cysteine ............................ 8 + + + +
histidine .......................... 11 14

lysine ................................ 12 11 + + + + + + + + + + + +
arginine ............................ 15 13

hydroxy-proline ............. 22 23

aspartic a c id ................... 23 20

serine ................................ 22 21 + + + + + - H - + + ■ + + + + + + + +
glycine .............................. 23 21

threonine ....................... 26 1 1 1 )
+ +  + f + + + + + t - +  M -  +- + ■ + + M - +  f + + + +

glutamic acid ................. 28 26 J J
alanine ............................ 30 30 _J—I—f- + + + + + + + + + + + + + + + +
/^-alanine .......................... 33 + 4- + +
proline .............................. 34 35

y-amino-n-butyric acid 40 + и + +
tyrosine ............................ 45 + + +
methionine ..................... 50 50

tryptophan ..................... 50 54 + + + + +  f-
valine .............................. 51 50

iso-leucine ....................... 67 1 1 1
leucine .............................. 70 63 1 + 1 + . ! + + + + 1-
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Table III
Thin-layer chromatographic analysis

O ne-dim ensional, ascending  ch ro m a to g ra p h y ; so lven t system : p h e n o l—w ater, (7 5 :2 5  w/w)

to4^

Components

R/  values (%)

literary 12̂) ' authors

results

cysteic acid 4

aspartic  acid 6 12

lysine 9 9
g lu tam ic acid 10 12

arginine 19 21

serine 20 15

glycine 24

threonine 26

alanine 29 25

^-alan ine 30

histid ine 32 23

hydroxy-proline 38 32

valine 40 32

nor-valine 42

tyrosine 47

leucine 48 42 I

iso-leucine 49

m ethionine 49 39

proline 50 41

try p to p h an 63 53

Supernatants

V egetative cells

О 100

+

+4-4-

+ + + +

+ + + +

+ + + + -

70° C 5 minutes
0 500 1000

krad

+ +

+ + + +

Resting spores

90° C 100
minutes

4 - 4 - 4-4-4- +

4-4-4-4-4-4- 

4-4-4-

+ + + + +

F
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R
K

A
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N inhydrin -positive  compounds in  the supernatants. I r ra d ia tio n  effected  
also th e  leakage from  th e  cells of n in h y d rin -p o sitiv e  com pounds an d  th e se  
w ere in v es tig a ted  by  c h ro m a to g rap h y . T h e  resu lts  of th e  in v estig a tio n s are  
show n in  Fig. 7 an d  T ab le  I I . The in te n s i ty  of spots o f n in h y d rin -p o sitiv e  
substances is in d ica ted  in  Fig. 8.

F o r th e  analysis o f n in h y d rin -p o sitiv e  com pounds p re se n t in  th e  su p e r
n a ta n ts ,  th in -la y e r ch ro m ato g rap h y  also  p ro v ed  to  be su itab le . F ig . 9 show s a

Fig. 10. Schem atic  draw ings of tw o -d im en sio n a l ch ro m ato g ram s 
1. Spots of p u re  am ino acids in th e  tw o -d im ensional p ap er chrom atogram  according to  S m i t h  
[15]. 2. T w o-dim ensional p ap er ch rom atogram  o f th e  su p e rn a ta n t of a spore suspension ir r a 
d ia te d  w ith  1000 k rad . 3. T w o-dim ensional th in - la y e r  ch rom atogram  of p u re  am ino acids. 
4. T w o-d im ensional th in -lay er ch rom atogram  o f th e  su p e rn a ta n t of a spore suspension ir ra d i

a ted  w ith  1000 k rad

ty p ic a l th in -la y e r ch rom atog ram . The Ry values belonging to  th e  n in h y d rin - 
positive  spo ts are sum m arized  in T ab le  I I I .

The su p e rn a ta n ts  o f spore suspensions ir rad ia ted  w ith  1000 k rad  w ere 
also in v e s tig a te d  w ith  tw o-d im ensional ch ro m ato g rap h y  (F ig . 10).

C h ro m ato g rap h y  revea led  th e  p resen ce  o f th e  follow ing am ino acids 
in  th e  su p e rn a ta n ts  of ir ra d ia te d  spore suspen sio n s: (iso)leucine, lysine, a sp a rtic  
ac id , cy stin e  and cyste ine , th reo n in e , v a lin e , h istid ine , a rg in in e , ty ro sin e , 
serine, m eth ion ine , try p to p h a n . This seq u en ce  ap p ro x im ate ly  corresponds to  
th e  decreasing  o rder of in te n s ity  of th e  n in h y d rin  spots.
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The a m o u n t o f  n in h y d rin -p o sitiv e  com pounds d ire c tly  d e tec tab le  in  th e  
su p e rn a ta n ts  w as also determ ined . T he in te n s ity  of th e  colour p roduced  b y  
th e  n inhydrin  re a c tio n  in  the s u p e rn a ta n ts  of ir ra d ia te d  suspensions w as 
com pared  w ith  th a t  occurring  in th e  su p e rn a ta n ts  o f h e a t- tre a te d  (100°C, 30 
m inutes) suspensions. T he q uo tien t th u s  o b ta in ed  is show n in Fig. 11 as a 
fu n c tio n  of th e  ra d ia tio n  dose.

100-

F ig. 11. C o n cen tra tio n  o f n inh y d rin -p o sitiv e  su b s tan ces as a fu n c tio n  of increasing ra d ia tio n  
doses in  su p e rn a ta n ts  o f spore suspensions.

E firra d ia ted  suspension)
p e r cen t =  ---------------------------------------  • 100

E (d ig ested  suspension)

Discussion

I t is ev id en t from  the  resu lts th a t  ‘•p seudo-germ ination” , as a d irec t 
effect o f h igh  ra d ia tio n  doses is re la te d  to  th e  increased  p e rm e a b ility  
o f th e  cell w alls. S im ila r conclusions h av e  been draw n b y  B l a c k  and  G e r h a r d t

[1] concerning th e  effect of hea t tr e a tm e n t.
The su b stan ces  leak ing  from  th e  cell u n d er th e  effect of rad ia tio n  co rre 

spond  to  th e  e x u d a te  charac teristic  o f physio logical germ in a tio n  |7 , 8]. T h e  
phenom ena acco m p an y in g  irrad ia tio n  resem ble  in m an y  respects  those o b se rv 
ab le during  m ech an ica l germ ination  o f  spores [11].

The p re sen t find ings agree w ith  R i e m a n n ’s h y p o th esis  [10] concern ing  
the  conclusive ro le o f C a-dipicolinate in  th e  dev e lo p m en t of rad ia tio n  re s is 
tan ce , as well as in  th e  m echanism  o f spore fo rm atio n , an d  g erm ination . I t  
appears th a t  a h ig h e r rad ia tio n  dose is req u ired  to  increase  p e rm eab ility  th a n  
to  desorganize cell div ision . In  th is re sp ec t th e  effects o f irrad ia tio n  an d  h ea t 
t re a tm e n t are  s im ila r; in  bo th  cases th e re  is a tim e  lag  betw een  the ap p e a ra n ce  
o f D PA  in th e  en v iro n m en t and th e  d e a th  of spores.

In  th e  su p e rn a ta n ts  of ir ra d ia te d  spore suspensions a num ber o f n in 
h y d rin -p o sitiv e  com pounds was observab le . T hus, in th is  respect, to o , th e  
d irec t effect o f h ig h  rad ia tio n  doses resem bles th a t  of m echanical in ju ry .
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A com parison  of F ig . 4 and  11 show s th a t  the  co lour in te n s ity  of th e  
n in h y d rin  reaction  in th e  su p e rn a ta n t increases a t a h igher ra te  as a fu n c tio n  
o f ir ra d ia tio n  dosage th a n  th e  am o u n t o f Ca-D PA .

A ccording to  th e  earlie r lite ra tu re , res tin g  spores do n o t co n ta in  free 
am ino  acids. In  a recen t p a p e r  [19] i t  h as , how ever, been suggested  th a t  dipi- 
colinic ac id , while b o u n d  to  calcium , p ro b ab ly  form s a t  th e  sam e tim e  a 
com plex  w ith  p ro te in s , i.e. am ino  acids. I t  m ay be p resu m ed  th a t  as an 
effect of irrad ia tio n  th e  ch e la te  b reaks dow n and  th e  leakage of free am ino 
acids precedes th a t  of d ip icolin ic acid. I t  is in te restin g  to  n o te  th a t  a f te r  le th a l 
h e a t tre a tm e n t (90°C, 100 m inu tes) v e ry  few n in h y d rin -p o sitiv e  com pounds 
ap p ea red  in  th e  am ino ac id  c h ro m a to g ram  o f th e  spores as c o m p a re d  w ith  th e  
ch ro m a to g ram  of irra d ia te d  spores.

F ro m  th e  com parison  of th e  am ino  acid ch rom atog ram s o f v eg e ta tiv e  
spores on th e  one h a n d  an d  of res tin g  spores, on th e  o th e r, it  ap p ears  th a t  
in  th e  su p e rn a ta n ts  of ir ra d ia te d  v eg e ta tiv e  spore suspensions th e  p ro p o rtio n  
o f am ino  acids (m eth ion ine , ty ro sin e , v a line , leucine) possessing values 
above 0.4 in  the  applied  so lv en t system  exceeds th a t  of th e  am ino  acids below
0.4, as co m p ared  w ith  th e  am ino  acid  d is tr ib u tio n  in th e  su p e rn a ta n ts  o f v e g e ta 
tiv e  cells. No o th e r d ifference of consequence could be observed  in  th e  am ino  
acid com position  of th e  su p e rn a ta n ts  o f th e  tw o cell s ta te s .

I t  h a s  been es tab lish ed  th a t  th e  resis tan ce  of re s tin g  B. cereus cells 
rap id ly  decreased  to  th e  se n s itiv ity  level o f vege ta tive  cells, w hen  th e y  were 
induced  to  germ inate . A n obvious w ay o f low ering the  resis tan ce  to  irra d ia tio n  
w ould th ere fo re  be to  in d u ce  g e rm in a tio n  by  chem ical o r physica l m eans 
in  re s tin g  spores. Since spore germ in a tio n  is a rap id  process ta k in g  ab o u t 15 
m in u tes  u n d e r th e  p re sen t ex p erim en ta l conditions, th is  m e th o d  seem s s u i t 
able for p ra c tic a l use. O ur n e x t aim  is to  investig a te  th e  a b ility  of various 
com pounds to  induce g e rm in a tio n .

I t  m ay  be presum ed  th a t  a low ering of ra d ia tio n  resistance  could  be ach ieved  
also by  th e  ap p lica tio n  o f chem ical or p hysica l agents to  increase  or d iso rg an 
ize cell m em brane p e rm eab ility . A lth o u g h  th e  change in  p e rm e a b ility  is no t 
a d irec t cause of ge rm in a tio n , i t  accom panies th e  in ac tiv a tio n  o f fac to rs  in h ib it
ing  re h y d ra tio n  of re s tin g  spores.
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INDUCED LYSOGENESIS OF MYCOBACTERIA

B y

E d i t  V a n d r a  and A. T a k á t s

N ational In stitu te  fo r  Tuberculosis “ K o rá n y i”  (S c ien tific  director: I . F ö l d e s ) ,  B udapest

(R eceived  N o vem ber 3, 1964)

Sum m ary . L y sogen ic ity  has been in duced  in sa p ro p h y tic  m y co b acte ria  by  m eans of 
ly tic  phages. T he four lysogenic  com binations o b ta in e d  w ith  M . fribu rg en sis  an d  M . rabino- 
uiitsch a n d  th e ir  hom ologous p h ages hav e  been exam ined .

T here  w as no d ifference betw een  lysogenized an d  o rig ina l sensitive  s tra in s  in colonial 
m orphology  an d  b iochem ical reac tio n s.

H om ologous or re la te d  ph ag es h a d  no effect on th e  lysogenized  cu ltu res . The sen sitiv ity  
o f these  cu ltu res  to  o th er p h ag es changed  only slig h tly  o r n o t a t  all.

In d u c tio n  in  th e  ex am in ed  fo u r s tra in s  w as n o t o bserved  a f te r  u ltra v io le t irrad ia tio n .
P hage  ad so rp tio n  b y  th e  four lysogenized s tra in s  was in flu en ced  b y  th e  ty p e  o f phage 

as well as th e  ty p e  of th e  h o st cell.

A lthough  lysogen ic ity  is a com m on p ro p e rty  o f m icro-organism s, only  
four papers h av e  so fa r  been pub lished  on th e  iso la tio n  of lysogenic m y co 
b ac te ria . A rap id ly  grow ing  lysogenic m y co b ac te ria l s tra in  was described  by  
H n a t k o  [1]. B o w m a n  an d  R e d m o n d  [2] iso la ted  a lysogenic M . butyricum  
cu ltu re . S e g a w a  et al. [3] rep o rted  on a n o n -id en tified  lysogenic m y co b ac te 
rium  s tra in . R ecen tly , R u s s e l  et al. [4] iso la ted  a lysogenic M . fo r tu i tu m  
s tra in . No n a tu ra l lysogens have been found am ong p a ra s itic  m y co b ac te ria , 
an d  assu m p tio n s of th e ir  ex istence have  n o t been  v e rif ied  [5].

A cciden ta l ly so gen iza tion  was observed  b y  sev era l au th o rs . T he m ost 
im p o rta n t of these  fin d in g s is th a t  of Ma n k i e w i c z  [6]. A rtific ia l lysogen ization  
was rep o rted  by  T a k e y a  et al. [7] and  R u s s e l  et al. [8, 9]. The la t te r  au th o rs  
induced ly sogen ic ity  in  various m y co b ac te ria  in c lu d in g  pathogen ic  s tra in s .

In  ou r ex p erim en ts  lysogenicity  was induced  in  system s co n ta in in g  
various com binations o f  cu ltu res and  ly tic  phages. T w o o u t of seven m yco- 
phages iso la ted  in  o u r in s t i tu te  [10] gave serological cross reac tion  in  th e  
hom ologous an tip h ag e  sera  (phages friburgensis an d  rab inow itsch ). By the  
use of these  phages an d  s tra in s  M . friburgensis  an d  M . rabinowitsch, th e  four 
possible com binations h a v e  been te s ted . T he resu lts  a re  p re sen ted  in  th is  p ap er.

Materials and methods

Bacteria and phages. M . friburgensis  and  M . rabinowitsch  w ere o b ta in ed  from  th e  In te r 
n a tio n a l C ultu re  Collection C entre , L ausanne . H om ologous ph ag es w ere iso la ted  in  ou r lab o ra 
to ry . T he b a c te ria  were c u ltu re d  fo r 24 hours on  ag ar s lan ts  c o n ta in in g  2 per cen t a g a r and
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2 p e r cen t g lycerol. B iochem ical re ac tio n s  an d  phage ty p in g  [11] and  p re p a ra tio n  of stock  
p h ag es  and  phage t i t r a t io n  [12] were pe rfo rm ed  as described  in p rev ious p ap ers .

L ysogen ic ity  w as ob ta in ed  b y  m eans of th re e  d iffe ren t p rocedures. (1) P la te s  show ing 
c o n flu e n t lysis w ere fu r th e r  in cu b a ted , th e n  seco n d ary  colonies were s tre ak e d  on agar p la tes.
(2) As e lab o ra ted  b y  L ie b  and B e r t a n i  — N i c e , and  q u o ted  by  R u s s e l  et al [8], 0.01 g/m l 
CaCl2 was ad d ed  to  a m ix tu re  o f b a c te r ia  an d  phages (1 : 5). The m ix tu re  w as in cu b a ted  a t  
37°C for 15 m in u te s  th e n  a t 0°C fo r 2 h o u rs . A fte r cen trifu g a tio n  th e  d ep o sit w as resuspended  
in  a n tip h a g e  se ru m , in cu b a ted  a t  37°C fo r 30 m in u te s , an d  fin a lly  s tre a k e d  on ag ar p la tes.
(3) A ccording to  ou r own m ethod , 0.8 m l b ro th , 0.1 ml phage suspension co n ta in in g  106 p a rtic les 
p e r m l and  0.1 m l b a c te r ia l suspension co n ta in in g  10 m g cells per m l, were m ix ed , in cu b a ted  a t  
20°C for 48 h ours, th e n  s treak ed  o n to  a g a r p la tes .

D em onstration o f  lysogenization. F ive  seco n d ary  colonies o b ta in ed  w ith  each  of th e  th ree  
m eth o d s  were su b c u ltu re d  five tim es. E ac h  su b cu ltu re  w as s ta r te d  from  single iso la ted  colonies. 
T h e  p re su m ab ly  p u re  clones o b ta in ed  in  th is  w ay  w ere t i t r a te d  w ith  th e  hom ologous phages. 
W h en  no phage a c t iv ity  was o b served , th e  s tra in s  were tre a te d  five tim es in  b ro th  co n ta in in g  
a n tip h a g e  serum  in  am o u n ts  suffic ien t fo r th e  n e u tra liz a tio n  of 105 hom ologous phage p a rtic les 
w ith in  20 m inu tes. T he 24 hour b ro th  cu ltu re  of th e  exam in ed  lysogenic s tra in  w as dropped  on 
a g a r  p la te s  seeded prev iously  w ith  a 24 h o u r  b ro th  cu ltu re  o f th e  o rig inal (sen sitiv e ) s tra in . T he 
c u ltu re  was re g ard e d  lysogenic w hen lysis developed  a t  th e  site of th e  drop.

Ultraviolet treatm ent was p e rfo rm ed  w ith  a germ icida l lam p e m ittin g  2537 Â ray s  in 
99 p e r cent. T he cu ltu res  were su spended  in p H  7, М /15 ph o sp h a te  buffer a n d  exposed to  i r r a 
d ia tio n  in a 3 — 4 m m  layer for 60 seconds a t  a d is tan ce  of 30 cm. U nder th e  sam e co n d itions 
s tra in  A. T . C. C. 607 was d estroyed  in  20 per cen t.

E xa m in a tio n  o f  phage adsorption and phage production. To 18 m l b ro th  co n ta in in g  1 m g 
cells per m l, 2 m l o f phage suspension  co n ta in in g  105— 107 partic les pe r m l were add ed . T he 
sy s te m  was a e ra te d  in a 37°C w a te r  b a th  an d  sam pled  a t  regu lar in te rv a ls . E ach  1 m l sam ple 
w as d ilu ted  1 : 10 w ith  0°C b ro th  an d  cen trifu g ed  a t  5000 r .p  ,m . fo r 10 m in u te s . T he su p e rn a 
t a n t  w as th en  t i t r a te d  in  th e  u su a l m an n e r. T he sam e m eth o d  was app lied  w ith o u t th e  a d d itio n  
o f  p hage  w hen sp o n tan eo u s phage p ro d u c tio n  w as ex am ined . O ur m eth o d  d iffered  from  th a t  
o f  A d a m s  [13] in  th e  use of 1 : 10 in s te a d  of 1 : 100 d ilu tions.

Cell counts. T en 0.002 m l d ro p s o f decim al d ilu tio n s o f th e  b a c te r ia l suspension w ere 
p lac ed  on agar p la te s . The b a c te ria l c o u n t w as e s tim a te d  from  th e  n u m b er o f colonies by  TÁK- 
n o k ’s m ethod  [14].

Designation o f  bacteria and phages. M . fr ib urgensis  =  F r, M . rabinowitsch = R. phage 
frib u rg en sis  =  fr, p h age  rab in o w itsch  =  r. L ysogenic b ac te ria  are d e sig n a ted  b y  th e  a b b rev ia 
tio n  of th e  s tra in  follow ed by  th e  a b b re v ia tio n  o f th e  phage in b rack e ts : M . fribu rg en sis  lysogen- 
ized  b y  frib u rg en sis  phage =  F r(fr), M . fr ib u rg en sis  lysogenized by  p h ag e  rab in o w itsch  =  
F r( r ) ,  M . rabinowitsch  lysogenized b y  p h age  ra b in o w itsch  =  R (r), M . rabinowitsch  lysogenized 
b y  p h ag e  frib u rg en sis R(fr).

Results

Two o u t of seven m ycophages iso la ted  in  our in s ti tu te  w ere serologic
a lly  re la te d  a n d  gave cross n e u tra liz a tio n  reac tio n  w ith  th e  hetero logous 
a n tip h a g e  se rum . E ach  of th e  tw o  sera  gave a lm ost id en tica l t i tre s  w ith  b o th  
hom ologous an d  the  co rrespond ing  hetero logous s tra in s .

The lysogenized s tra in s  w ere te s te d  w ith  hom ologous a n d  hetero logous 
phages. R ep ea ted  ex am in a tio n s show ed no phage ac tion . T he phage resis
t a n t  s tra in s  w ere then  exam ined  as described  above. A fte r in cu b a tio n  at 
37°C for 24 ho u rs , all s tra in s  caused  a double rin g -ty p e  lysis on p la tes 
p rev io u sly  seeded w ith th e  co rrespond ing  orig inal (sensitive) c u ltu re  (Fig- 1). 
B etw een  th e  tw o  ly tic  zones co n flu en t b ac te ria l g row th , w ith in  th e  inner 
zone a c e n tra l dense g row th  w as observed . B ac te ria  tra n s fe rre d  from  
th e  o u te r zone o f b ac te ria l g ro w th  p roduced  double r in g -ty p e  lysis on 
p la te s  seeded w ith  sensitive cu ltu re . In  c o n tra s t, b ac te ria  from  th e  inner

Acta microbiol. Acad. Sei. hung. X I I , 1965



INDUCED LYSOGENESIS OF MYCOBACTERIA 31

c e n tra l grow th gave rise to  colonies su rrounded  b y  one sim ple ly tic  zone. 
In  fu r th e r  stud ies only th e  la t te r  ty p e  of cu lture  w as exam ined .

A sm all p a r t of th e  m ed ium  a t  th e  site  of th e  ly tic  zone w as tran sfe rred  
in to  1 ml b ro th  by m eans of a cap illa ry . In  order to  d e m o n s tra te  th a t  lysis

Fig. 1. E ffec t o f lysogenized s tra in  R (r) on sensitive M . rabinoivilsch  cu ltu re

F ig . 2. P laques p ro d u ced  by  lysogenic s tra in  F r(fr) (A) and  b y  p h age  fribu rgensis (B)

w as caused by  phage ac tion , th e  b ro th  was t i t r a te d  w ith  a sensitive  s tra in . 
As p resen ted  in Figs 2A an d  2B phage action  w as a lw ays revealed . Phage 
co n cen tra tio n  of th e  b ro th  was of th e  o rder of 105. A ccord ing  to  ou r observations 
th e  sam e n um ber of pa rtic le s  is u su a lly  p resen t in th e  av e rag e  p laque form ed 
b y  m ycobac te ria l phages.
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Table I

T itra tion  o f  phages produced by lysogenized strains

Phages produced 
by lysogenized 

strains

Indicator strains Lysogenic strains

M . friburgensis M . rabinowitsch Fr(fr) Fr(r) R(r) R(fr)

F r(fr) 3 X 105 1 X 10» — — — —

Fr(r) 1 X 10» 2 X 105 - — — —

R (r) 2 X 10» 3 X 10 s — — — —

R (fr) 5 X Ю 5 1 X 10 s — — — —

F iltra te s  o f 24 -hour a e ra te d  cu ltu res  of th e  lysogen ized  stra ins were 
t i t r a t e d  w ith  sen sitiv e  an d  lysogenic  s tra in s . As show n in  T ab le  I, th e  titre s  
fo r in d ica to r s tra in s  w ere of th e  o rd e r of 105. Phage ac tio n  on lysogenic s tra in s 
w as n o t observed.

Sensitive an d  lysogenic s tra in s  were exam ined  fo r s ta in in g  and colonial 
m orpho logy . Q u a lita tiv e  pero x id ase , ca ta lase , n iac in , n i t r a te  red u c tio n  and 
B ö n ick e ’s am ide te s ts  w ere also perfo rm ed . As show n in  T ab le  I I ,  no difference 
w as revealed  b e tw een  th e  o rig inal an d  lysogenized s tra in s .

The lysogenized s tra in s  w ere com pared  also b y  th e  p h ag e -ty p in g  m ethod  
u sed  in  th is in s t i tu te  [11]. T he re su lts  are p resen ted  in  T ab le  I I I .  In  con trast 
to  M .fr iburgensis ,  ly sogen ized  s tra in s  F r(fr) and  F r(r) w ere n o t ly sed  by friburg- 
ensis  and  rab in o w itsch  phages. T he sam e held  tru e  fo r s tra in s  R (r) and  R(fr), 
w h ic h , how ever, show ed  some a d d itio n a l differences in  co m p ariso n  witli th e  
p h a g e  p a tte rn  o f th e  o rig inal s tra in .

The lysogenized s tra in s  w ere su b jec ted  to  u ltra v io le t tre a tm e n t. The 
do se  used destroyed  cells of s tra in  A .T.C.C. 607 in 20 per cen t. O ur lysogenized 
c u ltu re s  were k illed in  75 90 p er cen t. W ith  th e  decrease in  th e  num ber of
v ia b le  cells, th e  p h ag e  co u n t also decreased . In  case of in d u c ib ility  by  irrad ia tio n  
an  increased phage co u n t w ould h av e  been found. T he ra tio  of viable cells 
a n d  free phages (В /P ), how ever, rem ain ed  u n changed  a f te r  irra d ia tio n  (Table
IV ).

In  order to  show  w h e th e r th e  lysogenized s tra in s  are  ab le  to  adsorb  phages 
sero logically  re la te d  to  th e  p ro p h ag e , th e  follow ing ex p e rim en ts  were p er
fo rm e d . (1) P h ag e  a d so rp tio n  an d  phage p ro d u c tio n  b y  s tra in s  R and  F r.
(2) Spon taneous ph ag e  p ro d u c tio n  by  th e  four lysogenized cu ltu res . (3) Phage 
a d so rp tio n  of hom ologous an d  re la te d  phages by  th e  fo u r lysogenized cultures. 
(4) Checking of th e  t i t r e  o f phages. T he resu lts are  show n in  F igs ЗА, 3B, and 
4A , В, C, D. In  th e  g raphs th e  lo g arith m  of phage co u n t is p lo tted  against 
tim e .
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Biochem ical reactions
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Phage sensitiv ity
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S M . friburgensis — — 3 3 4 4 3 4 4 4 4 4 4 — —

u> Fr(fr) — — - 3 3 - 4 4 4 4 4 4 4 — -

r ir (r) — — — 3 3 — 4 4 3 4 4 4 4 — -
3

^  M . rabinowitsch — — — 2 — 4 4 3 — 3 2 2 4 4 — -

f l  R(r) - — —
—
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s R(fr>Ol
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K ey: 4 =  co n fluen t lysis, 3 =  sem iconfluen t lysis, 2 =  m ore th a n  10 sep a ra te  p laques, 1 =  1 — 10 p laques, — =  no lysis.
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Table IV
E ffect o f  ultraviolet irradiation  on lysogenic strains

Strains Irradiation Bacterial count Percentage
decrease Phage count B/P

ratio

1.6 X 10’ 87.5 3 X 10« i 1.9 X 1 0 -2
Fr(fr)

+ 2 X 10« 4 X 104 l 2 X IO“ 2

— 1.6 X 10’ 6 X 10« l 3.7 X 1 0 -2
Fr(r)

- f 1.8 X 10«
87.5

7 X Ю4 l 3.8 X 1 0 -2

— 1.4 X 10’ 1 X 10« l 7.1 X 102
R(r)

3.5 X 106
75.0

2.5 X 10« l 7.1 X 1 0 -2

_ 1.4 X 10’ 3 X 106 l 2.1 X 1 0 -2
R(fr)

+ 1.4 X 106
90.0

3 X 10« l 2.1 X 1 0 -2

b'me in m inutes time in m inutes

F ig . ЗА . Phage ad so rp tio n  a n d  phage p ro d u c tio n  b y  M . friburgensis  in fec ted  w ith  fribu rgensis 
p h ag e  (1). S pon taneous p h ag e  p roduction  b y  lysogenic  s tra in  F r(fr) (2). B acterium -free co n 

tro l of fribu rgensis phage (3)
Fig. 3B . Phage ad so rp tio n  and  phage p ro d u c tio n  by  M . rabinowitsch  in fected  w ith  rab in o - 
w itsch  phage (1). S p o n tan eo u s phage p ro d u c tio n  b y  lysogenic s tra in  R (r) (2). B acterium -free

contro l of ra b in o w itsch  phage (3)
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time in minutes

time in m inutes time in minutes

F ig. 4. S p o n tan eo u s p h ag e  p ro d u c tio n  (1) a n d  a d so rp tio n  of hom ologous (2) and  re la ted  (3) 
p h ages . A  =  Fr(fr), В =  F r(r) , C =  R (fr), D =  R (r)

Discussion

In  th e  p re sen t s tu d y  lysogenicity  h as  been  in d u ced  in  sap ro p h y tic  m yco
b ac te ria  by  phage tre a tm e n t. Clone p u r i ty  was secu red  by  five consecu tive  
su b cu ltu res  of th e  t re a te d  bacteria  by  th e  single colony techn ique. To exclude

3* Acta microbiol. Acad. Sei. hung. X I I ,  1965
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th e  possib ility  t h a t  th e  cu ltures w ere p hage  carriers, five consecu tive  passages 
w ere perfo rm ed  in  a m edium  c o n ta in in g  an tip h ag e  serum  n eu tra liz in g  105 
p a rtic le s  per m l. T h e  new  cu ltu re  w as considered  lysogenic w hen  i t  p ro d u ced  
p h ag es ac ting  on th e  original sen s itiv e  s tra in  an d  was re s is ta n t to  th e  ly tic  
a c t iv i ty  of th e  hom ologous phage.

No cu ltu ra l o r biochem ical d ifferences were revealed  betw een  th e  lyso- 
genized and orig inal s tra in s. R u s s e l  et al. [8J, who perfo rm ed  cross n e u tra liz 
a tio n  and  an im al experim en ts  in  a d d itio n  to  som e biochem ical te s ts , observed  
no  ap p reciabe  d ifference betw een  th e  orig inal (sensitive) an d  lysogenized  
m y co b ac te ria l cu ltu re s .

O ur lysogenized  stra in s w ere ex am in ed  w ith  th e  ro u tin e  p h ag e -ty p in g  
m e th o d  em ployed  in  th is in s titu te . D ev e lo p m en t of ly sogen ic ity  e lim in a ted  
th e  ly tic  action  o f hom ologous an d  sero logically  re la ted  phages. In  se n s itiv ity  
to  o th e r  phages on ly  m inim al changes w ere observed.

In d u c tio n  o f  phage p ro duc tion  in  th e  lysogenized cu ltu res w as a tte m p te d  
b y  m eans of u ltra v io le t  irrad ia tio n . T he em ployed  dose d es tro y ed  lysogenic 
cells in  75 — 90 p e r cen t. P aralle l w ith  th e  decrease of v iab le  c o u n t, th e re  w as 
a decrease in p h ag e  co u n t. A ccording to  N o r t h r o p  [15], u n d e r defined  c u ltu ra l 
cond itions th e  ra tio  o f lysogenic cells an d  p roduced  phages is a c o n s ta n t v a lu e  
a b o u t th e  o rder o f 10 ~2. In  our e x p e rim e n ts  th e  В/P  ra tio  was u n ch an g ed  a f te r  
u ltra v io le t  tr e a tm e n t.  I t  has th e re fo re  been  concluded th a t  ir ra d ia tio n  fails 
to  cause in d u c tio n  in  our cu ltu res .

R esults o f te s tin g  the  ad so rp tio n  by  lysogenized s tra in s  of hom ologous 
a n d  re la ted  phages are  sum m arized  in  T ab le  V. I t  is seen th a t  phage frib u rg - 
ensis h indered  th e  ad so rp tio n  of b o th  hom ologous and  re la te d  phages. P h ag e  
rab in o w itsch  e x e rte d  no influence on th e  ad so rp tio n  of e ith e r of th em . M . f r i 
burgensis  in th e  lysogenic  s ta te , in d e p e n d e n tly  o f th e  phage used  fo r lysogeniz- 
a tio n , d id  n o t ad so rb  th e  hom ologous phage. The a n tag o n is tic  a c tiv ity  of 
frib u rg en sis  p h ag e  ag a in st th e  hom ologous phage (r) was e lim in a ted  b y  M .  
rabinowitsch.

T able  V

A dsorp tion  experim ents

Strain
Phage

friburgensis rabinowitsch

Fr(fr) — —

Fr(r) —

K(f'r) — +
R(r) + +
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T he conclusion has been d raw n  th a t  ad so rp tio n  in  th e  exam ined  lysogenic 
system s is in fluenced  no t only by  th e  phage b u t also by  th e  ty p e  of th e  h o s t 
cell.
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ADENOVIRUS TYPE 7 OUTBREAK IN A KINDERGARTEN
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Sum m ary . In  J a n u a ry ,  1964, an o u tb re a k  o f u p p e r re sp ira to ry  disease was observed  in  
a k in d erg a rten  in a p e r ip h e ra l d istric t of B u d a p es t. O u t o f a to ta l  o f 36 children  26 c o n tra c te d  
th e  disease. V irus iso la tio n  w as a ttem p ted  fro m  b o th  n a sa l an d  th r o a t  sw abs ob ta in ed  from  22 
ch ild ren . Sam ples from  14 p a tie n ts  yielded a d en o v iru s  ty p e  7. In  one case th e  sim u ltan eo u sly  
o b ta in ed  nose and th r o a t  sw abs yielded ty p e  7 a n d  ty p e  3 adeno v iru ses, respec tive ly . A to ta l  
of 19 pa ired  sera were e x am in ed  by bo th  CF a n d  H I te s ts  using  ty p e  3 and  ty p e  7 ad enov iruses 
a s  an tig en s. T he H I te s t  p ro v e d  to  be the m ore sen sitiv e  one. U sing  th e  la t te r  m ethod  th e  aetio - 
logical role o f ty p e  7 a d en o v iru s  could be p ro v e d  in  17 cases. T he CF te s t  yielded po sitiv e  
re su lts  in  9 cases only.

Since th e  f irs t descrip tion  of ad en o v iru ses  [1] a n u m b er of au th o rs  has 
stressed  th e  ae tio log ica l im portance o f  th e se  agen ts, p a ticu la rly  in  diseases o f 
th e  u p p e r re sp ira to ry  t r a c t .  Type 7 h as  been  know n to  belong to  th e  so-called 
“ ep idem ic” ad en o v iru ses . I ts  isolation in  non -ep idem ic  periods is ra re ly  success
ful. E pidem ics cau sed  b y  th e  virus h a v e  been  observed  am ong m ilita ry  rec ru its  
[2, 3] and  schoo lch ild ren  [4], and also  in  day-schools an d  nurseries [5 15].

The p resen t p a p e r  is a report on an  ep idem ic o f ty p e  7 adenovirus in fec
tions s ta r te d  a t th e  beg inn ing  of J a n u a ry , 1964, in  a n u rse ry  s itu a te d  in a p e r
iphera l d is tr ic t of B u d a p e s t. Out of a to ta l  o f 36 in fan ts  26 developed  th e  disease 
w ith in  a tw o-w eek p e rio d . The m ain sy m p to m s  w ere fever, m ild co n ju n c tiv itis , 
sw elling of th e  su b m a n d ib u la r  ly m p h  n o des, serous rh in itis  and  p h arin g itis . 
In  nine cases each b ro n ch itis  and p n eu m o n ia  assoc ia ted  them selves to  th e  
p rim ary  u p p er re sp ira to ry  tra c t d isease. T he average  d u ra tio n  of illness w as 
betw een  7 to  14 d ay s. T o  clarify the  ae tio lo g y , an  a t te m p t  was m ade to  iso la te  
the  ag en t from  22 p a tie n ts  and serological s tud ies w ere perfo rm ed  on paired  
sera of 19 ch ildren . T h e  results o b ta in ed  h av e  p roven  th e  aetiological role of 
adenov irus ty p e  7. A detailed  repo rt on th e  epidem ic an d  on th e  perfo rm ed  
viro logical stud ies is given below.

Materials and methods

Sam pling . N asa l a n d  th ro a t swabs w ere ta k e n  s im u ltan eo u sly  (Jan . 17) from  all th e  
22 ch ild ren . T he sw abs w ere  rinsed  th o ro u g h ly  in to  P a b k e r ’s m edium  199 (w ith  a n tib io tic s)  
in  sep a ra te  te s t  tu b es  e ac h . T he fluid th en  w as cen trifu g ed  fo r 20 m in u te s  a t 8,000 r .p .m . To 
th e  su p e rn a ta n t, 2,000 U  o f  penicillin, 2 m g o f s tre p to m y c in  an d  100 U  of M ycosta tin  per m l 
were ad d ed  an d  th e  m a te r ia l  was stored a t 4°C u n til  used .
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The f irs t  b lood  sam ples were ta k e n  s im u ltan eo u s ly  w ith  th e  sw abs, th e  second ones 
14 d a y s  la te r. The se ra  w ere in ac tiv a te d  a t  56°C fo r 30 m inu tes.

Tissue cultures. T h ree  paralle l tu b e s  o f  b o th  p rim ary  m onkey  k id n ey  (M K) a n d  H eL a  
cells w ere in o cu la ted  each  w ith  0.1 m l o f  th e  sam ples. The m ain ten an ce  m ed ia  for M K  a n d  
H e L a  cu ltu res  w ere P a r k e r ’s m edium  199, a n d  H a n k s’ m edium  en riched  w ith  0.5 p e r c en t 
lac ta lb u m in e -liy d ro ly za te  an d  10 per c e n t r a b b i t  se rum , respectively .

Iden tifica tion . A b o u t 100 C P D f0 doses o f th e  iso la tes were ex am ined  in  th e  n e u tra liz a tio n  
te s t  on  H eL a cells u sin g  adeno type  1 — 8, 11, a n d  14 — 17 specific im m une sera  p rep ared  b y  th e  
V iru s  D e p a rtm en t o f th e  S ta te  In s t i tu te  o f  H y g ien e , B u d a p es t [16]. T he v iru s-se ru m  m ix tu re s  
w ere  in cu b a ted  for 2 h o u rs  a t  37°C.

Serological studies. The paired  se ra  o f  19 p a tie n ts  were exam ined  b y  co m plem en t f ix a tio n  
(C F ) an d  h aem ag g lu tin a tio n -in h ib itio n  (H I)  te s ts  using  th e  m icrom ethod  of T a k á t s y  [17]. 
N on  specific in h ib ito rs  w ere rem oved fro m  th e  sera  by  adso rp tio n  w ith  20 pe r cent kao lin  a n d  
2 p e r  cen t v e rv e t m o n k ey  red  blood cells [18]. T itra tio n s  were perfo rm ed  in  tw ofold  d ilu tio n  
series  o f sera ag a in s t 4 h a em ag g lu tin a tin g  u n its  each  of ty p es  3 an d  7 o f ad en o v iruses. T he 
v iru s -se ru m  m ix tu re s  w ere in cu b a ted  a t  ro o m  te m p e ra tu re  for 1 hour. T h is w as follow ed b y  th e  
a d d it io n  of 1 pe r c en t v e rv e t m onkey  re d  b lo o d  cells. T he re su lts  were re a d  a f te r  an  h o u r  o f 
in c u b a tio n  a t  37°C.

Results

O ut of th e  to ta l  of 44 sam p les  o b ta in e d  from  22 p a tie n ts , 20 y ie ld ed  
c y to p a th o g en ic  (CP) agents. On id e n tif ic a tio n  19 agen ts tu rn e d  ou t to  be 
ty p e  7 while th e  rem ain ing  1 was ty p e  3 o f adenov irus. R esu lts  o f th e  iso la tions 
a n d  serological exam in a tio n s a re  g iven  in  T ab le  I.

V irus was iso la ted  in  14 o u t o f  th e  22 p a tie n ts  (63.6 p e r cen t). B o th  th e  
n a sa l and  th e  th ro a t  swab was p o sitiv e  in 27.2 per cen t. T he incidence o f

ё Ю

r
-

ss

1

(И s  4 fold titre increase

ü  2 fold titre increase 
1 = unchanged: S  1:32 titre 
“  in both samples
f~~l <1.4 in both samples

CF HI
adeno7 adeno3

Fig. 1. Serological responses to  a d en o v iru s  ty p es  7 and 3, in CF a n d  III te s ts
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T ab le  I
Results o f virological exam inations

Clinical
picture

Adenovirus type 
isolated from

Serum
sample

Titres* of s<

CFnasal pharyngeal
ad 7

secretion

U R I 7 7 l 8
и 16 32

P N 7 7 I 8 128
i l 16 256

P N 7 7

P N 7 7 I — —

и 4 16
B R 7 7 I 64 8

и 64 32

B R 7 3 I 128 —

II 32 16

U R I 7 — I 32 —

и 128 32

P N 7 — I — —

II 8 16

B R 7 — I — 64
и — 256

P N 7 - I 8 32
и 128 128

B R 7 — I 8 —

i l 32 16

U R I — 7 I 16 —

и 16 16

P N — 7 I 8 —

и 32 —
B R — 7 I 4 64

II 64 64

U R I ___ — I — 32
и 4 256

P N — — I 8 —

и 8 32

P N — — I — —

и — 32

P N - —

B R _ _ I 16 16
и 16 32

B R — — I 32 16
II 4 32

B R ___ I 4
II 8

B R — —

>ry illness
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p o s itiv ity  in  a single sam ple , was 22.7 an d  13.6 p er cen t fo r nasa l an d  th ro a t  
sw abs, resp ec tiv e ly . P a tie n t No. 6 h a rb o u re d  ty p e  7 adenov irus in  his nose  
a n d  ty p e  3 ad en o v iru s  in  his th ro a t . T his fin d in g  was verified  by rep ea ted  
iso la tio n s from  th e  tw o  s im u ltan eo u sly  ta k e n  sam ples.

In  th e  serological te s ts  all p a ired  sera  ex h ib itin g  a fourfo ld  or tw ofo ld  
t i t r e  increase or a p e rs is tin g  t i t re  o f 1 : 32 or h ig h er were reg a rd ed  as positive . 
U sing  ty p e  7 ad en o v iru s  th e  CF an d  H I w ere positive in  th e  sera  of 9 and  17 
p a tie n ts , re sp ec tiv e ly . W ith  ty p e  3 a d en o v iru s , how ever, on ly  5 p a tie n ts  
e x h ib ite d  a p ositive  serological re a c tio n  (F ig . 1).

Fourfo ld  or h igher increase o f H I  a n tib o d y  titre s , i.e. a p roo f of a c u te  
in fec tio n , was m ost f req u en t ag a in s t ty p e  7 of adenov irus. T hus, b o th  th e  
iso la tio n  ex p erim en ts  an d  th e  serological s tu d ies  y ielded  ev idence of th e  ae tio - 
logical role o f ad en o v iru s  ty p e  7 in th e  observed  o u tb reak .

Discussion

N asal and  th ro a t  sw abs were co llected  a t  th e  sam e tim e  from  all ch ild ren  
in  th e  k in d e rg a rten . T h u s, in  several cases th e  o p tim a l po in t of tim e  o f sam pling  
w as m issed. In  som e cases even th e  d a te  o f th e  onset of illness w as u n k now n . 
N evertheless, th e  incidence of positive  iso la tion  resu lts  was q u ite  h igh. I t  is 
w o r th y  of no te  th a t  in  th e  early  p h ase  o f th e  disease th e  n asa l sw abs w hile 
in  th e  la te  phase th e  th ro a t sw abs e x h ib ite d  a h igher incidence o f p o s itiv ity . 
T h e  possib ility  has arisen  of a ty p e  7 ea rrie rsh ip  sim ilar to  th a t  observed w ith  
o th e r  adenoviruses an d  su p p o rted  b y  th e  o b se rv a tio n  of P e r e i r a  and  K e l l y

[19] who succeeded in  recovering  ty p e  7 aden o v iru s  from  a ch ild ’s adeno id  
fo u r m on ths a fte r  th e  acu te  illness.

H eL a cell cu ltu res  proved  to  be su p erio r to  MK for iso la tion  purposes. 
S ev en teen  ou t o f th e  to ta l  of 20 CP ag en ts  iso la ted  were, how ever, recovered  
from  MK cells, too . N evertheless, in  H eL a  cells th e  v iru s a tta in e d  titre s  of 
10 “ 2 to  10“ 3, w hile in  M K only th e  u n d ilu te d  m a te ria l p ro v ed  to  be ac tiv e .

In  n e u tra liza tio n  te s ts  R o w e  et al [20] found  a cross reac tio n  betw een  
ty p e s  3 and  7 o f adenov iruses. No such  p h enom enon  was observab le  w ith  th e  
s tra in s  iso la ted  by  us. E x cep t for th e  single ty p e  3 s tra in , none of th e  C P  
a g e n ts  iso la ted  w ere n eu tra lized  b y  im m u n e  sera  o th e r th a n  a n ti- ty p e  7.

T he o u tb reak  was a m ild one. T he p n eu m o n ias  observed were no t severe 
e x c e p t for one case. T he la t te r  req u ired  tr e a tm e n t for m ore th a n  one m o n th . 
V irus was iso la ted  from  6 o u t of th e  9 pn eu m o n ia  cases, from  5 ou t of th e  9 
b ro n ch itis  cases, an d  from  3 ou t of th e  4 p a tie n ts  w ith  u p p er re sp ira to ry  d isease. 
T h u s  our resu lts su p p o rt th e  possible aetio log ica l im p o rtan ce  o f ty p e  7 a d en o 
v iru s . This agen t m ay  p roduce  b an a l u p p e r re sp ira to ry  sym ptom s w ith  occasion
al sp read in g  in to  th e  low er p a rts  o f th e  re sp ira to ry  t ra c t .  T he o u tb re a k  rep o rted
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by  us resem bled  th a t  observed in 1959 in  S tockho lm  [4], excep t th a t  g as tro in - 
te n s tin a l sy m p to m s w ere no t p resen t in  ou r p a tie n ts . T he occurrence o f sev ere , 
som etim es fa ta l p neum on ias seems to  be re s tr ic te d  to  ch ildren  (p a r tic u la r ly  
babies) hosp ita lized  or living u n d e r po o r hygien ic  conditions.
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Sum m ary . I t  h a s  been show n th a t  fe rm e n ta tio n  of Stereum  p u rp u reu m  m eets in d u s tr ia l  
re q u irem en ts . B y  use  o f ad eq u a te  techno logy  hom ogeneously  d ispersed  cu ltu res  can be p re 
p ared . F o rm a tio n  o f pelle ts depends on th e  in g red ien ts  and  th e  p H  of th e  m edium . P ig m en t 
p ro d u c tio n  v a rie s  w ith  th e  m edia used  fo r su b c u ltu rin g  th e  s tra in  a n d  w ith  th e  p H  of th e  fe r
m en ta tio n  m ed ium .

In  th e  la s t  decades fe rm en ta tio n  in d u s try  has und erg o n e  a rap id  d ev e lo p 
m en t. A t th e  b eg inn ing  th e  m o tive  force o f th is  p rogress w as th e  large-scale  
p ro d u c tio n  of penicillin . T oday  a w ide v a r ie ty  of a n tib io tic s  is p roduced  by  
in d u s tr ia l fe rm e n ta tio n . In  ad d itio n  to  b ac te ria  an d  ac tin o m y cètes , F u n g i 
Im p erfec ti a re  m a in ly  em ployed  an d  ex p erim en ts  w ith  basid iom ycetes a re  in  
progress. H u m f e l d  [2, 3], H u m f e l d  a n d  S u g i h a r a  [8, 9], S u g i h a r a  an d  
H u m f e l d  [7], B l o c k  et al. [1, 10], Sa n t o r o  an d  Ca s id a  [5] an d  E s p e n s h a d e  
[4] used a e ra te d  fe rm en ta tio n  fo r grow ing th e  m ycelium  o f various b as id io m y 
cetes. The m ain  pu rpose  of these  ex p erim en ts  was to  o b ta in  m ycelium  fo r th e  
p rep a ra tio n  o f h u m a n  or an im al foods.

S u b m erg ed  c u ltu rin g  of b asid iom ycetes w ould  be a g rea t s tep  in  th e  
developm ent o f fe rm en ta tio n  in d u s try , p ro v id ed  th a t  th e  m ycelium  o b ta in e d  
in  th is  m an n e r co n ta in s  su b stan ces p re se n t in  th e  rep ro d u c tio n  elem ents of 
d iffe ren t fung i. T he purpose o f  th e  p re se n t ex p erim en ts  was to  ex am in e  
th e  g row th  o f  a w o o d -ro ttin g  o rgan ism , Stereum p urpureum  in  p u re  a e r a t 
ed subm erged  cu ltu res . T he rep ro d u c ib ility  of hom ogeneous (m acroscopi- 
cally  even ly  d ispersed) subm erged  cu ltu res  has also been  stud ied .

M aterials and m ethods

E xperim en t 1. Solid m edium  Sp 1 was p re p a re d  as follow s: 0 .83%  corn steep  liq u o r 
(50%  d ry  w eig h t), 1 .5%  p o ta to  s ta rch , 0 .2%  p o tass iu m  d ih y d ro p h o sp h a te , 0.4%  am m o n iu m  
su lp h a te  and  0 .3%  calcium  carb o n a te  w ere d issolved b y  boiling. A fte r  th e  add ition  of 3%  a g a r 
th e  m edium  w as d is tr ib u te d  a t 150 m l am o u n ts  in to  R o u x  b o ttle s . S te riliza tio n  was p e rfo rm ed  
a t 120°C for 40 m in u te s . The b o ttle s  w ere in o cu la ted  w ith  cu ltu res grow n on m alt e x tra c t agar. 
In c u b a tio n  la s ted  fo r 14 days a t  30°C. F resh  b o ttle s  w ere in o cu la ted  w ith  agar pieces 2 cm 2 
in size carry in g  th e  surface  m ycelium  cu ltu re . A fte r  tw o w eeks’ in c u b a tio n  a th ird  su b cu ltu re  
was prepared .

E xperim en t 2. L iqu id  Sp — 1 m ed iu m  c o n ta in ed , w ith  th e  ex cep tio n  of agar, th e  sam e 
in g red ien ts as th e  so lid  Sp —1 m edium . T he m ed iu m  w as d is tr ib u te d  a t  100 m l p o rtio n s in to
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500 m l E rlenm eyer flask s th e n  sterilized  a t  120°C fo r 60 m inu tes. T he f la sk s  were in o cu la ted  
w ith  surface  cu ltu res  as in  E x p e rim en t 1, th e n  sh ak en  fo r 7 days a t 30°C. T hree  p a ra lle l cu l
tu re s  w ere exam ined .

E xperim ent 3. P re p a ra tio n  of m ed ium  Cs — 60: An aqueous suspension  co n ta in in g  2%  
soy  f lo u r an d  0 .3%  sod ium  chloride w as a d ju s te d  to  p H  6.0. A fter bo iling  for 5 m in u te s , th e  
susp en sio n  was filte red  th ro u g h  c o tto n  wool. To th e  soy e x tra c t 2%  glucose, 0 .4%  am m o n iu m  
ch lo rid e , 0.2%  p o tass iu m  ch loride, 0 .01%  m an g an ese  su lp h a te , 0.04 m g/100 m l of cobalt n i tra te  
a n d  0.05 m g/100 m l o f b o ric  acid  were ad d ed . T he boiled m edium  w as d is tr ib u te d  a t  100 m l 
p o rtio n s  in to  500 m l E rlen m ey e r flasks. T he c o n te n t o f each  flask  w as a d ju s te d  to  d iffe ren t p H  
v a lu e s : 7.0, 6.5, 6.0, 5.5, 5 .0, 4.5 and  4.0. The flask s w ere th en  sterilized  a t  120°C for 40 m in u te s .

P re p a ra tio n  o f m ed iu m  Z/8: 1%  soy f lo u r, 4 %  p o ta to  s ta rch , 0 .5%  calcium  ca rb o n a te , 
0 .4 %  am m onium  ch lo ride , 0 .3%  sodium  ch lo ride, 0 .2%  po tassium  ch lo ride, 0 .01%  m anganese  
su lp h a te , 0.04 m g/100 m l o f cobalt n i tra te ,  0.05 m g/100 m l of boric  acid  an d  0 .5%  palm  oil. 
A fte r  boiling  th e  p H  w as a d ju s te d  to  7.0, th e n  th e  m ed iu m  was d is tr ib u te d  a t  100 m l a m o u n ts  
in to  500 m l E rlen m ey er flask s an d  sterilized  a t  120°C for 60 m inutes.

T hree  paralle l flask s w ith  m edia Cs —60 a n d  Z/8 were seeded w ith  2 m l a liquo ts o f  h o m o 
gen eo u sly  d ispersed  cu ltu re s  grow n a t p H  3.5 in  E x p e rim en t 2. The flask s were sh aken  fo r 7 
d a y s  a t  30°C.

E xperim ents  4 to 7. B y  use o f m ed ium  Z /8, th e  ex p erim en ts were p e rfo rm ed  as described  
in  E x p e rim en t 3. T he fla sk s  w ere alw ays in o cu la te d  w ith  th e  hom ogeneously  d ispersed  cu ltu re  
o b ta in e d  in  th e  p rev io u s ex p erim en t.

Subm erged cu ltu res  w ere a e ra te d  by  sh ak in g  a t  260 cycles per m in u te  th ro u g h  a d is tan ce  
o f 2 cm.

S te rility  o f th e  cu ltu re s  was checked d a ily  b y  m icroscopic ex am in a tio n  and  c u ltu rin g  in 
b ro th .  S te rility  te s tin g  of surface  cu ltu res  w as pe rfo rm ed  by  a sim ilar m e th o d  using  th e  co n d en 
sa tio n  w a te r o f th e  b o ttle s .

M acroscopic p ro p e rtie s  o f th e  m ycelium  w ere exam ined  in surface  cu ltu res . T herefore  in 
e v e ry  experim en t solid  Sp — 1 m edia  were also seeded.

H om ogeneity  (d isp e rsed  or co n ta in in g  p e lle ts ) a n d  colour o f su b m erged  cu ltu res  were 
e v a lu a te d  v isually .

Results

The resu lts  a re  sum m arized  in  T ab le  I.
Experiment 1. Surface cu ltu res y ie lded  in 14 days a b u n d a n t m ycelium  

ex te n d in g  evenly  over th e  w hole su rface  o f th e  m edium . T he cu ltu re  h ad  a 
loose, co tton  su rface , ru s ty  red  in  co lour (P a rag rap h  1 in  T ab le  I).

Experiment 2. In  liqu id  Sp — 1 m edia  a t  in itia l p H  values of 5.0, 4.5, 4.0 
a n d  3.5, g iant ligh t yellow  pellets were p roduced . A t pH  3 a p ap rik a -red  dense 
hom ogeneous cu ltu re  w as o b ta in ed  (P a ra g ra p h  2 in T able  I).

Experiment 3. In  g lucose-con ta in ing  p H  7.0 and  5.0 Cs-60 m edium  th e  
m ycelium  form ed one g ian t pelle t. A t o th e r  p H  values th e  cu ltu re  rem ain ed  
hom ogeneous in th is  m edium . In  s ta rch -co n ta in in g  m edium  Z/8 hom ogeneous 
cu ltu re s  were o b ta in ed . The colour o f th e  fe rm en ta tio n  flu id  v a ried  from  co lo u r
less th ro u g h  ligh t red  to  deep o range accord ing  to  th e  decrease in  th e  in itia l 
p H  values. The co lour was in d e p e n d e n t of th e  cu ltu re ’s d isp e rs ity . Surface 
cu ltu re s  were s im ila r to  those described  in  E x p erim en t 1 (P a rag rap h  3 in  
T ab le  I).

Experiment 4. In  all flasks hom ogeneous cu ltures w ere ob ta in ed . O range 
p ig m en t was p ro d u ced  only in  cu ltu res  seeded w ith  pH  4.0 an d  4.5 cu ltu res  of 
th e  previous ex p e rim en t. O ther cu ltu res  rem ained  colourless. No a lte ra tio n  
w as observed in surface cu ltu res (P a ra g ra p h  4 in Table I).
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Table I

D ispersily  o f  S tereum  purpureum  cultures fo llow ing  passages 
Stereum p u rp u reu m  
(agar s la n t c u ltu re )

1. Sp-1 m edium  surface cu ltu re

4 4 1T 4 4
2. pH 5.0 4.5 4.0 3.5 3.0

Shaken culture Sp-1 Sp-1 Sp-1 Sp-1 Sp-1
Y .p Y ,p Y, p Y , p R , h

4 4 4 4 4 4 4
3. pH 7.0 6.5 6.0 5.5 5.0 4.5 4.0 7.0

Shaken culture Cs-60 Cs-60 Cs-60 Cs-60 Cs-60 Cs-60 Cs-60 Z/8
CL, p L R , h L R , h

1
L R , h

1
0 , p O, h

1
0 ,  h

1
CL, h

1
4. p H 7.0

1
7.0 7.0 7.0 7.0 7.0

Shaken culture Z/8 Z/8 Z/8 Z/8 Z/8 Z/8
CL, h CL, h CL, h O, h

1
0 ,  h

1
CL, h

1
5. p H 7.0 7.0 7.0 7.0 7.0 7.0

Shaken culture Z/8 Z/8 Z/8 Z/8 Z/8 Z/8
CL, h CL. h CL, h 0 , h O .h CL, h

1
6. pH 7.0 7.0 7.0 7.0 7.0 7.0

Shaken culture Z/8 Z/8 Z/8 Z/8 Z/8 Z/8
CL, h CL, h CL, h O .h O .h

1
CL. h

1
7. pH 7.0 7.0 7.0 7.0 7.0 7i0

Shaken culture Z/8 Z/8 Z/8 Z/8 Z/8 Z/8
CL,h CL. h CL, h

1
O. h

1
Ü. h CL, h

8. pH 7.0 7.0
1

7.0 7.0 7.0
Shaken culture Z/8 Z/8 Z/8 Z/8 Z/8

CL, h CL, h CL, h 0 ,  h CL, h

p  =  pelle t fo rrn a tio n , h =  hom ogeneous (d isperse) cu ltu re , Y  = yellow, R  =  red
L R  =  lig h t red , О =  orange, CL =  colourless

Experiment 5. T he re su lts  were id en tica l w ith  those o b ta in ed  in E x p e ri
m en t 4 (P a ra g ra p h  5 in  T ab le  I).

Experiment 6. T he re su lts  were id en tica l w ith  those o b ta in ed  in  E x p e ri
m en t 5 (P a rag rap h  6 in  T ab le  I).

Experiment  7. No changes were observed . The 4 th  Z/8 su bcu ltu re  o rig i
n a tin g  from  p H  4.0 cu ltu re  w as co n tam in a ted  b y  b a c te ria ; there fo re  the  re su lts  
could  no t be e v a lu a ted  (P a ra g ra p h  8 in  T ab le  I).

Discussion

The aspects of in d u s tr ia l fe rm en ta tio n  of Stereum p u rp u reu m  have been 
ex am in ed . The ex p e rim en ts  w ere ex ten d ed  to  th e  p ro d u c tio n  of hom ogeneous 
cu ltu re s  and  re p ro d u c ib ility  of the  re su lts .
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F ro m  E x p erim en t 2 it m ay be concluded  th a t  a hom ogeneous cu ltu re  
can  be p rep ared  in co rn -steep  s ta rc h  m ed ium  (Sp-1) a t  p H  3.0. T his cu ltu re  
w as s tro n g ly  p igm en ted  an d  re ta in e d  its  original p ro p e rtie s  th ro u g h o u t 5 
su b c u ltu re s  in d ifferen t m ed ia . H om ogeneous cu ltu res w ere o b ta ined  a t  pH  
ran g es  4.0 — 6.5 in  glucose m ed ium  (Cs-60) used  in  E x p e rim e n t 3. A t som e p H  
v a lu es  (5.5 6.5), how ever, p ig m e n ta tio n  w as weak. S ta rc h  an d  soy -co n ta in in g
m ed iu m  Z/8 a t p H  7 (E x p e rim en ts  4 — 7) was ad eq u a te  fo r th e  p re se rv a tio n  
of th e  p rev iously  developed  m ain  ch a ra c te rs  (d ispersity , p ig m en t p ro d u c tio n ) 
of th e  m ycelium  in seria l su b cu ltu res .

P ro d u c tio n  of hom ogeneous cu ltu re s  is an im p o r ta n t in d u s tr ia l re q u ire 
m e n t, as in tensive  m e tab o lism  tak es  p lace only  in  such cu ltu res . R ep ro d u c ib ility  
o f th e  re su lts  is also im p o r ta n t in  th is  resp ec t. F rom  our ex p erim en ts  i t  m ay  
be concluded  th a t  th e  fo rm a tio n  of p e lle ts , in add ition  to  its  d ependence  on 
th e  in it ia l  pH , is assoc ia ted  w ith  th e  o rd e r in w hich v a rio u s m edia a rc  used 
for consecu tive  su b cu ltu res . The in fluence  of th e  glucose an d  s ta rc h  co n te n t 
of th e  m ed ium  is also ev id en t. In v e s tig a tio n s  in to  th e  effect of am ylase a c tiv ity  
w ill be rep o rted  in  a su b seq u en t p ap e r.

Acknowledgement. T he a u th o r  is in d e b te d  to  M r s . G. S o m o g y i , M i s s  L. R o c k e n b a u e r  
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Sum m ary. T h e  am ylase  a c tiv ity  o f hom ogeneous a e ra ted  cu ltu res  o f Stereum p u rp u reu m  
has been exam ined .

(i) The s ta rc h  co n te n t and p H  of s ta rch -so y  e x tr a c t  m edium  changes du ring  s te riliza tio n .
(ii) H om ogeneous subm erged cu ltu res  o f S . p u rp u reu m  decom pose s ta rch  rap id ly .
(iii) In h ib itio n  of am ylase a c t iv ity  is p ro p o rtio n a l to  th e  a m o u n t o f a decom position  

p ro d u c t form ed d u rin g  steriliza tion  of th e  m edium .
(iv) M axim um  am ylase  a c tiv ity  is e x e rted  in  sta rch -so y  e x tr a c t  m edium  a d ju s te d  to  

p H  4 before s te riliza tio n .
(v) The fe rm e n ta tio n  flu id  o f Stereum  p u rp u reu m  p ro b ab ly  co n ta in s  an  enzym e b reak in g  

up 1,6-glucoside bon d s.

In  recen t y ea rs  several au th o rs  h av e  s tu d ie d  th e  p rob lem s of basid iom y- 
cetes fe rm e n ta tio n  [1—5]. In  a p rev ious p a p e r  [8] we h a v e  rep o rted  on th e  
cu ltiv a tio n  o f Stereum purpureum .  I t  w as n o ted  th a t  th e  re su lt of ae ra ted  
subm erged fe rm e n ta tio n  is in fluenced  b y  th e  s ta rc h  c o n te n t of th e  m ed ium .

The p re sen t p ap e r deals w ith  th e  am ylase  a c tiv ity  o f Stereum purpureum  
w ith  special re g a rd  to  its associa tion  w ith  th e  s te riliza tio n  process.

Materials and methods

Inoculum . A hom ogeneous v e g e ta tiv e  cu ltu re  o f Stereum  p u rp u reu m  was p repared  w ith  
solid Sp — 1 and  liq u id  Cs —60 and Z/8 m edia , as described  p rev io u sly  [8]. The fe rm e n ta tio n  
flu id  was d is tr ib u te d  a t  10 m l po rtio n s in to  te s t  tu b e s  and  sto red  a t  2°C for n o t m ore th a n  
30 days. F e rm en ta tio n  m edia were seeded w ith  th e  c o n te n t of these  tu b es .

Ferm entation. E x p erim en t 1: m ed ium  Z/8 w as used . E x p e rim en t 2: a liquo ts of m ed ium  
Z/8 were ad ju s ted  w ith  su lphuric  acid  to  p H  3.5, 4 .0, 4.5, 5.0, 5.5 a n d  6.0. The m edia w ere 
d is tr ib u te d  a t 100 m l am o u n ts  in to  500 m l E rlen m ey e r flasks an d  s te rilized  a t  120° C for 60 
m in u tes. E ach  f la sk  w as seeded w ith  th e  co n te n t o f  one inocu lum  tu b e . In cu b a tio n  w as p e r
form ed by shak ing  a t  30°C.

D eterm ination o f  amylase activity. In  E x p e rim en t 1 th e  m odified  m eth o d  of Sm ith  an d  
R oe [6] was used. T h is  m eth o d  involves th e  ad d itio n  of know n a m o u n ts  o f s ta rc h  to the  enzym e 
so lu tion  and th e  d e te rm in a tio n  of th e  re s id u a l s u b s tra te . T he m eth o d  w as m odified in th a t  
p H  6.0 instead  of p H  7.2 phosphate  b u ffer w as used . T he filte red  fe rm e n ta tio n  flu id  was ap p lied  
as an enzym e so lu tion .

In  E x p e rim en t 2 th e  in d irect m eth o d  d escribed  b y  F ie l d s  et al. [7] w as used for am ylase  
d e te rm in a tio n .

Determ ina tion  o f  starch concentration. In  E x p e r im e n t 2 th e  s ta rc h  c o n te n t of fe rm en ta tio n  
m edia before an d  a f te r  ste riliza tion  w as d e te rm in ed  as follows. One g of s ta rch  was boiled in  
50 ml of w ater for 5 m in u te s , th en  th e  volum e was m ade  u p  to  100.0 m l (10,000 /ig s ta rch  per m l). 
F ro m  the  stock so lu tio n  various d ilu tions ran g in g  fro m  10 to  100 /zg/m l, w ere p repared . T o 10
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m l a liq u o ts  o f each d ilu tio n  0.5 m l o f p o tass iu m  iodide-iodine re a g e n t w as added . T en  m l o f 
w a te r  plus 0.5 m l of re ag e n t w as used  as a b la n k  so lu tion . O ptical d e n sitie s  were re ad  in  th e  
U v ifo r t  p h o to m e ter a t  578 rap,; b lan k  read in g  w as se t a t zero. F ro m  th e  re su lts  a s ta n d a rd  
cu rv e  was draw n. T he m ed iu m  or fe rm e n ta tio n  f lu id  w as so d ilu ted  as to  co n ta in  10 to  100 pg  
o f  s ta rc h  per ml, th e n  re a d  in  th e  p h o to m e te r. T he s ta rch  co n te n t w as calcu la ted  fro m  th e  
s ta n d a rd  graph . T he lim its  o f erro r were i  4 pe r cen t.

Determ ination o f  p H  w as perform ed by  m ean s of an electric  p H  m ete r.
E ach  100 m l p o rtio n  of th e  fe rm e n ta tio n  m edium  was seeded w ith  10 m l o f ino cu lu m  

c u ltu re  s to red  a t 2°C. F o u r  p a ra lle l cu ltu res w ere exam ined .
Checking of fe rm e n ta tio n  and  s te r ility  w as perform ed as described  prev iously  [8].
F or am ylase a c t iv ity  assay  th e  fe rm e n ta tio n  flu ids were sam pled  a t  4 h o u r in te rv a ls .
In  E x p erim en t 2 th e  p H  of th e  m ed ia  w as de term ined  before a n d  a fte r  s te riliza tio n . 

S ta rc h  co n ten t was d e te rm in e d  a fte r ste riliza tio n .

Results

A m ylase a c tiv itie s  (m g/m l) o b ta in e d  in  E x p e rim en t 1 w ith  S m it h  a n d  
R o e ’s m ethod  are  p resen ted  in  T ab le  I .

I t  is seen th a t  neg a tiv e  an d  p o sitiv e  values v a rie d  in  th e  co nsecu tive  
sam ples. The resu lts  w ere sim ilarly  ir re g u la r  in rep ea ted  ex p erim en ts .

The p ercen tage  of s ta rc h  c o n te n t of the m edia u sed  in  E x p e rim e n t 2 
befo re  and a fte r  s te riliz a tio n  and  of s ta rc h  decom posed d u rin g  s te riliz a tio n ,

T able  I

A m ylase  activity  o f  S tereum  purpureum

Time of incuba
tion, hours

A ctivity
(decomposition of 

mg starch/ml)

4 -  0.95

8 -  2.30

12 1.40

16 0.00

20 +  8.00

24 + 1 2 .2 2

28 -1-18.60

32 +  19.80

36 +  8.90

40 -  1.20

44 +  3.40

48 +  3.00

a re  show n in  Fig. 1. T he graphs u n d e r th e  colum ns in d ica te  th e  co rrespond ing  
p H  values before an d  a fte r  s te riliza tio n . I t  is ev iden t t h a t  th e  degree o f s ta rc h  
decom position  v a r ie d  w ith , b u t w as n o t p roportiona l to , th e  in itia l p H . T he
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starch content after i---- 1 starch decomposed
sterilization '-----■ during sterilization

X--------X

о -----о
before I s fernjzafj0T) 
after  (

Fig. 1. A lte ra tio n  of s ta rc h  c o n te n t and p H  o f m ed ia  d u rin g  ste riliza tio n

F ig . 2. A m ylase  a c t iv ity  in  m edia s te rilized  on v a rio u s  p H

4 *
Acta microbiol. Acad. Sei. hung. X I I , 1965



5 2 Z. CSERI

a m o u n t of decom posed s ta rc h  w as ch a ra c te ris tic  of th e  co rrespond ing  p H  value. 
M inim um  s ta rch  decom position  w as o b ta in ed  a t in itia l p H  4.0.

F ig . 2 shows th e  re su lts  o b ta in e d  in  th e  m edia p re sen ted  in  F ig . 1. A m ylase 
a c tiv ity  is expressed as th e  m g/m l decrease in  s trach  c o n te n t o f th e  m ed ium  [7].

T he am ylase a c tiv ity  cu rves can  be d iv ided  in to  3 g roups. G roup 1 includes 
cu rves B, C and  D. T hese cu ltu re s  e x e rte d  a h igh a c tiv ity  in  th e  f irs t 4 hours 
o f  fe rm en ta tio n  and  decom posed 51, 43 and  29 per cen t o f th e  po st-s te riliza 
tio n  s ta rc h  co n ten t, resp ec tiv e ly .

G roup 2 is rep re sen ted  b y  cu rve  A. These cu ltu res  decom posed 30 per 
c en t o f th e  s ta rch  co n ten t w ith in  th e  f irs t  4 hours; on fu r th e r  in c u b a tio n  th ey  
w ere in ac tive . L a te r th e ir  a c tiv ity  increased  again , b u t rem ain ed  low er th a n  
th a t  ex e rted  by  G roup 1 cu ltu res .

G roup 3 includes cu ltu res  E  an d  F , w hich did n o t decom pose s ta rc h  in 
th e  f ir s t  8 or 16 hours.

Discussion

T he previous p ap e r [8] p re sen ted  resu lts  o b ta in ed  w ith  hom ogeneous 
sub m erg ed  starch-soy  m ed ium  cu ltu re s  of Stereum pu rp u reu m .  These cu ltu res 
grew  a b u n d a n tly  an d  p ro d u ced  no pelle ts . I t  has th e re fo re  been concluded 
th a t  in  add itio n  to  th e  p H , th e  absence of pellet fo rm atio n  is assoc ia ted  w ith 
th e  s ta rc h  con ten t of th e  m ed ium , or th e  am ylase a c tiv ity  of th e  cu ltu re . 
F ro m  am ylase a c tiv ity  d e te rm in a tio n s  th e  following conclusions h av e  been 
d raw n .

T he am ylase a c tiv itie s  m easu red  in  E x p erim en t 1 seem  to  in d ica te  th a t  
in  som e incuba tion  periods th e  organism  was syn th esiz in g  s ta rch . In  rea lity  
th e  n eg a tiv e  results w ere a t tr ib u ta b le  to  th e  am ylopectin  c o n te n t of th e  w ater- 
so lub le  s ta rch  p re p a ra tio n  used  in  th e  experim en ts. A m ylase-like side chains 
lib e ra ted  from  am ylopectin  a f te r  th e  b reak ing  up of 1,6-glucoside bonds increase 
th e  in te n s ity  of th e  p o tassiu m  iodide-iod ine colour reac tio n . On th e  o ther 
h a n d , free am ylase m olecules co n ta in in g  1.4-glucoside b o nds are  decom posed 
b y  am ylase , therefore  th e  n u m b e r of am ylase m olecules an d  co n seq u en tly  the  
in te n s ity  of colour reac tio n  decreases. A ccordingly, th e  m eth o d  of S m i t h  and 
R o e  [6] m easures th e  r e s u lta n t  of th e  b reaking  up  of 1,4- an d  1,6-glucoside 
bonds, th u s  for th e  lack  of a su itab le  su b s tra te  th e  m e th o d  ev id en tly  fails to  
y ie ld  reliab le resu lts  fo r am ylase  a c tiv ity .

A ccording to  th e  m e th o d  o f F i e l d s  et al. [7], am y lase  a c tiv ity  is expressed 
as th e  decrease in  th e  s ta rc h  c o n te n t o f th e  m edium . In  E x p e rim e n t 2 th is 
m e th o d  was used.

S te riliza tion  caused  changes in  th e  pH  and  th e  s ta rc h  co n ten t of the  
m ed ia . Com parison of p o s t-s te riliz a tio n  pH  and  u n a tta c k e d  s ta rc h  con ten t 
rev ea led  th a t  decom position  w as leas t a t pH  4.0. F rom  th e  irreg u la r association
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o f th e  p H  an d  th e  degree of sta rch  decom position  i t  m ay  be concluded th a t  th e  
pH  is a lte re d  d u ring  s teriliza tion  by  th e  hydro lysis of soy flour.

A m ylase a c tiv ity  graphs un ifo rm ly  in d ica te  th a t  a t th e  beginning  of 
fe rm e n ta tio n  th e  enzym e added to  th e  m ed iu m  w ith  th e  inoculum  is in h ib ited  
p ro p o rtio n a lly  to  th e  concen tra tion  of decom position  p ro d u c ts  form ed on h e a t
ing of th e  m ed ium . In  one ty p e  of am y lase  curves a h igh  a c tiv ity  is ev id en t 
from  th e  m om ent of seedin ' (G roup 1). M edia seeded w ith  these  cu ltu res 
co n ta in ed  th e  h ig h es t concen tra tion  o f s ta rc h  an d  th e  low est am o u n ts  o f 
decom position  p ro d u c ts .

In  cu ltu res  fa lling  in to  G roup 2 la rg e r am o u n ts  of decom position  p ro 
du c ts  seem ed only  to  h in d er th e  sy n th esis  o f new am ylase. In  group 3 th e  
inocu lum  am ylase w as inac tive  or th e  cu ltu re  p roduced  no am ylase in  th e  
f irs t 8 or 16 hours of fe rm en ta tion .
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EFFECT OF pH ON THE GROWTH IN SUBMERGED 
CULTURE OF SOME WOOD-ROTTING FUNGI
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(R eceived N o vem ber 25, 1964)

Sum m ary . H om ogeneous, a e ra ted  su b m erged  cu ltu res  of Stereum p u rp u reu m , Trametes 
versicolor an d  P hellinus ign iarius  were fo u n d  to  u tilize  glucose. H igher m ycelium  yields w ere 
o b ta in ed  in so y -s ta rch  th a n  in soy ex trac t-g lu co se  m ed ium . The o p tim u m  p H  for g row th  in  
soy-glucose m ed iu m  v a ried  w ith  th e  fu n g a l species. W ith  th e  lowering of p H , th e  yields o f 
Trametes versicolor a n d  P hellinus igniarius  d ecreased  g rad u ally . The grow th  curve for Stereum  
p u rpureum  was d iffe re n t; a t  p H  7.0 an d  5.0 v e ry  poor g ro w th  occurred.

Several w orkers have  s tu d ied  th e  fe rm e n ta tio n  of w ood-ro tting  fung i. 
We h av e  re p o rte d  on th e  c u ltiv a tio n  and  s ta rch-decom posing  a c tiv ity  of 
Stereum pu rp u reu m  [9, 10]. J e n n i s o n  et al. s tu d ie d  th e  n u tr itio n  req u irem en ts  
[3, 4 ], g row th  [1], am ino  acid  com position  [2] an d  v itam in  co n ten t [5], o f 
subm erged  m ycelium  of basid iom ycetes. B r o c k  [ 6 ] ,  B l o c k  [8 ]  and W i l l i a m  

et al. [7] ex am in ed  th e  u tiliza tio n  of v a rio u s carbon  sources.
The p resen t p a p e r deals w ith  s tu d ies  on th e  influence of th e  in itia l pH  

on th e  hom ogeneous g row th  of Stereum p u rp u re u m , Trametes versicolor an d  
Phellinus igniarius  in glucose m edium  seeded  w ith  v eg e ta tiv e  m ycelium .

T he pu rpose  o f th e  ex perim en ts was to  de te rm ine  th e  o p tim um  p H  fo r 
g row th  of cu ltu res  w hich had  a lread y  lo st th e ir  pellet p roducing  cap ac ity . 
In  ad d itio n , an  a t te m p t  has been m ad e  to  fin d  th e  best m edium  for fe rm en 
ta tio n .

M aterials and  m ethods

M edia . In g re d ie n ts  a n d  p rep ara tio n  of m edia  Sp — 1, Cs — 60 and  Z/8 have  been described  
prev iously  [9].

S terility  testing  w as perform ed as d escribed  p rev io u sly  [9].
Inoculum . A g ar pieces 2 cm2 in  size w ere c u t from  p la te s  w ith  surface cu ltu res  of th e  

organ ism s an d  seeded in to  Z/8 m edium . T he cu ltu res  w ere shaken  for 6 days a t  30°C, th e n  
su b cu ltu red  5 tim es  in  th e  sam e m edium  a t 3 d a y  in te rv a ls . C ultures grow n in  th is m an n e r 
p roduced  no pe lle ts in  glucose m edium . T he fe rm e n ta tio n  m edia  were in o cu la ted  w ith  10 m l 
po rtions of such cu ltu res .

F erm entation. S ta rch -so y  m edium  Z/8 a t  p H  7.0 served  as a con tro l. A liquots o f soy- 
e x tra c t glucose m ed iu m  Cs — 60 were a d ju s te d  before ste riliza tio n  to  p H  7.0, 6.5, 6.0, 5.5, 5.0, 
4.5 an d  4.0. T hree  p a ra lle l flasks of each p H  v a lu e  w ere seeded  w ith  10 m l a liq u o ts  o f in ocu lum  
an d  sh ak en  for 3 d ay s a t  30°C, th en  th e  d ry  w eigh t o f m ycelium  p resen t in  th e  fe rm e n ta tio n  
flu id  w as de te rm in ed .

D ry weight determ ination. Pieces of f i lte r  p ap er w ere d ried  a t  105°C for 2 hours and  
w eighed on an  a n a ly tic a l balance. F ifteen  m l sam ples ta k e n  from  each of th e  th ree  p a ra lle l
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c u ltu re s  w ere pooled. T h ree  10 ml a liquots o f  th e  pooled sam ple  were filte red  th ro u g h  th e
w eighed  fi lte r  papers. A fte r  w ashing 3 tim es w ith  d istilled  w a te r , th e  f ilte r p ap ers  w ere 
d ried  a t  105°C for 2 h o u rs , th e n  weighed. T h e  3 p a ra lle l d e te rm in a tio n s were av erag ed  a n d  
exp ressed  as g/100 m l m ed iu m . The lim it o f e rro r  w as ±  5 per cent.

T h e resu lts  o b ta in e d  in  m edium  Cs-60 are p resen ted  in  Fig. 1.
I t  is seen th a t  in  th e  exam ined p H  ran g e  th e  g row th  of Stereum p u rp u reu m  

in  soy e x tra c t glucose m ed ium  was v e ry  irreg u la r . The b est g row th  was o b ta in ed  
a t p H  6.5, the  p o o rest a t  pH  5.0.

F i g . . l  (1) S te r e u m  p u r p u r e u m  (2) T r a m e le s  v e r s ico lo r (3) P h e l l in u s  i g n ia r iu s

W ith  Trametes versicolor th e  p o o re s t g row th  was observed a t  p H  6 .0  
a n d  4.0.

W ith  th e  low ering  of the  p H , th e  m ycelium  co n ten t o f Phellinus igniarius  
c u ltu re s  decreased g radua lly .

Glucose w as u tiliz ed  by  all th e  ex am in ed  organism s.
T ab le  I show s th e  percentage o f d ry  w eight m ycelium  co n ten ts in m edium  

Cs-60 as com pared  w ith  the  100 per c en t v a lue  o b ta in ed  in contro l m ed ium  Z/8.
I t  is seen th a t  Stereum pu rp u reu m  grew  poorly  in  glucose m ed ium . The 

m ax im u m  m ycelium  yields a t pH  6.5 w ere only 68 per cen t of th e  contro l 
c u ltu re .

In  glucose m ed iu m  a t pH  7.0 Trametes versicolor grew  considerab ly  b e t te r  
th a n  Stereum p u rp u re u m .  H ow ever, th e  m ax im um  yields am o u n ted  to  o n ly  
72 p e r  cen t of th e  con tro l.

In  m edium  Cs-60 th e  slowest g ro w th  was ex e rted  b y  Phellinus igniarius.  
H ig h es t y ields (40 p e r  cent) were o b ta in e d  a t p H  7.0.

R esu lts

1.6

~*0A-

0.2

0-
7.0 6.5 6.0 5 .5  5.0 4.5 4Û pH
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I t  was s tr ik in g  th a t  all th e  th ree  species grew  b e tte r  in  th e  contro l m ed iu m  
(Z/8) th a n  in  m ed ium  Cs-60.

Table I

M yce liu m  yie ld  at carious p H

Medium pH

Percentage of d ry  w eight m ycelium  
contents

Stereum
p urpureum

Tram etes
versicolor

Phellinus
ign ia riu s

Z/8 7.0 100 100 100

Cs-60 7.0 28 72 40

6.5 68 58 33

6.0 58 53 25

5.5
COЮ

60 30

5.0 26 63 23

4.5 51 56 20

4.0 53 53 23

Discussion

The exam ined  th re e  w ood-ro tting  fung i, Stereum p urpureum , Trametes  
versicolor an d  Phellinus ign iarius  grew u n ifo rm ly  w ell in  m ed ium  Z/8 (F ig. 2). 
A ccordingly, th is  m ed ium  is ad v an tageous in  th a t  i t  ensures a sh o rte r fe rm en 
ta tio n  period. In  ad d itio n , as it  has a lready  been show n [9], som e sub cu ltu res  
in m edium  Z/8 are  su ffic ien t to  preserve th e  d isp e rs ity  of th e  cu lture .

The fac t th a t  th e  th re e  species produced  hom ogeneous cu ltu res  in m ed ium  
Cs-60, was due to  a p rev io u s stab iliza tion  o f th e  inocu lum  b y  prolonged su b 
cu ltiv a tio n  in  m ed iu m  Z/8. W hen  m edium  Cs-60 w as seeded w ith  d irect s u r 
face cu ltu res, a t  som e p H  v a lu es  pellets w ere fo rm ed  [9].

As to  th e  o p tim a l p H  ran g e  of grow th , m easu rab le  m u ltip lica tio n  occurred 
betw een p H  7.0 an d  4.0. T he degree of g row th , as expressed  by  th e  d ry  w eight 
o f th e  m ycelium , d ep en d ed  on the  in itia l p H  v a lue .

In  m ed ium  Cs-60 Trametes versicolor an d  Phellinus igniarius  grew best 
a t  pH  7.0. Stereum p u rp u re u m  gave th e  p o o res t y ields a t  p H  7.0 and  5.0. 
I t  w ould ap p ear th a t  th e  p H  optim um  of g ro w th  in  a g iven m edium  v arie s  
w ith  th e  fungal species.

Acknowledgement. T he a u th o r  is in d eb ted  to M rs. G. S o m o g y i ,  M iss  L .  R o c k e n b a u e r  
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AMINO ACID SENSITIVITY OF STRAINS DERIVED FROM 
ESCHERICHIA COLI K12

B y

I. Gadó and I . H orváth

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 o r v á t h ) ,  R esea rch  I n s t i t u t e  f o 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 eceived N o v em b er 26, 1964)

Summary. A  phenom enon  sim ilar to  th e  am in o  acid  in h ib ition  o b se rv ed  by  A l f ö l d i  el a l. 
in  re laxed  s tra in s  could be d e m o n s tra ted  w ith  sev era l strin g en t s tra in s . T hese in h ib itio n s  w ere 
d iffe ren t from  th e  feedback  in h ib itio n  b y  v a line . T he lag-phase caused  b y  th e  sh ift dow n could  
be p rev en ted  b y  valine  an d  isoleucine. I t  is assu m ed  th a t  leucine causes a d is tu rb an ce  in  th e  
derepression  of enzym es sy n th esiz in g  th e  b ra n ch ed -ch a in  am ino acids.

T he g row th  on m in im al m ed ium  o f certa in  Escherichia coli s tra in s  is 
in h ib ited  by  several am ino  acids. T hus, T a t u m  [1] has show n th a t  th e  g ro w th  
of E . coli K 12 s tra in s  is in h ib ite d  by  v a lin e  an d  th is  in h ib itio n  can be su spended  
by isoleucine. The cause of th is  in h ib ito ry  effect accord ing  to  U m b a r g e r  and 
B r o w n  [2] is th a t  va line  in h ib its  th e  a -ace to lac tic  ac id -fo rm ing  enzym e w hich  
p a r tic ip a te s  in  th e  b io syn thesis  of v a lin e  an d  isoleucine; th e  presence of v a line  
th u s  resu lts  in  isoleucine deficiency. L e a v i t t  and U m b a r g e r  [3] h av e  show n 
th a t  th e  enzym e p re sen t in  v a lin e -re s is tan t m u tan ts  is n o t sensitive  to  v a line , 
confirm ing  by  th is  th e  above suppositio n .

A  new  ty p e  of in h ib itio n  has b een  described by  A l f ö l d i  et al. [4]. In  
ex p erim en ts  w ith  re laxed  v a ria n ts  o f Escherichia coli ( B o r e k  et al. [5]) th e y  
found  th a t  if  these  b a c te ria  were grow n on com plete m ed iu m  for tw o  h ours 
th e n  w ashed  an d  p la ted  on m in im al m ed ium , only 10 p er cen t o f th e  b a c te ria  
fo rm ed  colonies. This co lony-form ing a b ility  is fu rth e r decreased  by  a n u m b er 
of am ino  acids, f irs t of all by  b ran ch ed -ch a in  am ino acids or h y d ro x y -am in o  
acids p a rtic ip a tin g  in  th e  b io syn thesis  o f th e  form er. A l f ö l d i  an d  K e r e k e s  
[6] h av e  d e m o n s tra te d  th a t  these  in h ib ito ry  effects can  be overcom e w ith  
com b in a tio n s of m em bers of th is  am ino  acid  group b u t  fa iled  to  observe  a 
sim ilar phenom enon in th e  case of s tr in g e n t stra ins.

In  th e  p resen t p a p e r th e  am ino ac id  sensitiv ity  of one re laxed  an d  tw o 
s tr in g e n t s tra in s  of Escherichia coli K 12 w as exam ined b y  a m e th o d  d ifferen t 
from  th a t  o f th e  au th o rs  cited  above. Since th e  s tro n g est in h ib ito ry  effect 
w as ex e rted  b y  leucine, th is  am ino acid  w as stud ied  in d e ta il.

M aterials an d  m ethods

S t r a in s . T he follow ing s tra in s  o f E s c h e r ic h ia  co li K ]2 were u sed : A 28 RCstr (accord ing  
to  dr. R . H i l l ’s d e te rm in a tio n ) H fr C a v a l l i  m e t -  R C rel, 58 — 161 L e d e r b e r g  m e t"  b io 
t i n "  R O r.
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E xperim ental conditions. B ac te ria  grow n fo r 16 h o u rs  on com plete  m edium  (b ro th ) w ere 
in o cu la te d  in to  10 vo lum es o f th e  sam e m edium . A fter tw o hours in c u b a tio n  th e  cu ltu res w ere 
w ash ed  tw ice w ith  d is tilled  w a te r  an d  an  in ocu lum  of 103 cell/m l c o n ce n tra tio n  was tran sfe rre d  
in to  th e  m in im al m ed iu m  desc rib ed  by D a v i s  a n d  M i n g i o l i  [7] su p p lem en ted  w ith a g ro w th  
fa c to r  in  the  case of a u x o tro p h ic  stra in s . A fter in o cu la tio n  th e  g ro w th -cu rv e  was d e te rm in ed  
b y  ta k in g  sam ples a t  in te rv a ls  an d  p la tin g  th em  on com plete  m edium . T h e  experim ents w ere 
c a rried  o u t a t  37°C. A n y  change  in  th is  s ta n d a rd  m eth o d  is in d ica ted  in  th e  te x t.

T he am ino acids used  w ere o f L -configu ration  an d  of an a ly tic a l p u r i ty .

Results

D em onstration o f  the inhibitory effect o f  leucine.
The effect o f leucine  upon  th e  g ro w th  of th e  th re e  m en tioned  s tra in s  

h a s  been  exam ined . T h e  resu lts  are show n in F ig . 1. I t  can be seen th a t  leucine 
in h ib ite d  grow th  o f all th e  th ree  s tra in s , a n d  th is in h ib ito ry  effect m anifested  
i ts e lf  in  a len g th en in g  o f th e  lag-phase. T he s tr in g e n t K 12 Я-28 s tra in  w as 
a b o u t 25 tim es m ore sen sitive  th a n  th e  o th e r  tw o s tra in s . A fte r a sim ilar lag- 
p h ase , th e  th ree  s tra in s  grew  a t th e  sam e ra te  on m in im al m edium .

The effect o f v a rio u s  am o u n ts  of leucine on s tra in  K 12 /-28 , th e  one 
m o s t sensitive to  leuc ine , w as s tu d ied  in  d e ta il (F ig. 2). I t  w as observed th a t  
th e  lag-phase increased  from  3 to  8 hours w hen  1 //g/m l leucine had been added  
to  th e  m inim al m ed iu m ; 2.5 and  5 //g/m l leucine increased  th is  period to  12 
an d  25 hours, re sp ec tiv e ly , and  in  th e  p resence of 25 //g /m l leucine th e  v iab le

Fig. 1. Leucine se n s it iv ity  o f va rio u s s tra in s  o rig in a tin g  from  E . coli K 12. Filled sym bols: 
leucine-free  m edium . E m p ty  sym bols: leu c in -co n ta in in g  m edium . C ircles: K 12 Я-28, squares: 
K 12 H fr. Ca v a lli, tr ia n g le s : K 12 58— 161 L e d e n b e r g . L eucine co n cen tra tio n  1 //g/m l w ith  

s tra in  K 12 Л-28, while 25 //g /m l in  th e  o th e r tw o  cases
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co u n t d id  no t increase  during  36 ho u rs . T he above d a ta  rep resen t th e  av e rag e  
values of num erous experim en ts; th e  sm all sca tte rin g s  observed were p ro b a b ly  
due to  th e  effectiveness of w ashing. In  th e  case of th e  tw o s tra in s  less sen sitiv e  
to  leucine , th e  lag -phase  was only s lig h tly  pro longed  by  h igher am o u n ts  of 
leucine an d  com plete  inh ib ition  could n o t be observed  even  a t  a co n cen tra tio n  
o f  200 /<g/ml.

Fig. 2. In h ib itio n  of g ro w th  of s tra in  K l2 A-28 a t  va rio u s leucine con cen tra tio n s . M edia
c o n ta in ed : o ------ О  0; □ -------□ 0.5; Д --------Д T; • -------•  2.5; Я —  Я 5; д -------Д 10 //.g /m l

of leucine

W hen in  s im ila r experim en ts th e  tw o f irs t  inocu la tions h ad  been m ade on 
m in im al m ed ium , p ro life ra tion  s ta r te d  w ith o u t a lag -phase  im m ed ia te ly  a fte r  
in o cu la tio n , and  an  in h ib ito ry  effect m an ifes tin g  itse lf  in th e  p ro lo n g a tio n  of 
p ro life ra tio n  could be detec ted  only a t considerab ly  h igher leucine c o n c e n tra 
tions (F ig . 3).

A l fö ld i  et al. [4] observed th a t  th e  tim e  of g row th  on com plete m ed ium  
h ad  a p ronounced  effect on am ino acid  sen s itiv ity . E x am in in g  th e  effect o f 
th e  age of th e  c u ltu re , used as in o cu lu m , we observed  a sim ilar p h e n o m 
enon, i.e. leucine sen s itiv ity  d im in ished  a fte r  in c u b a tio n  periods longer 
th a n  tw o  hours (F ig . 4).

T he fac t th a t  in  th e  presence of leucine , p ro life ra tio n  s ta r ts  a fte r a p ro 
longed lag -phase , w as th o u g h t to  be due to  th e  p ro life ra tio n  of leu c in e -res is tan t 
cells. T herefo re , a cu ltu re  grown in th e  p resence  of 2.5 ^ig/ml leucine w ith  a lag-
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F ig . 3. In h ib itio n  of g row th  of s tra in  K 12 A-28 a t  v arious leucine con cen tra tio n s in case of
in o cu la  grow n on m in im al m edium . M edia co n ta in ed : O —— О  0; □ ------ □ 25; Д _____ Д  50;

# ------ •  75; ■ -------■  100 /vg/ml of leucine

F ig . 4. E ffect of g ro w th  period  on leu c in e -sen sitiv ity  of s tra in  K ,2 A-28. F illed  sym bols: 
leuc ine-free  m edium . O pen sym bols: m edium  co n ta in in g  2.5 /tg/m l leucine. Inocu la  grow n: 
c irc les, 0 hour; squares , 2 hours; triang les , 3 h o u rs; rhom b, 5 hours; these  inocula  o rig in a ted  

from  a 16-hour-old c u ltu re  in  every  case
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phase o f 12 hours w as p la ted  and  th e  leu c in e -sen sitiv ity  of sub cu ltu res  iso 
la ted  from  th e  colonies was d e te rm in ed . L eu c in e -sen sitiv ity  rem ained  u n 
changed , th u s  th e  g ro w th  following th e  p ro longed  lag -phase  can n o t be a t t r i 
b u te d  to  selection .

Inh ib ito ry  effect o f  various am ino acids on the growth o f  E . coli К  12 À-28. 
The effect of n a tu ra l am ino acids on th e  g row th  of s tra in  K 12 A-28 has been 
exam ined  u n d er co n d itions op tim al for leucine in h ib itio n . In  add itio n  to  leu-

Fig. 5. E ffec t of isoleucine on  grow th  of s tra in  K 12 A-28. F illed  sym bols: inoculum  grow n on 
m in im al m edium . E m p ty  sym bols: inoculum  grow n on com plete  m edium . M edia co n ta in ed : 

circles, 0; squares, 25; trian g les , 50; half-circles, 100; rh o m b , 200 /tg /m l o f isoleucine

cine, g row th  w as in h ib ite d  also b y  L -va line , L -serine, L -th reon ine , an d  L- 
m eth ion ine. R esu lts o b ta in e d  w ith  isoleucine and  m eth io n in e  are ind ica ted  in  
Figs. 5 an d  6, resp ec tiv e ly . S im ilarly  to  leucine b o th  am ino  acids b ro u g h t 
abou t th e  in h ib itio n  b y  prolonging th e  lag -phase , b u t a t  a co n cen tra tio n  one 
order of m ag n itu d e  h ig h er th a n  leucine. T he e x te n t of in h ib itio n  depended  on 
th e  prev ious t re a tm e n t o f th e  inoculum . Sm all q u a n titie s  (0.25 /tg/m l) of le u 
cine and  isoleucine show ed  iden tica l s ligh t in h ib ito ry  effect.

The h y d ro x y am in o  acids (serine an d  th reo n in e ) in h ib ited  g row th  by  
prolonging th e  lag -phase , sim ilarly  to  leucine, iso leucine an d  m eth ion ine  
(Figs. 7, 8). Serine w as m ore effective th a n  th reo n in e . A t h igher am ino acid  
consen tra tio n s, a te m p o ra ry  decrease p reced ing  th e  increase in v iab le  co u n t 
was observed. On th e  basis of th e  g ro w th  curve  i t  could  be assum ed th a t  a 
m u ltip lica tion  of re s is ta n t v a ria n ts  to o k  place. R ep ea ted  te s ts  revealed  no
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F ig . 6. E ffect of m eth ion ine  on grow th  of s tra in  K 12 A-28. Filled sym bols: inocu lum  grow n on 
m in im a l m edium . E m p ty  sym bols: in o cu lu m  grow n on  com plete m edium . M edia co n ta in ed : 

circles, 0; squares , 25; triang les , 50; half-c irc les, 100; rhom b, 200 //g /m l of m eth ion ine

F ig . 7. E ffect o f serine  on grow th of K 12 A-28. F illed  sym bols: inocu lum  grow n on m in im al 
m ed ium . E m p ty  sym bols: inoculum  grow n on com plete  m edium . M edia co n ta in ed : circles, 0; 

squares , 5; triang les , 12.5; rh o m b , 25; half-circles, 50 //g /m l o f serine
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increase  in resistance . O ur o b se rv a tio n  th a t  th e  in h ib itio n  depends on the  
m ed iu m  of th e  inocu lum , re la te s  also to  th e  sim ila rity  of th e  in h ib ito ry  ch a rac 
te ris tic s  of h y d ro x y am in o  acids and  leucine.

V aline showed an  en tire ly  d iffe ren t ty p e  of in h ib itio n  (F ig . 9). In  th is 
case th e  pro longation  o f th e  lag -phase was no t so p ro n o u n ced  b u t  th e  ra te  of 
p ro life ra tio n  decreased con sid erab ly  or even tually  ceased. T he effect o f valine 
could  be observed also w ith  cells grow n on m in im al m ed ium .

Fig. 8. E ffec t of th reon ine  on  g ro w th  of K 12 A-28. F illed sym bols: in ocu lum  grow n on m in i
m al m ed ium . E m p ty  sym bols: in ocu lum  grow n on com plete m edium . M edia co n ta in ed : circles 

0; squares, 5; tr ian g les , 12.5; rh o m b , 25; half-circles, 50 /<g/ml o f th reo n in e

T he effect of am ino  acids upon  th e  g row th  of H fr Cavalli  and
K 12 58 — 161 L e d e r b e r g  has been  exam ined . Leucine an d  m eth io n in e  caused 
no in h ib itio n  a t a c o n cen tra tio n  of 200 ^g /m l. In h ib ito ry  effects w ere dem on
s tra te d  w ith  serine an d  th re o n in e  a t  co ncen tra tions above 50 100 ^g /m l, bu t
these  s tra in s  were less sen sitiv e  th a n  s tra in s  K ]2A-28. On th e  c o n tra ry , there  
was no s ign ifican t d ifference in th e  v a lin e -sen sitiv ity  of th e  th re e  s tra in s . The 
in h ib ito ry  co n cen tra tio n  w as betw een  0.1- 0.5 /rg/ml.

In  th e  case of К 12Л-28, th e  o th e r n a tu ra l am ino acids a t a co n cen tra tio n  
of 200 /tg/m l had  no su b s ta n tia l  effect on grow th . P ro life ra tion  tim e  w as sligh tly  
decreased  by  ty rosine , a sp a r tic  acid , an d  g lu tam ic  acid , w hereas try p to p h a n , 
h is tid in e , proline, o rn ith in e , c itru llin e , arg in ine and  lysine w ere ineffective. 
P ro life ra tio n  tim e  was s lig h tly  increased  b y  glycine, a lan in e , cyste ine  and

5 Acta microbiol. Acad. Sei. hung. X I I , 1965



66 I. GADÓ and I. HORVÁTH

F ig . 9. E ffect of v a lin e  on g ro w th  of K 12 Д-28. Filled sym bols: inocu lum  grow n on m in im al 
m ed iu m . E m p ty  sym bols: in ocu lum  grow n on com plete m edium . M edia co n ta ined : circles, 0;
sq u a res , 0.005; trian g les  0 .0075; rh o m b , 0.01; о ------ о ,  0.025; ° ——  P ,  0.05; ф -------ф , 01.

//g /m l of valine

F ig . 10. E ffect of ty ro s in e , glycine an d  proline on g row th  of s tra in  K 12 Д-28. О ------ 0 :
co n tro l or proline; □ -------□ : ty ro s in e ; Д-------Д : glycine. T he m ed ium  co n ta ined  200 fig /m l

of th e  am ino acids
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p h en y la lan in e . T he effect of one m em ber of each  of th e  th ree  groups is show n in  
Fig. 10.

The e ffe c t  o f  combinations o f  branched-chain am ino acids on the growth 
o f E . coli stra in  K 12 A-28. F irs t th e  effect on g row th  paired  com binations of 
th e  th re e  b ran ch ed -ch a in  am ino acids was s tu d ied . Leucine an d  isoleucine 
m u tu a lly  decreased  each o th e r’s in h ib ito ry  effect (F ig. 11). The effect of 25 
/tg/m l leucine or isoleucine was considerab ly  reduced  by  1 /tg/m l of isoleucine

Fig. 11. E ffec t of isoleucine and leucine com b in a tio n s on g row th  of s tra in  K 12 A-28. О ------ CK
co n tro l; □ -------□ :  25 /tg /m l isoleucine and  1 — 25 /tg /m l leucine; A ---------A : 25 /tg /m l leucine

an d  1 /ig /m l isoleucine; О------ О: 25 /ig /m l isoleucine; ô -------fei: 25 /ig /m l leucine

an d  leucine , respective ly . W ith  th is  co m b in a tio n  th e  lag-phase o b ta in e d  on 
am ino  acid-free m in im al m edium  could , how ever, n o t be a tta in e d . T he m u tu a l 
p ro te c tin g  effect depended  on th e  re la tiv e  co n cen tra tio n s, th u s  for p a r tia l 
p rev en tio n  of th e  effect of 200 /tg/m l leucine a co n cen tra tio n  of above 10 /tg/m l 
of iso leucine w as needed, w hereas in  th e  presence of 2.5 /tg/m l o f leucine 0.1 
/tg/m l o f iso leucine was still effective.

E n tire ly  d iffe ren t effects w ere ob ta in ed  w ith  th e  com bination  of valine 
an d  iso leucine (F ig . 12). The p ro te c tin g  effect w as again  m u tu a l. The effect 
of 25 /tg /m l of v a line  was p rev en ted  b y  as little  as 1 /tg/m l of isoleucine. In  th is  
case g ro w th  s ta r te d  w ith o u t a lag -phase  an d  a sh ift dow n effect; w hen th e  
level o f 10s cell/m l h ad  been a t ta in e d  th e  increase in  v iab le  coun t sto p p ed . On 
increasing  th e  co n cen tra tio n  of isoleucine th e  m ax im um  viab le  coun t rose, 
b u t th e  lag -phase  becam e m ore an d  m ore p ro nounced , th o u g h  even in  th e
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presence  of 25 [ig/m l leucine it  d id  n o t o r d id  only  sligh tly  exceed th a t  of th e  
c o n tro l cu ltu re . I f  1 /{g/ml valine w as a d d ed  to  25 /ig/m l isoleucine th e re  a p p e a r
ed  a lag -phase  so m ew h at longer th a n  th e  con tro l b u t considerab ly  sh o rte r  
th a n  th a t  observed  on a m edium  c o n ta in in g  iso leucine only.

I f  valine an d  isoleucine were ap p lied  to g e th e r a t  th e  sam e co n cen tra tio n , 
th e y  h ad  a s tim u la tin g  effect on g ro w th  ra te .

F ig. 12. E ffec t of iso leucine and  valine co m b in a tio n s on g ro w th  of s tra in  K l2 Л-28. О ------ 0 :
c o n tro l; □ ------ □: 25 /(g /m l isoleucine and  1 /ig /m l va line ; д -------Д: 25 /{g/ml isoleucine and
25 /tg /m l va line ; О------ О: 1 /«g/ml isoleucine an d  25 /ig /m l valine; о -------о :  25 /(g/m l

isoleucine; ^ 25 //g/m l valine

W hile an  an ta g o n is tic  effect could he d em o n stra ted  betw een valine  and 
iso leucine and  b e tw een  leucine and  iso leucine, w ith  the com bination  o f va line  
and  leucine such an  effect could no t be d e tec ted  ; m oreover, w hen  v a lin e  and 
leuc ine  were ap p lied  in  co n cen tra tio n s p ro d u c in g  only  p a r tia l in h ib itio n , a 
s lig h t synergetic  effect could be observed  in  som e experim en ts.

In  th e  e x p e rim en t show n in F ig . 13 th e  s im u ltaneous effect of th e  th ree  
am ino  acids was exam in ed . W hen leucine w as ad d ed  to  25 — 25 /{g/ml o f isoleu
cine an d  valine, th e  lag -phase  due to  th e  sh iftin g  dow n was abolished  by  1 /{g/ml 
leu c in e ; th e  cu ltu re  w as grow ing as if  i t  h a d  been in o cu la ted  w ith  cells grow n 
■on m in im al m ed ium . In th e  case of 25 25 /{g/ml isoleucine -(-leu c in e  the
ad d itio n  of 1 /<g/ml v a lin e  d im inished th e  lag -phase  to  a value co rrespond ing  
to  th e  con tro l. In  th e  presence of 25 — 25 /{g/ml leucine -f- va line, th e  a d d itio n  
of 1 /{g/ml iso leucine ex e rted  less of a p ro tec tio n  th a n  if  it  h a d  been  given to  
2 5 /{g/ml leucine or to  th e  sam e a m o u n t of v a line  alone.
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Fig. 13. S im ultaneous effect o f isoleucine, v a lin e  and  leucine on g ro w th  of s tra in  K 12 Л-28.
О ------ 0 : con tro l: □ -------□ : 25 /^g/ml iso leucine, 2 5 /ig/m l valine and 1 /ig /m l leucine; Д-------Д:
25 /<g/ml isoleucine, 25 /ig /m l leucine and  1 /<g/ml valine; О------ О: 25 //g /m l valine, 25 jUg/ml
leucine an d  1 //g/m l isoleucine. The th ree  am ino  acids were added in  eq u a l am o u n ts: a t  con

cen tra tio n s of • ------ •  200; A  A  25; ■ ----- Я 2— 5 //g /m l

Fig. 14. P ro tec tin g  effect ag a in st leucine of isoleucine and valine ad d ed  w ith  delay. To every  
cu ltu re  200 //g/m l of leucine was added  a t  0 tim e . A ddition of iso leucine and  valine (200
//g /m l of each  every  tim e) w ith  a delay  o f О  О  0; □------ □ 1 ;Д —-----Д 2; О-------О 3,

h o u rs
Acta microbiol. Acad. Sei. hung. X I I , 1965
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The behaviour o f  leucine- and valine-resistant m utants. W hen  E . coli s tra in  
K 12 2-28 was p la te d  on solid m in im al m edium  co n ta in in g  200 jMg/ml leucine 
o r  10 ,Mg/ml v a lin e , a n d  a fte r  tw o -d ay  in cu b a tio n  th e  re s is ta n t colonies w ere 
iso la ted , it  could be  observed  th a t  all of th e  v a lin e -re s is ta n t colonies were m ore 
re s is ta n t to  leucine th a n  th e  orig inal s tra in . The re s is ta n t v a rian ts  o b ta in ed  
fro m  th e  leu c in e-co n ta in in g  p la tes  could  be d iv ided  in to  tw o  groups: one o f 
th e m  has lost i ts  sen s itiv ity  only to  leucine (200 /ig/m l) w hile i t  
show ed resistance n o t only to  th e  sam e am o u n t of leucine  h u t also to  1 to  
50 /rg/m l of v a line . T hese  resu lts  are  in  ag reem en t w ith  th e  recen t experim en ts 
o f  A l f ö l d i  [8].

D iscussion

The in h ib ito ry  effects ex e rted  by  leucine and  o th e r  am ino acids show  
som e re la tionsh ip  w ith  th e  phenom enon  described  b y  A l f ö l d i  et al. [4]. 
T hese  au thors fo u n d , how ever, only re lax ed  reco m b in an ts  to  be leucine-sen
s itiv e . In  our e x p e rim e n ts  s ign ifican t differences in  leucine-sensitiv ity  h av e  
b een  found b e tw een  a s tr in g en t an d  a closely re la ted  re la x e d  s tra in , and  i t  w as 
a s trin g en t s tra in  t h a t  p roved  to  be m ost sensitive  to  leucine . This suggests 
t h a t  am ino acid s e n s itiv ity  does n o t b y  all m eans d ep en d  on th e  presence of 
a ce rta in  allel of th e  RC locus.

According to  th e  ca tho lic  in d u cer th e o ry  of A l f ö l d i  and  St e n t  [4],  
th e  am ino acid-free sR N A  as th e  rep resso r of R N A  sy n th esis , is a c tiv a te d  
b y  a non-cognate am in o  acid or by  som e o th e r su b stan ce  of re la ted  s tru c tu re , 
and  leucine exerts  its  effect in a w ay analogous to  th a t  of th is  catholic inducer. 
As to  the  cause o f th e  differences betw een  s tr in g en t an d  re laxed  s tra in s , in  
th e ir  opinion th e  fo llow ing  a lte rn a tiv e s  seem  to  be possib le: in  the  s tr in g e n t 
s tra in  the  rep ressor is n o t sensitive to  th e  catho lic  in d u ce r; th e  enzym e tra n s fe r 
r in g  th e  catholic in d u c e r  is d iffe ren t; or, else, th e re  is no ca tho lic  inducer p re 
se n t. The leu c in e -sen sitiv ity  of th e  s tr in g e n t s tra in s  ru les ou t the  f irs t tw o  
possib ilities: th e  s tr in g e n t and relaxed  s tra in s  m ay differ on ly  in the p ro d u c tio n  
o f  th e  catholic in d u c e r , h u t no t in  rep resso r-sen sitiv ity  or in  th e  enzym e c a rry 
in g  ou t the  re a c tio n .

R ecently  A l f ö l d i  and  K e r e k e s  [6] com pleting  th e ir  previous th e o ry , 
h a v e  assum ed th a t  leucine  increases syn th esis  of th e  ca th o lic  inducer th ro u g h  
a false feed-back in h ib itio n  and  th u s  m ore re lax ing  R N A  can be accum ulated  
in  a relaxed s tra in . O n th e  basis of th is  hy p o th esis , ou r p resen t observation  
m eans th a t  sy n th es is  of catho lic  inducer m ay tak e  p lace in  a stringen t s tra in  
in th e  presence o f leucine or som e o th e r am ino acid s im ila r in effect.

A strong leu c in e -ty p e  in h ib itio n  could  be elic ited  w hen , in  the  rep ressed  
s ta te , the  cells w ere tra n s fe rre d  from  com plete  m ed ium  to  m inim al m edium . 
A n o th e r p re req u is ite  o f th e  in h ib itio n  is th a t  th e  am ino  ac id  should be g iven
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to  th e  c u ltu re  a t  th e  beginning of th e  lag -phase . Tw o hours la te r , a t  a tim e  
w hen  g ro w th  has n o t y e t s ta r te d  (at a b o u t 2/3 of th e  lag-phase), leucine-sensi
t iv i ty  is so red u ced  as if  the  inoculum  h a d  grow n on m inim al m edium . T he 
in h ib ito ry  effects w ere ob tained  w ith  b ran ch ed -ch a in  am ino acids or w ith  
am ino acids p a r tic ip a tin g  in  th e ir  b io syn thesis  d irec tly  or ind irec tly  (m e th io 
nine). I t  has been show n (U mbarger  an d  B r o w n  [2], H a l p e r n  and  U m b a r - 
ger  [9], H orváth  et al. [10]) on the  o th e r  h a n d , th a t  w hen  various b a c te r ia l 
s tra in s  are  in ocu la ted  in to  sy n the tic  m ed ium , th e  a m o u n t of enzym es p a r t ic 
ip a tin g  in  th e  b io syn thesis  of the  b ran ch ed -ch a in  am ino acids s ig n ifican tly  
increases. T hese tw o phenom ena m igh t be b ro u g h t in to  connection . T h is 
a ssum ption  is su p p o rte d  b y  th e  o bserva tion  th a t ,  even if  inocu lated  from  com 
ple te  m ed ium , g row th  s ta r ts  w ith o u t a lag -phase  in  th e  presence of th e  b ran ch ed - 
chain  am ino  acids, or even valine and  iso leucine, since leucine only p rev en ts  
tox ic  effect o f th e  isoleucine co n cen tra tio n  req u ired  fo r a tta in in g  th e  m ax im u m  
p o p u la tio n . All these  suggest th a t  th e  derepression  of enzym es p a r tic ip a tin g  
in th e  sy n th es is  of valine  an d  isoleucine is th e  lim itin g  process w hich gives 
rise to  th e  sh ift dow n lag-phase and  w h ich  is d is tu rb e d  b y  th e  leu c in e -ty p e  
inh ib itio n s in d irec tly  (thus no t by  d irec t repression  or feed-back).

The in d ire c t c h a ra c te r  of leu c ine-inh ib ition  is su p p o rte d  by  th e  d ifferences 
w hich a p p ea r on com parison  w ith  th e  feed -b ack  ty p e  v a line-inh ib ition . W hile 
w ith  re sp ec t to  leucine an d  isoleucine th e re  was a m ark ed  difference b e tw een  
s tra in  K 12 Á-28 an d  th e  s tra in s  H fr Ca v a l l i  an d  58 — 161 L e d e r b e r g , in  
v a lin e -sen sitiv ity  such  a difference could  no t be e stab lished . V aline-sensitiv 
ity  d id  n o t depend  on th e  m edium  of th e  inocu lum ; th e  effect of v a line , in  
c o n tra s t to  th a t  of leucine, m an ifested  itse lf  f irs t of all in  a red u c tio n  of 
g row th  ra te . F in a lly  th e  leucin e-res is tan t v a r ia n ts  differ in  v a line-resistance . 
W hile all th e se  circum stances po in t to  th e  d iffe ren t m echanism  of leucine- 
in h ib itio n , th e  leucine-resistance  of v a lin e -re s is ta n t v a r ia n ts  suggests th a t  
va line  m ay  also have  an  in h ib ito ry  effect, w hich, how ever, is m asked  by  th e  
feed-back  effect ac tiv e  a t  low co n cen tra tio n s a lread y .
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TRANSDUCTION IN BACILLUS SUBTILIS

B y

K . Csiszár  and G. I vánovics

I n s t i t u t e  o f  M ic r o b io lo g y  (D ire c to r  : G. I v á n o v i c s ) ,  U n iv e r s i ty  M e d ic a l  S c h o o l, S z e g e d

(R eceived  N o v em b er 30, 1964)

Sum m ary, (i) C om para tive  ex am in atio n s h av e  show n th a t  th e  tem p e ra te  sub tilis  p h ag es 
can  be d iv ided  in to  tw o  groups. B .  s u b t i l i s  s tra in  N R S  231 was an  ad eq u a te  com m on h o st 
sen sitiv e  to  all th e  exam in ed  tem p era te  phages. O w ing to certa in  tech n ica l a d v an tag e s  th is  
s tra in  was found su itab le  for th e  t i t r a tio n  of te m p e ra te  sub tilis  phages.

(ii) Some c u ltu ra l  differences hav e  been  rev ea led  am ong su b s tra in s o f B . s u b t i l i s  168 
in d -  au x o tro p h s  m a in ta in ed  in  various lab o ra to rie s . Cells in one of these  cu ltu res  w ere p a r tly  
cap ab le  and  p a r tly  in cap ab le  o f using am m o n ia . A m m onia  assim ila tion  w as tran sd u c ib le  to  
a m m o n ia  neg ativ e  b ac te ria .

(iii) A fter m ito m y cin  C or u ltra v io le t  ra y  in d u c tio n  th e  exam ined  B . s u b t i l i s  s tra in s  
lib e ra te d  “ b ac te rio c in ” -like princip les. T h is fin d in g  is p ro b ab ly  analogous to  th a t  o f S e a m a n  
e t a l . concerning P B S X  defective  phages. On th e  basis  o f bacterioc in  p ro d u c tio n  th e  ex am in ed  
s tra in s  were d iv ided  in to  tw o groups.

(iv) Several te m p e ra te  phages iso la ted  in ou r lab o ra to ry  were p resu m ab ly  id en tica l w ith  
p h ag e  PB S  1. P hage  S P  10 d iffered from  these  ag en ts  b o th  in an tigen ic  s tru c tu re  a n d  in  h o st 
ra n g e .

(v) T ran sd u c tio n  b y  some ly sa tes  o f PB S  1-type  phages was observed  a t  freq u en c ies  
o f th e  o rd er o f 10 -e . C onsiderab ly  m ore an d  less effec tive  phage m ate ria ls were y ielded  b y  som e 
lysogenic  tra n s d u c ta n ts .  T h u s tran sd u c in g  phages a c tiv e  in th e  o rder o f 10 -4 w ere p rep ared .

(vi) T ran sd u c tio n  frequency , in ad d itio n  to  th e  p ro p erties  of th e  phage, w as in flu en ced  
b y  th e  physio logical co n d itio n  of bac teria .

(vii) T ran sd u c tio n  of indole and h is tid in e  loci w as stu d ied  by  use o f h is -  d e riv a tiv e s  o f  
s tra in  168 in d - .

W e have re c e n tly  show n [1] th a t  b y  m eans of th e  s trep to m y c in  m e th o d
[2] su b tilis  phages can  be iso la ted  from  th e  m a jo rity  of garden  soil sam ples. 
A m ong  these  phages th e  tem p era te  ones w ere ab le to  tran sd u ce  v a rio u s genetic  
m ark ers  [3]. In  th e  iso la tion  and  assay  of th e se  phages some d ifficu lties w ere 
en co u n te red , because th e  usual com plete  m edia  (yeast ex tra c t p ep to n e  agar) 
o v erlay e red  w ith  soft agar, freq u en tly  y ie lded  u n d efin ite  p laques. S im ilar 
d ifficu lties w ere described  by  T a k a h a s h i  [4] a n d  T h o rne  [5]. T hese te m p e ra te  
su b tilis  phages could , how ever, be assay ed  ad e q u a te ly  if  in stead  of th e  com p le te  
m ed iu m  a sy n th e tic , g lu tam ic  acid  an d  g lycero l-con tain ing  n u tr ie n t ag a r an d  
B. sub tilis  s tra in  M arburg  (Yale) w ere used  [3].

T he m en tio n ed  d ifficu lties in d ica te  th a t  th e  m ethods applied  for s tu d y in g  
te m p e ra te -ty p e  sub tilis  phages need som e rev ision . The purpose of th e  p resen t 
w ork  w as on th e  one h a n d  to  e luc ida te  th e se  tech n ica l p roblem s, an d , on th e  
o th e r, to  com pare th e  b eh av io u r of phages an d  B . subtilis s tra in s  iso la ted  an d  
m a in ta in e d  in v a rio u s  lab o ra to ries .
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M aterials and  m ethods

B acterial strains. S tra in  B acillus subtilis M arb u rg , Y ale w as received from  Dr. S c h a e f 
f e r ’s co llection , P a ris. T he s tra in  is p robab ly  id en tica l w ith  th e  p ro to tro p h ic  s tra in  o f B u r k 
h o l d e r  an d  G i l e s  [6].

A u x o tro p h ic  s tra in s  168 in d  -  m ain ta in ed  in  v a rio u s lab o ra to rie s  were used in  c o m p a ra 
tiv e  e x am in a tio n s . A lth o u g h  a ll o f these cu ltu res  w ere rece ived  bearing  the  sam e d esignation  
an d  w ere p ro b ab ly  d e riv a tiv e s  o f th e  sam e o rg an ism , th e ir  d e ta iled  ex am ination  rev ea led  some 
d ifferences. T herefore  th e  la b o ra to ry  from  w hich  th e  correspond ing  au x o tro p h  was rece ived , 
w ill be n o ted . T he s tra in s  used  in th is  s tu d y  are lis ted  in  T ab le  I.

Phages. In  a d d itio n  to  5 tu rb id  p laq u e-p ro d u cin g  an d  tran sd u c in g  phages (1 K T , 3 NT,
4 P , 6a a n d  6b) described  prev iously , sim ilar, re ce n tly  iso la ted  phages were also s tu d ied . T hese 
phages, 7 T , 8 T f, 9 T R , 10a an d  10b, produced  also tu rb id  p laq u es and were able to  tran sd u ce  
th e  indo le  m ark er. P hages 3 NY, 4L , 10 L  an d  10 W , w hich  produced  clear p laques, d id  n o t 
tra n sd u c e  th is  m arker.

P h ag e  SP  10 w as k in d ly  supplied  by  D r. C. B . T h o r n e . P hage  PB S 1 iso lated  an d  stu d ied  
by  T a k a h a s h i  [7, 4], w as o b ta in ed  from  Dr. P . S c h a e f f e r ’s collection.

Reagents. A n a ly tica l g rade  com m ercial indo le , D L -try p to p h a n  and  h istid ine  w ere used. 
C om m ercia l L -g lu tam ic  acid  w as recrysta llized  tw ice  before use.

M edia . F o r m a in ten an ce  of s tra in s  and  o th e r  e x p e rim e n ta l purposes Y P  (y east e x tra c t  — 
p ep to n e ) m edium  was u sed . R o u tin e  p re p a ra tio n  of th e  m ed iu m  is a t p resen t carried  o u t as 
follow s:

B a k e r’s y eas t w eigh ing  40 kg is su spended  in 40 litre s  of ta p  w ater, th en  th e  vo lum e 
is m ade  up  to 100 litre s . A fter au to c lav in g  a t  120°C for 30 m inu tes and  cooling, th e  
su sp en sio n  is cen trifuged  a n d  th e  su p e rn a ta n t filte red  th ro u g h  asbestos filte r. T he e x tra c t 
is d is tr ib u te d  a t  2 litre  am o u n ts  and sterilized  b y  au to c lav in g  a t 115°C for 30 m in u te s . 
Y P  m ed iu m  co n ta in s 100 ml of yeast e x tra c t ,  10 g of p ep tone  (R ich te r, B u d a p es t) , and
5 g of N aC l in 1 litre . T he p H  is ad ju s ted  to  7.4, th e n  th e  m ed ium  is filte red , d is tr ib u te d  and  
a u to c lav e d .

MM (m in im al m ed ium ): NH,C1, 2 g; K 2H P O ,, 1.4 g; K H 2P O ,, 0.6 g; sodium  c itra te , 1 g; 
M gSOj • 7 H 20 ,  0.05 g; M n S 0 4 • 4 H 20 , 0.05 g; d is tilled  w a te r, 1000 m l; pH  7.2; glucose, 0.5 
per cen t.

GGM (g lu tam ic  acid-glycerol m edium ) w as p rep ared  as described previously  [3].
gGM (g lu tam ic  acid-g lycero l m edium ) d iffered  from  GGM only in co n ta in ing  0.2 g of 

g lu ta m ic  acid  per litre .
S y n th e tic  m edia w ere alw ays p rep ared  in th e  double  s tre n g th  form . B efore use flu id  

m ed ia  were su p p lem en ted  w ith  equal am o u n ts  o f d is tilled  w a te r, solid m edia w ith  eq u al a m o u n ts  
o f 3 per cen t aqueous agar. Glucose was ste rilized  se p a ra te ly  and  in co rp o ra ted  in MM m edium  
to  give f in a l co n cen tra tio n s  of 0.5 per cent. G lu tam ic  acid-g lycero l m edia co n ta ined  no glucose.

R outine  prepara tion  o f  phage materials. F lu id  Y P  m ed ium  d is tr ib u te d  a t 15 m l a m o u n ts  in 
100 m l E rlen m ey er flask s w as seeded from  one tu rb id  p laque . T h u s th e  inoculum  co n ta in ed  free 
p hage  p a rtic le s  and  lysogenic  bac teria . U nless in d ic a te d  o therw ise, th e  p laque w as su b cu ltu red  
fro m  Y ale in d ic a to r p la te . P hage SP  10 w as tra n s fe rre d  in to  liqu id  m edium  from  p laques 
o b ta in e d  on p ro to tro p h ic  W 23 cells. The in o cu la ted  m ed ia  w ere g en tly  shaken th ro u g h  a d istan ce  
o f  9.5 cm  a t a ra te  o f 75 cycles per m inute  for 8 — 10 hours in a 37°C w ater b a th . A fte r in c u b a 
tio n  th e  cu ltu res  were le ft to  s tan d  a t room  te m p e ra tu re  o v e rn ig h t, th en  cen trifuged  a n d  passed 
th ro u g h  glass filte rs  as described  in a p revious p ap er [3].

P hage p re p a ra tio n s  p roducing  clear p laq u es w ere o b ta in ed  in th e  usua l m an n e r on th e  
Y ale s tra in .

Titra tion  o f  phage preparations. In  p rev ious e x p erim en ts  th e  w ild-type Y ale s tra in  was 
used  fo r e s tim a tin g  th e  n u m b er of p laque fo rm ing  u n its . W ith  GGM agar, to le rab ly  good bu t 
n o t a lw ay s precisely  rep ro d u c ib le  resu lts  were o b ta in e d . As th is  m ethod  involved  th e  d ry in g  of 
a ssay  p la te s , som etim es in consequence of an  u n ev en  d is tr ib u tio n  of m oistu re , in som e p a r ts  of 
th e  p la te  th e  p laques w ere n o t suffic ien tly  d is tin c t. As for th is  th e  in d ica to r s tra in  w as th o u g h t 
to  be responsib le , o rg an ism s m ore su itab le  th a n  th e  Y ale s tra in  were sought for. O f several 
s ta n d a rd  lab o ra to ry  cu ltu res  s tra in  N R S 231 w as fo u n d  a d eq u a te ; th is  s tra in  gave well d e m a r
c a te d  p laq u es besides being  m ore sensitive  th a n  th e  Y ale s tra in . A fu r th e r  ad v an tag e  was th a t  
N R S  231, unlike the  Y ale s tra in , was sensitive  to  phage SP  10.

To 0.1 m l phage d ilu tio n  0.9 ml e x p o n en tia l g ro w th  phase  cu ltu re  of s tra in  N R S  231 was 
a d d ed . T h is suspension  w as o b ta in ed  by p re p arin g  an  1 : 10 d ilu tio n  of Y P  c u ltu re  g iv ing  an 
o p tic a l d e n s ity  re ad in g  of 0.5. Phages were d ilu te d  w ith  saline con ta in ing  20 pe r c en t liqu id  
Y P  m ed iu m . A fte r th e  ad d itio n  of 1 m l 65°C GGM m ed ium  con ta in ing  1 per cen t agar, th e  
p h a g e -b a c te riu in  m ix tu re  was im m edia te ly  p o u red  over a GGM p la te  10 cm in d iam e te r. W hen
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th e  lay er h a d  h a rd e n e d , th e  lids were rem oved  a n d  th e  p lates w ere d ried  upside dow n a t  37°C 
for 20 m in u tes . R e ad in g s  were perform ed a f te r  in cu b a tio n  a t  37° C overn igh t.

Transduction experim ents  were carried  o u t essen tia lly  in  th e  sam e m an n er as described  
prev iously  [3].T o 1 m l e x p o n en tia l g row th phase  Y P  cu ltu re  1 m l of p hage  p re p ara tio n  w as ad d ed  
a n d  th e  m ix tu re  w as le f t  to  s ta n d  a t room  te m p e ra tu re  for 20 m in u te s . D ilu tion  of h igh  t i t r e  
phage p re p a ra tio n s  w as carried  ou t w ith  liqu id  Y P  m edium . Som etim es, because of th e  req u ired  
h ig h  m .o.i. v a lu e , th e  a m o u n t of phage p re p a ra tio n  h a d  to  be in creased  to  2 — 3 m l. T he b a c te 
riu m -p h ag e  m ix tu re  w as cen trifuged  a t 2000 r .p .m . The su p e rn a ta n t w as d iscarded  a n d  th e  
d ep o sit w as w ashed  in  5 m l MM solution. A fte r re su sp en d in g  th e  b a c te r ia  in 1 m l MM so lu tio n , 
0.1 m l d ilu ted  or u n d ilu te d  sam ples were p la te d  on su itab le  m in im al m edium . R ead in g s w ere 
m ade a fte r  40 to  48 h o u rs  in cu b a tio n  a t  37° C.

R esu lts

C ultural properties o f  indole auxotrophs.
U nder ce rta in  cu ltu ra l conditions th e  b ehav iou r of 168 ind s tra in s , 

w hich h ad  p ro b a b ly  o rig inated  from  one organism  b u t w ere m a in ta in ed  in  
various lab o ra to rie s , was no t un iform . In  colonial m orphology all cu ltu re s  
w ere iden tica l on Y P  agar. W hen grotvn on sy n th e tic  m edia as gGM or MM 
agar, d iffe ren t colonial form s ap p eared . T he difference was no t d is tin c t on 
GGM ag ar co n ta in in g  0.3 per cen t g lu tam ic  acid, b u t i t  w as s trik ing  on gGM 
ag ar w hich co n ta in ed  0.02 per cent of th is  sub stan ce . C u ltu res grown on gGM 
ag ar co n ta in in g  25 /tg /m l indole were ch a rac te rized  as follows.

S tra in  S  168 in d ~ . A fter 48 hours a t  37°C tw o colonial typ es occu rring  
in a p p ro x im a te ly  eq u a l num bers w ere n o ted : one ty p e  was ch a rac te rized  
by  ru s ty  coloured colonies w ith  en tire  edge, 3 4 m m  in d iam eter, th e  o th e r
by  sm aller, f la t ,  n o n -p ig m en ted  colonies w ith  irregu la r edge. The tw o colonial 
v a ria n ts  differed  in  th e  u tiliza tion  of am m o n iu m  sa lts: in c o n tra s t to  th a t  of th e  
p igm en ted  ty p e , th e  n itrogen  req u irem en t of the non -p igm en ted  form  could 
no t be supplied  w ith  these  com pounds. T he la tte r  form  produced  no colonies 
on MM ag ar an d  m u ltip lied  only on g lu tam ic  ac id -con ta in ing  m edium . B o th  
ty p es grew, of course, ab u n d a n tly  on com ple te  Y P  agar. T herefore th e  s to ck  
S 168 in d -  s tra in  co n ta in ed  am m onium -assim ila ting  (A m +) and  am m onium - 
non-assim ila ting  (A m - ) m u tan ts . In  case of th e  la tte r , a sp a rtic  acid or a s p a ra 
gine could be s u b s ti tu te d  for g lu tam ic ac id . W ith  o th e r am ino  acids such  as 
h is tid ine , glycine, a lan in e  and  th reo n in e , no g row th  was observed.

The gGM su b c u ltu re  of p igm en t-p ro d u c in g  A m + m u ta n ts  was h o m o 
geneous even a fte r  p ro longed  in cu b a tio n . T he 48 h o u r A m -  su b cu ltu re  co n 
sisted  of sm all, seem ing ly  hom ogeneous n o n -p ig m en ted  colonies. A fter 4 to  5 
days p ig m en t-p ro d u c in g  secondary  p ap illae  h a d  ap p eared  w hich becam e la rg e r 
on fu r th e r  in c u b a tio n  and  caused the  d e fo rm atio n  of th e  colony. These p ap illae  
consisted  of A m + m u ta n ts .

I t  w ould a p p e a r  th a t  th e  original S 168 in d  -  s tra in  co n ta in ed  am m o n iu m 
u tiliz ing  cells an d  seg rega tion  of A m -  m u ta n ts  occurred  du ring  m ain ten an ce  
on com plete  m edia . H ow ever, as show n in fu r th e r  ex p erim en ts , A m + —► Am 
m u ta tio n  was reversib le .
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Table I

B . subtilis stra ins and  their sources

Our designation Source of culture

M arb u rg , Yale (p ro to troph ic)* D r. P . S c h a e f f e r  (Paris)

S 168 in d - ,,
S 168 in d -  a d -  [21J ,,
L 168 in d - D r. J .  L e d e r b e r g  (Palo A lto)
T  168 in d - D r. C . B. T h o r n e  (Oregon)
W 23Sr (prototrophic)"1"^ 11
N R S  231 (pro to trophic) D r. R . G o r d o n  (New B runsw ick)

13 in d -  h is - D r. S. Z a m e n h o f  (New Y ork)

26 i n d -  h is - ,,
30 in d -  h is - 11
31 in d -  h is - ,,
SB in d -  h is- ,,
SB I in d -  h is- «

+ In th e  te x t  th is  p ro to tro p h  is re fe rred  to  as “ Y ale” . 
!‘ + In  th e  te x t  th is  p ro to tro p h  is re fe rre d  to  as “ W 23” \

Stra in  L  168 ind~  p roduced  on gGM m edium  sm all, convex , g listen ing , 
n o n -p ig m en ted  colonies, 1.5 — 2 m m  in  d ia m e te r . This s tra in  u tilized  am m onium  
sa lts .

Stra in  T168 in d ~ . U nlike th e  fo rm er organism , s tra in  T168 in d ~  
p ro d u c e d  d e fin ite ly  R -ty p e  colonies. T h e  poorly  p igm en ted  cu ltu re  was well 
d is tin g u ish ab le  from  th e  larger, d a rk ly  p igm en ted  colonies of s tra in  S168 
i n d -  A m  + . Cells o f s tra in  T168 in d -  a ss im ila ted  am m onium  sa lts .

I t  should be n o ted  th a t  gGM a g a r  colonies of th e  am m o n iu m -u tiliz in g  
Y ale  s tra in  w ere p e rfec tly  sim ilar to  th o se  of s tra in  S 168 ind Am + .

A ccord ingly , som e differences w ere rev ea led  am ong th e  m en tioned  indole  
a u x o tro p h s , w hich h ad  p ro b ab ly  o rig in a ted  from  one s tra in  b u t  were m a in ta in 
ed in  v a rious lab o ra to rie s .

Bacteriocin production  by B . sub tilis .
A ccording to  th e  personal co m m u n ica tio n  of D r. S c h a e f f e r  (P a ris ), 

u ltra v io le t  ir ra d ia te d  B . subtilis s tra in s  produced  bacterioc in -like  ag en ts . 
E lec tro n m icro sco p ic  stud ies rev ea led  defective  phages in  th e  ly sa tes  o f 
th e s e  s tra in s . In  ly sa tes  of m ito m y c in -in d u ced  B . subtilis  168 w ild -ty p e  
r e v e r ta n t  cu ltu re s , S e a m a n  et al. [8] show ed th e  presence  of gen e tica lly  
d e fec tiv e  phages. T hese defective p h ag es p roduced  no p laques an d  o n ly  
th e ir  b ac te ric id al effect was p o in tin g  to  th e ir  p resence. In  b eh av io u r
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defec tive  phages there fo re  resem ble bacterioc ins. S e a m a n  et al. used  the  
“ c u re d ”  d eriv a tiv e  of th e  o rig inal s tra in  as sensitiv e  in d ica to r  cu ltu re . 
I n  accordance w ith  th e se  find ings, in  our experim en ts u ltra v io le t irra d ia tio n  
a n d  m ore in ten siv e ly , m ito m y c in  t re a tm e n t, caused th e  p ro d u c tio n  of bac te rio -

ТаЫс II

A ctiv ity  spectrum  o f  bacteriocins produced by some B . sub tilis strains

Source of bacteriocin
Sensitivity of indicator strain

Yale w!s N RS 231

Yale ................... 0 1 : 64 1 : 32

w s a ..................... 1 : 16 0 0

NRS 231 ......... 1 : 32 0 0

F ra c tio n s  m ean the  h ig h est effective d ilu tio n  of bacterioc ins; 0 =  in effective . D ifferen t d e riv a 
tiv e s  o f  s tra in  168 b eh av ed  like th e  Y ale s tra in . To 10 m l cu ltu re  (O. D . =  0.25) 3 p g/m l m ito 
m ycin  w as added . A fter 30 m in u te s  in cu b a tio n  th e  cu ltu re  was w ash ed  b y  cen trifu g a tio n  and 
re su sp en d ed  in liqu id  Y P  m edium . T he ly sa te  ob ta in ed  a fte r a re s id u a l g row th  w as u sed .

cin-like principles in  all s tra in s  168 in d -  as well as in  s tra in s  W23, Y ale and 
N R S  231. The b acterioc ins w ere exam ined  only for a c t iv i ty  sp ec tru m . S tra in s  
168 an d  Yale p ro d u ced  seem ingly  id en tica l bacterioc ins, w hich  differed  from  
th o se  o f s tra in s  W 23 an d  N R S 231 (Table II).

I f  i t  is assum ed th a t  th e  b ac te rioc ins exam ined  in  th is  s tu d y  are  g en e tic 
a lly  defective phages, ou r s tra in s  p roduced  various ty p e s  of such  ag en ts . 
S tra in s  W 23 and  N R S 231 seem ed to  e lab o ra te  sim ilar defec tive  p rophages. 
S tra in s  Yale an d  168 ca rried  id en tica l defective prophages d iffe ren t from  those 
l ib e ra te d  from  th e  fo rm er s tra in s . N e ith e r of the  ly sa te s  co n ta in ed  in fective 
P ha ge partic les.

Comparative exam inat ion o f  subtilis phages.
The 10 tu rb id  p laque-fo rm ing  tran sd u c in g  phages iso la ted  in  ou r la b o 

ra to ry  behaved  id en tica lly  an d  show ed a com plete resem blance  to  phage PB S 
1. O n in d ica to r  s tra in  N R S 231 th e y  fo rm ed  m orpho log ica lly  sim ilar tu rb id  
p la q u e s  m easuring  4 — 5 m m  in  d iam e te r an d  d isp lay ing  w ell-defined  edges. 
A fte r  2 days in  th e  cen tre  of th e  p laq u e  a secondary  g ro w th  com m enced an d  
developed  la te r  in to  a f la t  cen tra l colony. A t these  phages p ro d u ced  un ifo rm  
p laq u es  on s tra in s  N R S 231, Y ale , W 23 as well as on th e  ex am in ed  cu ltu res  of 
in d o le  au x o tro p h  168. W ith  all in d ica to rs  iden tica l e. o. p . v a lu es  w ere o b ta in ed .

On th e  o th e r h a n d , phage SP  10 p roduced  no p la q u e s  on s tra in s  Y ale 
a n d  168 ind  . Id e n tic a l e. o. p . va lues w ere fo u n d  w ith  s tra in s  W 23 an d  N R S 231.

D ifferences in  th e  an tig en ic  s tru c tu re  of phages co rresp o n d ed  to  h o st-ran g e  
d ifferences. The К  values of an ti-p h ag e  6a im m une serum  w ere sim ilar for hom o
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logous and  o ther p h ag es: 6a =  630; 3 N T =  648; PB S 1 =  692. W ith  th e  
e x c e p tio n  of phage S P  10, all tran sd u c in g  phages were p re su m ab ly  iden tica l 
in  an tig en ic  s tru c tu re . A n ti-p h ag e  6a serum  did  n o t n e u tra liz e  phage S P  10, 
w ith in  th e  lim its of th e  t e s t ’s e rro r, th e  К  va lu e  was 0 in  sev era l experim en ts.

C lear p laque-fo rm ing  su b tilis  phages 3 L, 3 NV, 10 L  an d  10 W were 
s im ila rly  no t n eu tra lized  b y  an ti-p h ag e  se ru m  6a. W ith  a n ti-p h a g e  serum  4 L 
th e se  phages reac ted  u n ifo rm ly . The resu lts  are sum m arized  in  Table I I I .

A ccordingly, th e  ex am in ed  subtilis phages could d e fin ite ly  be d istinguished 
on th e  basis of th e  m en tio n ed  p roperties. In  v iew  of th e  an tigen ic  difference 
o b se rv ed , phages p ro d u c in g  clear p laques could  no t be reg a rd ed  as v iru len t 
m u ta n ts  of te m p e ra te  ph ag es. The host range  of these  p hages also ind ica ted  
th a t  th e y  com prised a s e p a ra te  ty p e  of su b tilis  phages. P h ag e  P B S  1 orig inating  
fro m  a C anadian soil sam p le , resem bled in  every  resp ec t th e  phages iso lated  
fro m  local garden soil in  o u r lab o ra to ry .

Table I I I

Classification o f  16 d ifferent subtilis phages according to various properties

Phage
Plaque

morphology

E. o. p. Neutralization Trans
duction 
of indole 
markerYale S 168

ind-
NRS 231

antiphage serum

6a 4L

1 K t;  3 N T; 4 P; 

6a ; 6b; 7T; 8tf; 

9 T R ; 10a; 10b

Turbifl 1.0 1.0 1.0 1.0 - I

PB S 1 T u rb id 1.0 1.0 1.0 1.0 + - +

S P  10 T u rb id 0 0 1.0 1.0 - — +

4L; 3NV: 10L; 

10W Clear 1.0 1.0 о V p о О 0.1 0.001 - -1- -

0 =  no reac tio n  w ith  u n d ilu te d  lysate

These phages, h ow ever, differed from  SP  10 in  h o st ran g e  as well as in 
an tig en ic  s tru c tu re .

Frequency o f transduction  o f  the indole marker.
Behaviour o f  various phages. By te m p e ra te  phages iso la ted  in our lab o ra 

to ry  th e  indole m a rk e r w as tran sd u ced  a t  frequencies ran g in g  from  10 
to  1 0 “ 7/P F U . T h ro u g h o u t these  experim en ts th e  p ro to tro p h ic  Yale s tra in  w as 
u se d  as donor. I t  sh o u ld  be n o ted  th a t  in T ab le  IY  th e  re su lts  ob ta ined  w ith  
ly sa te s  stored  for n o t m ore th a n  one w eek w ere only in c lu d ed . Phages 3 N T 
a n d  PB S  1 p ro p ag a ted  on s tra in  Yale show ed tran sd u c in g  frequencies in th e  
o rd e r of lO ^ /P F U . A so m ew hat sim ilar tran sd u c in g  freq u en cy  was exerted
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by S P  10 p ro p ag a ted  on s tra in  W 23. The resu lts o f tra n sd u c tio n  experim en ts  
w ith  14 d ifferen t ly sa tes  are sum m arized  in T ab le  IV .

In  ad d itio n  to  th e  above phage p rep ara tio n s , o th e r  3 N T lysa tes w ere 
also  exam ined . T he resu lts  o f th ese  experim en ts w ere o m itte d  from  T ab le  
IV  , as these  phages w ere s to red  fo r m ore th a n  a few w eeks. As com pared  w ith  
th e  o th ers , one of th e se  phage m ate ria ls  produced an  one ex p o n en t h igher t r a n s 
d u c tio n  frequency . S u b cu ltu res  o f th is  phage y ie lded  p re p a ra tio n s  d isp lay ing  
th e  u su a l frequency . B y chang ing  th e  m edium , in c u b a tio n  te m p e ra tu re  a n d  
a e ra tio n , several ex p erim en ts  w ere perform ed to  o b ta in  m ore  ac tiv e  p re p a ra 
tio n s. The tran sd u c in g  a c tiv ity  o f th e  phages, how ever, rem ain ed  in v ariab ly  
u n a lte red .

The frequency  of tra n sd u c tio n  expressed in p laq u e-fo rm in g  u n its  w as, 
o f course, influenced  b y  th e  m u ltip lic ity  of infection . I t  is seen th a t  a t va lu es  
2 or less th e  frequency  differences w ere w ith in  th e  lim its  o f th e  te s t ’s e rro r. 
As com pared  w ith  re su lts  o b ta in ed  a t  m . o. i. =  2, a t m . o. i. =  10 th e  ab so lu te  
n u m b er of tra n sd u c ta n ts  was also less. This was p ro b ab ly  due to  a lysis o f a 
c e r ta in  p ropo rtio n  of in fected  cells (Table V).

Table IV

Transduction frequencies obtained with different phage preparations

Phage Protocol
no.

Phage titre 
PFU /m l

m. o. i. No. of trans- 
ductan ts/P F U

3 NT 2/113 4 X 10“ 1.0 1.4 X 1 0 - “

2/139 6 X 10" 0.9 1.3 X i o - 7

3/8 2 X 10" 0.9 4.6 X 10-«
3/53 10“ 0.9 3.4 X 10-«

3/57 5 X 10“ 0.8 1.7 X 10-«
3/70 5 X 10“ 1.8 5.8 X 10-«

3/63 5 X 10“ 0.8 2.1 X 10-«

PB S 1 1/61 3 X 10" 1.5 8.3 X 10-«

5/17 6 X 10" 1.0 1.7 X 10-«

SP  10 3/53 5 X 10“ 0.5 1.6 X io - «
3/56 3 X 10“ 0.3 2.2 X 10-«

3/6 2 X 10“ 0.5 2.1 X 10-«

3/37 10“ 0.1 4.8 X 10-«
2/142 10“ 2.0 8 X 1 0 -“

T he n u m b er of t r a n s d u c ta n ts  w as exam in ed  by seeding on gGM ag ar
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Association between the transduction frequency o f  indole m arker and the 
physio logical condition o f  bacteria. W hen  S 168 in d -  cells t r e a te d  w ith  phage 
3 N T  w ere p la ted  on m in im al m edia  MM an d  gGM, th e  n u m b e r of tra n sd u c ta n ts  
w as u su a lly  different. T im e an d  te m p e ra tu re  of ad so rp tio n  w ere n o t responsible 
fo r th is  finding. The re su lts  v a ried  w ith  th e  age of th e  c u ltu re : y o u n g  cultures

Table V

Frequency o f  transduction  o f  stra in  S  168 ind~  by phage  3 N T ,  at varying
m. o. i. values

Ш . o . i. Transduetants/m l No. of
transductants/PF U

10 4.2 X 102 1 0 - 7

2 1.2 X 103 1.5 X 1 0 - 6

0.4 CO X 102 3 X 10-«

0.008 1.4 X 102 4.3 X 10-«

0.016 2 X 101 3 X 10~ 6

T itre  of phage p re p a ra tio n , 4 X 10lJ/m l; b ac te ria l coun t, 4 X 108/m l. T ra n sd u c ta n ts  were 
iso la te d  on gGM plates.

g av e  generally  m ore tr a n s d u c ta n ts  on MM m edium  th a n  on g lu tam ic  acid-con
ta in in g  gGM m edium . T h e  resu lts  w ere rep roducib le . T he m . o. i. value also 
in flu en ced  the re su lts . One such  ex p erim en t is p resen ted  in  T ab le  VI.

The num ber o f tr a n s d u c ta n ts  was h igh ly  in flu en ced  b y  th e  age of the  
c u ltu re . In young c u ltu re s  la rger n u m b ers  of tra n s d u c ta n ts  ap p eared  on MM 
th a n  on gGM agar. B a c te ria  from  ex p o n en tia l or s ta t io n a ry  phase cultures 
b e h a v e d  in an opposite  m an n er. T he cause of th is  p h en o m en o n  could not be 
e lu c id a ted .

Phage material w ith increased frequency transduction ( 1 F T ) .
W ith  phages p re p a re d  by  th e  m e th o d  described on ly  som e hun d red s or at 

m o st one th o u san d  tr a n s d u c ta n ts  w ere ob ta in ed  from  108 to  5 X 108 recip ient 
b a c te r ia . One 3 N T p re p a ra tio n  y ie lded  considerab ly  m ore  tra n sd u c ta n ts .T h is  
o b se rv a tio n  in d ica ted  th a t  phage popu la tio n s m ore ac tiv e  th a n  th e  average 
m ig h t be prepared  a n d  we succeeded in  o b ta in ing  p o p u la tio n s  w ith  increased 
a c tiv i ty  from  lysogenic clones by  use of phages 3 N T an d  PB S I as follows.

A suspension of S 168 in d -  cells was in fec ted  w ith  phage 3 NT (m. o. i. =  
=  1), th en  p la ted  on gGM m edium . A fte r 1 week, w hen  th e  tra n sd u c ta n ts  were 
m a in ly  in the sp o ru la te d  form , th e  colonies were se p a ra te ly  suspended  and 
h e a te d  at 70° C for 5 m in u te s . The lysogenic spore p re p a ra tio n  was th en  tr a n s 
fe rred  in to  liqu id  Y P  m ed ium  an d  shaken  a t 37° C o v ern ig h t. The transduc ing  
a c tiv i ty  of phage m a te ria ls  o b ta in ed  from  various lysogenic clones was com-
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Table VI

Transduction  o f  the indole m arker by phage 3 N T  to stra in  S  168 ind~  
at different stages o f  cultivation

Culture Number of transductan ts

0. D. Colony forming 
units/m l

m. o. i.
gGM agar MM agar

0.4 4.5 X 107 15.0 230 480
1.5 160 430
0.15 40 50

0.6 1 X 10s 5.8 610 810
1.9 640 820
0.2 160 130

0.9 3.7 X 108 1.4 430 280
0.9 620 550 +
0.1 180 200

1.1 5 X 10s 1.4 950 280
0.14 200 100

A n ex p o n en tia l g ro w th  phase  cu ltu re  of s tra in  S 168 in d -  in Y P  m ed iu m  w as sam pled  an d  
ex am in ed  for o p tica l d e n s ity  an d  viable co u n ts  a t  d iffe ren t in te rvals . To a liq u o ts  of th e  sam ples, 
e q u a l a m o u n ts  of 3 N T ly sa te  were added . A fte r 30 m in u te s  th e  suspensions w ere cen trifuged , 
w ash ed  w ith  MM m ed iu m  an d  p la ted  a t  0.1 m l a m o u n ts  on gGM and  MM ag ar. + In  c o n tra s t 
to  th is  h ig h  va lue , in  fu r th e r  ex p erim en ts w ith  o lder cu ltu res  less t r a n s d u c ta n ts  w ere observed  
on  MM m ed iu m  th a n  on g lu tam ic  ac id -co n ta in in g  gGM m edium .

p a re d . T ab le  V II reveals th e  resu lt o f one of th e se  experim en ts ca rried  out w ith  
ph ag e  p re p a ra tio n  o b ta in ed  w ith  10 in d iv id u a l tra n sd u c ta n ts .

T he tra n sd u c tio n  frequency  of th e  indole m arker v a ried  considerab ly  
w ith  th e  d ifferen t phage p rep a ra tio n s . I t  should  be m entioned th a t  for the  com 
p a ra tiv e  ex am in a tio n s th e  rec ip ien t cells w ere o b ta ined  from  one cu ltu re  of 
s tra in  S 168 in d - . T here  was no re la tio n  b e tw een  th e  num ber of tra n sd u c ta n ts  
an d  th e  phage t i t re  o f ly sa tes. A ccord ing ly , phage p o p u la tio n s o rig ina ting  
from  d iffe ren t tra n s d u c ta n ts  were n o t u n ifo rm . Som e lysogenic clones lib e ra ted  
m ore ph ag e  partic les con ta in in g  b ac te ria l chrom osom al m ateria l. T he observed 
ph en o m en o n  can n o t be com pared  w ith  “ specific  tra n sd u c tio n ”  since (1) when 
p ro p a g a te d  in  th e  u su a l m anner, IF T  p re p a ra tio n s  y ielded phages w ith  an  a v e r
age and  n o t w ith  an  increased  tran sd u c in g  a c tiv ity ;  (2) IF T  p re p a ra tio n s  t r a n s 
duced n o t only  indole b u t  also o th e r m ark ers  a t  h igh frequencies.

T h e  d ifferen t a c t iv i ty  of phage p re p a ra tio n s  is, there fo re , n o t due to  a 
genetic  difference in  phage partic les, b u t to  th e  ch a rac te r of th e  lysogenic
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Table VII

B ehaviour o f  phage prepara tions obtained fr o m  10 different lysogenic transductants

Phage
preparation

Titre
PFU/ml

No. of trans- 
ductants/m l 
bacterium

No. of trans- 
ductan ts/P F U

i 5 X 109 2.5 X 102 1.2 X 10-8

2 2 X 108 3 X 103 1.5 X lO-5

3 10» 1.8 X 103 9 X 10-6

4 8 X 10s 4.6 X 102 2.3 X 10-6

5 8 X 107 3 X 103 1.5 X 10-5

6 4 X 108 3.1 X 10* 1.5 X 10-4

7 8 X 108 1.2 X 102 6 X 10-7

8 10s 1.2 X 103 6 X 10-6

9 8 X 10я 1.5 X 103 7.5 X 10-6

10 109 1.3 X 103 6.5 X 10"»

To 1 m l e x p o n en tia l g ro w th  phase  Y P m edium  cu ltu re  o f s tra in  S 168 in d - , 1 ml phage of p re 
p a ra tio n  (m . o. i. =  0.33) w as added . A fter 20 m in u te s  in cu b a tio n  a t  room  tem p e ra tu re  th e  
suspension  was cen trifu g ed  fo r 10 m inutes th e n  w ashed  w ith  MM m edium . A fter re su sp en d in g  
in  1 m l MM m edium , each  d ilu tio n  was p la te d  on 3 gGM p lates . T h e  n u m b er of t r a n s d u c ta n ts  
w as co u n ted  a fte r  48 h o u rs  a t  37° C.

Com plex. D uring  th e  m u ltip lica tio n  o f cells derived  from  tra n sd u c ta n ts , v iru ses  
c o n ta in in g  bac te ria l chrom osom al m a te ria l m ay be p ro d u ced  in v a ry in g n u m b ers .

Transduction o f  the indole m arker to various 168 in d  strains. In  v iew  
of th e  cu ltu ra l d ifferences am ong v a rio u s  168 in d "  s tra in s , th e ir  a b ility  to  ac t 
as rec ip ien ts  was checked . W hen te s te d  w ith  one IF T  p re p a ra tio n  of phage 3 N T, 
th e  3 cu ltu res b eh av ed  sim ilarly  (T able V III).

T he 3 suspensions ob ta ined  an d  used  under th e  sam e conditions, y ie lded  
tra n s d u c ta n ts  a t  an  a p p ro x im a te ly  un ifo rm  p ro p o rtio n . In  colonial m orphology , 
how ever, th e  tra n s d u c ta n ts  differed accord ing  to  th e  p ro p erties  of th e  p a re n t 
s tra in .

Transduction o f  the indole m arker by d ifferent phages. C om parison o f  
phages 3 N T, P P S  1 an d  SP  10 was perfo rm ed  w ith  phage p rep ara tio n s  o b ta in e d

Table VIII

Transduction  o f  the indole m arker to d ifferent 168 ind  strains

Medium
No. of transductan ts per ml of recipient suspension

S 168 ind- T  168 ind- L  168 ind-

gGM 8.7 X 103 9.4 X 103 1.5 X 10J

MM 1.1 X io< 8.4 X 103 1.2 X 10*

T itre  o f phage, 8 X 108 PF U /m l.
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on donor s tra in s N R S 231 an d  W 23. T hese s tra in s  were all sen sitiv e  to  th e  above 
phages. U niform  resu lts  were o b ta ined  in  several re p e a te d  te s ts . One of these 
ex p erim en ts  is p resen ted  in  T ab le  IX .

I t  is seen th a t  phages 3 N T and PBS 1 p ro p ag a ted  on s tra in  N R S 231 
tran sd u ced  th e  indole m ark e r a t a frequency  lower th a n  th a t  observed  w ith  
phage SP 10. P re p a ra tio n s  m ade on s tra in  W23 y ielded  s im ila r resu lts . The

Table IX

Transduction o f indole allele to stra in  S  168 in d ~  by phages propagated on strain
N R S  231

Phage
Phage titre  

PFU /m l m. o. i.
No. of trans- 
ductants/ml 
bacterium ~f~

No. of trans- 
ductants/P F U

3 NT 1.2 X 109 1.6 20 2.5 X 1 0 -8

PBS 1 1.4 X 10“ 1.6 40 5 X 1 0 -8

SP 10 4 X 10“ 1.6 500 6.2 X 107

+ Suspension S 168 in d -  co n ta in ed  5 X 108/m l colony fo rm ing  u n its . P h ag e-trea ted  
b a c te ria  were p la ted  on gGM agar.

a lte rn a tiv e  exp erim en t was n o t perfo rm ed , because phage S P  10 could no t he 
p ro p a g a te d  on th e  Y ale s tra in  or on its  derivatives.

I t  should be n o ted  th a t  b acterioc ins of s tra in s  W 23 an d  N R S 231 were 
sim ila r, b u t differed from  tho se  of s tra in  Y ale or its  d e riv a tiv es , an d , in  co n trast 
to  th e  la tte r , W23 an d  N R S 231 could be lysogenized w ith  phage SP10. These 
find ings m ay exp la in  th e  fac t th a t  on s tra in s  W23 an d  N R S 231 phage SP  10 
p roduced  a m ore ac tiv e  tra n sd u c in g  phage m ateria l th a n  th e  PB S  1-type 
phages did.

Stab ility  o f  prophage 3 N T

I t  has been observed  th a t  th e  lysogenic com plexes of s tra in  Y ale and 
phage 3 NT are u n stab le  and  d u rin g  th e  m u ltip lica tion  of lysogenic bacteria  
th e  p rophage is no t tra n sfe rre d  to  th e  m a jo rity  of d e riv a tiv e s . T he following 
ex p erim en t throw s ligh t on th is  find ing . An exponen tia l g ro w th  phase cu ltu re  
of s tra in  Yale was in fec ted  w ith  phage 3 NT (m. o. i. =  0.3), th e n  incu b a ted . 
T he su p e rn a ta n t of a sam ple  ta k e n  in  th e  s ta tio n a ry  phase  co n ta in ed  10,J 
P F U /m l. The cen trifuged  b a c te ria  w ere tre a te d  w ith  an ti-p h ag e  serum , th en  
th e  num bers of colony an d  in fec tive  cen tre  form ing u n its  w ere determ ined . 
As th e  respective v alues were 1.6 X  108/m l and  7.5 X 107/m l, only  ab o u t 50 
per cen t of the  cells co n ta ined  prophages. On Y P  agar tw o co lonial ty p es were 
observed : some colonies w ere sim ilar to  tho se  produced  by  th e  orig inal, non- 
lysogenic b ac te ria ; o th ers  were sm aller w ith  a m ore g listen ing  an d  convex
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su rface  (Fig. 1). T he la t te r  colonies consisted  of lysogenic cells, th e  form er colo
n ia l ty p e  contained  non-lysogenic  cells sensitive to  phage 3 N T. T he suspension 
o f lysogenic colonies w as tre a te d  w ith  an ti-p h ag e  serum  an d  p la ted . Colonies

F ig . 1. Colonies o b ta in e d  a f te r  an ti-p h ag e  serum  tre a tm e n t from  a  s ta tio n a ry  phase Y ale 
c u ltu re  infected w ith  p h ag e  3 N T. L arge  f la t  colonies: non-lysogenic; sm all g listening colonies:

lysogenic cells. M agnification X L a

F ig . 2. Subculture o f lysogenic  clones (see Fig. 1) a fte r  an ti-p h ag e  serum  tre a tm e n t. The 
sector in one o f th e  colonies co n ta in ed  lysogenic b a c te ria . M agnification  X 1.6

grow ing from th is  c u ltu re  w ere lysogenic in  30 per cen t. T he loss of p rophage 
w as associated w ith  a change in  colonial m orphology . Som etim es colonies w ith  
sec to ria l p a rts  c o n ta in in g  lysogenic bac te ria  w ere p ro d u ced  (F ig. 2). Cells 
w ith in  the secto r w ere lysogenic. On fu rth e r su b c u ltiv a tio n  of such cells, the  
loss of prophage w as even h igher. A fter m u ltip le  su b cu ltu re s  th e  incidence of 
lysogenic colonies w as only  one or tw o per cen t.
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N on-lysogenic segregants w ere sen sitive  to  phage 3N T. T herefore  th e  
fin d in g  was exp la ined  w ith  th e  loss of a w hole phage genom  and  n o t w ith  
defectiveness.

Table X

C o-transduction o f h is~  derivatives o f  s tra in  168 ind~  by phage  3 N T

St rain Co-transduction

SB 25 in d - h is -

13 in d - h is -

31 in d - h is - -j-

26 in d - h is - —

30 in d - h is - —

SBI in d - h is - —

Com parison o f  co-transduction by phages 3 N T  and S P  10

E ph rat i  E lizur  and  F o x  [9] d e m o n s tra te d  a linkage  of indole a n d  
som e h is tid in e  alleles in  tra n sd u c tio n  ex p erim en ts  w ith  phage SP  10. In  ou r 
s tu d ies  we observed  th e  co -tran sd u c tio n  of h is -  derivatives of s tra in  168 in d -  
(T able X ).

C o -tran sd u c tio n  by  phage 3 N T p ro p a g a te d  on th e  p ro to tro p h ic  Y ale  
s tra in  is in  acco rdance  w ith  d a ta  of th e  gene m ap of E ph r a t i  E lizur  et al. 
[10], w ho show ed in  tran sfo rm a tio n  ex p erim en ts  the  lo ca tion  of th e  h is tid in e  
linkage group. T he his + p ro p erty  could  be tran sfe rred  to  h is tid in e  loci s i tu a te d  
n ear to  th e  ind  -  locus (25; 13; 31). On th e  o th e r h an d , in th e  case of more d is ta n t 
loci (26; 30; SB I) no co -tran sd u c tio n  was observed .

The c o -tran sd u c tio n  frequency  of th e  indo le  and  h is tid in e  loci by phages 
3 N T an d  SP  10 w as com pared  by  th e  use of a u x o tro p h  31 in d -  h is - . P h ag e  
p re p a ra tio n s  w ere o b ta in ed  on s tra in s  Y ale an d  W 23. A fter phage tre a tm e n t, 
th e  b a c te ria  w ere p la te d  on gGM ag ar co n ta in in g  25 /tg/m l indole or 25 /ug/ml 
h is tid in e . The o b ta in e d  tra n sd u c ta n ts  w ere rep lica  p la ted  on gGM agar. Pooled  
d a ta  o f several ex p erim en ts  are p re sen ted  in  T ab le  X I.

C o -tran sd u c tio n  was observed a t  considerab le  frequencies b y  b o th  phages. 
In  ou r ex p erim en ts  th e  tra n sd u c tio n  freq u en cy  by phage SP  10 was 7 to  10 
per c en t h igher th a n  th e  value g iven  b y  E ph r a t i  — E lizur  an d  F o x  [9]. 
The h ig h  co -tran sd u c tio n  frequency  y ie lded  b y  ph ag e  3 NT differs s ig n ifican tly  
from  th e  resu lts  o b ta in ed  w ith  phage S P  10. T his find ing  m ay be due to  a d iffe r
ence b e tw een  th e  tw o donors or b e tw een  th e  properties of th e  tw o phages.
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Table X I

Frequency o f co-transduction o f  indole and h is tid in e  markers to recipient strain
31 ind~  h is~ *

Distribution of tran sduc tan ts on selective media

Phagp gGM +  indole j gGM -f- histidine

#
ind+ his+ ind his+ j ind+ his+ ind+ his

3NT 1068 (98.2% )
I

19 1142 (98.7% ) 25

SP10 980 (76.8% ) 298 727 (82.5% ) 155

* Pooled d a ta  o f  sev e ra l experim ents. A fte r  p h age  tre a tm e n t s tra in  31 ind  h is~  (Y ale 
do n o r) was p la ted  on gGM m ed iu m ; the  colonies w ere rep lica  p la ted  on gGM m edium .

Transduction o f am m onium  assim ilation

As described ab o v e , S 168 in d -  p o p u la tio n s  co n ta in ed  tw o kinds o f cell. 
T h e  m a jo rity  of th e  s to c k  cu ltu re  consisted  of cells capab le  of grow ing on a 
m ed iu m  con ta in in g  am m onium  salt as a sole source of n itrogen . In  ad d itio n  
to  th e se  A m + cells, th e  re s t of th e  p o p u la tio n  p roduced  colonies only on m edia 
c o n ta in in g  g lu tam ic  ac id , aspartic  acid  or asparag ine  (A m  b ac te ria ). Am 
cells su rv ived  in s to ck  cu ltu res of s tra in  168 ind , w hich had  been m a in ta in ed  
in our lab o ra to ry  as w ell as previously  in  o th e r  labo ra to ries on com plete m edium  
(y e a s t e x tra c t p e p to n e  agar). W hen A m  b ac te ria  w ere cu ltu red  in  liqu id  
Y P  m edium , to w ard s  th e  end of th e  e x p o n en tia l phase  th e  pop u la tio n  co n 
ta in e d  A m + cells a t a ra tio  of ap p ro x im a te ly  10 -0 . In  o rder to  show  w h e th e r 
am m onium  assim ila tio n  is determ ined  b y  chrom osom al or some ex trach rom oso- 
m a l fac to r, we h a v e  a tte m p te d  to  tra n sd u c e  th is  p ro p e rty  by use of ph ag e  
3N T .

As com pared  to  S 168 in d -  A m +, th e  am m onium  n egative  s tra in  can  be 
reg a rd ed  as a doub le  a u x o tro p h  ( in d -  A m - ). The phage m a te ria l of a lysogenic 
i n d + p ro to tro p h  o b ta in e d  w ith  phage 3N T  from  s tra in  S 168 ind  A m  + was 
u sed  fo r the  tr e a tm e n t  of an  S 168 ind  A m  p o p u la tio n . The tre a te d  b a c te ria  
w ere p la ted  on th e  fo llow ing m edia: (1) gGM -j- 25 /tg /m l indole, w hich s u p p o r t
ed  th e  grow th of all b ac te ria ; (2) MM -f- indole, w hich  selected in d -  A m  + 
cells; (3) gGM ag a r, w hich  selected i n d + A m -  tra n s d u c ta n ts ;  (4) MM, w hich 
su p p o rte d  th e  g ro w th  of cells only w hen  a c o -tran sd u c tio n  of indole an d  am m o 
n ium  m arkers h a d  occurred . The resu lts  a re  show n in T ab le  X II.

I t  is seen t h a t  on gGM -)- indo le  m ed ium  p h a g e -tre a te d  a n d  con tro l 
suspensions p ro d u ced  equal num bers o f colonies. W hen  s tra in  S 168 in d  + 
A m + was used as d o n o r, on MM -f- indo le  p la tes th e  p h ag e-b ac teriu m  m ix tu re  
co n ta in in g  2.6 X 108 cells/m l, fo rm ed on ly  105 colonies, in  o ther w ords t r a n s 
d u c tio n  of th e  A m + locus was successful in 0.04 per cen t of the p o p u la tio n . 
T ra n sd u c tio n  freq u en cy  in  th a t  case w as 3.2 X 1 0 -4/P F U . As in d ica ted  b y  th e
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Table X II

Transduction o f  a m m o n iu m  locus (A m )  by phage 3 N T

N u m b er of colony form ing u n its  on d iffe ren t m edia in suspensions tre a te d  a n d  n o t
tre a te d  w ith  phage

Agar plate

No. of colony forming units/m l suspension

Phage donor

S 168 ind+ A m + L 168 ind* Am*

Phage-treated Control Phage-treated Control

gGM -f- indole 2.6 X 108 2.9 X 10« 2.5 X 10s 2.7 X 108
MM - j-  indole 1 X 105 2.6 X 102 1.2 X 10J 2 X 102
gGM 4 X 103 0 5.3 X 103 0
MM 0 0 0 0

S tra in  S 168 was p la te d  on gGM ; indole m ed iu m . A fter 48 ho u rs  a t  37°C, besides larg e r 
(4 — 5 m m ) p ig m en t-p roducing  colonies, som e sm all (1 m m ), colourless colonies developed . 
A n e x p o n en tia l g row th  phase  Y P  m ed iu m  cu ltu re  of th e  la t te r  colonies w as in fec ted  w ith  
phages p roduced  b y  lysogenic t ra n s d u c ta n t  S 168 i n d + Am + tre a te d  w ith  phage 3 N T . T he 
b a c te ria  were p la ted  on d ifferen t m edia . S uspensions n o t trea te d  w ith  p h ag e  served  as con tro ls. 
In  case o f s tra in  L 168 in d + A m +, th e  3 N T p hage  m ate ria l was o b ta in e d  from  lysogenic b a c 
te r ia  o f th e  co rresponding  cu ltu re . M. o. i. v a lu es were 0.5 to 1.

n u m b e r of colony form ing  u n its  on MM -f- indole p la tes (2.6 X 102/m l), su s
pension  in d ” A m "  co n ta in ed  A in + b ack  m u ta n ts  a t a ra t io  of 10” e. T ra n s 
d u c tio n  of th e  indole locus itse lf  was o f a low er frequency , as th e  p h ag e -trea ted  
b a c te r ia  gave only 4.2 X 103 colonies p er m l on gGM m edium  (1.4 X 10 ” 5/P F U ) 

T he resu lts  w ere sim ilar w hen am m onium -u tiliz ing  s tr a in  L 168 in d  + 
A m + w as used as donor. In  th ese  ex p erim en ts , too, tra n sd u c tio n  of th e  A m  
locus occurred  a t  h igher frequencies th a n  th a t  of th e  th e  indo le  locus. C o -tran s
d u c tio n  of th e  tw o loci was n o t observed  in  e ith e r ex p erim en t.

Discussion

Since R omig an d  B r o d e t s k y  [11] h a d  published th e  f irs t  sy s tem a tic  
s tu d y  on sub tilis  phages, a n u m b er of in v es tig a to rs  becam e in te re s te d  in  th is  
g roup  o f b ac te ria l v iruses. M ost of th e  phages so far describ ed  an d  s tu d ie d  
h a d  been  iso la ted  b y  use of th e  M arb u rg  s tra in  [1, 7, 11, 18]. In  c o n tra s t, 
T h o r n e  iso la ted  phage SP 10 on B . subtilis  s tra in  W23. W e h a v e  been  u n ab le  
to  o b ta in  d a ta  as to  th e  ex ac t origin of s tra in  W23. Our s tu d ie s  in d ica te  th a t ,  
on th e  basis of phage sen s itiv ity  an d  “ b ac te rioc in” p ro d u c tio n , i t  differs 
from  th e  s tra in  of B u r k h o l d e r  and  G il e s  [6] and  from  its  d e riv a tiv es . 
T h e  “ b ac te rio c in s”  are p ro b ab ly  id en tica l w ith  th e  incom plete  phages described  
b y  S e a m a n  et al. [8]. I t  w ould ap p e a r t h a t  incom plete P B S X  prophages v a ry
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w ith  d ifferent В . subtilis  s tra in s . Some o f our o b se rv a tio n s ind icate  th a t  
d ifferences in se n s itiv ity  to  sub tilis  phages m ay  be d e te rm in ed  by these d e 
fec tive  prophages.

T he m ain  p o in ts  o f our re su lts  h av e  a lread y  been d iscussed  in the ex p eri
m e n ta l p a r t of th is  p a p e r. I t  should , how ever, be em phasized  again th a t  o u r 
tra n sd u c in g  phages are sim ilar to , or id en tica l w ith , phage PB S  1. One of th e  
ex am in ed  B . subtilis  s tra in s , N R S 231, is un ifo rm ly  sen sitive  to  these phages 
an d  to  the  o therw ise  d iffe ren t phage SP  10. F o r th e  t i t r a t io n  of te m p e ra te  
su b tilis  phages s tra in  N R S 231 is v e ry  v a lu ab le  n o t only ow ing to  its sen s itiv ity  
b u t also because o f th e  w ell-defined p laques o b ta in ab le  w ith  th is cu ltu re .

I t  is know n th a t  th e  n itrogen  req u irem en t of m a n y  s tra in s belonging 
to  th e  genus B acillus can be supplied  w ith  am m onium  sa lts . This also ho lds 
tru e  for B. subtilis. One of ou r la b o ra to ry  ty p e  cu ltu res , s tra in  S 168 in d -  
sp lit off cells u n ab le  to  u tilize  am m onia. The m ain  p a th w a y  o f am m onia assim 
ila tio n  is th e  a m in a tio n  of a p y ru v a te  b y  a lan ine  dehydrogenase  [12]. I t ,  
ap p ears  th a t  in  A m -  m u ta n ts  tra n sa m in a tio n  from  a lan in e  to  k e to g lu ta ric  
acid  is b locked [12]. O ur A m -  m u ta n t d id  n o t u tilize  a lan in e  and  some o th e r 
am ino  acids, b u t  w as ab le to  use g lu tam ic  an d  a sp a rtic  acids. The la tte r  s u b 
s tan ces  are b o th  im p o r ta n t  am ino group donors in  tra n sa m in a tio n . A m m onia 
assim ilation  could  be tran sd u ced  by  phages to  th e  A m -  m u ta n t. T herefore, 
th e  Am and  A m + p ro p e rtie s  are p resu m ab ly  allelic.

In  our c o m p a ra tiv e  s tud ies we h av e  also ex am in ed  th e  high la b ility  
of prophages o f b a c te r ia  lysogenized b y  phage 3 N T. T he loss of p rophage  
occurred  at a freq u en cy  ap p ro x im a te ly  sim ilar to  th a t  fo u n d  by T a k a h a s h i  
[4] for phage P B S  1. I t  shou ld  be n o ted  th a t  segregation  o f the  prophage has 
been  defin ite ly  con firm ed  also on th e  basis of m orphological difference betw een  
lysogenic an d  non-lysogen ic  colonies.

The u n s ta b le  connection  of p ro p h ag e  to  th e  b a c te ria l chrom osom e is 
seem ingly  com m on in  ce rta in  lysogenic system s of th e  genus Bacillus. Such 
find ings have been  described  for a te m p e ra te  a n th ra x  ph ag e  [13] and for o th e r  
lysogenic system s in  B . subtilis  [11]. T a k a h a s h i  [14] ex p la in ed  the in s tab ility  
o f the p rophage b y  a difference betw een  th e  D N A  com position  of phage 
PB S  1 and B . subtilis . I t  w ould ap p ear th a t ,  in  c o n tra s t to  en teric  b ac te ria , th e  
connection  b e tw een  th e  p rophage and  th e  host cell in  th e  genus Bacillus is 
o ften  very  loose. F u r th e r  stud ies on phages of th e  genus Bacillus m ay rev ea l 
new  uncom m on D N A  s tru c tu re s  in ad d itio n  to  those a lre a d y  described [15 — 17].
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Д-GALACTOSIDASE ACTIVITY OF SACCHAROMYCES
FRAGILIS

II. M O D E  O F  A CTION 

B y

G. Szabó and J olán  R ózsa

A n tib io t i c  D e p a r tm e n t  ( D ir e c to r :  T. V á l y i-N a g y ^ I n s t i t u t e  o f  E x p e r im e n ta l  M e d ic in e ,  H u n g a 
r ia n  A c a d e m y  o f  S c ie n c e s , and I n s t i tu te  o f  B io lo g y  (D ir e c to r  : G. S z a b ó ) U n iv e r s i t y  M e d ic a l

S c h o o l ,  D eb recen

(R eceived D ecem ber 21, 1964)

Sum m ary. T re a tm e n t of S a c c h a r o m y c e s  f r a g i l i s  cells w ith  sodium  p y ro p h o sp h a te  
(N a—P — P) has been  fo u n d  to increase /1-galactosidase a c tiv ity . E nzym e a c tiv ity  is also in c re a s 
ed b y  o th e r  fac to rs  in fluencing  th e  m etab o lism , an d  by  enzym e poisons such as p o ta s s iu m  
cy an id e, sodium  flu o rid e , sodium  azide, a n d  u ra n y l n i tra te . I f  N a  — P  — P  and  sod ium  azide  
are ad d ed  to g e th e r, th e  effect on enzym e a c t iv ity  is a d d itiv e . The in creased  enzym e a c t iv ity  
a f te r  N a — P  — P t r e a tm e n t  is no t reversed  or in h ib ite d  b y  an y  of 20 d iffe ren t enzym e in h ib ito rs  
ex cep t p h en y l-m ercu ry -ace ta te .

T here  is a co rre la tio n  betw een /S-galactosidase a c tiv ity  an d  th e  q u a n ti ty  of w a te r -e x tra c t
able p h o sp h a te  a t  0°C. F ac to rs  causing an  increase  in  th e  w a te r-e x tra c ta b le  p h o sp h a te  also 
increase  /З-g a lactosidase  a c tiv ity . M anganese increases /З-galactosidase  a c tiv ity  b y  en h an c in g  
p h o sp h a te  co n cen tra tio n  in  th e  cells. A non-specific  increase  in  cell p e rm eab ility  is also su g g ested  
a f te r  N a — P  — P  tr e a tm e n t.  The possible m ech an ism  of action  of N a — P  — P  is discussed.

In  prev ious experim en ts [5] i t  has been show n th a t  th e  /3-galactosidase 
a c tiv ity  of Saccharomyces frag ilis  w as increased  by  sodium  p y ro p h o sp h a te  
(N a — P P) t r e a tm e n t ,  while th e  a c t iv i ty  of an  acetone potvder of th e  y e a s t 
decreased  ra p id ly  a f te r  tre a tm e n t w ith  N a P P.

N a P—P d id  no t d isrup t th e  organism s an d  th e re  was no fall in  v iab le  
coun t a fte r  t r e a tm e n t. I f  a fter 60 m in u te s  in cu b a tio n  a c tiv ity  re tu rn e d  to  its  
o rig inal level, i t  cou ld  again  be in c reased  b y  a second tre a tm e n t w ith N a  -P — P. 
T he reversib le  ch an g e  in  /З-galactosidase a c tiv ity  could be rep e a te d  several tim es . 
The N a P — P t r e a te d  organism s b eh av ed  d iffe ren tly  from  u n tre a te d  cells 
to w ard s  m eta l ions, e.g. zinc ions in a c tiv a te d  acetone pow ders b u t a c tiv a te d  
Na P —P tre a te d  cells. The fact t h a t  N a —P P is a ch e la tin g  agen t does n o t 
ex p la in  its  m ode o f action  since o th e r  che la tin g  agents such  as versene a n d  
oxine d id  not in crease  enzym e a c tiv i ty  in  in ta c t  cells.

The p resen t experim ents h a d  th e  aim  to  gain in fo rm atio n  a b o u t th e  
m echan ism  b y  w h ich  N a — P — P increases th e  (3-galactosidase a c tiv ity  of w hole 
cells o f Saccharomyces fragilis.

Materials and methods

T he o rgan ism  a n d  m edium  used in  th is  w ork  hav e  been described p rev iously  [5]. Cell 
d en sity  w as m easu red  a t  700 m f t using a B eckm an  D U  sp ec tro p h o to m ete r, ß -g a la c to s id a s e  
a c t iv i t y  w as d e te rm in ed  as described p rev iously . R a d io a c tiv ity  m easu rem en ts  were as desc rib ed  
earlie r, u sing  a “ 64”  U ti l i ty  Scaler ty p e  1871, S ystem  K . F . K . I.
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R a d io a c tiv e  p h o s p h o r u s  ta k e n  u p  from  d iso d iu m  hydrogen  p h o sp h a te  was m easu red  in 
th e  follow ing way. T he in c u b a tio n  m ix tu re  w ith  th e  y e a s t was filte red  th ro u g h  Oxoid m em brane  
f i lte rs  (2 .0  cm) w ashed th o ro u g h ly  w ith  w a ter, a n d  c o u n te d  d irec tly  a fte r  d ry ing  th e  m em brane  
u n d e r  a n  in frared  lam p . I n  c e r ta in  experim ents (n o ted  in  th e  te x t)  ra d io ac tiv e  phosphorus ta k e n  
up  w as m easured  by  cen trifu g in g  the in cu b a tio n  m ix tu re  and sam pling  th e  su p e rn a ta n t.

T h e  e ffec t o f  e n z y m e  in h ib i to r s  upon th e  su b seq u e n t s tim u la tio n  of enzym e a c tiv ity  by  
N a  — P  — P  tre a tm e n t w as d e te rm in ed  in  th e  fo llow ing  w ay. The cells w ere f irs t  in cu b a ted  for 
30 m in u te s  a t  25°C w ith  enzym e in h ib ito r d isso lved  in  0.005 M ,  p H  7.0 T ris buffer. T he cells 
w ere th e n  cen trifuged  a n d  in cu b a ted  a t  0°C for 20 m in u te s  in T ris b u ffer co n ta in ing  10 -2  M  
N a — P  — P . A fter th is  t r e a tm e n t  th e  /5-galactosidase a c t iv ity  o f th e  cells w as de term ined . C ontrol 
tu b e s  w ere ru n  for a ll su b s ta n c es  before and  a f te r  N a  — P —P tre a tm e n t.

O -N itr o p h e n y l -ß - D - g a la c to s id e  ( O N P G )  u p t a k e  w as m easu red  b y  in cu b a tin g  w ith  O N PG  
th e  S a c c h a r o m y c e s  f r a g i l i s  cells a t  0°C. A fter c en tr ifu g a tio n , O N PG  co n cen tra tio n  in  th e  su p e r
n a ta n t  w as de te rm in ed  b y  sod ium  hydroxide h y d ro ly s is  in  a boiling w a te r  b a th  for 10  m inu tes. 
T h e  co n ce n tra tio n  of o r th o -n itro p h en o l was m ea su re d  a t  420 т/г.

O r th o p h o s p h a te  w as d e te rm in ed  according to  T a u s s k y  and  S h o r r  [6 ], and  m o n o s a c c h a r 
id e s  b y  N e l s o n ’s [3] m e th o d . In flu x  and efflux  of m onosaccharides w ere de te rm in ed  according 
to  B u r g e r  et a l. [1]. C hem icals were of a n a ly tic a l g rad e . 32P  was supp lied  as N a„H 22P O , b y  th e  
H u n g a r ia n  In s t i tu te  fo r Iso to p e  D istribu tion .

Results

E x p erim en ts  w ere designed to  an sw er th e  following questions:
(1) Is th e re  a connection  betw een th e  increased  /1-galactosidase a c tiv ity  

a f te r  t re a tm e n t w ith  N a —P P and  o th e r  m etabo lic  processes?
(2) Is th e re  a co rre la tio n  betw een p h o sp h o ru s m etabo lism  an d  /9-galacto- 

s id ase  a c tiv ity ?
(3) Does p e rm e a b ility  for O N PG  a n d  o th e r  substances increase as a re su lt 

o f N a P  P  t r e a tm e n t?
Relationship  o f  cell metabolism to ß-galactosidase activity. To answ er th e  

f i r s t  question , v a rio u s  enzym e in h ib ito rs  w ere exam ined  in  order to  d iscover 
w h e th e r  previous t r e a tm e n t  w ith  th e m  w as able to  p re v e n t the  s tim u la tio n  
o f enzym e a c tiv ity  b y  N a- P  — P t r e a tm e n t .  I t  can be seen from  T ab le  I  th a t  
N a F , ED T A , u ra n y l n i tr a te  and KCN do n o t p rev en t th e  increase of enzym e 
a c t iv i ty  b ro u g h t a b o u t b y  Na —P P  t r e a tm e n t ,  and , fu rth e rm o re  th a t  th ey  
all increase  ß -g a lac to sid ase  ac tiv ity  b y  th em selves. N aF  especially  h ad  th is  
s t im u la to ry  effect. N a — P - P  and en zy m e poisons have  an  ad d itiv e  effect 
in  increasing  ß -g a lac tosidase  a c tiv ity  in  Saccharomyces fra g ilis  liv ing  cells. 
T h e  decreased  a c tiv i ty  of the  acetone p o w d er of Saccharomyces fra g ilis  a fte r 
N a P  — P t r e a tm e n t w as not in fluenced  b y  azide.

In  add ition  to  th o se  listed in T ab le  I ,  th e  th e  follow ing substances w ere 
also  exam ined : ox ine (1 0 -2 M ), h y d ra z in e -su lp h a te  (10~2 M ), th io sem icarba- 
zide (ICG2 M ), d im ethy lg ly o x im  (1 0 ~‘l M ) ,  sodium  c itra te  (10~2 M ), ch lo r
am p h en ico l ( 2 - 1 0 _ 3 M ), dim edon (1 0 ~2 M ), th io u rea  (10~2 M ), au reom yein  
(10 _3 M )  and te r ra m y c in  (10_3 M ). P h e n y l-H g -a c e ta te  was th e  only su b stan ce  
w h ich  in h ib ited  th e  increased  enzym e a c t iv i ty  caused b y  N a — P P.

ß-galactosidase activity  and phosphorus metabolism in Saccharomyces f r a 
g ilis . In  previous ex p erim en ts , am ong th o se  te s ted  Na — P  — P  was th e  only
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Table I

Effect o f  various inhibitors upon increased ß-galaclosidase activity  
o f  Saccharomyces fra g ilis

Compound
Concentration

m

A ctivity /1 

Before

'Vf/mg/hour

A fter Treated/untreated

N a — P — F trea tm ent

H 20 — 0.19 0.44 2.3
N aN 3 io - 2 0.28 0 .6 6 2.3
CaCL io - 2 0.28 0.59 2.1

N aF 1 0 - 2 0.42 0.62 1.4
EDTA 1 0 ~ 2 0.23 0.44 1.9
N a-d ie thy l-d ith io -carbam ate 1 0 - 2 0.28 0 .6 6 2.3
U ran y ln itra te 10-3 0.32 0.515 1.5
P henyl-H g-aceta te 1 0 ~ 3 0.09 0.07 0.7
KCN 1 0 - 2 0.30 0.53 1.7

1.16 m g d ry  w eight o f  Saccharomyces fra g ilis  cells w as in cu b a ted  for 30 m inu tes a t 25°C 
in  a m ix tu re  o f 1 m l 0.005 M  p H  7.0 T ris buffer 1 m l com pound an d  1 m l d istilled  w ater. 
A fter c en trifu g a tio n , enzym e a c t iv ity  w as de term ined . P a ra lle l tu b es w ere tre a te d  by  10~2 M  
N a  —P  —P  in T ris b u ffer for 20 m in u te s  a t  0°C.

p h o sp h o ru s-co n ta in in g  su b stan ce  w hich a t c o n s ta n t co n cen tra tio n  and  p H  
a c tiv a te d  th e  /?-galactosidase of Saccharomyces fra g ilis . In  th e  p resen t ex p eri
m en ts we have exam ined  fac to rs  know n to  in fluence  th e  p h o sphorus m e ta b 
olism for th e ir  effect on th e  /?-galactosidase a c tiv ity  of th e  cells.

On com paring  Saccharomyces frag ilis  cu ltu res  s to red  for various periods 
of tim e  it  was found  th a t  fresh  cells h ad  a h ig h e r enzym e a c tiv i ty  th a n  cells 
s to red  a t  0°C. The ac tiv itie s  could  be co rre la ted  w ith  th e  q u a n ti ty  of o rth o 
p h o sp h a te  e x tra c ta b le  from  th e  cells by e ith e r  T ris buffer or d istilled  w ater 
(Table II).

Table II

D uration o f  storage, enzym e activity, and quantity  o f  phosphate released from  
Saccharomyces fra g ilis  cells

P released ^g/ing
Culture A ctivity //M /m g/hour dry weight/20

minutes

Fresh 1.62 77
Stored 24 hours a t  0°C 1.18 35

Cells w ere cen trifuged  an d  suspended  in  5 m l 0.01 M  p H  7.6 T ris buffer. P  w as de term ined  in 
2 m l sam ples of th e  su p e rn a ta n t
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Table III

ß -g a la c to s id a se  a c t iv i t y  o f  S a c c h a r o m y c e s  f r a g i l i s  cells in c u b a te d  f o r  20 m in u te s  
i n  p h o s p h a te  b u f fe r  a t 0°C

Compound Concentration A ctivity u M  nig hour

H ,0 0.82

K -phosphate b u ffer pH  6.8 2 X 10- 2 0.78

4 X 10- 2 1.05

5 X 10- 2 0.94

io - 1 1.45

Table IV

32P  u p ta k e  b y  S a c c h a r o m y c e s  f r a g i l i s  ce lls  i n  the  p r e s e n c e  o f  M n ++ io n s

Incubation m ixture (M)

R adioactiv ity  counts/min. 
(Corrected values)

0 min. 30 min.

K -phosphate

Glucose

0.6 X 1 0 - ' 

5 X 10- 2
pH  6 .8 160.4 304.0

K -phosphate
Glucose
M nS04

0.6 X 1 0 - ' 
+  2.5 X 10- 2 
+  1.6  X 1 0 - 3

pH  6 .8 8314.4 9934.4

1.0 m g d ry  w eight of S a c c h a r o m y c e s  f r a g i l i s  cells was in cu b a ted  in  th e  above m ix tu re s  (to ta l 
vo lu m e, 1.0 ml). A fter m ix in g  a t  0° C a sam ple  o f 0.5 ml was ta k e n  and  p u t  upo n  m em brane  
f i lte r ,  th e n  w ashed w ith  5.0 m l ice-cold d is tilled  w ater. M ix tures w ere in cu b a ted  a t  25°C for 
30’ befo re  second sam pling .

T he enzym e a c tiv i ty  of cells s to re d  a t  0°C could be increased  b y  th e  p res
ence o f o rth o p h o sp h a te  (1 0 -1  M )  b u t  to  a m uch sm alle r e x te n t th a n  b y  N a — 
P  P  (Table I I I ) . A lth o u g h  R o t h s t e i n  et al. [4] w ork ing  w ith  Saccharomyces 
cerevisiae found  no increased  p h o sp h a te  u p tak e  in  th e  presence o f M n+ + 
ions, we have show n th a t  p h o sp h a te  u p ta k e  (or re te n tio n ? )  is increased  by  
M n ++ in Saccharomyces fra g ilis  (T able IV). A ccord ingly , we h av e  exam ined  
th e  effect upon  /S-galactosidase a c t iv i ty  of M n++ an d  p o tassium  p h o sp h a te  
a d d ed  sep ara te ly  or in  co m b ina tion . I t  can  be seen from  T ab le  У th a t  /3-galactos- 
idase  a c tiv ity  of Saccharomyces fra g ilis  cells in cu b a ted  for 60 m in u tes  in  p o ta s
sium  p h o sp h a te  b u ffe r con ta in in g  M n + + ions increased u p  to  tw ofo ld  an  effect 
s im ila r  to  th a t  of N a P  P t re a tm e n t. F rom  th e  prev ious ex p erim en ts  [5] 
it  is know n the increase  of /i-galactosidase ac tiv ity  depends upon th e  co n cen tra 
tio n  o f p h o spha te  an d  Mn + +. The presence of an enzym e a c tiv a to r  is also sug-
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Table V

E n z y m e  a c t iv i ty  o f  S a c c h a r o m y c e s  f r a g i l i s  ce lls  a f te r  in c u b a t io n  i n  p h o s p h a te  b u f fe r
a n d  M n  + + io n s

Incubation m ixture Concentration (iVf) A ctiv ity  ̂ M /m g/hour

H 20  (0°C) 0.89

K -phosphate  (pH  6 .8 ) 1 0 - 1 1.01

1.4 X i o - 1 1.16

2 .0 X 10- 1 1.34
MnSOj 0.33 X 10-2 0.99
M n so , 4- 0.33 X 10-2
-f- K -phosphate 6.6 X 10-2 1.76

Glucose (in H 20 ) 1 0 - ‘ 0.54

Glucose 1 0 - 1

-f- K -phosphate  -j- 6.6 X 10-2 2.13

-fM nSO , 0.33 X 10-2

1 mg d ry  w eigh t/m l o f cells w as in cu b a ted  for 60 m in. a t  25°C, in  m ix tu re s  listed  in the  T ab le . 
A fter c en trifu g a tio n  th e  su p e rn a ta n t  was sucked off, th e  cells were susp en d ed  in 111), an d  e n 
zym e a c tiv ity  w as d e te rm in ed  as described u n d e r M ethods.

gested by  th e  shape  of th e  curves o b ta ined  b y  p lo ttin g  enzym e ac tiv ity  aga in st 
cell co n cen tra tio n  (Fig. 1) [2]. P h o sp h a te  b y  itse lf  m ig h t p lay  an ac tiv itin g  
role. B o th  p h o sp h a te  u p ta k e  (or re ten tio n ? ) an d  /З-galac tosidase  a c tiv ity  are  
enhanced  h y M n + + . H o w e v e r,54M n ++ u p ta k e  is no t increased  a fte r N a —P P  
tre a tm e n t (u n p u b lish ed  resu lts). A role of som e cell c o n s titu e n t in  the  ac tiv a -

1400-
1300-
12004
1100-

42 9 0 0 -
8 0 0 -

c 700
£ 6 0 0 -
о 5 0 0 -
CL)

~ o 4 0 0 -
3 0 0 J
2 0 0 j
100-

0 4

Al a - P - P
treated

phosphate buffer

F ig . 1.

2  4 6  8  1012 14 161820  
dry weight (mg)

S-galactosidase a c tiv ity  o f con tro l an d  N a-P -P  tre a te d  S a c c h a r o m y c e s  f r a g i l i s  cells a t  
d ifferen t cell con cen tra tio n s
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Table VI

E n z y m e  a c t iv i ty  o f  S a c c h a r o m y c e s  f r a g i l i s  c lo n es  before a n d  a f te r  N a  — P — P
tr e a tm e n t

N um ber of clones

A ctiv ity  f iM j  mg/hour

In itia l activity Incubated  at 0° C 
in H20

Incubated a t 0° C 
in N a — P  — P

l 0 .6 6 0 .6 6 1.53

2 1.2 1.5 2.5

3 1.8 1.67 6.1

4 2.1 2 .01 1.7

5 1.1 1.17 2.42

6 1.49 1.77 3.12

7 5.6 4.3 13.6

8 4.1 3.4 7.1

9 1.8 2.1 6.1

10 1.12 1.12 2 .1 2

11 13.2 13.8 27.1

12 1.1 1.35 2.05

13 2 .02 2.47 4.35

14 1.35 1.35 1.76

15 1.13 0.91 1.87

16 0.81 1.01 1.58

17 0 .88 1.73 2 .6

S a c c h a r o m y c e s  f r a g i l i s  w a s  grow n on solid m ed ia  ( th e  liqu id  m edium  w ith  2 per cen t ag ar-ag ar 
a d d e d ,in d iv id u a l colonies w ere c u t o u t, su sp en d ed  in  d istilled  w ater, c en trifu g ed  and  re su sp e n d 
e d  in  d istilled  w a ter or N a — P  —P. A fter in c u b a tio n  and  cen trifu g a tio n  th e  su p e rn a ta n t was 
su ck ed  off, th e  cells were suspended  in  H 20  a n d  enzym e a c tiv ity  w as d e te rm in ed  as described 
u n d e r  M ethods.)

t io n  process is also in d ic a te d . The in crease  of enzym e a c tiv i ty  a fte r  N a — P  P 
t r e a tm e n t  varies m uch  w ith  in d iv id u a l Saccharomyces fra g ilis  clones (Table 
V I) an d  th e re  is a lim itin g  cell c o n c e n tra tio n  below w hich th e re  is no increase 
in  enzym e a c tiv ity  a f te r  N a P P  tre a tm e n t.

G lucose, w hich in  th e  absence of p h o sp h a te  decreases th e  /3-galactosidase 
a c t iv i ty  of Saccharomyces fra g ilis  cells, does no t in h ib it th e  ac tiv a tio n  elicited  
b y  th e  presence of M n ++ and  p h o sp h a te  (Table V).

B o th  sodium  azide an d  2 ,4 -d in itro p h en o l even a t  low  co n cen tra tio n s  
in creased  th e  /I-galactosidase a c tiv ity  o f Saccharomyces fra g ilis  in  th e  presence 
o f p h o sp h a te  b u t  no t in  its  absence. T h e  resu lts w ith  sod ium  azide are show n 
in  T ab le  V II.
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V II

ß -g a la c lo s id a se  a c t i v i t y  o f  S a c c h a r o m y c e s  f r a g i l i s  ce lls  a f te r  in c u b a t io n  in azide
a n d  p h o s p h a te  b u f fe r

Incubation  m ixture Concentration (M )
A ctiv ity  uMjmg 

hour

H , 0 0.39
Azide (in T ris  buffer) 0.33 X 10- 1 1.32
Azide (in T ris buffer) 0.16 X 10 - 1 0 .6 6

Azide (in T ris buffer) 0.08 X 10- 1 0.42

K -phosphate 0.66 X 10- 1 0.42

K -phosphate -|- 0.66 X 1 0 - 4

1.65

-(-Azide 0.33 X 1 0 - 'j

K -phosphate -f- 0.66 X lO - 'l

1.03
-(-Azide 0.16 X 10 —1 j
K -phosphate - j- 0.66 X 1 0 - ‘1

0 .6 6

-(- Azide 0.08 X 10 —1J

1.0 m g d ry  w eight/m l o f cells w as in c u b a te d  for 30 m in u tes  a t  25° C in  th e  above m ix tu re . 
A fte r cen trifugation  th e  su p e rn a ta n t  w as sucked  off, th e  cells w ere su spended  in  H 20 ,  and  
enzym e a c tiv ity  was d e te rm in ed .

T he ß -galactosidase a c tiv ity  o f Saccharomyces fra g ilis  ra p id ly  increased  
in  th e  presence of M n1 1 an d  p h o sp h a te  an d  an  a d d itio n a l increase occurred  
d u rin g  a fu rth e r p e rio d  of in cu b a tio n . The ad d itio n  of sodium  arsena te  
(0.6 X 10~3 M )  did n o t p re v e n t th e  in itia l increase in  a c tiv ity  or th e  subsequen t 
increase during in c u b a tio n  a t  25° C (T able V III).

Permeability. 32P  w as used  to  exam ine p h o sp h a te  u p ta k e  b y  Saccharomyces 
fra g ilis  and  p h o sp h a te  co n cen tra tio n  in  th e  su p e rn a ta n t decreased  m ore in 
cells t r e a te d  w ith N a —P  P  th a n  w ith o u t such t r e a tm e n t (T able IX ). W hen 
p h o sp h a te  u p tak e  w as m easu red  b y  32P  a c tiv ity  rem ain in g  in  th e  cells, resu lts  
in d ic a te d  a lower p h o sp h a te  re te n tio n  (T a b le X ) .I t  seem ed adv isab le  to  m easure 
the  p h o sp h a te  co n ten t o f  cells grow n in  th e  presence o f 32P  a f te r  various t r e a t 
m en ts . Cells h a rv ested  from  32P  co n ta in in g  m edia re ta in e d  various levels of 
ra d io a c tiv ity  a fte r t r e a tm e n t  w ith  N a —P —P , N a2H P 0 4 or d istilled  w ater. 
T he m o st m arked  decrease  of ra d io a c tiv ity  was n o ted  a f te r  N a —P  P  t r e a t 
m en t. I t  follows th a t  th e  am o u n t o f p h o sp h a te  w hich can  be w ashed  ou t by  
ice-cold distilled w a te r  w as increased  (Table X I).

I t  did no t seem  p ro b ab le  th a t  selective p e rm eab ility  w as increased  b y  
N a —P  — P  tre a tm e n t, because tr e a te d  cells to o k  up  or re ta in e d  a sm aller
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Table V III

ß-galactosidase in  Saccharomyces fra g ilis  cells after treatment w ith  arsenate and
phosphate ions

Compound Concentration (M)

A ctiv ity  f /M fm g  
dry weight/hour after 

incubation for

0 min. 60 min

K -phosphate p H  6 .8 6 X 10- 2 1.42

K -phosphate  p H  6 .8  -J- 6  X 10-2
1.42

-[-Sodium a rsen a te 0.6 X 10~ 3

K -phosphate  4- 6 X 10-2
1.73

-[-Sodium a rsen a te 0.3 X 10-2

K -phosphate  -(- 6  X 10-2
2.07 2.09

+M n++ 3 X 1 0 - 2  J

K -phosphate -f-
+ Mn++ +

6  X 10-2 
3 X 10- 3 1.9 3.01

-[-Sodium a rsen a te 0.6 X 10—3

K -phosphate-j-
+ M n-+ +

6 X 10-2 
3 X 10- 3 1.9 3.07

-j-Sodium a rsen a te 0.3 X 10-2

1.2 m g  d ry  w eight Saccharomyces fra g ilis  cells were in cu b a ted  in  vo lum es o f 3 m l of th e  above 
m ix tu re s . A fter in cu b a tio n , a n d  c en trifu g a tio n  th e  su p e rn a ta n t w as sucked  off, th e  cells w ere 
su sp en d e d  in  H s0  an d  en zy m e a c t iv ity  w as d e term ined  as described  u n d e r M ethods.

q u a n t i ty  of TMG th a n  co n tro l cells [5]. We have d e te rm in ed  arab inose an d  
g a lac to se  tra n sp o rt b y  m eans o f th e  m ethod  of B u r g e r  et al. [1], h u t inf]ux  
a n d  efflux  did n o t change s ig n ifican tly  a fte r  N a — P  P  tr e a tm e n t. I t  w as 
necessa ry , how ever, to  ex am in e  specifically  th e  O N PG  u p ta k e  b y  Saccharo
m yces frag ilis  a fte r N a —P  — P  tre a tm e n t. E x p erim en ts  h av e  show n th a t  cells 
t r e a te d  w ith  N a2H P 0 4 o r N a —P —P  took  up th e  sam e q u a n t i ty  of O N PG , 
b u t  m ore th a n  con tro l cells tre a te d  w ith  d istilled  w a te r  (T able  X II) .

The increase w as h ig h er th a n  w ould be expected  from  calcu la tio n  o f th e  
w a te r-sp ace  if  th e re  is un ifo rm  d is tr ib u tio n  of O N PG  in  th e  cells. This re su lt 
w as explained  b y  th e  re su lts  show n in T able X I I I .  T he enzym e a c tiv ity  of 
Saccharomyces fra g ilis  is n o t decreased  by  low ering th e  in c u b a tio n  te m p e ra tu re  
to  4°C to  the  e x te n t t h a t  could be expected  from  v a n  t ’H o f f ’s law . F rom  
T a b le  X I I I  it  can be seen, to o , th a t  increased  enzym e a c tiv ity  a fte r  N a — P  — P  
tr e a tm e n t  does n o t ta k e  p lace a t  4°C if  ac tiv ities are d e te rm in ed  by  values 
e x tra p o la te d  to  zero tim e .
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Table IX
32P  uptake o f  Saccharomyces fra g ilis  cells after N a  — P  — P  treatment

A ctivity in supernatan t
counts/min.

Treatm ent No. of tubes P er cent

Corrected values Mean

Blank l 17.872
(no cells)

2 17.440
17.656 100

H„0 1 17.2401

2 16.912
17.076 96.7

Na —P  —P 1 16.525
16.464 93.3

2 16.404

T he cells were tre a te d  w ith  H ,0  or (1 0 - 2  M )  N a — P  —P a t 0°C for 20 m in. To 27.3 mg d ry  
w eigh t of cells was ad d ed  2.8 m l o f a 32P  con ta in ing  m ix tu re  (260 pg  P /m l). T he suspensions 
were k e p t a t  0°C for 20 m in u tes , th e n  cen trifuged . R a d io a c tiv ity  m easu rem en ts  were done 
in 0.5 m l sam ples of th e  su p e rn a ta n t.

Table X

32P  uptake by Saccharomyces fra g ilis  cells pretreated in  distilled water or in  N a  — P — P

A ctivity counts/min.
I reatm ent (Corrected values)

D istilled w ater 122.4

N a - P - P 98.4

Cells were p re tre a te d  a t  0°C for 20 m in. in  d istilled  w ater or N a — P  — P  (1 0 -2). A fter cen trifu g a
tio n  th e  cells were in cu b a ted  for 30 m in u tes  a t 25°C w ith  32P  a m ix tu re  generally  used for 
d e te rm in a tio n  of O N PG  a c tiv ity  (in 1 m l o f a 4 : 1 m ix tu re  o f 0.2 M  K -p h o sp h a te  and O N PG ). 
R a d io a c tiv ity  was d e te rm in ed  from  0.5 m l sam ples p ip e tted  on m em brane  filte r  and w ashed 
w ith  5.0 ml ice-cold d istilled  w ater

Table XI
R adioactivity o f  Saccharomyces fra g ilis  cells cultivated in  32P  containing media , 

after N a  — P  — P  treatment

Treatm ent
Radioactivity of 

cells counts/min. 
(Corrected values)

Per cent

H.O 68.3 100

N asH P O , 57.3 84

N a - P - P 48.4 71

Saccharomyces fra g ilis  cells were c u ltiv a te d  in 32P  (3157 co u n ts /m in .) co n ta in in g  m edia for 48 
hours. Cells (0.98 m g /tu b e) were cen trifu g ed , th e  su p e rn a ta n t w as d iscard ed , and  the  residue 
w as in cu b a ted  in  1.0 m l volum es of H 20 ,  N a2H P O , and  N a — P  — P  (1 0 _ 2M ) for 20 m inu tes, 
a t  0° C. Cells were cen trifu g ed  and  th e n  in cu b a ted  in a 1 : 2 m ix tu re  o f K -p h o sp h ate  (0.2 M )  
an d  H 20  for 30 m inu tes, a t  25° C. Cells w ere p ip e tted  on m em brane  filte r  and  w ashed w ith 5.0 
m l ice-cold w ater. R a d io a c tiv ity  was m easured  together w ith  th e  m em b ran e  filte r.
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Table XII
O N P G  uptake by Saccharomyces fra g ilis  cells at 0°C

T reatm ent
ONPG uptake / tg /m l  

dry weight

H 20 5.7

N a2H P 0 4 1 0 - 2 M 10 .0

N a - P - P 1 0 -2  м 10 .0

Toluol 2  per cent 10 .0

Saccharomyces fra g ilis  cells (19.6 m g d ry  w eigh t) were tre a te d  for 20 m in. a t  0° C in  th e  listed  
m ix tu re s . A fter c en trifu g a tio n  th e  cells w ere suspended  and  in cu b a ted  fo r 15 m in. a t  0°C 
in 2.0 m l o f a m ix tu re  o f 5.0 m l 0.2 M  K -p h o sp h a te  -)- 2.5 m l o f O N PG  (6  m g/m l) +  7.5 ml 
H 20 .  O N PG  co n cen tra tio n  in  th e  su p e rn a ta n t w as de term ined  h y  e s tim a tin g  O N P  a fte r  h y d ro 
lysis w ith  0.14 N  N aO H .

Table XIII
ß-galactosidase ac tiv ity  o f  Saccharomyces fra g ilis  cells at various temperatures

D uration
(minutes)

A ctivity .'M /m g dry weight/hour

N a2H P 0 4 treatm ent N a —P —P  treatm en t

4° C 18° C 28° C 4°C 18° C 28° C

5 0.80 1.43 2.57 0.77 5.3 7.85
15 0.31 1.01 1.47 0.47 3.39 6.24
30 0.165 0.55 1.28 0.33 3.32 5.43
60 0.178 0.723 1.22 0.31 3.74 4.58

Discussion

In  the  above ex p erim en ts  th e  m ode of action  o f N a P  P  tre a tm e n t 
in  increasing  ß -galac tosidase  a c tiv ity  of Saccharomyces fra g ilis  has been 
in v e s tig a te d .

As a general ru le , decrease of th e  m etabolism  of fresh ly  h a rv es ted  cells 
b y  enzym e-inh ib ito rs or b y  low  te m p e ra tu re  was follow ed b y  an  increase 
o f  /?-galactosidase a c t iv i ty  and  an  en h an ced  effect of N a P  P  tre a tm e n t. 
N o substance  has been  found w hich w ould have sig n ifican tly  inh ib ited  the  
in c rea sed  enzym e a c tiv ity  caused b y  N a -  P  - P  tre a tm e n t. T he effect o f 
p h e n y l-H g -a c e ta te  c a n n o t he considered  specific from  th is  p o in t o f view .

T he increased  enzym e a c tiv ity  d isappeared  d u rin g  in cu b a tio n  of th e  
cells in  d istilled  w a te r. T his re tu rn  to  th e  original level of a c tiv ity  is speeded 
u p  b y  th e  presence o f glucose. T he fu r th e r  add ition  o f p h o sp h a te  bu ffer p re 
v e n te d  th is  decrease o f a c tiv ity .

I t  has n o t been  possible to  m easu re  d irec tly  th e  p e rm e a b ility  of th e  
cells to  ONPG. T he w a te r  space could  n o t be ca lcu la ted  b y  m eans of th e
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Fig. 2. уЗ-galactosidase  a c tiv ity  of contro l a n d  N a -P -P  tre a te d  cells a t  va rio u s incu b a tio n
te m p e ra tu re s

values of O N PG  d isappearing  from  th e  s u p e rn a ta n t. O N PG  w as sp lit a t 0°C 
and  th e  q u a n tity  of O N PG  which had  d isap p eared  from th e  su p e rn a ta n t was 
lugger th a n  was expec ted  if  it h ad  been un ifo rm ly  d is tr ib u ted  in th e  w a te r 
space.

A non-specific  increase of p e rm eab ility  o f cells was in d ica ted  b y  th e  
follow ing fac ts : th e  release of 260 m ц  ab so rb in g  m ateria l w as increased  a fte r 
N a- P  P  tre a tm e n t, th e  p h o spha te  and  TM G  re ta in in g  c a p a c ity  decreased 
a n d  th e  a c tiv ity  o f an o th e r enzym e, /З-glucosidase, was also increased . (U n 
pub lished  resu lts.)

T he p h o sp h a te  concen tra tion  in  th e  su p e rn a ta n t of th e  suspension  m e
d ium  decreased to  a lower level w hen th e  cells w ere p re tre a ted  w ith  N a — P - P ,  
b u t th is  increased u p ta k e  was no t follow ed by  a higher co n cen tra tio n  of 
in co rp o ra ted  phosphorus. Only th e  a m o u n t o f w a te r-e x trac ta b le  p h o sp h a te  
in th e  Saccharomyces fra g ilis  cells increased  as a re su lt of N a —P  — P  tre a tm e n t.

A n increase of w a te r e x tra c ta b le  p h o sp h a te  w ould be p ro d u ced  if  
N a P  — P  ac ted  as uncoupling agen t. T he increased  enzym e a c tiv ity  a fte r 
N aF , azide and  d in itropheno l tre a tm e n t could  be explained  also b y  an  in 
h ib itio n  of th e  processes of o x ida tive  p h o sp h o ry la tio n .

T he question  arises w hether it is a general rule th a t  all uncoup ling  agents 
cause a reversib le  increase of ce ll-p e rm eab ility  by  in h ib itin g  th e  processes 
o f o x id a tiv e  p h o sp h o ry la tio n . The rev e rs ib ly  increased  p e rm e a b ility  of th e  
cells can  he regarded  as an  a d a p ta tio n  follow ing inh ib ition  of o x id a tiv e  phos
p h o ry la tio n  by  to x ic  agents. The in c reased  p erm eab ility  w ould th e n  help to  
e lim inate  th e  to x ic  substances from  th e  cells m ore quickly , an d  th e  original 
p e rm eab ility  is re s to red  w hen in h ib itio n  o f ox idative  p h o sp h o ry la tio n  h as  
ceased.
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T he p o ssib ility  can n o t be excluded  th a t  som e labile d e riv a tiv e  of 
p h o sp h a te  ra th e r  th a n  phosphate  ions ac ted  as a c tiv a to r .

A fu rth e r  p o ssib ility  still rem ains. O ur ex p erim en ts  do n o t exc lude , 
an d  th e  curves o f enzym e a c tiv ity  a t  various te m p e ra tu re s  render i t  possib le, 
t h a t  N a —P —P  a c tiv a te s  a perm ease system  responsib le  for O N PG  u p ta k e . 
T h e  lack  of a c tiv a tio n  a t 0°C and  th a t  of a lag phase  in O N PG  sp littin g  a t 
18°C in th e  case o f cells tre a te d  w ith  N a P  P  in  c o n tra s t to  co n tro l cells 
can  be  cited  in su p p o rt of such a hyp o th esis  (Table X I I I  and  Fig. 2).

In  conclusion, th e  following hyp o th esis  w ould explain  th e  ac tio n  of 
N a P  P  t r e a tm e n t on the /З-galac tosidase  a c tiv ity  o f Saccharomyces fra g ilis . 
N a P  — P  acts as an  uncoupling a g e n t and  th e  consequen t d is tu rb an ce  of 
o x id a tiv e  p h o sp h o ry la tio n  gives rise  to  increased  perm eab ility , w hile p h o s
p h a te , or some o th e r  a c tiv a to r  o f /З-galac tosidase , accum ulates w ith in  th e  
cells. This hyp o th esis  w ould exp la in  th e  fac t, too , th a t  th e  effect of N a P  P  
is n o t  specific fo r /3-gaIactosidase.

Acknow ledgem ents. W e are in d eb ted  to  Drs. D. K e r r i d g e  an d  R . D a v i e s , an d  Prof. E . 
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POSSIBLE CAUSES OF LEUCINE INHIBITION IN 
ESCHEBICHIA COLI K12 А-28

By

I . H o r v á t h  an d  I. G a d ó

D epartm ent o f  Microbiology (H ea d :  I. H o r v á t h ) ,  Research In stitu te  fo r  Pharm aceutical
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(R eceived  D ecem ber 29, 1964)

Sum m ary . Leucine in h ib its  th e  g row th  o f E . coli K 12 л - 2 8 , b y  len g th en in g  th e  lag- 
phase . T h is in h ib itio n  is increased  b y  pu rin e  a n d  py rim id ine  bases, an d  decreased  b y  th e ir  
a n ta g o n is ts . T rea tm e n t w ith  ch lo ram phen ico l o f w ashed  cells in th e  p resence of leucine increased  
th e  leu c in e -sen sitiv ity  o f th e  cells. T hese  fin d in g s suggest th e  poss ib ility  o f R N A  sy n th esis 
p lay in g  a  ro le in  th e  inh ib ition  caused  b y  leucine.

A l f ö l d i  et al. [1, 2] h av e  d e m o n s tra te d  th a t ,  in c o n tra s t to  s tr in g e n t 
s tra in s , th e  g row th  of re lax ed  E . coli s tra in s  on com plete  m ed ium  cou ld  be 
in h ib ite d  b y  am ino acids in  th e  course o f p la tin g  on m in im al m ed ium . This 
in h ib itio n  could be suspended  by  co m bina tions of am ino  acids. C onsidering 
th e  d iffe ren t b ehav iou r of re laxed  and  s tr in g e n t s tra in s it has been assum ed  th a t  
R N A  m etabo lism  p a rtic ip a te d  in th e  in h ib ito ry  effect. In  a prev ious p a p e r
[3] th e  am ino  acid sen s itiv ity  of ce rta in  s tra in s  o rig ina ting  from  E . coli K 12 
was exam ined  by  a m ethod  d ifferen t from  th a t  applied b y  A l f ö l d y  et al. 
[1, 2].  I t  was found th a t th e  in h ib ito n  did no t depend  on th e  presence o f a 
ce rta in  allel of th e  RC locus an d , on th e  o th e r h an d , th e  s tr in g en t s tra in  of 
E . coli K 12 A-28 proved  to  be th e  m ost sensitive  to  several am ino  acids. C onsid
ering  th a t  in our experim en ts in h ib itio n  was found to  be caused  by  th e  sam e 
am ino  acids and  p rev en ted  by  sim ilar com binations of am ino  acids as in th e  
ex p e rim en ts  of A l f ö l d i  et al., i t  w as assum ed  th a t  th e  m echan ism  of in h ib itio n s  
was sim ilar. A l f ö l d y  et al. [1] ascribed  th e se  effects to  th e  d ifferences b e tw een  
th e  s tr in g e n t an d  re laxed  s tra in s  in  th e  f irs t place. I t  seem ed th e re fo re  n ecessary  
to  p rove  th e  role of RN A  sy n th esis  from  d ifferen t aspects.

Material and methods
S tra in . T he p ro to tro p h  s tra in  o f E . coli K 12 A-28 RCs,r w as used  th ro u g h o u t.
E xperim en ta l conditions. B ac te ria  grow n fo r 16 hours on com plete  m ed ium  were in o c u la t

ed in to  th e  sam e m edium . A fter tw o hours in cu b a tio n  th e  cu ltu res w ere w ashed  and  tra n s fe rre d  
in to  D a v i s  a n d  M i n g i o l T s m in im al m ed iu m  [4]. G row th  was follow ed b y  d e te rm in in g  th e  
v iab le  co u n t. F u r th e r  deta ils have  been described  prev iously  [3].

Results

E ffec t o f  purine  and p y r im id in e  bases and their ribosides. S tu d y in g  th e  
effect o f pu rin e  and  p y rim id in e  bases u p o n  th e  g row th  o f E . coli K 12 Д-28
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in  th e  presence o f leuc ine , i t  was observed (F ig . 1) th a t  250 pg /n ú  o f u rac il in  
leucine-free m edium  affec ted  grow th only  slig h tly , w hereas, w hen w ith  the  
ad d itio n  of 2.5 /tg /m l o f leucine th e  lag-phase w as p ro longed  to  12 hours, u racil 
increased  it  fu r th e r  to  20 hours. S im ilar re su lts  were o b ta in ed  w ith  cy tosine , 
guanosine and  adenosine . No significant effect could  be a tta in e d  w ith aden ine . 
O w ing to  its  w eak so lu b ility , guanine was n o t te s ted .

Fig. 1. E ffect of u racil on  leucine-sensitiv ity . Circles, co n tro l; trian g les , 250 ftgl ml u racil; 
filled  sym bols, leucine-free m ed iu m ; em pty  sym bols, m edium  co n ta in in g  2.5 /ig/m l of leucine

Effect o f  p u rin e  and  pyrim id ine antagonists. On ap p ly ing  an tag o n is ts  
w hich  d id  no t in h ib it g ro w th  on com plete m ed ium , a su b s ta n tia l decrease in 
leu c ine-sensitiv ity  o ccu rred . In  Fig. 2 th e  effect of 250 pg /m \ of 5-am ino-uracil 
is d em o n stra ted . On leucine-free m edium  no considerab le  change in  cell m u lti
p lica tion  teas n o ted ; th e  12-hour lag-phase observed  in th e  presence of 2.5 /tg/rnl 
leucine decreased to  8 ho u rs .

Sim ilar resu lts  w ere ob ta ined  w ith  6 -m eth v l-u rac il an d  w ith  the  a d en o 
sine an tag o n is ts  p re p a re d  b y  V argha  a n d  K uszman  [5] in  th is  in s ti tu te  
(a-ch lor-adenosine, /?-chlor-adenosine, a -epoxy-adenosine) (F ig. 3). No sim ilar 
effect could be ach ieved  w ith  6-aza-guanine, 6 -aza-u racil, 5 -F l-uracil and  5-Br- 
u rac il.

Effect o f  chloramphenicol (CAP). S u b -b a c te rio s ta tic  doses of CAP h ad  no 
effect on leucin e-sen sitiv ity . W hen 10°/ml w ashed  b ac te ria  w ere in cu b a ted  in 
m in im al m edium  co n ta in in g  2 0 (ag/m l of CAP a t  37°C for tw o hours, and th e n  th e

Acta microbiol. Acad. Sei. hung. X I I ,  1965



POSSIBLE CAUSES OF LEUCINE IN H IB IT IO N  IN  ESCH ERICH IA  COLI 105

Fig. 2. E ffec t of 5-am ino-urac il on leu c ine-sensitiv ity . Circles, co n tro l; squares, 250 /ig /m l 
5 -am ino-uracii; filled sym bols, leucine-free m ed iu m ; e m p ty  sym bols, m edium  co n ta in ing  2.5

/ig/m l of leucine

Fig. 3. E ffec t of adenosine  an tagon ists on leuc in e-sen sitiv ity . Circles, con tro l; squares, a-chlor- 
adenosine; triang les , /i-chlor-adenosine; half-c irc les , a-epoxy-adenosine . (The co n cen tra tio n  of 
all a n tag o n ists  was 250 //g/m l). Filled sym bols, leucine-free m ed iu m ; e m p ty  sym bols, m ed ium

contain ing  2.5 /«g/ml of leucine
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effec t of CAP w as in te rru p te d  b y  d ilu tin g  1 : 100, leucine-sen sitiv ity  d id  n o t 
ch an g e  as com pared  to  n o n -tre a te d  cells. Leucine in h ib itio n  w as, how ever, 
s ig n ifican tly  en h an ced  w hen besides C A P 2.5 fig/m l of leucine h a d  been p re se n t 
d u rin g  p re in cu b a tio n  and  d ilu tio n  h a d  been  m ade in to  a m edium  co n ta in in g  
s im ila r am o u n ts  of leucine. In  th is  case th e  lag -phase w as len g th en ed  b y  a t

F ig . 4. E ffec t of ch loram phenicol on leu c in e-sen sitiv ity . Circles, w ith o u t p re in cu b a tio n ; t r i 
ang les, p re in cu b atio n  w ith  2.5 //g 111! CAP, sq u ares , p re in cu b atio n  in th e  p resence of 20 fig /m l 
C A P an d  2.5 ftg/m l leucine; filled sym bols, leucine-free  m edium ; e m p ty  sym bols, m ed ium

con ta in ing  2.5 //g  nil o f leucine

le a s t 20 hours, in  co n tra s t w ith  th e  m o d era te  p ro lo n g a tio n  recorded  on 
leucine-free  m ed iu m  (Fig. 4).

This phenom enon  could n o t be observed  w'ith cells grow n in m in im al 
m ed ium .

D iscussion

O ur resu lts  w 'ith purine an d  p y rim id in e  bases su p p o rt th e  h y p o th esis  
o f A l f ö l d i  et al. t h a t  th e  re g u la tio n  o f R N A  syn thesis  p lay s a role in  th e  
in h ib itio n  caused b y  am ino acids. I t  can  be assum ed th a t  b y  in fluencing  th e  
r a te  o f R N A  sy n th esis  th e y  increase or decrease th e  am o u n t o f R N A  analogous 
w ith  th e  re lax ed  R N A  form ed in  a s tr in g e n t s tra in  in th e  presence of leucine 
in  th e  course o f th e  sh ift dow n period .
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I t  is know n th a t  owing to  th e  effect of CAP, a p ro te in -d e fic ien t so-called 
C A P -R N A  arises [6]. This C A P-R N A  is n o t function ing , a n d  a f te r  th e  rem oval 
o f  CAP p ro te in  syn thesis s ta r ts  only w ith  a delay  [7 ].The re la x e d  R N A  form ing  
in  th e  course of am ino acid  s ta rv a tio n  o f re lax ed  stra ins rem in d s in  com position  
an d  fu n c tio n in g  o f th e  C A P-R N A  [8]. A l f ö l d i  and K e r e k e s  [2] assum e th a t  
leucine increases th e  accum ula tion  of re la x in g  R N A  in a re lax ed  s tra in  th ro u g h  
th e  s tim u la te d  syn thesis  of a catho lic  in d u cer. O ur p resen t o b se rv a tio n  of th e  
sy n erg e tic  effect of th e  co m bina tion  of leucine and  CAP suggests th a t  also in  
th e  case of s trin g en t s tra in s  leucine in h ib its  grow th th ro u g h  th e  RN A  m e ta b 
olism .
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A NEW COMPONENT FROM THE CELL WALL OF 
STREPTOMYCES GRISEUS

I. T H E  R O L E  O F ST R E PT O M Y C IN  IN  T H E  L IF E  O F ST R E PT O M Y C E S G R IS E U S

By

G. S zabó , Gy . B a r a b á s , T. V a l y i -N a c y  and Zs. M a g y a r

In stitu te  o f  Biology (Director : G. S z a b Ó J , and In stitu te  o f  Pharmacology (D irector : T . V Á L Y I- 
N agyG U niversity  M edical School, Debrecen

(R eceived  D ecem ber 29, 1964)

Sum m ary . In  order to o b ta in  ex p e rim e n ta l d a ta  on th e  role of s tre p to m y c in  in th e  life 
o f th e  s tra in  w hich had  p roduced  i t ,  th e  m ycelia  o f  a Streptomyces griseus m u ta n t  s tra in  w hich  
h a d  lo st th e  cap ac ity  to  excrete  s tre p to m y c in  in to  th e  m edium , have been  ana ly zed . T he cell 
w all o f th is  s tra in  was iso lated  an d  analyzed  to  fin d  th e  c o n stitu en ts  o f  th e  s trep to m y c in  
m olecule.

S tre p tid in e  has been iso la ted  a n d  iden tified  an d  strep to m y cin  (or s tre p tid in e )  is consid 
ered  a cell w all co n stitu en t o f th e  m u ta n t  Streptom yces griseus s tra in  n o t p roducing  s t re p 
to m y cin .

T housan d s of substances w ith  an tib io tic  p roperties h av e  been  fo u n d  in 
th e  la s t tw о decades and  severa l of th em  h av e  been defined s tru c tu ra lly . I t  is 
supposed  th a t  th e y  are th e  p ro d u c ts  of th e  m icrobial cell m etab o lism  derived  
“ from  th e  m ain  m etabolic p a th w a y  of p ro te in , fa t, c a rb o h y d ra te  and p u rin e  
m e tab o lism ” [1]. There is, how ever, no generally  accep ted  ex p la n a tio n  for the 
role of an tib io tics  in th e  life of th e  organism s producing  th e m .

K r a s s il n ik o v  [2] considers these  su b stan ces as too ls in  th e  biological 
fig h t am ong  various species evolved  in th e  p as t h isto ry  of th e  re le v a n t m icrobe. 
A ccord ing  to  W ak sm a n  an d  his school [3], an tib io tics a re  w aste  p ro d u c ts  
of th e  m icro-organism s an d  a re  p roduced  b y  chance. A th ird  th e o ry , L e v i t o v ’s
[4], — concerning penicillin  p ro d u c tio n  - suggests d e to x ic a tin g  m echan ism s 
in th e  m icro-organism  as th e  basis o f an tib io tic  p rod u c tio n .

Jn o rder to  e lucidate  th e  role of s trep to m y c in  in  th e  life of th e  s tra in  
p ro d u c in g  it ,  we have co m p ared  some b iochem ical and  m orpho log ical c h a ra c te r 
istics of a s trep to m y c in -p ro d u c in g  Streptomyces griseus s tra in  an d  som e s tr e p to 
m ycin -non-producing  Streptom yces griseus m u ta n ts  [5, 6]. F ro m  th ese  re su lts  
i t  h as  been  concluded t h a t  th e  s trep to m y c in -n o n -p ro d u c in g  m u ta n t s tra in s  
h av e  a sh o rte r  life cycle ch a rac te rized  b y  th e  appearance  of th ick -w a lled  re p ro 
d u c tiv e  h yphae . The d ev e lo p m en t of th e  th ic k  wall is p receded  b y  th e  ac c u m u 
la tio n  of periodic ac id-Schiff (PA S) p ositive  substances in  th e  h y p h a l w all [7]. 
T he cell w all of the  s trep to m y c in -n o n -p ro d u c in g  m u ta n t  show ed a h igher 
p en to se  co n ten t th a n  th a t  o f the  s trep to m y c in -p ro d u c in g  Streptom yces griseus 
s tra in  [8, 9].

Since s trep to m y c in  is a ca rb o h y d ra te -co n ta in in g  com pound  ex cre ted  
in to  th e  m edium  by th e  p ro duc ing  s tra in , it was supposed th a t  th e  s tre p to m y -
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cin -non-p roducing  s tra in , if  it  sy n th e tiz e d  s tre p to m y c in , m igh t b u ild  th e  
m olecule in to  som e cell c o n s titu e n t. In  th e  fo llow ing experim en ts we w ere 
looking  for th e  co m p o n en ts  of s tre p to m y c in  in th e  m ycelia  of a strep to m y c in - 
non-producing  Streptom yces griseus m u ta n t  s tra in .

M aterials an d  m ethods

Strains, m edia a n d  cultivation. T he orig in , c h a rac te ris tic s , a n d  c u ltu ra l b eh av io u r o f the  
S tr. griseus s tra in s , a n d  th e  com position  of th e  soy -bean  m ed iu m  used  in  th e  ex p erim en ts  have  
been  described p rev io u sly  16].

Isolation and p u rific a tio n  o f  the cell icalls. T he m eth o d s o f iso lation  and p u rificatio n  of 
th e  cell walls in th e  e x p e rim e n ts  has been described  p rev io u sly  [8 , 9].

Detection o f  g u a n id in e  groups. D e tec tion  of g u an id in e -co n ta in in g  com pounds was carried  
o u t  b y  th e  m odified S a k a g u c h i  reac tion  [11].

H ydrolysis conditions, (a) For carbohydrate analysis  th e  m ycelia  o f th e  Str. griseus  s tra in s  
w ere h a rv ested  a t  a p p ro p ria te  tim e and  w ashed  five  tim es w ith  d is tilled  w ater an d  h y d ro lyzed  
w ith  N  H.,S< ►. for fo u r h o u rs  in  sealed tu b es a t  100°C. T he su p e rn a ta n t  flu ids were used  for 
ca rb o h y d ra te  d e te rm in a tio n , (b) For paper-chromatographic and in frared determ inations and fo r  
p u rifica tio n  by ion exchange resin  th e  cells were p re p a re d  as follow s. T w en ty  mg of th e  walls of 
th e  s trep to m y c in -n o n -p ro d u c in g  s tra in  were h y d ro ly zed  w ith  2 m l o f 12 per cent HCI in  sealed 
am p o u les a t  100°C fo r th re e  h ours. The h y d ro ly sa te  w as e v a p o ra te d  to  dryness and  dissolved 
in  d is tilled  w ater. T h is p ro cess  w as rep ea ted  th re e  tim es, to  e lim in a te  th e  excess o f HCI. The 
d ry  m ate ria l was d isso lved  in  d istilled  w a ter a n d  th e  inso lub le  p a r ts  were sep ara ted  b y  cen tri
fu g a tio n . The su p e rn a ta n t w as used  for th e  d e te rm in a tio n s  [12].

Isolation o f  the Sakaguchi-positive com pound. T he S ak ag u ch i-p o sitiv e  substance  derived  
fro m  th e  cell wall was iso la te d  on a colum n of A m b erlite  IR C —50, in  N A + form . E lu tio n  was 
done  w ith  N  HCI. T he e lu te d  frac tio n s w ere e v a p o ra te d  to  d ry n ess , th e  S akaguchi-positive  
m a te ria l was e x tra c te d  fro m  th e  dried  e lu tions w ith  ab so lu te  e th a n o l a n d  ev ap o ra ted  to  d ryness. 
T h is  f in a l p ro d u c t (s) w as u sed  for an a ly tica l d e te rm in a tio n s .

Paper chromatography. F o r paper c h ro m a to g ra p h y  th e  follow ing solvent system s were 
u sed : n -b u ta n o l-p y rid in e -w a te r  (3 /2 /3 —V/V/V); n -b u tan o l-ac e tic  a c id -w a te r  (73/10/17—V/V/V); 
n -b u ta n o l sa tu ra te d  w ith  w a te r; n -b u tan o l-m eth an o l-w a ter-p -to lu en e-su lp h o n ic  acid 
(10 /40 /20 /1— V/V/V/W ) [13], a n d  n -b u tan o l-ace tic  ac id -w ate r (4 /1 /5 —V/V/V) [14]. W h atm an  
No 1 f i l te r  pap er w as em p lo y ed  in  th e  descending system .

Carbohydrate determ ination . The c a rb o h y d ra te  co n te n t o f th e  m ycelia  was de te rm in ed  
b y  th e  an th ro n e  reac tio n  acco rd in g  to  T a k a s h i t a  [10].

R esults

In  th e  firs t o r ie n ta tin g  experim en ts th e  h a rv e s te d  a n d  w ashed m ycelia 
in subm erged  cu ltu re  (F ig . 1) showed th a t  th e  c a rb o h y d ra te  co n ten t o f the  
m ycelia l h y d ro ly sa te  of th e  s trep to m y c in -n o n -p ro d u c in g  s tra in  reaches a h igher 
fina l va lu e , w hereas th e  ca rb o h y d ra te  c o n te n t of th e  p ro d u c in g  s tra in , a lthough  
h ig h er in itia lly , decreases w ith  tim e. This decrease is p a ra lle l со s trep to m y c in  
p ro d u c tio n .

O n th e  basis o f th e se  re su lts  and  considering  th e  h igh  ca rb o h y d ra te  co n ten t 
of th e  cell wall [8, 9], a n d  th e  fac t th a t  th e  s tre p to m y c in  m olecule is com posed 
of ca rb o h y d ra tes , we h a v e  tr ied  to  find  th e  c o n s titu e n ts  o f th e  strep to m y cin  
in  th e  cell wall h y d ro ly sa te  of the non -p ro d u c in g  Streptom yces griseus s tra in . 
Iso la tio n  and  p u rifica tio n  o f the cell wall w as carried  o u t as described earlier
[8, 9].
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Fig. 1. C arbohydrate  analysis o f m ycelia
X------X M ycelial h y d ro ly sa te  o f  th e  strep to m y cin -p ro d u c in g  s tra in  X ------ X M ycelial h y d ro 

ly sa te  o f th e  s trep tom ycin -non-p roducing  s tra in

4000 3600 3200 2900 2400 2000 1800 WOO 1400 1200 1000 800 600 400 200
cm-’

Fig. 2. T he iso lated  an d  p u rified  unknow n su b stan ce  derived fro m  th e  cell wall. The s trep ti-  
dine con tro l was tre a te d  as th e  unknow n m ate ria l. T he com pound w ere used  for m easu rem en t

in K B r pastilles.
Fig. 2A: in frared  sp e c tru m  of s trep tid in e  co n tro l. Fig. 2B: in frared  sp ec tru m  of su b stan ce

isolated  from  cell wall
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The cell wall h y d ro ly sa tes  w ere exam ined  by  p a p e r ch ro m ato g rap h y  
in  five  various so lven t system s (as described  u n d er M ateria ls and  m ethods). 
T h e  spo ts were developed  by  th e  S ak ag u ch i reaction  [11]. One of th e  su b stan ces 
h a d  th e  sam e R j  v a lu e  as th e  s tre p tid in e -su lp h a te  ap p lied  as contro l.

This com pound from  th e  cell w all h y d ro ly sa te  w as iso la ted  on A m berlite  
I R C — 50 colum n. T he iso la ted  su b s ta n c e  show ed th e  sam e p ap erch ro m ato - 
g rap h ie  ch a rac teris tic s  in all th e  fiv e  so lven t system s an d  h ad  the sam e in frared  
sp e c tru m  th a n  th a t  of s trep tid in e -h y d ro ch lo rid e  (F ig. 2).

A rginine being a S ak aguch i-positive  substance , we h ad  to  exclude th e  
p o ss ib ility  of its  id e n tity  w ith  ou r S akaguch i-positive  com pound . C om paring 
th e  in fra red  sp ec tra  o f s tre p tid in e , a rg in in e , and  our su b stan ce , i t  becam e ev iden t 
t h a t  th e  sp ec tru m  of arg in ine d iffered  from  th a t  of s tre p tid in e  and  of ou r su b 
s ta n c e . This fac t w as su p p o rted  b y  p ap e rch ro m ato g rap h ic  resu lts .

W e have n o t succeeded in  d is tin g u ish in g  our m a te ria l from  arg in ine on th e  
basis  o f th e  u ltra v io le t sp ec tru m  a t  d iffe ren t p H  values.

D iscussion

O ur resu lts  in d ica te  th a t  th e  s trep to m y c in  m olecule m ay  p lay  a role 
in cell wall s tru c tu re . The s trep to m y c in -p io d u c in g  s tra in  w ould excre te  th e  
s tre p to m y c in  m olecule in to  th e  m ed iu m  while th e  non -p ro d u c in g  m u ta n t 
w o u ld  b u ild  it  in to  th e  cell tv all. This is also suggested  b y  th e  h igh  c a rb o h y d ra te  
c o n te n t  of th e  s trep to m y c in -n o n -p ro d u c in g  stra in  d e m o n s tra te d  in  F ig . 1. 
T h e  decreasing  c a rb o h y d ra te  c o n te n t of th e  s trep to m y c in -p ro d u c in g  s tra in  
is ex p la in ed  by  th e  excre tion  of th e  ca rb o h y d ra te -co n ta in in g  an tib io tic , th e  
s tre p to m y c in .

I t  rem ains to  be p roved  w h e th e r s trep to m y c in  itse lf  or its  c o n stitu en ts  
ta k e  p a r t  in bu ild ing  up  th e  cell w all s tru c tu re . F u rth e r  investig a tio n s will be 
n eed ed  to  e lucidate  th is question .
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Sum m ary. A group  of 16 sy m ptom -free  p re m a tu re  bab ies a n d  in fa n ts  w ith  clin ically  
d em o n stra ted  cy tom egalic  inclusion  disease or in te rs ti tia l  p n eu m o n ia  h as  been exam ined . 
U rine sam ples from  4 in fan ts  y ie lded  cy to p a th o g en ic  ag en ts  in h u m an  em bryonic  f ib ro b la s t 
cell cu ltu res. On th e  basis of th e ir  g ro w th  charac te ris tics , c y to p a th o g en ic ity  and n eu tra lisa tio n  
te s ts , the  iso lated  ag en ts  ap p ea red  to  be cy tom egalov iruses (CMV). T h e  p roperties of th e  
s tra in s  are described. In  sp ite  o f fa iling  serology, th e  ty p ic a l clinical p ic tu re  and  the  successful 
iso lations suggested  th e  possible aetio logical role of th e  iso la ted  ag en ts .

The incidence of CF an tib o d ies  aga in st CMV was found  to  in crease  w ith  age in serum  
sam ples o b ta ined  from  a to ta l  o f 442 persons of d ifferen t ages. T itre s  o f 1 : 4 or h igher w ere 
p resen t in 18, 28, 35 an d  51 pe r cen t in  th e  age groups of 2 to  24 m o n th s , 4 to  14, 14 to 30 and  
over 30 years, respec tive ly .

Incidence a n d  titre s  of CF an tib o d ies  against CMV in th e  sera o f 60 m en ta lly  defective 
ch ild ren  co rresponded  essen tia lly  to  th e  d a ta  ob ta in ed  in  h e a lth y  ch ild ren  of the  sam e ages.

D uring recen t years severa l repo rts  have  been p u b lish ed  on the iso lation  
of СМУ from  h u m an s. Successful isolations w ere rep o rted  b y  S m ith  f l]  from  
sa livary  glands, b y  R o w e  [2, 3] from  adenoids an d  u rin e , by  W e l l e r  [4] 
from  liver b iopsy  sam ples of p a tie n ts  w ith  cy tom egalic  inclusions disease, 
and  by  H a n s h a w  [5], M e d e a r i s  [6] and  St e r n  [7] from  u rin e .

The stud ies p resen ted  below  have been p erfo rm ed  in  o rd e r to  isolate th e  
agen t from  h e a lth y  babies or from  those w ith  ty p ica l c lin ical sym ptom s, an d  
for d e te rm in a tio n  of th e  incidence o f specific CF an tib o d ies  in  sera of persons 
of d ifferent ages.

M aterials and m ethods

Virus isolation  w as a tte m p te d  from  a to ta l of 16 new born  b ab ie s  and  in fan ts e ith e r 
h e a lth y  or d isp lay ing  clinical sy m p to m s of cytom egalic  inclusion  disease.

A m odification  of th e  m eth o d  of M e d e a r i s  [ 6 ]  w as used  fo r th e  p re tre a tm e n t of u rine  
sam ples serving for v iru s iso la tion . T he u rine  specim en w as cen trifu g ed  and  the  su p e rn a ta n t 
w as d ilu ted  w ith  an  equal a m o u n t o f n u tr ie n t m edium  (45 pe r cen t P a rk e r ’s 199, 45 per cen t 
H an k s’ solution w ith  0.5 per cen t lac ta lb u m in e  h y d ro ly sa te , 10 p e r c e n t bovine serum , an d  
an tib io tic s); pH  of th e  m ix tu re  w as a d ju s te d  to 7.2 by  b ica rb o n a te . T u b es  o f hu m an  em bryonic  
f ib ro b la s t cu ltu res w ere in o cu la ted  w ith  1 m l each of th e  inocu lum  p re p a re d  as described above. 
A dsorp tion  was allow ed to  tak e  p lace fo r 2 hours and  th en  th e  in o cu lo m w as rep laced  by n u tr ie n t  
m edium . In fec ted  cu ltu res  w ere in cu b a ted  a t 37° C. T he urine  sp ec im ens were inocu la ted  
w ith in  2 hours follow ing collection.

M aintenance o f  isolates. W hen diffuse cy to p a th ic  changes h a d  dev elo p ed  in the  in fec ted  
cu ltu res , th e  cells w ere su spended  b y  m eans of a scrap er an d  0 .1  m l o f th is  suspension w as 
tran sferred  to fresh  cu ltu res  o f h u m an  em bryonic  fib rob lgsts . T he m ed iu m  described above w as 
used  for b o th  th e  n u tr it io n  an d  m ain ten an ce  of th e  cu ltu res . T he m ed iu m  w as changed every  
4 to  5 days.
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Stained preparations. T he cells w ere c u ltiv a te d  on coverslips a n d  in fec ted  as described 
in  th e  corresponding  section . In d irec t im m unofluo rescence  te s ts  w ere p e rfo rm ed  on th e  4 th  to  
5 th  d a y  follow ing in fec tion  [8 ]. H u m an  c o n v a lescen t serum  was used  as specific  im m u n e  serum .

N eutralization test. T he m eth o d  su g g ested  b y  V Á CZI et al. [9] fo r th e  n e u tra liz a tio n  of 
v a rice lla -zo ster v iru s was used. In fec ted  c u ltu re s  in cu b a ted  for 9 to  10 d ay s  w ere try p sin ized  
a n d  th e  suspension w as cen trifuged . R esu sp en sio n  of the  sed im en ted  cells w as accom plished 
in  serum -free  P a r k e r ’s 199 so lu tion  in  a v o lu m e equal to th a t  u sed  fo r th e  c u ltiv a tio n  of the  
sam e cells. A tenfo ld  d ilu tio n  series w as p re p a re d  of th e  cell suspension  an d  each  d ilu tio n  was 
m ix e d  w ith  an  equal vo lum e of specific im m u n e  serum . N e u tra liz a tio n  w as allow ed to  tak e  
p lace  for 2 hours a t  37° C and  th en  th e  susp en sio n  was d ilu ted  w ith  P a r k e r ’s 199 m ed ium  so 
as to  o b ta in  a fin a l serum  co n cen tra tio n  of 10 p e r cent. One ml o f th e  d iffe ren t d ilu tio n s was 
tra n s fe rre d  in to  3 tu b e  cu ltu res  each. T he n e u tra liz a tio n  efficiency w as ex pressed  in  pe r cent 
re d u c tio n  of focus n u m b ers  referred  to  th e  co n tro l w ith  norm al ca lf se rum . N eu tra liz a tio n  was 
p e rfo rm ed  w ith  a h u m an  serum  of h igh  c o m p lem en t fix ing  (CF) a n tib o d y  tit re . CF w as positive  
in  1 : 256 d ilu tion  of th e  serum  w ith  a s ta n d a rd  CMY stra in  (V irus L a b o ra to ry , S t. G eorge’s 
H o sp ita l M edical School, London) as an tig e n . No CF was o b ta in e d  w ith  v a ricella-zo ster 
a n tig e n , w hile w ith  herpes sim plex v iru s a n tig e n  a t it re  of 1 : 4 cou ld  be observed .

Im m u n iza tio n  o f  rabbits. Im m u n iz a tio n  w as perform ed w ith  th e  s ta n d a rd  CMV stra in  
o b ta in e d  from  infec ted  cu ltu res  of h u m an  em b ry o n ic  fib ro b last cells. A fte r  a p p ro p ria te  in cu 
b a tio n  th e  in fec ted  cells were suspended  a n d  w ashed  three  tim es in  PB S . T he f in a l sed im ent 
w as resuspended  in  PB S an d  hom ogenized b y  son ication  (MSE u ltra so n ic  a p p a ra tu s ;  1.5 A, 
30 sec., 10 ml suspension, t i ta n  h ead). T h e  hom ogenisate w as c en trifu g ed , am p o u led  and 
s to re d  a t  —20° C u n til  used .

T he a m o u n t o f an tig en  a d m in is te red  to  a ra b b it  during  a co m p le te  course o f im m u n i
z a tio n  rep resen ted  th e  d isin teg ra te  o f a to ta l  o f 2 X 10" infected  cells. T h e  a n tig en  w as adm in is
te re d  in increasing  doses tw ice w eekly fo r 3 w eeks. On the  4 th  w eek th e  an im als  w ere b led  and 
th o se  ex h ib itin g  sa tis fac to ry  titre s  w ere e x sa n g u in a te d . Sera w ere s to re d  a t  —20° C.

Before use, each  serum  was su b je c ted  to  3 subsequent 30 m in . cycles o f abso rp tio n  
w ith  1.5 X 106 h u m án  f ib ro b la s t cells/ml.

Preparation o f  C F  antigens. Sonically  d is in teg ra ted  10 to 12 d a y  o ld  cu ltu res  of th e  ap p ro 
p r ia te  v iru s on h u m an  fib ro b la sts  w ere used  as CF antigen.

The C F  reaction w as perfo rm ed  by  T a k á t s y ’s [10] m ic ro m eth o d  w ith  an  ov ern ig h t 
in cu b a tio n  a t  + 4 °  C.

R esu lts

Isolation. T he clinical d a ta  o f th e  4 in fan ts e x c re tin g  cy to p a th o g en ic  
ag en ts  w ith  the  urine  w ere, (1) B. J . ,  new born  of 8 d ay s. T h ro m b o p én ie  p u r
p u ra , hepatosp lenom egaly , ja u n d ic e , kyphoscoliosis. (2) B . I .,  6 m o n th s old 
in fa n t. In te rs titia l-  and  b ro n ch o p n eu m o n ia . (3) S. T ., in fa n t  o f 5 m on ths. 
In te rs ti t ia l-  and  b ronch o p n eu m o n ia . (4) Sz. J . ,  2 days old new born . S ym ptom - 
free.

Cultivation o f  the agents and characterization o f  their cytopathic effects. 
T h e  early  cy to p a th ic  changes observed  a fte r  2 to  14 d ay s  in  in fec ted  cu ltu res 
o f  h u m an  em bryon ic  fib ro b las t cells consisted  of foci of sm all ro u n d  or enlarged 
ov a l, refrac tile  cells. No m u ltin u c lea ted  g ian t cells w ere p re se n t in  th e  foci.

The n um ber an d  d iam ete r o f  th e  foci increased w ith  tim e . T he cen tra l 
cells und erw en t degenera tion  an d  a f te r  25 to  30 days o f  in c u b a tio n  th e  foci 
w ere confluent.

The agents p roducing  th e  ab o v e  described  changes could  be m a in ta in ed  
th ro u g h  consecutive passages. T he tim e  required  fo r th e  d ev e lo p m en t of 
specific  cell dam age decreased on re p e a te d  passages, b e ing  15 to  17 days and
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8 to  10 d ays in  th e  f irs t and  la te r  passages, respective ly . In  th e  f irs t 5 passages 
cell suspensions were requ ired  for successful tran sfe rs  w hile a tte m p ts  w ith  th e  
flu id  phase  failed . O n fu rth e r  passages th e  flu id  phase also p roved  to  ca rry  th e  
ag en t. N evertheless, the  infection  p ro d u ced  b y  th e  la t te r  re su lted  in  a p ro 
tra c te d  deve lopm en t of typ ica l c y to p a th ic  lesions.

F ig . 1

In  p rep a ra tio n s  sta ined  w ith  h a e m a to x y lin —eosin th e  in fec ted  cells 
ap p e a re d  s ligh tly  swollen and fo rm ed  sm all islands w ith in  th e  lay e r o f no rm al 
f ib ro b la s ts . T yp ica l A ty p e  eosinophilic inclusion bodies, 2 to  3 in n u m b er 
w ere p re sen t in  th e  nuclei of th e  dam aged  cells. T he inclusions w ere fine ly  
g ra n u la te d  an d  su rrounded  b y  a halo . In  th e  cy top lasm  no ch a ra c te ris tic  
changes were dem onstrab le  (Fig. 1).

T he iso la ted  agents were th e n  exam ined  b y  th e  in d irec t fluorescence 
m eth o d . U sing h igh titre  hum an  co n va lescen t sera, specific fluorescence could 
he d e tec ted  in  th e  cy to p a th ic  foci p roduced  by  all of th e  4 iso la ted  agen ts.

N one o f ihe  agents grew on p rim a ry  m onkey  or H eL a cells. All th e  4 
ag en ts  p roved  to  be ether-sensitive .

Serology. N eu tra liza tio n  te s ts  w ere perform ed w ith  a serum  o f high 
specific CF a c tiv ity  selected from  th o se  collected for th e  serological su rv ey  of 
th e  p o p u la tio n . As com pared to  th e  con tro l, th is  serum  reduced th e  focus
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fo rm in g  a c tiv ity  o f  o u r  CMY— 1, CMV—2, CMV—3 and  СМУ—4 stra in s  b y  
96, 94, 95 an d  91 p e r  cen t, respec tive ly  (T able I).

Rabbit im m une  serum . C F  reaction. T he u n ad so rb ed  im m une serum  
p re p a re d  in ra b b its  gave a positive CF w ith  b o th  in fec ted  and  un in fec ted  
h u m a n  em bryonic f ib ro b la s t cell cu ltu re  e x tra c ts  a t 1 : 2056 d ilu tion . A d 
so rp tio n  w ith n o rm a l hum an  em bryon ic  f ib ro b la s t cells, as described  above, 
re d u ced  th e  hom ologous t i tre  to  1 : 128, w hile ad so rp tio n  an tig en  from  in fec ted  
c u ltu re s  was e ssen tia lly  unaltered .

Table Г

N eutralization o f isolated strains by im m une serum

Initials S tra in  isolated
Virus titres* with Neutralization capacity

of patient from  patient
calf serum im mune serum

of im mune serum against 
the  isolated viruses

B. J. CMV -  1 23 l 96%
B. I. CMV 2 48 3 94%

S. T. CMV -  3 88 4 95%
Sz. J . CMV -  4 63 6 91%

* Focus form ing un its /0 .1  ml.

Neutralization test. The adsorbed  im m u n e  serum  p roduced  a defin ite  
re d u c tio n  of th e  focus coun t. This re su lt could , hovew er, n o t be ev a lu a ted  
sa tis fac to rily  as th e  re s id u a l tissue specific a n tib o d y  still h ad  some cy to to x ic  
effec t.

C F  with acute a n d  convalescent sera o f  pa tien ts  and antigens prepared fro m  
our isolates. The hom ologous CF a n tib o d y  ti tre s  in acu te  and  convalescen t sera 
o f bab ies  yielding a cy to p a th o g en ic  ag en t w ere exam ined . R esu lts  are given 
in  T ab le  II .

One of th e  b ab ies  (B. J .)  ex h ib ited  id en tica l CF a n tib o d y  titre s  in  b o th  
th e  acu te  and co n v a lescen t serum  specim ens. T he m o th er of th is  b ab y  h ad  
th e  sam e an tibody  t i t r e  in  her serum . N one of th e  fu r th e r  th ree  babies h ad  CF 
a n tib o d y  in th e ir  a c u te  or convalescent sera.

T he incidence o f  CF an tibodies ag a in s t CMY was exam ined  in  h ea lth y  
p e rso n s of d ifferen t ages. The resu lts show n in  T ab le  I I I  revealed  th a t  th e  inc i
dence  o f CMV specific C F  antibodies increase w ith  age. T itre s  of 1 : 4 or h igher 
w ere observed  in 18, 28, 35 and 51 per cen t o f persons of 2 to  24 m o n th s, 4 to  14, 
15 to  30 or more y ea rs  o f  age, respectively . T he a n tib o d y  co n ten t of th e  u m b ili
cal b lood sam ples w as ab o u t the  sam e as th a t  in ad u lts .

CMV infection  is know n to  cause m en ta l defects [11, 12]. W e exam ined  
th e re fo re  the incidence o f CMV an tibod ies in  a to ta l of 60 m en ta lly  defective
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Table II

C F  test w i th  th e  iso la ted  v ir u s  s tr a in s

Initials 
of patiens

Strain isolated 
from patient

CF titres in

acute serum
convalescent

serum m other’s serum

B. J. CMV -  1 1 : 64 1 : 64 1 : 64

B. I. CMV -  2 N egative N egative n o t tes ted

S. T. CMV -  3 N egative N egative n o t tes ted

Sz. J . CMV -  4 N egative N egative n o t tes ted

child ren . The d a ta  o b ta in ed  w ere essen tia lly  id en tica l w ith  th o se  found  in  
norm al children .

Table III

C F  a n tib o d ie s  a g a in s t  C M V  in  d i f fe r e n t  age g r o u p s  
( >  1 : 4  regarded  as positive)

Age groups
Number of 
sera tested

Positive

No. j %

Umbilical blood 88 41 47

2 — 24 m onths 34 6 18

4 —14 years 120 33 28

14 — 30 years 100 35 35

>  30 years 100 51 51

Total 442 166 38

M entally  defective children

4 — 14 years 60 17 29

Discussion

T he iso la ted  CP agents p ro v ed  to  he CMV. T h ey  m u ltip lied  in  hum an  
em bryon ic  f ib ro b la s t cell cu ltu res , show ed a ch a ra c te ris tic  CP effect w ith  
ty p ica l A ty p e  in tra n u c le a r  inc lusion , p roduced  m o d era te  a m o u n ts  of e x tra 
cellu lar virions and  were n eu tra lized  b y  CMV specific im m u n e  sera.

T he n eu tra liza tio n  te s t  w ith  CMV was carried  o u t as recom m ended  by  
VÁczi et al. [9] for varice lla -zoste r v iruses. T he m eth o d  is based  on th e  p r in 
ciple th a t  th e  n u m b er of foci p ro d u ced  by th e  v iru s  is red u ced  b y  specific
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im m u n e  sera. The reason  for app ly in g  th is  m eth o d  to  CMV was th e  fac t th a t  
th e  v irion /in fec tiv ity  ra tio  o f th e  v iru s was very  h igh , b e tw een  107 an d  108 [13].

The aetiological role o f th e  agen ts iso la ted  in  ou r la b o ra to ry  could no t be 
a sce rta in ed  sa tis fac to rily . O nly one (B . J .)  o f th e  bab ies w ith  positive  v irus 
iso la tio n  exh ib ited  hom ologous a n tib o d y  in his p a ired  sera. No difference was, 
how ever, d em onstrab le  betw een  th e  titre s  o f th e  acu te  and  convalescent 
sam ples. The m o th e r o f th is  b a b y  h ad  in  her serum  th e  sam e a n tib o d y  of th e  
sam e titre , thus th e  m a te rn a l origin o f the  b a b y ’s an tib o d ies  could reasonab lv  
be supposed. R e p e a te d  a tte m p ts  to  d em o n stra te  CMV an tib o d ies  in  th e  sera 
o f th e  o ther th ree  bab ies  have failed, p ro b ab ly  as these  babies w ere p rem atu res  
or severely  ill and  anerg ic , th u s  unab le  to  p ro d u ce  a n tib o d y . N evertheless 
th e re  was no u n equ ivoca l ev idence of th e  aetio logical role o f an y  o f th e  iso la ted  
a g e n ts . Sim ilar o b se rv a tio n s  have a lread y  been p u b lished , for in stance , 
H a n s h a w  [5] iso la ted  CMV from  th e  urine  of 3 ch ild ren  w ith  leucaem ia and  
o f 1 w ith  H odgk in ’s disease ou t o f a to ta l of 50 ch ild ren  w ith  d ifferen t 
tu m o u rs .

One of th e  iso la tes (CMV—4) was o b ta in ed  from  th e  u rin e  o f a sym ptom - 
free p rem atu re  b ab y . R o w e  [3] d id  no t succeed in  iso la ting  CMV from  th ro a t 
w ash ings of 108 h e a lth y  new borns.

On the basis o f  o u r recen t stud ies on the  incidence o f CMV in  p rem atu re  
b a b ie s  these agents seem  to  p lay  some aetio log ical role in  p re m a tu re  b irth s .

W eller  et al. [14] could n o t o b ta in  specific an tib o d ies  by  im m unization  
o f lab o ra to ry  an im als. T he ra b b its  im m unized  by  us developed  high titre  
an tib o d ies  against CMV. A fte r ad so rp tio n  w ith  n o rm al h u m a n  fib ro b la s t cell 
d is in teg ra tes , the  sp ec ific ity  o f these  an tibod ies w as sa tis fa c to ry  in  th e  CF 
te s t .  T his tre a tm e n t fa iled , how ever, com pletely  to  e lim in a te  th e  tissue  specific 
an tib o d ies , thu s th e ir  cy to to x ic  effect rendered  th e ir  use for n eu tra liz a tio n  
te s ts  im practical. T h erefo re  all of our n eu tra liza tio n  te s ts  w ere perfo rm ed  w ith  
h igh  t i tre  hum an co n v a lescen t sera.

The incidence of an tib o d ies  against CM \ in h u m an s w as found to  increase 
w ith  age.
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AETIOLOGY OF KERATOCONJUNCTIVITIS IN 
EPIDEMIC AND NON-EPIDEMIC PERIODS

S la te  I n s t i tu te  o f  H y g ie n

By

Á g n e s  J ancsó  and M. S imon

e (D ir e c to r : T. B a k á c s), a n d  H u n g a r ia n  A r m y  M e d ic a l  C o r p s , B u d a p e s t  

(R eceived N ovem ber 5, 1964)

Sum m ary . S y stem atic  serological and  v iru s iso la tion  s tu d ies  were perform ed durin g  
th e  k e ra to co n ju n c tiv itis  epidem ic (from  D ecem ber, 1961, to S ep tem b er, 1962) in  B u d a p es t 
and during  th e  su b seq u en t one and  a h a lf  non-ep idem ic years. V irus iso la tion  was a tte m p te d  
from  a to ta l  of 51 clinical specim ens collected d u rin g  th e  epidem ic. O u t of them  one y ielded  
type  3 and  fo u r y ie lded  ty p e  8 s tra in s  o f adenoviruses. Serological ex am in atio n s (haem agg lu ti- 
n a tio n  in h ib itio n  an d  com plem ent fix a tio n ) have  show n th a t  in  th e  epidem ic period  63 per 
cen t o f th e  cases w ere caused b y  ty p e  8 adenovirus.

Iso la tio n  ex p erim en ts  on  93 d ifferen t specim ens o b ta in ed  from  81 clinical cases o f k e ra to 
co n ju n c tiv itis  o bserved  in  th e  non-ep idem ic p eriod , y ie lded  adeno v iru ses of d ifferen t ty p es  
(3, 4, 7, 14 an d  16) an d  also H erpes sim plex  v iru s. T h e  re su lts  o f th e  iso lation  ex p erim en ts  
were su p p o rted  b y  serological tes tin g . T ype  8 of ad en o v iru s caused  b u t 15 per cen t o f th e  
k e ra to co n ju n c tiv itis  cases in  th e  non-epidem ic period .

In  th e  years  1961 — 1962 H u n g ary  experienced  an  epidem ic of k e ra to 
co n ju n c tiv itis  (EK C ) [1]. S im ilarly  to  th e  resu lts  o f aetio log ical s tud ies p e r
form ed in o th e r coun tries, N ász et al. [2], B é l á d i  et al. [3], Á goston et al. [4] 
and  F ark as  et al. [5] described ty p e  8 aden o v iru s  as th e  aetio logical a g e n t of 
the disease. O ur ex am in a tio n s perform ed d u rin g  th e  ep idem ic period y ielded  
resu lts su p p o rtin g  th e  above observations.

O ur s tu d ies  were conducted  over an  ad d itio n a l one and  a h a lf  y ears  
(up to  M ay, 1964) following th e  epidem ic, to  d e te rm in e  w h e th e r th e  spo rad ic  
clinical cases of EK C  were caused also b y  ty p e  8 ad en o v iru s , th e  p reva iling  
aetiological ag en t in epidem ic cases.

The p re se n t p ap er is a rep o rt of th e  w hole s tu d y  inc lud ing  b o th  th e  e p i
dem ic and non-epidem ic periods.

Materials and methods

S p e c im e n s  f o r  v i r u s  iso la t io n . T he co n ju n c tiv a l a n d  th ro a t  w ash ings were co llected  a t 
the  1st D e p a rtm e n t of O ph tha lm ology , U n iv e rsity  M edical School, B u d a p es t: D e p a rtm e n t of 
O phtha lm ology , P o s tg ra d u a te  M edical School, B u d a p es t: an d  a t  th e  D e p a rtm e n t for O p h th a l- 
m ological D iseases o f th e  D is tric t X IV  O u tp a tie n t Clinic, B u d ap est.

Iso la tio n  w as a tte m p te d  only from  sam ples o b ta in e d  du rin g  th e  f irs t  5 days o f th e  
disease.

Sam pling  from  th e  co n ju n c tiv a  w as m ade as follow s. T he c o n ju n c tiv a l sac w as rin sed  
w ith  a liquo ts of an tib io tic  co n ta in ing  H a n k s ’ so lu tion , using  a specia l p ip e tte . A n 0.1 ml 
am o u n t of th e  u n d ilu te d  flu id  th u s  ob ta in ed  was u sed  as the  inocu lum . T h ro a t w ashings w ere 
o b ta in ed  as described  earlier [6 ].
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V ir u s  i s o la t io n  e x p e r im e n ts . E a c h  specim en w as in o cu la ted  in to  3 p a ra lle l tu b es o f 2 to  3 
d a y s  old H eL a cell cu ltu res . Ge y  so lu tion  [7], co n ta in in g  5 per cen t o f in a c tiv a te d  ra b b it  
se ru m  and  0.25 p e r cen t of lac ta lb u m in  h y d ro ly sa te  was used as a m a in ten an ce  m edium . 
T h e  cu ltu re  m edia w ere renew ed every  3rd or 4 th  d ay . T he in fected  cu ltu res  w ere observed  for 
a  period  of 23 to  28 d ay s [3, 8 ]. No specim en was considered  negative  u n til 2 or 3 consecu tive  
b lin d  passages h a d  tu rn e d  ou t negative .

S ta n d a r d  v i r u s  s t r a in s . The p ro to ty p e  ad en o v iru s stra in s  o f ty p es  1, 2, 3, 4, 5, 6 a n d  7 
w ere k ind ly  supp lied  by  Dr. D. B la sko v ic  (B ra tis la v a , ŐSSR), w hereas ty p e  8 by  D r. I. 
B É L Á D I  (Szeged, H u n g a ry ). T ypes 11, 14, 15 and  16 of ad en o v iru s were o b ta in e d  by  th e  co u rte sy  
o f D r. F . O. MacCallum  (L ondon).

I d e n t i f i c a t io n  o f  th e  iso la te d  a g e n ts w as pe rfo rm ed  by  n e u tra liz a tio n  te s ts  using  ty p e- 
specific  sera p rep ared  in  ra b b its  as described  by D ömök et a l. [9]. F o r id en tif ic a tio n  e x p erim en ts  
a n  a m o u n t of 20 to  100 C PD 50 of th e  ap p ro p ria te  v iru s was used. M ix tures o f th e  v iru s and  ty p e  
se ru m  were in cu b a ted  for 2 hours a t  37° C, th en  k e p t a t  + 4 °  C o v ern ig h t. T ubes of H eL a  cell 
cu ltu re s  were in o cu la ted  w ith  0.1 m l each of th e  ab o v e  m ateria ls . F in a l read in g  was m ade on 
th e  7 th  day.

S tra ins o f H erpes sim plex v iru s were id en tified  by  chorioa llan to ic  in o cu la tio n , m ouse 
p a th o g e n ic ity  an d  e th e r  re sistan ce  tes ts .

B lo o d  s p e c im e n s . A to ta l o f 334 blood specim ens were collected from  147 p a tie n ts . O u t 
o f th em  40 supplied  3 serum  sam ples each. Serum  sam ples ob ta in ed  up to  th e  8 th  d ay  follow ing 
th e  o nse t of th e  disease  w ere reg ard ed  as acu te  ones, while those tak e n  15 to  60 days la te r  w ere 
d esig n a ted  as co n valescen t ones. All th e  specim ens w ere in ac tiv a te d  a t  56° C for 30 m in u te s  
before  use.

S e ro lo g ic a l e x a m in a t io n s . T he co m plem en t f ix a tio n  (CF) reac tio n  w as p e rfo rm ed  w ith  
T a k á tsy ’s M ic ro titra to r  eq u ip m en t, as described p rev iously  [10]. T he an tig en s  used  in  th e  CF 
te s ts  w ere as follow s. A m ix tu re  o f d iffe ren t types (1, 4, 7 and 15) of ad en o v iru s, in a c tiv a te d  
a t  56° C for 30 m in u te s  and  a n a tiv e  hom ogenate  o f chorioa llan to ic  m em b ran es in fec ted  w ith  
H e rp es sim plex v irus.

Serum  n e u tra liz a tio n  te s ts  w ere perfo rm ed  using  paired  sera o f 10 selected  p a tie n ts  
a n d  100 and 20 C P D 50 v iru s from  th e  ty p es  3, 4, 14 an d  8 , respectively . Tw ofold  serial d ilu tio n s 
w ere p repared  from  a n  in itia l 1 : 4 d ilu tio n  of th e  te s t  sera. The n e u tra liz a tio n  te s ts  w ere carried  
o u t  in  tube  cu ltu res  o f H eL a cells, using  3 paralle ls pe r serum  d ilu tion . F in a l read in g  w as m ade 
a f te r  7 days o f in cu b a tio n .

H a e m a g g lu t in a t io n  in h ib i t io n  ( H I )  te s t. H a em ag g lu tin a tio n  an d  H I reac tio n s were 
pe rfo rm ed  accord ing  to  T akátsy  [11], using  th e  M ic ro titra to r  eq u ip m en t. F o r ty p es  3, 7, 14 
a n d  16 of adenov iruses rhesus red  blood cells, w hereas for ty p e  8 h u m an  “ O”  e ry th ro c y te s  
w ere  used. The in a c tiv a te d  sera w ere p re tre a te d  as described  by  R osen  [12], in  o rder to  rem ove 
aspecific  in h ib ito rs  o r h aem agg lu tin ins. Tw ofold d ilu tio n  series were p rep ared  from  se ra  in 
sa lin e  and to each  d ilu tio n  step  4 h a e m ag g lu tin a tin g  u n its  of v iru s w ere ad d ed , th en  th ey  
w ere incu b a ted  fo r 1 h o u r a t room  tem p e ra tu re . T h is w as follow ed by a d d in g  the  1 pe r cen t 
re d  blood cell suspension . A fter th o ro u g h  m ix ing , th e  system  was in c u b a te d  a t  37° C or a t 
room  tem p e ra tu re , d epend ing  on th e  ty p e  of v iru s  used.

Results

Serological studies. A to ta l  o f 147 p a ired  sera were ava ilab le  from  cases 
observed  during  th e  epidem ic. R esu lts of CF and  H I te s ts  perfo rm ed  w ith  these  
p a ired  sera and  ty p e  8 adenov irus are p re sen ted  in T able I.

The n u m b er o f positive reac tions w as rem ark ab ly  h igher in  th e  H I 
th a n  in the  CF te s t  and  also th e  t i t re  rises w ere g rea te r in th e  fo rm er th a n  in 
th e  la tte r . O ut o f th e  77 pa ired  sera  giving a positive H I reac tio n , 31 ex h ib ited  
a fourfold , and  22 a tw ofold , t i t re  increase in  th e  CF reaction . In  th e  rem ain in g  
24 sam ples no increase of th e  CF t i t re  was d em onstrab le . T he H I reac tio n  was 
n eg a tiv e  in 4 cases ou t of tho se  ex h ib itin g  a fourfold or h ig h er t i tre  increase 
in  th e  CF te s t. T hese m igh t be considered  as EK C cases caused  b y  an  agen t
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Table I

Comparison o f  the results o f  C F  and H I  tests obtained in  cases o f  E K C

T itre increase in CF*

Total

No. %
yes

No. %
no

No. %

T
it

re
 i

nc
re

as
e 

in
 H

I*

No.
yes

0 /
/0

31

21

46

31

77

52

No.
no

0 /
/0

4

3

66

45

70

48

T o ta l No.
0 /
/0

35
24

112
76

147
100

* Fourfold  or h igher increase.
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o th e r  than  type  8 a d en o v iru s . The sera o f 15 p a tie n ts  ex h ib ited  a tw ofold 
t i t r e  increase in b o th  th e  CF and th e  H I te s t, ag a in s t ty p e  8 adenovirus. 
In  these cases th e  aetio log ica l role of th e  agen t ap p eared  h ighly  p robab le . 
H en ce , if twofold in c reases  o f th e  H I t i tre  w ere considered  positive , th e  ae tio 
log ica l role of ty p e  8 aden o v iru s  was verified  in  63 p e r cen t o f th e  exam ined  
cases.

The above re su lts  w ere checked b y  com parison  to  108 p a ired  sera ta k e n  
a t  random  for co n tro l purposes from  non-E K C  p a tie n ts  affected  w ith  o ther 
v ira l diseases. The H I  te s ts  were perfo rm ed  w ith  ty p e  8 adenov irus. N one of

Table II

H I  antibodies against type 8 adenovirus in  the sera o f pa tien ts suffering fro m  E K C  or from  other viral
infection

Patients suffering Number of Number of patients with HI antibody titres*
from examined cases < 1 0 10 20 40 80 160 320

No.
E K C

147 44 10 19 22 31 14 7

0//0 100 30 7 13 15 21 9 5

No.
O th e r  v iral diseases

108 88 10 7 3 0 0 0

0//0

* Reciprocals

100 81 9 7 3 0 0 0

th e  p a ired  sera e x h ib ite d  a fourfold t i tre  increase; a tw ofo ld  increase was 
d em o n strab le  in tw o cases only . T hus, ta k in g  a tw ofold  increase  in H I an tib o d y  
t i t r e  as a sign of p o s it iv ity  appears to  be ju s tif ie d .

T able II  shows th e  incidence of H I an tibod ies ag a in s t ty p e  8 adenovirus 
in  th e  sera of EKC p a tie n ts  an d  contro l ind iv id u a ls  affected  w ith  v iral diseases 
o th e r  th a n  k e ra to co n ju n c tiv itis . The d a ta  rev ea l a sign ifican t difference in  th e  
a n tib o d y  levels of th e  tw o  groups. In  th e  con tro l group , th e  h ighest H I- titre  
w as 1 : 40 and even th is  level v  as a tta in e d  in  th ree  cases on ly . N one of these 
th re e  persons had a c tu a lly  suffered from  an y  ty p e  of o p h tha lm o log ica l disease. 
O u t o f  th e  ind iv iduals h av in g  h ad  EK C , on ly  30 p er cen t h a d  H I titre s  lower 
th a n  1 : 10, whereas in  th e  con tro l group th is  ca tego ry  covered  81 per cen t of 
th e  cases.

F ig . 1 presents th e  incidence of CF an d  H I an tib o d ies  against ty p e  8 
a d en o v iru s  a t d ifferen t p o in ts  o f tim e follow ing the  onset o f E K C . In  th e  CF- 
te s t ,  th e  occurrence o f  t i t r e  values above 1 : 64 reached  a m ax im um  level 
a f te r  4 weeks, w hereas th e  m ean  titre s  and th e  n u m b er o f  positive  reactions
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Table III

Keratoconjunctivitis cases yielding virus in the non-epidemic period

Samples

Kind

1.

2 .

3.

4.

5.

6 .

7.

8 .

9.

10.

11 .

12.

13.

14.

C onjunctival washing

C onjunctival washing

Conjunctival washing

C onjunctival washing

C onjunctival w ashing

Conjunctival w ashing I

C onjunctival w ashing

C onjunctival w ashing

C onjunctival w ashing 
T h ro a t washing

T h ro at washing

C onjunctival w ashing

C onjunctival w ashing

C onjunctival washing

C onjunctival washing

15. C onjunctival washing

Type of virus 
isolated

Duration of 
isolation 

experiment 
(days)

Se
ru

m
 +

Antibody titres**

Time
of

taking*

homologous adeno 8

CF HI N HI

2 adeno 3 9 A < 4 < 1 0 16 < 1 0
C 8 160 1028 < 1 0

1 adeno 3 13 A < 4 < 1 0 < 1 0
C 4 20 — < 1 0

5 adeno 3 30

5 adeno 4 8 A < 4 ___ 64 < 1 0
C 16 — 256 < 1 0

5 adeno 8 84

1 adeno 14 7 A < 4 — ___ < 1 0
C 8 — — < 1 0

5 adeno 14 19

3 adeno 14 8 A 4 ___ ___ < 1 0
C 32 — — < 1 0

2 adeno 14 14
2 adeno 14 13

2 adeno 14 6

2 adeno 14 21

3 adeno 16 20 A 4 < 1 0 ___ < 1 0
C 32 < 1 0 — < 1 0

2 Herpes 8 A < 4 — ___ < 1 0
simplex C 8 — — < 1 0

2 Herpes 6 A < 4 — — < 1 0
sim plex C 8 — — < 1 0

2 Herpes 5 A < 4 _ — 10
sim plex C i 6 10

* D ays afte r onset o f disease.
** Reciprocals.

+ A =  acu te  phase ; C =  convalescent phase
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show ed an  increasing  ten d en cy  even a fte r  6 weeks. In  th e  H I te s t , how ever, 
b o th  th e  n um ber of positive reac tio n s an d  the  m ean  t i t re  a tta in e d  p eak  values 
a f te r  4 w eeks and  la te r  ex h ib ited  a g rad u a l decrease.

T he serological ex am in a tio n s y ie lded  evidence of th e  aetio logical role of 
ty p e  8 adenov irus in  th e  s tu d ie d  E K C  epidem ic. N ega tive  serological te s ts  
w ere o b ta in ed  w ith  ty p es 3 an d  7 o f ad enov irus. This m ig h t be considered  as an 
a d d itio n a l p ro o f o f th e  above fin d in g . A tw ofold increase o f t i t re  a g a in s t ty p e  4 
w as observed  in  b u t  one case. T h is case o f EK C  was observed  a t  th e  beg inn ing  
o f th e  epidem ic and  th e  ty p e  3 aden o v iru s  was id en tified  also b y  iso la tion . 
T he v iru s  neu tra liz ing  a n tib o d y  t i t re  o f th is p a tie n t ex h ib ited  a fourfold 
increase  against ty p e  3 adenov irus.

V irus isolation during and after the epidem ic. D urin g  th e  ep idem ic period  
in  B u d ap est a to ta l o f 51 specim ens w ere exam ined . One of th em  yie lded  ty p e  3, 
fo u r of th em  ty p e  8 adenov irus. In  th e  la t te r  cases th e  f irs t  c y to p a th ic  effect 
developed  in the  2nd or 3rd passage, i.e. 40, 49, 50 or 57 days a f te r  in o cu la tio n  
in to  th e  tissue cu ltu re . In  ev ery  case o f positive  iso la tion , th e  supposed  ae tio 
logical role of th e  agen t wras fu r th e r  su p p o rted  by  th e  d e m o n s tra tio n  o f an 
increase  in  th e  hom ologous n eu tra liz in g  a n tib o d y  level in  th e  co n v a lescen t sera.

A to ta l of 81 E K C  p a tie n ts  w as exam ined  du ring  th e  successive one and 
h a lf  y e a r  period (from  O ctober, 1962, to  M ay, 1964). B o th  clinical specim ens 
an d  p a ired  sera were availab le  in  49 o u t of th e  above cases. Specim ens alone 
a n d  p a ired  sera alone were o b ta in ed  from  24 and  8 p a tie n ts , re sp ec tiv e ly . T hus 
a to ta l  o f 93 clinical specim ens (co n ju n c tiv a l an d /o r th ro a t  w ashings) and  a 
to ta l  o f 57 paired  sera  were ex am ined . Positive  iso lations o f aden o v iru s  were 
m ade from  13 specim ens o b ta in ed  from  12 ind iv iduals. T hree  a d d itio n a l cases 
y ie lded  H erpes sim plex v irus (T able I I I ) .

T he aetiological role of th e  a g e n t w as d em o n stra ted  b y  b o th  v iru s  iso la tio n  
an d  serological te s tin g  in 9 cases w here b o th  clinical specim en and  p a ired  sera 
w ere availab le . In  all these  cases, th e  C F an d  H I te s ts  have  con firm ed  th e  re su lts  
o f  th e  iso lation  experim en t. In  none o f  th e  cases, how ever, could an  increase 
o f th e  H I t i tre  aga in st ty p e  8 ad en o v iru s  be d em o n stra ted . T he H I  te s t  w as 
p erfo rm ed  w ith  ty p es 3, 7 an d  8 of aden o v iru s  using p a ired  sera  o f 48 p a tie n ts  
w ith  neg a tiv e  or m issing v iru s iso la tio n  experim en ts. T here  w as an  increase 
o f th e  specific hom ologous t i t re  ag a in s t ty p e  3 in tw o cases, ag a in s t ty p e  7 
in one case, and aga in st ty p e  8 in  eleven cases. In  eleven a d d itio n a l cases th e  
s ig n ifican t increase of th e  CF a n tib o d y  t i t re  suggested  a h is to ry  o f in fec tion  
w ith  an  unknow n ty p e  of ad en o v iru s . N egative  CF an d  H I te s ts  w ere ob ta in ed  
w ith  23 serum  pairs against ty p e  3, 7 an d  8 an tigens.

T he resu lts  o b ta ined  in iso la tion  and serological ex p erim en ts  m ay  be 
su m m arized  as follows. O ut of a to ta l  o f 81 p a tien ts  37 (46 p er cen t) yielded 
ev idence of a p rev ious adenov irus in fec tion . The incidence o f th e  d iffe ren t 
ty p e s  in  th is  group w as 15 p er cen t fo r ty p e  8; 17 p er cen t fo r ty p es  3, 4, 7, 14,
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an d  16; and 14 per cen t for o th e r u n id en tified  ty p es o f adenov irus. H erpes 
sim plex  v irus was iso la ted  in  4 per cen t of th e  to ta l. T he aetio logy  of 50 per 
cen t o f th e  cases rem ained  unknow n.

D iscussion

Based on th e  re su lts  o f th e ir  ex ten siv e  stud ies J a w e t z  [13] and  J a w e t z  
et al. [14 —16] had reached  th e  conclusion th a t  the  ty p e  8 adenov irus is p ra c 
tic a lly  th e  only aetio logical agen t o f E K C . This observ a tio n  w as la te r  supp o rted  
b y  a num ber of p o sitive  iso lation  a n d /o r serological s tu d ies  [17 — 21].

The epidem ic o f E K C  experienced  in  H u ngary  in  1961 and 1962 was 
exam ined  viro logically  b y  N ász  et al. [2], B é lá di  et al. [3],  Á g o s t o n  et al. [4] 
and  by  ourselves. T he resu lts  o f all th ese  stud ies were in  accordance  w ith  those 
m en tio n ed  above w ith  regard  to  th e  aetiological role o f ty p e  8 adenovirus. 
In  th e  epidem ic period 63 p er cen t o f our cases ex am in ed  serologically  was 
caused  by th is  ty p e . In  all th e  cases w ith  m arked  corneal sym p to m s th e  a n t i 
body  t i tre  against ty p e  8 adenov irus w as high [5].

In  sporadic k e ra to c o n ju n c tiv itis  cases we d e m o n s tra te d  th e  aetiological 
im p o rtan ce  of adenov iruses o th e r th a n  ty p e  8 and  of H erpes sim plex v irus. 
T hese resu lts are in  accordance w ith  those of o th e r au th o rs  [22 — 24], who 
d em o n stra ted  the  aetio log ical role m ain ly  of types 3 an d  7 of adenoviruses 
an d  H erpes sim plex v irus. G r a y s t o n  et al. [25], ex am in in g  an  epidem ic of 
E K C  in T aiw an iso la ted  a v a rie ty  o f d ifferen t aden o v iru s  ty p es  and  dem on
s tra te d  th a t  ty p ica l corneal sym p to m s m ay  be p roduced  also b y  ty p es 4 and 11. 
O ur resu lts have also suggested  th a t  ty p e  8 adenov irus is n o t th e  sole agen t of 
c lin ically  typ ica l k e ra to c o n ju n c tiv itis . T hus the  clinical p ic tu re  alone does 
n o t p e rm it defin ite  conclusions concern ing  th e  aetio logy .
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Sum m ary . A staphylococca l phage ty p e  ly sed  on ly  by  a new p hage  h as been described . 
T he new  phag e , 42 D /l ,  was o b ta in ed  by  a d a p tin g  p h age  42 D to th e  c au sa tiv e  ag en t o f an  
o u tb rea k  of pem phigoid  tak in g  p lace in  a n ew b o rn  w ard . D uring th e  41 w eek ob se rv a tio n  
period , o f a to ta l  of 5689 nasal sw abs, p em p higo id  an d  faecal sam ples fro m  in fan ts , n asa l 
sw abs an d  m ilk  sam ples from  m o th ers , and  n asa l sw abs from  th e  s ta ff, 3088 specim ens w ere 
positive  for staphylococci. P hage  ty p e  42 D /l  o ccu rred  in 44.7 per c en t am ong th e  iso la ted  
s tra in s . F ro m  pem phigoid  specim ens th e  new  p h ag e  ty p e  was iso lated  in  81.3 per cent. N asa l 
sw abs from  in fan ts  w ith  pem phigoid  y ielded th is  o rg an ism  in 62.4, w hile  those  from  in fan ts  
w ith o u t pem phigoid  only in  39.2 per cent. T he cu rv e  rep resen ting  th e  incidence  in  carriers of 
the  dangerous phage ty p e  show ed several p e rio d ica l peak s and  declines. In d e p e n d e n tly  o f th e  
to ta l  n u m b er of staphy lococca l carriers , th e  n u m b e r o f pem phigoid cases w as the  low est w hen 
the  dangerous ty p e  was less f re q u e n t in carriers . O f th e  exam ined 1238 42 D /l  s tra in s , 99.8 
per cen t w ere re s is ta n t to  penicillin , 87.9 to  s tre p to m y c in , 12.6 to ch lo ram phen ico l, 21.3 to  
te tracy c lin es, 3.4 to  neom ycin  an d  97.8 per cen t to  e ry th ro m y cin .

In  prev ious papers [1, 2] we have  re p o rte d  on a pem ph igo id  o u tb reak  
occurring  d u rin g  th e  sum m er of 1963 in a new born  w ard, an d  on th e  hygienic 
m easures app lied  for con tro lling  th e  sp read  of infection . T he p resen t p a p e r  
deals w ith  m icro-organism s responsib le  fo r th e  ou tb reak .

M aterials and  m ethods

M ateria ls. N asal sw abs, pem phigoid  an d  faecal specim ens, m o th e rs ’ m ilk, o rig in a tin g  
from  new born  in fan ts , m o thers an d  s ta ff, w ere ex am in ed . A ltogether 5689 specim ens from  814 
persons w ere exam ined  betw een  A ugust, 1963 a n d  M ay, 1964.

C ultural methods. T he m ate ria ls  w ere in o c u la te d  in to  S k o r k o v s k i ’s b ro th  co n ta in in g  
4 per cen t po tassiu m  rh o d a n a te  [3], th en  p la te d  on  b lood  agar. Coagulase te s t  was carried  ou t 
by  th e  slide m ethod .

Phage typ ing  was perform ed as described  by  W i l l i a m s  and R i p p o n  [4], w ith  the  fo llow 
ing phages. S ta n d a rd  ty p in g  phages: 29, 52, 52A, 79, 80; ЗА, 3B, 3C, 55, 71; 6 , 7, 42E , 47, 53, 
54, 75, 77, 83A; 42D : 81, 187. A d d itio n a l s ta n d a rd  phages: 42B, 47C, 52B , 69, 73, 78. O th er 
phages: 2042, 2757, 13, 42 D /l ,  756, 960. T y p in g  w ith  2042, 2757, 13, 756 and  960 has been 
in tro d u c ed  p a r tly  in our lab o ra to ry , p a r tly  a t  th e  S ta te  In s ti tu te  of H yg iene, B u d ap est.

P h ag e  42 D /l used  in th e  p re sen t w ork  w as o b ta in e d  as follow s. A t the  beg inn ing  of 
th e  o u tb rea k  i t  w as obvious th a t  m o st s tap h y lo co cca l stra in s  were n o t  sensitive  to ro u tin e  
ty p in g  phages (80 — 90 per cen t from  in fa n ts ’ noses a n d  nearly  100 pe r c en t from  pem phigoid  
specim ens). T he u n ty p ab le  s tra in s  were p ra c tic a lly  u n ifo rm  in an tib io tic  se n sitiv ity  ( re s is tan t 
to  penicillin , s trep to m y c in  and  e ry th ro m y cin ; sen sitiv e  to  ch loram phenico l, te tracy c lin e s  and  
neom ycin). T he s tra in s  w ere ch arac te rized  b y  colonies p roducing s tro n g  yellow  p ig m en ta tio n  
and  s trik in g ly  wide haem o ly tic  zone. T h u s i t  w as p ro b ab le  th a t  th e  cu ltu re s  com prised  one 
un ifo rm  organ ism  n o t sensitive  to ro u tin e  ty p in g  phages.
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C o n cen tra ted  p h ag es  79, 47 and 42 D gave  w eak aspecific  reac tio n s w ith  ou r cu ltu re s . 
As th e  m ost d e fin ite  re ac tio n  occurred  w ith  p hage  42 D , using th e  so ft ag a r m ethod , we a t t e m p t 
ed to  p ro p ag a te  th is  p h ag e  on  one of th e  stap h y lo co cca l s tra in s  iso la ted  from  p em phigo id . 
A re la tiv e ly  h igh  t i t r e  p h ag e  lysing  the  in c rim in a ted  o rgan ism  a t  10“ 6 d ilu tion  w as o b ta in e d . 
In  ly tic  p a tte rn  th e  new  p h ag e  d iffered from  p hage  42 D: i t  w as in ac tiv e  on s tra in  42 D , a n d  in  
ad d itio n  to lysing  s tra in  42 D /l ,  i t  exerted  som e ly tic  ac tio n  on s tra in s  47 and 77. T h e  new  
phage was p ro v isio n ally  n am ed  42 D /l and in tro d u c ed  in  ro u tin e  ex am in atio n s . S tap h y lo co cci 
lysed  b y  th is a g en t w ere re g ard e d  as belonging to  p hage  ty p e  42 D /l .

A ntib io tic  sen sitiv ity  w as d e term ined  b y  th e  use o f pen ic illin , strep to m y cin , c h lo ra m 
phenicol, te tracy c lin e , n eo m y cin  and  e ry th ro m y cin  discs m an u fa c tu re d  by  the  I n s t i tu te  fo r 
Serobacterio log ical P ro d u c tio n  an d  R esearch  “ H u m a n ” , B u d ap es t.

R esu lts

F irs t, th e  p hage  ty p e  d is trib u tio n  of staphy lococci iso la ted  from  p e m p h i
goid cases xvas d e te rm in ed . P em phigoid  occurred  in  410 ou t of 814 in fa n ts  
e ith e r  during  th e ir  s ta y  in  hosp ita l or a f te r  d ischarge. B acterio logical e x a m i
n a tio n  revealed  staphy lococci from  123 (54 h o sp ita l an d  69 home) cases. T h e  
phage ty p e  d is tr ib u tio n  is p resen ted  in  T ab le  I.

Tabic I

Phage type distribution o f 123 Staph, aureus strains isolated 
fro m  pem phigoid specimens

Phage type
Pemphigoid 

in hospital

manifesting 

after discharge

T otal number 
of strains

42 D /l 46 54 100

U n ty p ab le 5 7 12

81 1 4 5

71 2 1 3
2042 — 2 2

75 - 1 1

T o ta l 54 69 123

In  T able  I i t  is seen th a t  the  phage ty p e  d is tr ib u tio n  was fairly  u n ifo rm  
am ong in fec tions m an ifestin g  them selves before and  a f te r  discharge from  
h o sp ita l. O f th e  123 pem phigoid  s tra in s  100 (81.3 p er cen t) belonged to  th e  
new  phage ty p e  42 D / l ;  11 (8.7 per cen t) s tra in s  fell in to  fo u r d ifferen t p h ag e  
ty p e s ; and  12 (10.0 p e r cen t) stra ins w ere u n ty p ab le .

Phage group  d is tr ib u tio n  of 3088 S taph , aureus s tra in s  iso lated  d u rin g  
th e  observation  period  is show n in T able I I .
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Table II

Percentage distribution among phage groups o f  3088 Staph, au reus strains

Source No. of 
strains • и III IV M Mixed 42 D/l

Other
addi
tional

Un
typable

Nasal samples, infants in 
hospital ............................ 1225 7.1 2.9 6.5 0.4 2.7 55.5 0.9 24.0

Faecal samples, infants 
in h o sp ita l........................ 213 2.8 _ 16.0 — — — 57.3 0.9 23.0

Nasal samples, infants 
after discharge ............. 342 6.7 2.7 7.9 — — — 49.4 2.9 30.4
Pemphigoid s a m p le s ......... 123 4.0 2.4 0.7 - - - 81.3 1.6 10.0

Nasal samples, mothers 
in h o sp ita l........................ 703 15.2 5.8 15.7 1.3 4.1 7.5 17.6 6.9 25.9

Milk samples, mothers 
in h o sp ita l........................ 61 — — 21.4 — — — 54.1 — 24.5

Nasal samples, m others 
after discharge ............. 233 12.9 5.1 13.4 — 1.6 2.1 35.3 5.6 24.0

Nasal samples, hospital 
staff ................................... 188 8.1 10.2 12.7 2.5 0.5 11.6 34.1 3.6 16.7

T o ta l ....................................... 3088 9.0 4.0 10.5 0.5 1.3 3.1 44.7 3.0 23.9

A m ong s tra in s  iso la ted  from  in fa n ts , phage ty p e  42 D /l p red o m in a ted  
(55.5 p er cen t). U n ty p a b le  stra ins o ccu rred  in  23.9 per cen t; th e  rem ain in g  
19.6 p er cen t be longed  to  d ifferent g roups. P h ag e  ty p e  42 D /l  and  u n ty p a b le  
s tra in s  were fre q u e n tly  iso lated  from  m o th ers  and staff. As to  the  to ta l n u m b er 
o f s tra in s , th e  inc idence  of phage ty p e  42 D /l  am o u n ted  to  44.7 p er cen t, th a t  
of u n ty p a b le  s tra in s  to  23.9 per cent. M em bers of 7 o th e r phage groups occurred  
in 31.5 p er cen t. F ig . 1 shows the  re la tive  freq u en cy  of 42 D /l  s tra in s  in  d iffe ren t 
m ateria ls .

In  pem phigo id  specim ens phage ty p e  42 D /l was th e  m ost p re v a le n t 
(81.3 p er cen t). In  in fa n ts ’ nasal sam ples ta k e n  before and  a fte r  d ischarge , in 
in fa n ts ’ stools an d  m o th e rs ’ milk th is o rgan ism  occurred a t  sim ilar frequencies 
(55.5, 49.4, 57.3 an d  54.1 per cent, resp ec tiv e ly ). A m ong staphy lococcal s tra in s  
iso la ted  from  m o th e rs ’ nasal sam ples w hile s tay in g  in th e  hosp ita l, th is  phage 
ty p e  occurred  in  17.6 per cent. This f in d in g  in d ica tes  th a t  s taphy lococci 
h arb o u red  by  m o th ers  had  m ainly been acq u ired  ou tside  the h o sp ita l. I t  is 
in te re s tin g  th a t  3 to  4 weeks after b ir th  th e  sam e m others were carry ing  phage 
ty p e  42 D /l  in  35.3 p e r cen t; in o th e r w ords, a fte r d ischarge from  h o sp ita l, a 
n u m b er of th e  m o th e rs  acquired  th e  ep idem ic  s tra in  from  th e ir  own in fa n ts . 
T he d ifference in  th e  occurrence of th e  in c rim in a ted  phage ty p e  b e tw een  
m o th e rs’ m ilk  a n d  nasa l sam ples (54.1 vs. 17.6 per cen t), was rem ark ab le .
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E specially  d u rin g  th e  f irs t  s tag e  o f th e  o u tb reak , phage ty p e  42 D /l  w as 
fre q u e n tly  revealed  in  nasal sam ples ta k e n  from  the  staff. L a te r  these ca rrie rs  
w ere g radually  rem oved  to  o th e r d e p a r tm e n ts  an d  rep laced  b y  s ta f f  n o t h a r 
b o u rin g  th e  ep idem ic agent.

O f new born  in fa n ts  w ith  pem ph ig o id  62.4, o f those  w ith o u t pem ph igo id  
39.2 p er cen t, h arb o u red  the  in c rim in a te d  organism .

Fig. 2 show s th e  incidence of nasa l carrie rs  am ong in fa n ts  develop ing  
pem phigo id  d u rin g  an d  a fte r  th e ir  s ta y  in  h o sp ita l, and  am ong in fan ts  w ho d id  
n o t  c o n tra c t th e  disease.

Number of strains tested 
213 123 703 233

Nasal 
A  samples 

Faeces 
samples 
Pemphigoid 
samples 
Milk 
samples

100-ь

90 -

 ̂80 ■ £̂
 70 ■

Qj
Q -  60
to
I  SO-I 
Ü  ho 
!  30

g5 20-Qj
§■ 10-

J  n f  a n t s \ M о f  h e г s\ Hospital 
within ! at \within\ within \within\ at I within] staff  

hospifall home hospital^P'HfmspM home mspifot
and a t 
hom e

Fig. 1. R e la tiv e  freq u en cy  of phage ty p e  42 D /l in various m ateria ls

The incidence of phage ty p e  42 D /l  in  nasa l specim ens of in fan ts  v a ried  
considerab ly  d u rin g  th e  41 week o b se rv a tio n  period. Fig. 3 show s th e  d a ta  in  
com parison  w ith  th e  to ta l n u m b er o f staphy lococci iso la ted  from  nasal se 
cre tions.

O f the  peaks and  declines in F ig . 3 th e  m inim a observed  on th e  13 th , 
20 — 22nd, 2 9 th  an d  36 th  weeks deserve som e in te re s t. T he fall in  th e  inc idence  
o f carriers m ight have  been associa ted  w ith  th e  ad m in is tra tio n  of new p ro 
p h y lac tics (hexach lo rophen  d u stin g  pow der an d  nasal o in tm en t and neom ycin  
nasa l o in tm en t). T he fac t th a t  th e  re su lts  o b ta in ed  w ith  these drugs w ere 
alw ays b e tte r  a t  th e  beginning  th a n  la te r , m ay  be a ttr ib u te d  to  a m ore carefu l 
w ork  of the s ta f f  a t  th e  tim e  of th e  in tro d u c tio n  of the new drug . The rises and  
falls in the  cu rve  m ay  be associa ted  w ith  v a ria tio n s  in th e  incidence of 42 D /l  
ca rrie rs  am ong th e  s ta ff. A t th e  b eg inn ing  o f th e  o u tb reak , 5 ou t of 10 nu rses  
w ork ing  in th e  in fa n ts ’ w ard h a rb o u re d  ph ag e  ty p e  42 D /l  s taphy lococci. 
S u b s titu tio n  o f th e  “ dangerous”  nurses, because of s ta f f  sh o rtag e , could  he
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Number of newborns tested

Pemphigoid Infants 
manifesting remaining 

in a t healthy 
hospital home

□ 42 D/t 
strain

Mother staphy
lococcus 
strains

F ig . 2. In c idence  of staphylococcal carrie rs  am ong  in fan ts w ith  and w ith o u t pem phigoid

F ig. 3. Incidence of phage ty p e  42 D /l  in  in fan ts  during  s ta y  in  h o sp ita l

perfo rm ed  only  g rad u a lly  in  10 w eeks. T he curve  shows a para lle l decrease in  
th e  n u m b er of 42 D /l carriers am ong th e  in fa n ts . The p ro p h y lac tic  m easures 
w ere in su ffic ien t e ith er to  e rad ica te  th e  o rganism  or considerab ly  to  decrease 
its  inc idence; th e  curve rose again  from  th e  15 th  w eek onw ard , and  show ed 
som e o th e r peaks w hich, how ever, w ere low er th a n  the  orig inal m ax im um .

T he invasiveness of th e  cau sa tiv e  ag en t is well d em o n stra ted  in Fig. 2, 
w here i t  is seen th a t  pem phigoid  w as m ore com m on am ong n asal carriers th a n
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Table II I

Antib io tic  resistance o f  2810 Staph, aureus strains according to phage groups

Phage group
No. of 
strains

Incidence ol antibiotic resistan t strains, per cent

Penicillin
S trep to 

mycin
Chlor

amphenicol
T e tra
cycline Neomycin

E ry th ro 
mycin

I .............................. 261 70.5 9.2 4.9 1.9 2 .6 13.0

и .............................. 114 77.2 9.6 43.0 1.7 2.6 5.2

h i .............................. 271 90.9 54.2 49.4 51.6 2.5 48.7

M .............................. 40 15.0 1 0 .0 2.5 0.0 5.0 2.5

M ix e d ....................... 109 86.2 47.0 4.6 17.4 24.7 37.6

42 D /l ..................... 1238 99.8 87.9 12 .6 21.3 3.4 97.8

O ther add itional . 78 84.3 14.0 5.1 11.5 1.2 9.0

U n ty p ab le  ............ 699 75.1 51.5 9.3 10 .0 0.3 58.5

T o ta l .......................... 2810 86.9 58.1 13.4 18.1 3.2 65.0

am ong in fan ts  n o t h a rb o u rin g  the  o rg an ism . S im ilar d a ta  were o b ta in ed  for 
in fa n ts  d ischarged  fro m  hosp ita l w ith o u t sy m p to m s. O f 541 such  in fa n ts  232 
w ere nasa l carrie rs  o f 42 D /l ,  and  150 o f o th e r staphy lococci; th e  rem ain in g  
159 in fa n ts  w ere bacterio log ically  n eg a tiv e . In  th e  f ir s t  group 61.2, in  th e  second 
38.0, an d  in  th e  th ird  28.3 per cen t, su b seq u en t cases of pem phigoid  occurred . 
T he incidence o f pem phigo id  ap p earin g  in th e  ho sp ita l and  a t hom e as com 
p a red  to  th e  inc idence  o f nasal carriers is d e m o n s tra te d  in  Fig. 4.

T he abscissa  in  F ig . 4 rep resen ts th e  ex am in a tio n  period d iv ided  in to  4 
p a r ts :  in  p a r t  1 no an tis tap h y lo co cca l m easures w ere applied ; in  p a r ts  2, 3 
and  4 d iffe ren t p ro p h y lac tic  drugs (hexach lo ro p h en  d u stin g  pow der, hexa- 
ch lo rophen  n asal o in tm e n t and neom ycin  nasa l o in tm en t) were ad m in is te red . 
The curves in d ica te  percen tage  v alues for th e  incidence of all s taphy lococcal 
carriers , 42 D /l  c a rrie rs  and pem phigoid  in fections am ong new born  in fan ts . 
I t  is ev id en t th a t  th e  incidence of ca rrie rs  g rad u a lly  decreased especially  a fte r

Table IV

Incidence o f  antibiotic resistant 42 D /l  and untypable staphylococcal strains in  carriers

Source of 
strains Phage type

No. of 
strains

Antibiotic resistant strains,per cent

Penicillin
S trepto

mycin
Chlor

am phe
nicol

Tetra-
cycline Neomycin

E ry th ro 
mycin

N asal sam ples, 42 D /l 647 1 0 0 .0 90.6 11.4 23.8 i 2.6 99.7
in fan ts U n ty p ab le 283 90.5 67.5 11.3 12.8 0.4 78.8

N asal sam ples, 42 D /l 123 99.2 89.3 7.4 13.9 1 8.2 83.6
m others U n ty p ab le 181 40.3 18.8 3.4 5.6 0.6 16.6
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th e  app lication  o f p ro p h y lac tic  agents. In  p a r ts  1 to  3 th e  re la tiv e  n um ber of 
42 D /l  carriers also decreased , p robab ly  ow ing to  th e  co n tin u o u s su b s titu tio n  
of th e  S taphy lococcus-positive  staff. The n u m b e r of pem phigo id  cases m an i
festing  itse lf in  an d  o u tside  th e  hospita l also decreased  w ith in  these  periods. 
In  th e  last period, how ever, th e  num ber of cases increased  para lle l w ith  the  
re la tiv e  increase in  th e  n u m b e r of 42 D /l ca rrie rs , desp ite  th e  fac t th a t  the  
abso lu te  num ber o f s taphy lococca l carriers w as th e  low est d u ring  p a r t 4.

F ig . 4. Incidence of stap h y lo co cca l carriers and  pem phigo id  cases in  fo u r su b sequen t p a r ts
o f th e  observation  period

In  th is  period th e  n u m b er o f  infective sources h ad  p ro b ab ly  increased  in the  
new born  w ard. I t  should  be no ted  again th a t  th ro u g h o u t th e  described ep i
dem ic, in fan ts  h a rb o u rin g  p h ag e  ty p e  42 D /l  w ere m ore liable to  develop 
pem phigoid  th a n  those  n eg a tiv e  for th is o rgan ism .

The frequency  of s taphy lococcal phage ty p e s  re s is ta n t to  various a n ti
bio tics is show n in T ab le  I I I .  The highest n u m b e r of an tib io tic  re s is tan t cu l
tu re s  occurred am ong ph ag e  group I I I ,  ty p e  42 D /l  and  u n ty p a b le  s tra in s. 
Phage group I I I  occurred  in freq u en tly ; th e  m a jo r ity  o f th e  cu ltu res  belonged 
to  ty p e  42 D /l or were u n ty p a b le . This explains th e  u n u su a lly  h igh frequency  
of e ry th rom ycin  re s is ta n t cu ltu re s ; phage ty p e  42 D /l  w as re s is ta n t to  th is  
an tib io tic  in 97.8 p er cen t. T h e  com parison of th e  an tib io tic  res is tan ce  of nasal 
42 D /l and u n ty p a b le  s tra in s  iso la ted  from  m o th ers  an d  in fa n ts  is in te restin g  
(Table IV).

I t  is seen in  T ab le  IV  th a t  th e  an tib io tic  res is tan ce  of phage ty p e  42 D /l 
s tra in s  was in d ep en d en t fro m  th e  source. In  c o n tra s t, u n ty p a b le  s tra in s iso
la te d  from  m others w ere m ore  freq u en tly  sen sitiv e  th a n  th o se  iso lated  from  
in fan ts . I t  is ju s tif ie d  to  assum e th a t  the  m o th ers  acq u ired  42 D /l s tra in s 
a fte r, while m ost o f th e  o th e r  staphylococci before, adm ission  to  hosp ita l.
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D iscussion

In  recent years th e  p a th o g en ic  role and high sp read ing  c a p ac ity  o f s ta p h y 
lococci u n ty p ab le  w ith  th e  genera lly  used  set of phages, h av e  been described  
b y  severa l au th o rs . T hus in  E n g lan d  J acobs  et al. [5], T u r n e r  an d  W illis  [6], 
T e m p l e  and  B l a c k b u r n  [7], M it c h e l l  [8], in  C anada Comtois  an d  B y n o e  
[9] have  described th e  occurrence o f nosocom ial s tra in s  lysed  by  g roup  I I I  
co n c e n tra ted  phages b u t no t b y  phages used in th e  ro u tin e  te s t  d ilu tion . 
T hese  highly v iru len t new ep idem ic staphylococci p ro d u ced  a b u n d a n t yellow 
p ig m e n t and were generally  re s is ta n t to  penicillin an d  te tracy c lin es . T w enty - 
fiv e  p e r cen t of staphylococci iso la ted  by Sompolinsky' [10] in  Israe l reac ted  
o n ly  w ith  a new phage. S im ilarly , o u r phage ty p e  42 D /l  s tra in s  can be regarded  
as new  epidem ic staphylococci.

The m ere p revalence o f a c e r ta in  staphy lococcal p h ag e  ty p e  in  a h o sp ita l 
w a rd  does no t necessarily  in d ic a te  its  in fec tiv ity  an d  resp o n sib ility  fo r th e  
o u tb re a k . W illiams  and J e v o n s  [11] and o ther au th o rs  suggest th a t  various 
staphy lococci differ in in fec tiv ity  and  therefore  n o t all s tra in s  o f th is  ub i
q u ito u s  organism  are  able to  cause epidem ics. This concep tion  has n o t yet 
been  confirm ed ex p erim en ta lly ; a lth o u g h  observations in d ica te  differences in  
vivo  we lack  th e  m e th o d  for th e  d e tec tio n  of such s tra in s  in  vitro.

N osocom ial in fections are  fre q u e n tly  due to  phage ty p e  80/81 or re la ted  
lysis p a tte rn  s tra in s . These p re su m a b ly  highly  v iru len t s tra in s  have  ex tensive ly  
been  stu d ied , y e t, no ch a rac te ris tic  p ro p erties  d iffe ren tia tin g  th em  from  other 
staphy lococci have  been d e m o n s tra te d . R o u n t r e e  [12], w ho was th e  f irs t  to  
describe  these s tra in s , assum ed th a t  th e ir  v irulence w as assoc ia ted  w ith  th e ir  
c a p a b ility  to  p e n e tra te  th ro u g h  th e  in ta c t  skin. This concep tion  has n o t y e t 
been  confirm ed. In  pyogenic lesions o th e r staphylococci belonging to  phage 
g ro u p  I are en co u n tered  fre q u e n tly  [13— 17]. F rom  nasal sam ples of p a tien ts  
and  s ta ff  phage group  I I I  s tra in s  w ere iso lated  [18, 19]. M ultip le  an tib io tic  
re s is tan ce , w hich is ch a rac te ris tic  o f nosocom ial s tra in s , occurred  m ain ly  
am o n g  group I I I  s taphy lococci. Y e t, as it  has been show n also by  Milch  et al.
[20], group I I I  s taphylococci are  less freq u en tly  responsib le  for ep idem ics in 
H u n g a ry  th a n  group I s tra in s . To o u r best know ledge, in th is  c o u n try  th e re  has 
been no exam ple of a such w idesp read  o u tb reak  as th a t  described  in th e  p resen t 
p a p e r . E ven  w here a g rea t co m m u n icab ility  of dangerous ty p es  has been 
experienced , no t m ore th a n  20 to  25 p er cen t of th e  exposed  p a tie n ts  becam e 
affec ted  [21].

I t  is no t know n w hy phage ty p e  42 D /l was p rev a ilin g  d u rin g  th e  w hole 
o b se rv a tio n  period. The fac t th a t  th is  phage ty p e  Mas m ost com m on am ong 
n ew b o rn  in fan ts  a t th e  beg inning  o f th e  o u tb reak  exp la in s th e  fin d in g s only 
p a r t ly ,  since on th e  basis of th e  observed  frequency , th is  organism  could not 
overpow er o th e r staphy lococci. F o r th e  la tte r  th ere  w ould  have  been also an
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am ple chance d u ring  th e  8 m o n th  period  to  give rise to  m ass o u tb reak s of 
pem phigo id . The n u m b er o f in fections due to  phage ty p e  42 D /l showed 
period ical varia tio n s. S taphy lococcal in fec tions were g enera lly  caused by  th is  
phage ty p e  even in periods w hen  its  re la tiv e  incidence w as n o t too  high. 
I t  seem s therefo re  ju s tif ie d  to  conclude th a t  phage ty p e  42 D / l  m u st be regarded  
as dangerous organism  of special v iru lence .
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HUNGARY
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Sum m ary. A d e rm a to p h y te  fungal species, M icrosporon cookei Ajello 1959 has been 
iso la ted  from  H u n g a rian  soil.

Microsporon cookei described by C o o k e  was a t  f ir s t  regarded  as a red  
p ig m en t-p ro d u c in g  v a r ia n t  o f M icrosporon gypseum  [1]. A m ore detailed  s tu d y  
o f th e  organism  w as p erfo rm ed  b y  A j e l l o  in  1959 [2]. M . cookei occurs in  
soil and  on th e  fu r o f various m am m als. B l a s c h k e - H e l m e s s e n  iso la ted  24 
s tra in s  from  140 soil sam ples [3]. A nim als ca rry in g  th e  organism  show ed no 
patho log ica l sy m p to m s. I t  was n o n -pa thogen ic  to  la b o ra to ry  anim als. O n one 
occasion it was iso la ted  from  th e  diseased sk in  of a dog; how ever, m icroscopic 
ex am in a tio n  of scrap ings from  the  lesion revealed  no fu n g a l elem ents. S till, it 
can n o t be excluded  th a t  u n d er certa in  c ircum stances th e  species is responsib le  
for patho log ical cond itions [2]. In  1962, 3 p ig m en t frac tio n s  were iso la ted  
from  M . cookei, w hich were iden tica l w ith  th e  p ig m en ts  of Trichophyton  
rubrum  [4]. R ecen tly , K a b e n  [5], who succeeded  in  iso la tin g  th e  fungus from  
4 soil sam ples has ta b u la te d  th e  resu lts o f o th e r  in v e s tig a to rs  as to  th e  o ccu r
rence of th e  o rganism  in soil. On th e  basis o f w orldw ide surveys, i t  can  be 
s ta te d  th a t  am ong m icrobiologically  d e rm a to p h y tic  species, in  add ition  to 
Trichophyton terrestre, Keratinom yces ajelloi an d  M icrosporon gypseum , on ly  M . 
cookei occurs in  soil as a sap ro p h y te .

B y m eans o f th e  T o-K a-V a m eth o d  [6, 7] in 1963 we iso lated  from  170 
soil sam ples 58 K . ajelloi, 29 M . gypseum  and  11 T . terrestre s tra in s [8]. In  
these  ex am in a tio n s we found  no M . cookei s tra in s .

R esults and conclusion

In  th e  p re se n t s tud ies n early  100 soil sam ples w ere exam ined b y  th e  
To-K a-V a m ethod  [6, 7]. One of th e  sam ples o rig in a tin g  from  a road a t B u d a 
örs, y ielded M . cookei to g e th e r w ith  M . gypseum . M . cookei differed from  th e  
la t te r  organism  in  th e  presence of a red d ish -v io le t p ig m en ta tio n . The s tra in  
was iso la ted  on S ab o u rau d  glucose agar. M icroscopic exam ina tion  revea led
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F ig . 1. M icroculture  o f M . cookei. S ch iff’s period ic  acid  sta in ing . M agnification , ap p ro x . X 500

F ig . 2. T hick- w alled  m acroconid ium  of M . cookei. L ac to p h en o l-co tto n  b lue  sta in in g . 
M agnification , ap p ro x . X 1000
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rough  and very th ic k  m acrocon id ia l walls. This p ro p e rty  in  a d d itio n  to p igm en t 
p rod u c tio n , is th e  m ost ch a rac te ris tic  fea tu re  of M . cookei. The s tra in  was 
iden tified  on the  basis of d a ta  described in th e  lite ra tu re  an d  of a com parison 
w ith  M . cookei ty p e  s tra in s  of our collection [3 ].

In  the  p resen t ex am in a tio n s in  ad d itio n  to  M . gypseum , K . ajelloi 
[9 ,8] and  T. terrestre [8] th e  occurrence in H u n g a rian  soil o f th e  fo u rth  u b i
q u ito u s  d e rm a to p h y tic  species, M . cookei has been revea led .
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Sum m ary . T he effect o f h e p a rin  was stu d ied  on  th e  g row th  of H e rp esv iru s varicellae , 
C ytom egalo- and  H erpes sim plex  v iruses in  secondary  h u m a n  fib ro b la s t, H eL a  an d  secondary  
hu m an  th y ro id  tissue cu ltu res . H e p a rin  was added  to  th e  cu ltu res  a t d iffe ren t p o in ts  of tim e 
following in fection . T he t i t r e  (H e rp es  sim plex v irus) resp . focus co u n t red u ctio n  (V aricella 
and  C ytom egalov irus) w as th e  h ig h es t in  cu ltu res to  w h ich  v iru s and  h e p a rin  h ad  been  ad ded  
sim ultaneously . T he grade  of in h ib itio n  depended on th e  a c tu a l co n ce n tra tio n  of h ep arin  and  
th e  ty p e  of tissue cu ltu re  used . In  th e  presence of 10 /tg /m l o f h ep arin , th e  in fec tive  t i t r e  of 
H erpes sim plex  v iru s w as red u ced  b y  1.5 and  3.5 logs in  secondary  h u m an  fib ro b la s t a n d  in  
H eL a cell cu ltu res , resp ec tiv e ly . E x p erim en ts  w ith  in tra c e llu la r  C y tom egalov irus hav e  show n 
th a t  h ep arin  in h ib its  on ly  th e  a d so rp tio n  of free v iru s a n d  does n o t in flu en ce  th e  p e n e tra tio n  
and  cell-to-cell tran sfe r  o f v iruses carried  by  in fec ted  cells.

Several rep o rts  h av e  been  published on th e  effects on v iru s rep lica tion  
of d iffe ren t biological and  sy n th e tic  substances. One group o f th ese  substances 
com prises anion po lym ers. A m ong them , po ly fluorog lucino l p h o sp h a te  and 
d ex tran e  su lp h a te  are  know n to  in h ib it th e  g ro w th  of H erp esv iru s . H ep arin  
is a sim ilar po lym er, co n sisting  of m uco itin  p o lysu lphon ic  acid  co n ta in in g  
40 p er cen t of su lphuric  ac id  esterified  w ith  acety lg lucosam ine and  g lucuronic 
acid.

T he effect of h ep arin  on v irus rep ro d u c tio n  w as f irs t s tu d ied  w ith  H erpes 
sim plex v irus b y  V e r d i  an d  S erra  in 1956 [1]. The v iruses of encephalo- 
m y ocard itis  [2] and  po liom yelitis  [3] were also exam ined  in th is  respect. 
R ecen tly , V a h e r i  and  Ca n t e l  [4] have perfo rm ed  stud ies on th e  in te rac tio n s  
of h ep arin  and  v ira l g row th .

In  the  p resen t s tu d y  th e  effect of h ep arin  has been in v es tig a ted  on H erp es
v irus varice llae , C ytom egalo- and  H erpes s im p lex  v iruses. T his a t te m p t has 
been th o u g h t to  be of in te re s t, heparin  being  a physio logical su bstance  and  
the v iruses chosen for s tu d y  being capab le  o f  p e rsisting  in  th e  organism  in a 
la te n t form  for p ro longed  periods.

M aterials and m ethods

Tissue culture media. P r im a ry  cu ltu res of h u m a n  em bryonic  tissu e  w ere p re p are d  in 
P a r k e r ’s  199 so lu tion  w ith  20 p e r cen t calf serum . A fte r  24 hours th e  m ed iu m  w as su b s titu te d  
w ith  H a n k s ’ so lu tion  co n ta in in g  0.5 per cen t la c ta lb u m in e  h y d ro ly sa te  an d  10 pe r c en t of 
calf serum . The la t te r  m ed iu m  w as used for m a in ta in in g  th e  cu ltu re  u n til  used. H eL a cells
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w ere cu ltu red  in P a r k e r ’s m edium  co n ta in in g  10 pe r cen t o f ca lf serum . As a m a in ten an ce  
so lu tio n  th e  sam e m edium , co n ta in in g  5 per cen t o f ca lf se rum  w as used. T h y ro id  cells were 
c u ltu red  in a m ix tu re  o f 50 per cen t P a r k e r ’s so lu tion , 40 per cen t H a n k s ’ so lu tio n  w ith  0.5 
pe r cen t lac ta lb u m in  h y d ro ly sa te  co n te n t an d  10  per cen t o f ca lf serum .

Tissue cultures. H u m an  em bryon ic  f ib ro b la s t cu ltu res  w ere o b ta in e d  by  try p s in iz a tio n  
of 2 to 3 m onth-o ld  em bryos. P r im ary  cu ltu res  w ere set up  in  R o u x-flasks. S eco n d ary  cu ltu res  
w ere p rep ared  in tu b es w ith  cells o b ta in ed  by  try p sin iz a tio n  of th e  p rim ary  c u ltu res . The 
seco n d ary  cu ltu res were usu a lly  2 to  3 days old w hen used. A sim ilar m ethod  w as em ployed 
fo r th e  p re p ara tio n  of h u m an  th y ro id  cell cu ltu res  using  surg ically  rem oved  th y ro id  glands. 
H eL a  cells were c u ltu red  in 1 litre  R oux  flasks. T u b e  cu ltu res  w ere p rep ared  from  th ese  stock 
cu ltu re s  an d  used w hen 2 to  3 days old.

Viruses. V aricella  v iru s was iso la ted  from  a ty p ica l vesicle and  m ain ta in ed  in  secondary  
h u m an  fib ro b la s t cu ltu res . In  th e  system  used, V aricella  v iru s w as m ain ly  in tra ce llu la r , th u s 
w hen  + 4 " +  cy to p a th o g en ic  effect h ad  developed , th e  cu ltu res  w ere try p sin ized  (0.15 p e r cen t 
try p s in )  and th e  cells m ade up in  fresh  m edium  to a final volum e of 0.6 ml. T his w as ta k e n  as 
u n d ilu te d  virus. C ytom egalov irus was o b ta in ed  by  th e  co u rtesy  of D r. H . S t e r n  (St. G eorge’s 
H o sp ita l M edical School, London), and  m ain ta in ed  in  our la b o ra to ry  in  secondary  h u m an  fib ro 
b la s t  cell cu ltu res. In fec ted  cu ltu res  were used  e ith e r as a w hole or as cells an d  f lu id  phase 
sep a ra te ly . In  some ex p erim en ts  th e  in fec ted  cells were d isru p ted  b y  son ication  (10 seconds, 
1.7 A m p, MSE a p p a ra tu s ) . H erpes sim plex  v iru s w as iso lated  from  th e  c o n ju n c tiv a l w ashings 
o f a p a tie n t w ith  k e ra to co n ju n c tiv itis  [5]. T he s tra in  w as m a in ta in ed  in  H eL a cell cu ltu res .

Determ ination o f  in fec tivity  and focus reduction. V iruses w ere t i t r a te d  in lOfold d ilu tion  
series in o cu la ting  0.1 ml pe r d ilu tio n  in to  3 to  4 p a ralle l tu b es  each. R eadings were m ad e  daily  
d u rin g  a period of 6 days. R esu lts  p resen ted  in  th is  p ap er are th o se  o b ta in ed  on th e  5 th  day. 
In fe c tiv ity  titre s  were ca lcu la ted  according to  K ä r b e r . In  focus re d u c tio n  e x p e rim e n ts  a 
50 pe r cen t red u ctio n  of focus co u n t was considered  sign ifican t.

H eparin  was o b ta in e d  from  th e  G. R ich te r  P h a rm ac eu tica l W orks, B u d a p e s t, and 
used  a t  0 .1, 1 or 10 /<g/ml.

R esults

In  th e  f irs t series o f exp erim en ts , heparin  t re a tm e n t was p erfo rm ed  
sim u ltan eo u sly  w ith  th e  in fec tion . P ara lle l titra tio n s  of H erpes sim plex  v irus, 
H erpesv irus varicellae  and  C ytom egalovirus were p erfo rm ed  in th e  absence 
a n d  in  th e  presence of 0.1, 1 and  10 jug/ml of h ep arin . H erpesv irus varicellae  
w as t i t r a te d  in b o th  secondary  h u m an  f ib ro b la s t and  th y ro id  cell cu ltu res.

F ig . 1. E ffect of h ep arin  on th e  t itre s  of H erpes sim plex  v iru s in H eL a  an d  seco n d ary  h u m an  
em b ry o n ic  f ib ro b la s t cell cu ltu res . T itre  decreases as com pared  to  heparin -free  con tro ls
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jjg/ml heparine

F ig . 2. E ffec t o f h ep arin  on th e  t i t r e  o f V aricella  an d  C ytom egaloviruses in  h u m an  f ib ro b la s t 
and th y ro id  cell cu ltu res . R ed uction  of focus co u n t as com pared to  th e  a p p ro p ria te  co n tro ls.

• ---------- •  V aricella  v iru s in  h u m an  fib rob last cells
□ -----------□ C ytom egalov irus in  h u m an  fib ro b last cells
О ---------О  V aricella  v irus in  h u m an  thy ro id  cells

Fig. 3. E ffec t o f heparin  on th e  in fec tiv ity  o f C ytom egalov irus. Types o f inocu la : I. In fec tio u s 
cu ltu re  flu id  (ex trace llu la r virus). I I .  S o n icated  to ta l  infected cu ltu re . III . V irus-in fec ted

cell suspension  ( in tra ce llu la r  virus)

H erpes sim plex  v irus was t i t r a te d  in  b o tit secondary  h u m an  fib ro b la s t and  
H eL a cells w hile C ytom egalovirus was t i t r a te d  in  cultures o f th e  fo rm er cells 
only. R esu lts  are  presen ted  in F igures 1 an d  2.

A d irec t co rre la tion  was fo u n d  betw een  th e  co n cen tra tion  of th e  app lied  
h ep arin  and  th e  t i t re  decrease of H erpes s im plex  v irus (Fig. 1). T he low ering  
of t i t re  w as rem ark ab ly  g rea te r in  H eL a  th a n  in  hum an  em bryon ic  f ib ro b la s t 
cell cu ltu res. W ith  Varicella and  C ytom egaloviruses even th e  h ig h est dose o f

3 Acta microbiol. Acad. Sei. hung. X I I ,  1965



148 É. HORVÁTH and G. HAD H ÁZY

h ep a rin  caused a t i t r e  decrease w ith in  th e  o rd er o f one log only. This low ering 
o f focus count w as, how ever, s ign ifican t in  all cases a t  every  concen tra tion  of 
h ep a rin  (Fig. 2). V alues p re sen ted  in  th e  g rap h s are  ca lcu la ted  averages o f 3 
or 4 experim en ts. T h e  effect o f heparin  on V aricella  v iru s  w as som ew hat m ore 
in ten siv e  in h u m a n  em b ry o n ic  fib ro b last, th a n  in  h u m a n  th y ro id  cell cu ltu res .

The v iruses u sed  are  know n to  differ in  th e ir  ten d e n c y  to  ap p ear ex tra -  
ce llu larly . The g re a te r  th is  ten d en cy  of a v iru s th e  m ore pronounced th e  in 
h ib ito ry  effect o f h e p a rin . V aricella  and  C ytom egalov iruses being localized 
m ostly  in trace llu la rly , th e y  exh ib ited  t i tre  decreases on ly  w ith in  the  o rd er of 
one log in th e  h e p a r in - tre a te d  cu ltures.

In  th e  second series o f experim en ts th e  effect of h ep arin  on the g row th  o f 
C ytom egalovirus w as s tu d ie d  in  cu ltu res in fec ted  w ith  ex trace llu la r (infectious 
cu ltu re  flu id) or in tra c e llu la r  (w ashed suspensions o f in fec ted  cells) v iru s . 
In  some o th e r e x p e rim e n ts  son icated  to ta l  in fec ted  cu ltu res  were used as an  
inoculum . The e x p e rim e n ts  were perfo rm ed  in  secondary  hum an em bryon ic  
f ib ro b la s t cells u sing  a fin a l heparin  c o n cen tra tio n  of 10 /tg/m l. R esults ob 
ta in e d  are g iven in  F ig . 3. As com pared  to  th e  heparin less controls th e re  w as 
only a slight d ifference d em onstrab le  in th e  h ep arin ized  cu ltures in ocu la ted  
w ith  “ in trace llu la r”  v iru s . A m arked  in h ib itio n  wras, how ever, noted w hen th e  
“ ex trace llu la r”  v iru s  w as used as inocu lum . I t  appeared  to  be irre le v a n t 
w h e th e r the  “ e x tra c e llu la r”  v irus was an  in fec tive  cu ltu re  flu id  or a so n ica ted  
to ta l  cu ltu re .

E x p erim en ts  w ere perfo rm ed  w ith  H eL a  cell cu ltu res  p re tre a ted  w ith  
10 fig/ml h ep arin  fo r 24 hours p rio r to  in o cu la tio n  w ith  H erpes sim plex v iru s . 
T he titre  decrease w as a b o u t 1 log in  th ese  ex p erim en ts  as com pared to  th e  
rem arkab le  low ering  observed  in  cu ltu res to  w hich v iru s an d  heparin  h a d  been  
added  s im u ltan eo u sly  (F ig . 1).

A sim ilarly  m o d e ra te  inh ib ition  (1 log) occu rred  when heparin  h ad  been 
added  one h o u r a f te r  th e  in fection .

The d irec t effect of h ep arin  on e x tra c e llu la r  H erpes sim plex an d  in t r a 
cellu lar V aricella  and  C ytom egaloviruses w as also s tu d ied . C ulture flu id  resp . 
suspensions o f in fec ted  cells were m ixed wdth h ep a rin  a t  10 /tg/m l f in a l con
cen tra tio n  an d  allow ed to  s ta n d  a t room  te m p e ra tu re  for 3 hours. The m ix tu re s  
were then  t i t r a te d  in H eL a (H erpes sim plex) or h u m an  fib ro b last (V aricella 
an d  C ytom egaloviruses) cell cu ltures. S ig n ifican t t i t r e  decreases w ere n o t 
dem onstrab le .

D iscussion

In  our s tu d ie s  h e p a rin  had  the  g re a te s t in h ib ito ry  action  on v irus m u ltip li
ca tion  w hen i t  w as ad m in is te red  s im u ltan eo u sly  w ith  th e  infection . P re tre a t-  
inen t w ith  h e p a rin  o f th e  cell cu ltu res did n o t in fluence  rem ark ab ly  th e ir
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ab ility  to  su p p o rt v ira l g row th . T re a tm e n t w ith  h ep arin  for 3 hours a t room  
tem p era tu re  d id  n o t reduce  th e  in fec tiv ity  o f an y  o f  th e  te s ted  viruses.

In  th e  system s used  in  th e  p re sen t s tu d y , V aricella  v iru s was p re se n t 
only in trace llu la rly , C y tom egalovirus m ain ly  in tra c e llu la r ly  and  H erpes 
sim plex v irus b o th  in tra -  and ex trace llu larly . T he m u ltip lica tio n -in h ib ito ry  
ac tion  of h ep arin  was m ost m ark ed  on th e  e x tra c e llu la r  H erpes v iru s, th e  
o thers ex h ib ited  an  in fec tive  titre -d ec rease  of a b o u t 1 log only.

The resu lts  suggest th a t  h ep arin  as an  ac tiv e  po lyan ion  exerts its  in h ib 
ito ry  action  a t  th e  level o f v iru s adso rp tio n . T here  are  d a ta  on th e  fix a tio n  an d  
g row th  in h ib ito ry  ac tio n  o f h ep arin  in  tissue  cu ltu res  [6— 10]. More recen t 
papers [2, 11— 14] an d  th e  p re se n t resu lts , how ever, suggest th e  im p o rtan ce  o f 
th e  fo rm ation  o f h e p a rin -v iru s  com plexes w ith  m o d era te  if  an y  cap ac ity  to  
in fec t cells.
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RHODOTORULA ZSOLTII N. SP. A NEW SPECIES OF 
YEASTS, AND SOME NOTES ON THE TAXONOMY OF 

THE GENUS RHODOTORULA

B y

J .  G a LGÓCZY  a n d  E . K . N O Y A K

M y c o lo g ic a l L a b o r a to r y , P u b lic  H e a lth  S ta t io n  (D ir e c to r  : V. K a po s ), B u d a p e s t  
and  M y c o lo g ic a l L a b o r a to r y , S ta te  I n s t i t u t e  o f  H y g ie n e  (D ir e c to r  : T . B a k á c s ), B u d a p e s t

(R eceived D ecem ber 11, 1964)

Summary. A new species o f R h o d o to ru la , nam ed  R h . z s o l t i i n. sp. has been described . 
I t  p roduces red  coloured  caro teno id  p ig m en t, assim ila tes glucose, ga lacto se  (w eakly) and  
sucrose (w eakly), b u t  no t m altose , lac tose, ra ffin o se  or n itra te  and  e th an o l. T he species sp lits  
a rb u tin  and  produces no sta rch -lik e  com pounds.

D uring  th e  in v es tig a tio n  of th e  h u m an  yeast flo ra , from  th e  faeces of 
th ree  d iffe ren t in fan ts  th ree  iden tica l R h o d o to ru la  s tra in s  h av e  been iso la ted  
w hich on id en tifica tio n  p roved  to  be rep re sen ta tiv es  of a new  species.

Materials and methods

F ro m  th ree  in fan ts  u n d e r one y ear of age, tw o of them  h e a lth y  a n d  th e  th ird  suffering  
from  g astro in te s tin a l illness, faeces w ere co llected  in  sterile  tubes and  iso la tio n s were m ade  on 
S a b o u r a u d ’s glucose agar co n ta in in g  penicillin  a n d  s trep to m y cin  [1].

S u b cu ltu res were m ade o n  m alt agar. T h e  iso la ted  and on P a g a n o  — L e v i n —T r e j o ’s 
T T C -agar [12] p u rified  s tra in s  were iden tified  by  th e  m ethod of L o d d e r  an d  K r e g e r - 
v a n  R u  [8 ] as m odified by  Z s o l t  and  N o v a k  [15]. The taxonom ical p osition  is given by  th e  
use o f N o v a k  and Zs o l t ’s y eas t-sy stem  [10] a n d  H a s e g a w a ’s tax o n o m ica l w ork on R hodo- 
to ru la s  [2  — 6 ].

Results

I .  Taxonom ically valuable characters. (1) Sexual re p ro d u c tio n : lack ing ;
(2) V eg e ta tiv e  rep ro d u c tio n : only by  b u d d in g ; (3) A ssim ila tion  o f c a rb o h y 
d ra te s : D (G )(S)/M LR*; (4) F e rm e n ta tio n  o f ca rb o h y d ra tes : —/dgsm lr* ; (5) 
A ssim ila tion  of n itrogen  sources: (N H 4)2S 0 4 and p e p to n e /K N 0 3; (6) A ssim i
la tio n  of e th an o l: n eg a tiv e ; (7) S p littin g  o f a rb u tin : p o sitiv e  or w eakly  p osi
tiv e ; (8) P ro d u c tio n  of s tarch -like  com pounds: nega tive ; (9) P roduc tion  of 
caro ten o id  p igm en t: positive.

* T he le tte rs  before th e  oblique frac tio n  line  rep resen t th e  su b s tan ces w ith  positive  
re su lt, while those  a fte r  th e  line th e  negative  ones. D and  d =  glucose, G a n d  g =  ga lactose , 
S an d  s =  sucrose, M and  m =  m altose , L an d  1 lac tose , R and r =  ra ffinose . C apita l le t te r  
sym bolises th e  resp ec tiv e  sugar in assim ila tion  w hile th e  little  one in  fe rm e n ta tio n . N itro g en  
sources are d esignated  b y  th e  usual chem ical sym bols. Sym bols in p a ren th ese s  rep resen t w eak 
or la te n t  ch arac te rs .
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Table I

Species o f  the genus Rhodotorula

Subgenus Rubrotorula D G S M R N03 E A c St

1. Rh. p a l l id a  L o d d e r .......................................... + + - - - + - - + p -

2. Rh. z s o l t i i  new. spec............................................ + ( + ) ( + ) - — — — — C ) p —

3. R h. g r a m in is  di Men n a  ............................... + + + - - / + / / p ,r -
4. Rh. la r y n g is  R e ie r s Öl ................................... + + + + - — - - // r -
5. Rh. s lo o f f i i N ovak et V örös-F elk a i . . . . + + + - + - — - + p -

6. Rh. m in u ta  (Sa ito ) H arrison  ................... + + + - - + - + + о - R h. m inu ta
7. Rh. p i l im a n a e  H ed rick  et B i  rke  .......... + + + — — + — + / p ,o — species group

8 . Rh. ru b ra  (D em m e) L o dd er  em end. 
H asegawa  .......................................................... + + + + - 1/3 - ( T ) + P , 0 -

9. Rh. g lu t in i s  H arrison  em end. H asegawa + + + + — 1/3 G ) ± + г, о —

10. Rh. te x e n s is  P h a f f , Mrak  e t W illiam s + + + - + + - + + о -

11. Rh. m a r in a  P iia f f , Mrak  e t W illiam s + + + + ( + ) + - — + о -

12. Rh. n ite n s  Ma ckenzie  e t A u r e t ................. + + + + + 3/3 - — + о ( + )
13. Rh. lactosa H asegawa ................................... _j_ -j- + + + + + + + о, р R h. infirm o-

14. Rh. i n f i r m o m in ia ta  (Ok o n u k i)
H asegawa e t Ba n n o ........................................ + + + + + + + — + о
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species group
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T ab le  I  ( c o n t .)

Subgenus Flavotorula I) 1 G s M L R NO, К A C St

1. R h . lu leo la  (Sa it o ) H a s e g a w a , B a n n o  e t
Y a m a u c h i .................................................................. + + + + — / — + + У +

2. Rh. f l a v a  (S a it o ) L o d d e r ................................... + + + + + - - - + У, O -

3. R h . g e la tin o sa  (Sa it o ) H a s e g a w a , B a n n o
e t  Y a m a u c h i .............................................................. + + + + + — + ± + у. о +

4. R h . d i f f l u e n s  (Z a c h ) H a se g a w a , B a n n o
e t  Y a m a u c h i .............................................................. + + + + — + + ( ± ) + У’ ° +

5. R h . la u r e n t i i (K u f f e r a t h ) H a se g a w a ,
B a n n o  e t  Y a m a u c h i ............................................. + + -f + -J_ — ± + У-° +

6. R h . a lb id a  (Sa it o ) n o v . c o m b ........................... + + + + + + + + 1у +

Species q u e s tio n a b ly  b e lo n g in g  to  th e  su b g e n u s  F la v o to ru la

iu.
a 1. C r. s k in n e r i P h a f f  e t  Ca r m o -S o u sa  . . . . ( + ) — — — — — — / b u +

jj. 2. C r. g a s tr ic u s  R e ie r s ö l  e t  di M e n n a  . . . . + - + - / - - - yb +

i: 3. Cr. te rreu s d i  M e n n a  ..........................................
О + + - + + / + — + у ь +
^  4. C r. te r r ico lu s P e d e r s e n  .....................................«aa.

+ + + + + / + + — ly ( + )

D =  glucose, G =  galactose, S =  sucrose, M =  m altose, L = lactose, R  =  raffinose, N 0 3 =  K N 0 3, E  =  e thanol, A =  a rh u tin , C =  caro
teno id  p igm ent, S t =  sta rch . +  =  positive, — =  negative, ( + )  w eakly positive, (:£) =  positive or w eakly  positive, ( ± )  =  positive  or 
w eakly positive or negative, =  positive or negative, ( A ) w eakly  positive or negative, / =  no d a ta . Colour of the  caro teno id  p ig
m en t: p p ink , о =  orange, r red, у  =  yellow, ly =  ligh t yellow, bu  buff, yb  =  yellowish brow n.
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I I .  Accessory characters. (1) G ro w th  in  m a lt e x tra c t. 3 days, 25° C: cells 
a re  globose or ovoid, 3.8 — 5.0 by  5 .0 — 7.5 p , single or in  p a irs , ra re ly  in  tr ip le ts . 
O n ly  sed im en t is fo rm ed . 30 days, 17° C: only  sed im ent is seen. (2) G ro w th  on 
m a lt agar. 3 days, 25° C: cells are ovo id , 2.5 — 3.8 by  5.0 — 6.3 p , single o r in  
p a irs . 30 days, 17° C: colony is sh in y , m ucous and flu ida l, an d  p in k  in  colour.
(3) G row th  on p o ta to  glucose ag ar (slide cu ltu re ): only b u d d in g  cells a re  seen.
(4) G row th  on corn-m eal agar s la n t [9]: on ly  budd ing  cells are  seen. (5) Origin 
o f  s tra in s : No. X LV /1964 (type  s tra in )  an d  No. X LV I/1964 from  faeces of 
h e a lth y  in fan ts , while No. X L V II/1964  from  faeces o f an  in fa n t suffering  
fro m  g astro in te s tin a l disease.

D iscussion

As our s tra in s  p roduce  a c a ro ten o id  ty p e  red p igm ent h u t no ascospores 
o r ba llis tospores an d  no pseudo or t ru e  m ycelium  th e y  f i t  in to  th e  genus 
R h o d o to ru la  H arrison  em end. H a s e g a w a  e t B ann o  [4]. In  th e  genus th e  new 
species has its  position  in th e  subgenus R u b ro to ru la  — acco rd ing  to  th e  red 
co lo u r o f  the  p ro d u ced  p ig m en t — b e tw een  Rhodotorula p a llid a  L o d d e r  and 
R h . laryngis  R e ie r sö l  [13], as seen in  T ab le  I.

T he new species has been n am ed  Rhodotorula zsoltii n. sp. in  honorem  
D r. J .  Zsolt , an excellen t c u ltiv a to r  o f  tax o n o m y  and  physio logy  o f y easts  
in H ungary .

In  T a b le  I  a n ew  s y s te m  o f  R h o d o t o r u l a e  is p ro p o sed ,  b a s e d  u p o n  t h e  ta x o -  
n o m ic a l  w o rk  o f  L o d d e r  a n d  K r e g e r - v a n  R i j  [8], N o v a k  a n d  Z s o l t  [10], 
a n d  H a s e g a w a  et al. [2 — 6]. A c c o rd in g  to  N ova k  a n d  Z s o l t  [11], tw o  species 
g r o u p s  m a y  be f o rm e d  in  th e  s u b g e n u s  R u b r o to r u la ;  th e  f i r s t  for  Rh. m inuta  
(S a i t o ) H a r r is o n  a n d  Rh. p ilim anae  H e d r ic k  et B u r k e  [7], a n d  th e  second  
fo r  R h. lactosa H a s e g a w a  [2] a n d  Rh. in firm om in ia ta  (O k o n u k i ) H a s e g a w a  
e t  B a n n o  [3], as th e s e  spec ie s -pa irs  h a v e  t h e  sam e c o m b in a t io n s  o f  t h e  m a in  
t a x o n o m ic a l  c h a ra c te r i s t i c s .  W e  c a n n o t  ag re e  w i th  H a s e g a w  a a n d  B a n n o  [4] 
in  t r e a t i n g  Rh. m inu ta  as a v a r i e t y  o f  Rh. texensis an d  R h. p ilim a n a e  as a 
s y n o n y m  o f  Rhodotorula rubra , s ince  Rhodotorula m inuta  is a l a c to s e - n e g a t iv e  
sp ec ie s  a n d  th e re fo re  t h e  s t r a in s  s h o w in g  a w eak  a s s im i la t io n  o f  la c to s e  s h o u ld  
b e  t r e a t e d  as Rhodotorula texensis. T h e  supe rf ic ia l  s im i la r i tv  o f  th e s e  tw o  species 
d o e s  n o t  suffice fo r  d ra w in g  co n c lu s io n s  a n d  u n t i l  n ew  e x a m in a t io n s  h av e  
so lv e d  th is  p ro b le m  we shall t r e a t  t h e m  as se p a ra te  species .  As to  t h e  second  
q u e s t io n ,  we could  n o t  f in d  a n y  e x p l a n a t io n  in H a s e g a w a 's t e x t  [4] t h a t  
w o u ld  a c c o u n t  for th e  s y n o n y m i z a t io n  o f  R h. p ilim anae  (d e sc r ib e d  b y  H e d r i c k  
a n d  B u r k e  as a m a l to s e -n e g a t iv e  species)  a n d  Rh. rubra  (w h ich  species  is 
m a l to se -p o s i t iv e ) .  O th e r  co r rec t io n s  m a d e  on H a s e g a w a ’s s y s te m  [4 — 6] are :
(i) t h e  a d m i t t a n c e  o f  Rh. laryngis  R e i e r s ö l  [13] in to  t h e  su b g e n u s  R u b r o -
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to ru la ;  and (ii) th e  d iv ision  of Rh. albida and  Rh. gelatinosa. In  connection  
w ith  th e  la tte r  we have  to  m en tion  th a t  we could iso la te  a s tra in  (No. 34/1959) 
w hich  was raffinose n eg a tiv e  and  f i t  in to  the  d esc rip tio n  of Rh. gelatinosa, 
because we could d e m o n s tra te  raffinose p o sitiv ity  w ith  th e  ty p e  s tra in  of 
Cryptococcus albidus (поле Rhodotorula a lb ida), sim ilarly  to  severa l o th e r s tra in s  
o f th is  species (X X X I/1962/V 23 — R , X X X I/1 9 6 2 /V 3 0 -T R , Х Х Х 1/1962/ 
/V I 3 0 - T D  from  a ir, an d  373/1959, 316/1960, 153/1961, 85/1962, 461/1961, 
481/1961—I I I  from  p a tie n ts ) . These resu lts  have led to  th e  sep a ra tio n  of Rhodo
torula albida (Sait o ) nov . com b, from  R h. gelatinosa (Sa it o ) H a s e g a w a , B a nn o  
et Y a m a u c h i .

L atin  diagnosis

A scospora, pseudom ycelium  e t m ycelium  verum  non fo rm a tu r . F e rm e n - 
ta t io  nu lla . In  m edio m inerali cum  glucoso, galactoso  (exigue) e t saccharo  
(exigue) sed non cum  m altoso , lac toso  e t raffinoso e rese it. N itra s  kalicus non 
assim ila tu r. In  m edio cum  alcohole ae thy lico  non ereseit. A rb u tin u m  fin d itu r . 
A m ylum  non com p o n itu r. In  m usto  m a lta to  (post te r tie m  diem , 26° C) cellu- 
lae gem m antes globosae vel subovoideae (3.8 — 5 .0 x 5 .0  — 7.5 p ), singulae a u t  
b inae . Sedim entum  so lum  fo rm a tu r. In  agaro m a lta to  (p o st te rtiem  diem , 
26° C) cellulae gem m an tes ovoideae (2.5 — 3 .8 x 5 .0  — 6.3 p ), singulae a u t b inae. 
Colonia (post unum  m ensem , 17° C) g lab ra , lucida e t m ucosa vel flu ida , pallida 
ru b ra  (cellulae p ig m en ta  caro tin o id ea  haben t).
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ANTISTREPTOKINASE TITRE IN HEALTHY ADULTS
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Summary. T h e  a n tis tre p to k in ase  t i t r e  in  400 h e a lth y  blood donors was ex am ined  w ith  
th e  a u th o r ’s m odified  m eth o d . A gam m a-g lobu lin  p re p a ra tio n  eq u iv a len t w ith  th e  a n tis tre p to -  
ly s in -0  s ta n d a rd  w as em ployed  for com parison . T he d is tr ib u tio n  of titre s  follow ed th e  ru les 
o f n o rm al d is tr ib u tio n  in  96.25 per cen t; th e  titre s  w ere low er th a n  expected  in  3.75 pe r cen t. 
T he average  t i t r e  o f th e  exam ined  sera w as 115.6 u n its . T itre s  exceeding 286 u n its  w ere co n 
sidered  pa tho log ica l. W ith  th e  increase o f th e  age of th e  exam ined  persons th e  m ean t i t r e s  
decreased . T he A SK  av erage  fo r th e  to ta l  m a te ria l as well as th e  A SK  average fo r d iffe ren t age 
groups show ed a good ag reem en t w ith  th e  average  a n tis tre p to ly s in - 0  t i t r e  d e te rm in ed  in 
o th e r blood donors.

W e have developed  a sim plified  m ethod  fo r th e  d e te rm in a tio n  of an ti-  
s trep to k in ase  (A SK ) t i tre  [1, 2]. As no in te rn a tio n a l s ta n d a rd  has so fa r been 
estab lished  for th e  ASK  u n it, i t  was a tte m p te d  to  s tan d ard ize  th e  m eth o d . 
On th e  basis o f ce rta in  considera tions, th e  gam m a-globulin  p re p a ra tio n  used 
as th e  H u n g a rian  a n tis tre p to ly s in -0  (ASO) su b s ta n d a rd  was reg ard ed  as 
co n ta in in g  e q u iv a len t am oun ts o f A SK  and  ASO un its . I t  has been assum ed  
th a t  th e  p o p u la tio n  acquires a sim ilar degree o f im m u n ity  to  various s tre p to 
coccal exo-enzym es. T herefore, w hen com pared  to  a s ta n d a rd  con ta in in g  
eq u iv a len t am o u n ts  o f th e  tw o an tib o d ies , th e  ASO and  ASK titre s  in h ea lth y  
ind iv iduals should  be sim ilar in  o rd e r of m ag n itu d e . To confirm  th is  h y p o 
thesis, we h av e  d e te rm in ed  the A SK t i tre  in  400 h e a lth y  blood donors.

I t  seem ed desirab le  to  in v es tig a te  norm al titre s  because only  few resu lts  
o b ta in ed  w ith  o th e r  m ethods in o th e r  coun tries have  been rep o rted  in  th e  
lite ra tu re  [3 — 5].

M aterials and  m ethods

Serum  sam ples w ere tak e n  from  B u d a p es t re sid en ts  aged  20 to  60 y ears, who a t  p rev ious 
m edical ex am in a tio n  h a d  been declared  f i t  to  sup p ly  blood for th e  tran sfu sio n  service.

Titra tion . In a c t iv a te d  sera were t i t r a te d  b y  o u r m odified m eth o d  [1, 2] as follow s. 
To 1.0 ml serum  d ilu tio n s  0.5 ml ASK I, th e n  a f te r  15 m in u te  in cu b a tio n  0.5 ml ASK II  re ag e n t 
was ad d ed . A fter a  su b seq u en t 45 m in u te  in cu b a tio n  th e  h ig h est serum  d ilu tio n  in h ib itin g  
fib rino lysis w as d e te rm in ed . T he ti t r e  was ca lcu la ted  a n d  expressed  in  u n its  by  com paring  th e  
co rresponding  re ac tio n s  in  the  s ta n d a rd  an d  ex am ined  serum  d ilu tio n  series. L yophilized  A SK  I , 
ASK II  and  A SK  s ta n d a rd  p rep ara tio n s  w ere p roduced  in  th is  in s titu te .

Calculation. In  ou r t i t r a tio n  m eth o d  th e  consecu tive  d ilu tio n s form  a geom etrical progres-
4 _

sion ch arac te rized  by  th e  q u o tie n t Ÿ2. In  th e  ca lcu la tio n  of averages, lim its o f e rro r, e tc . t i t r e  
g rade  n u m b ers  cou ld  therefo re  be su b s titu te d  for ab so lu te  levels, an d  only th e  fin a l re su lts  
w ere expressed  in t i t r e s  b y  use o f th e  fo rm ula  show n in  th e  n o te  un d er T ab le  I [6 , 7].
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Table I

A S K  titre in 400 healthy adults

T itre
Titre
grade

N um ber of subjects

Males Females

Total2 0 - 3 0 3 1 -4 0 4 1 -6 0
Total
males

2 0 -3 0 3 1 -4 0 4 1 -6 0
Total

females
years of ige years of age

3.75 0 _ _ _ _ _ _ _ _
4.37 l l - - l l - l 2 3
5.25 2 — — — — — — — — —

6.25 3 — — — — — 1 _ 1 i
7.5 4 — l — l — 1 — 1 2
8.75 5 — — l l — — l 1 2

10.5 6 — — i l — — — — 1
12.5 7 — — l l — — — — 1

15 8 — — — — l — — 1 1
17.5 9 — — — — — 3 l 4 4
21 10 — l l 2 3 — 2 5 7
25 11 2 2 — 4 — 2 1 3 7
30 12 2 — l 3 2 — 3 5 8
35 13 — — l 1 3 1 — 4 5
42 14 1 — — 1 — — 5 5 6
50 15 2 5 3 10 3 6 7 i 6 26
60 16 5 2 - 7 3 3 6 12 19
70 17 3 6 2 11 2 4 3 9 20
84 18 2 4 2 8 2 4 2 8 16

100 19 8 14 6 28 5 7 5 17 45
120 20 7 4 — 11 4 4 2 10 21

143 21 11 10 4 25 8 9 8 25 50
170 22 7 6 1 14 4 2 — 6 20
20 0 23 16 8 6 30 10 3 3 16 46
240 24 11 4 2 17 1 2 1 4 21

286 25 14 5 3 22 6 3 — 9 31
340 26 4 — — 4 1 — 1 2 6

400 27 4 5 1 10 5 1 1 7 17
480 28 2 2 — 4 1 — — 1 5
580 29 1 — — 1 — 2 2 3 4
680 30 1 1 — 2 1 1 1 3 5
800 31 — — — — — — — —

A verage: x  =  ~ =  19.79 titre  grades = 115.6 u n its

1I~ SxxS ta n d a rd  dev ia tion : s =  / --------=  — 5.15 t i t r e  grades
n — 1

D ev iatio n  range: x  i  s — 14.64 — 24.94 t it re  g rades =  47.4 — 282.3 un its

Note. T itre  in un its  is calcu la ted  from any  titre grade ( Xn )  w ith  form ula: X 3.75
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Results

Age and  sex d is tr ib u tio n  of ASK titre s  in  sera  o f 400 h ea lth y  blood 
donors is p resen ted  in  T ab le  I . T he average t i t r e  w as 115.6 u n its , w ith  a dev ia 
tio n  range of 47 to  282 u n its . The m ost fre q u e n tly  occurring  values were 
ac tu a lly  betw een  50 and  286 u n its , thus w ith in  th e  ca lcu la ted  d ev ia tion  range. 
The frequency  d is tr ib u tio n  follow ed th e  G aussian  curve  on ly  p a r tly , as som e 
of th e  resu lts fell in to  v e ry  low  t i tre  ranges. T he observed  d is trib u tio n  was 
therefo re  com pared  w ith  th e  norm al d is tr ib u tio n . A p reco n d itio n  of such

Fig. 1. N orm al ASO a n d  ASK levels in  d iffe re n t age groups

calcu lations is th a t  a ce rta in  percentage o f t i t re s  shou ld  fall betw een th e  
ca lcu la ted  average an d  th e  1, 2 or 2%-Ь>Ы lim its  o f th e  ca lcu la ted  s ta n d a rd  
d ev ia tion  [8]. T he ad eq u acy  o f  o u r d a ta  to  the  above re q u irem en t is show n in 
T able I I . I t  is seen th a t  96.25 p e r cen t of the re su lts  co rresponded  to  th e  norm al 
d is trib u tio n  and  only  3.75 p e r cen t of the  sera gave a t i t r e  low er th a n  expected . 
This find ing  will lie d ea lt w ith  w hen discussing th e  re su lts .

D a ta  of T ab le  I d iv ided  in to  low, m edium  and  high t i t re  groups are 
p resen ted  in  T ab le  I I I .  T h u s 78.75 per cen t of th e  sera  y ie lded  titre s  rang ing  
from  50 to  286 u n its . T he se p a ra te ly  calcu la ted  av erag e  for th is  m edium  t i tre  
group was 127 u n its . T he rem ain in g  21.25 per cen t o f sera  fell in to  the  low and  
h igh titre  groups. T he d e v ia tio n  ex tended  over 5 t i t r e  g rades upw ards and 14

Table II

Frequency distribution o f  titres in various deviation ranges

Deviation
T itre  grade

Required Observed

range
frequency, per cent

* ±  1 s 1 4 .6 4 -2 4 .9 4 68.27 71.00

x ± 2  s 9.49 — 30.09 95.45 96.25

X d: 2.5 s 6 .9 2 -3 2 .6 6 99.00 97.75
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Table III

D istribution o f  A S K  levels according to titre groups

Titre group Titre T itre  grade No. of sera Per cent

Low ..................... 4 -  42 1 - 1 4 48 12 .0

M edium ................ 5 0 - 2 8 6 1 5 - 2 5 315 78.75

H ig h ..................... 3 4 0 -6 8 0 2 6 -  30 37 9.25

T o ta l ..................... 4 - 6 8 0 1 - 3 0 400 100 .0

t i t r e  grades dow nw ards. T he ab so lu te  n u m b er of sera  in  th e  low t i t r e  group 
w as also larger th a n  th e  n u m b e r o f  sera  in  th e  high t i t r e  g roup  (48 vs 37).

Sum m arized  d a ta  accord ing  to  age and sex g roups are  p re sen ted  in 
T ab le  IV . I t  is seen th a t  w ith  th e  increase  of age th e  average  t i tre s  decreased 
considerab ly  in b o th  m ales and  fem ales. T he average t i t r e  was a p p ro x im a te ly  
30 p e r cen t h igher in  m ales th a n  fem ales. W e have no ex p la n a tio n  fo r th e  sex

Table IV

Average A S K  titres o f  different age and sex groups

Age
group

Males Females Total

to T OJ о 158 120 142

3 1 - 4 0 128 92 111

4 1 - 6 0 97 76 84

2 0 - 6 0 135 95 115

d ifference; it m ay  have  been due to  a chance d is tr ib u tio n  o b ta in e d  in  a re la 
tiv e ly  sm all n um ber o f in d iv id u a ls . I t  should be no ted  th a t  am ong  600 blood 
donors exam ined  3 years  ago, th e  fem ale group y ie lded  h ig h er ASO ti t r e  [9].

I t  is of in te re s t to  com pare  th e  average ASK titre s  and  th e  above m en
tioned  ASO titre s  accord ing  to  age g roups (Fig. 1). I t  is obvious th a t  the ASK 
an d  ASO level cu rves o b ta in ed  fo r d ifferen t donors w ith  a 3 y e a r  difference 
w ere sim ilar in  course an d  show ed som e divergence only  in  th e  sm all oldest 
age group.

D iscussion

E x am in a tio n  o f th e  ASK  level in 400 blood donors rev ea led  th a t  96.25 
p e r cen t of th e  t i tre s  co rresponded  to  th e  G aussian  d is tr ib u tio n  curve. Very 
low  titre s  show ing a w ide d e v ia tio n  from  the  m ost p re v a le n t v a lues were
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o b ta in ed  in the rem ain in g  3.75 per cen t. T his find ing  is so m ew hat sim ilar to  
th a t  rep o rted  by  th e  C om m ission on A cu te  R esp ira to ry  D iseases [4], nam ely  
th a t  A SK  was ab sen t from  th e  sera o f 27 p er cen t of 236 h e a lth y  soldiers. 
This observ a tio n  in d ica tes  th a t  p a r t  o f th e  no rm al ad u lt p o p u la tio n  had  a c q u ir
ed no im m u n ity  to  th e  s trep to k in ase  an tigen . Owing to  techn ica l fa c to rs , 
th e  low  levels m ay  h av e  been  even low er. O ur experience is n am ely  th a t  levels 
low er th a n  20 un its c a n n o t alw ays be ex ac tly  de term ined  because  of th e  effect 
of p lasm inogen  an d  o th e r  fac to rs  in  th e  necessarily  low seru m  d ilu tio n  (1 : 1.25). 
D e te rm in a tio n  of low ti tre s  is not o f p rac tica l in te rest as on ly  norm al and 
p a th o log ica lly  e leva ted  t i tre s  are of d iagnostic  im p o rtan ce . T he average t i t r e  
o b ta in ed  in our m a te ria l was 115 u n its . A bou t 80 per c en t o f  sera fell w ith in  
th e  t i t r e  range of 50 to  286 un its . The sep a ra te ly  ca lcu la ted  m ean  for th e  la t te r  
group w as 127 u n its . T herefo re , 120 u n its  are considered n o rm a l for th e  ASK  
titre  in  h ea lth y  ad u lts . T he u p p er level is a t m ost 286 u n its ; such and  h igher 
va lues are patho log ical w ith  a p ro b a b ility  o f 90 per cen t. T he up p er lim it is 
in  fa ir ag reem ent w ith  th e  256 u n it level calcu lated  by Ch r ist  [5], who e x a m 
ined  174 persons in G erm any . The average  t i tre  found in  o u r ex perim en ts is 
also in good ag reem en t w ith  th e  125.6 u n its  ASO titre  re g a rd ed  as th e  norm al 
average  in a h e a lth y  p o p u la tio n  [9]. T he agreem ent b e tw een  ASO and  A SK  
norm al titre s  is valid  n o t only for the  to ta l  m ateria l, bu t also  for d ifferent age 
groups. T he ag reem en t betw een  th e  to ta l  and age group averages ind ica tes  
th a t  th e  p o p u la tio n  is even ly  exposed to  an tigen ic  stim uli b y  d ifferen t s tre p to 
coccal exo-enzym es. T herefo re  it  is no t only advisable b u t  also ju s tif ie d  to  
express th e  an tib o d y  levels to  d ifferen t strep tococcal an tig en s  in  eq u iv a len t 
t i t re  g rades and un its .
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Sum m ary . T he ASO and  ASK titre s  in 500 h o sp ita lized  ch ild ren  have been ex am ined . 
I t  has b een  concluded th a t  of th e  tw o reac tio n s A SK  is a so m ew h at m ore specific in d ic a to r  of 
strep to co cca l in fec tion . P a ra lle l d e te rm in a tio n  of th e  tw o  t it re s  is advisable  as in  26 pe r cen t 
of th e  cases s trep to co cca l aetio logy  was in d ica ted  b y  one of th e  reac tions only. A SK  tit r e s  
ap p eared  to  e x ten d  over a w ider range th a n  ASO titre s . W ith  th e  m ethod  used  in  th is  w ork , 
bo rder v a lu es be tw een  no rm al an d  patho log ical t itre s  fell in  th e  range of 240 — 280 u n its  fo r 
b o th  reac tio n s.

Since T o d d ’s re p o rt in 1932 [1], a n tis tre p to ly s in -0  (ASO) reac tio n  has 
been reg a rd ed  an  im p o r ta n t d iagnostic  te s t  for th e  serological e s tim a tio n  o f 
s trep to co ccal aetio logy  in certa in  diseases. L a te r  i t  has been show n th a t  th is  
reac tio n  is n o t alw ays in d ica tive  of s trep to co cca l h is to ry  and , a lte rn a tiv e ly , 
it m ay  give false p ositive  results w ith o u t p rev io u s strep tococcal in fec tion . 
N egative  reactions m ay  be due to  a low s tre p to ly s in -0  an tigen  co n ten t o f som e 
A group  strep tococci. T hus R antz et al. [2] found  raised  ASO titre s  only  in  
79.5 p er cen t of 196 p a tie n ts  whose s trep to co ccal in fec tion  had been confirm ed  
by cu ltiv a tio n  and  ty p e  de te rm in a tio n . In  c o n tra s t , a high false positive  t i t re  
is o b ta in ed  in sera co n tam in a ted  w ith  som e b a c te ria , especially w ith  p seu d o 
m onads [3 — 5]. C erta in  pathological cond itions such  as h ep a titis  [6] and  th e  
n ep h ro tic  syndrom e [7] m ay also p resen t e lev a ted  ASO titre s . The serum  of 
h ea lth y  in d iv id u a ls  m ay  con ta in  the  so -ca lled  O S L -inh ib ito r [8, 9]. In  view  of 
the  above d isad v an tag es  of the  ASO reac tio n , several au th o rs  em phasize  
th a t  s trep tococcal an tib o d ies  should he ex am in ed  w ith  2 or 3 d ifferent an tigens 
[10 —14]. T itra tio n  w ith  even m ore an tigens w as also recom m ended ; these  
reactions have no t been accepted  for ro u tin e  w ork, owing to  techn ica l d iffi
culties and th e  lack  o f su itab le  in te rn a tio n a l s ta n d a rd s .

A m eth o d  for ro u tin e  an tis trep to k in ase  (A SK ) t i tra tio n  [15], s ta n d a rd i
za tion  o f its  resu lts  [16] and p rep a ra tio n  of reag en ts  [17] has been described  
by  one o f us. The new  m eth o d  is techn ica lly  m ore sim ple th a n  th e  ASO reac tio n . 
The A SK  u n it has been  s tan d ard ized  so th a t  th e  o b ta in ed  titre s  are s im ila r in  
order to  the in te rn a tio n a lly  s tan d ard ized  ASO titre s . I t  should be n o ted  th a t  
our ASK u n it closely app rox im ates th e  un it chosen  by  Ch r i s t e n s e n  118 ] .
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M aterials an d  m ethods

Serum  sam ples w ere tak e n  from  500 h o sp ita lized  ch ild ren  aged 2 to  12 y ea rs . O f th e  
c h ild ren  257 suffered  from  strep tococca l a n d  113 from  n o n -strep tococca l diseases. S trep tococca l 
ae tio lo g y  was d o u b tfu l in  130 cases. In  th e  re su lts  on ly  th e  t i t r e  of one sam ple w as in cluded  for 
each  ch ild , in d ep e n d en tly  of the  d u ra tio n  o f h o sp ita liza tio n .

A S O  and  A S K  titra tions were pe rfo rm ed  as d escribed  by B ö s z ö r m é n y i  [19, 15]. R e a 
g en ts  w ere p rep ared  by  th e  In s t i tu te  for S e ro bacterio log ical P ro d u c tio n  and R esearch  “ H u m a n ”  
B u d a p es t. In  g rouping  and  ev a lu a tio n  of t itre s , as in  b o th  m ethods geom etrical seria l d ilu tio n s 
h av e  been  em ployed, t i t r e  g rades could be su b s ti tu te d  fo r ab so lu te  values [2 0 ].

Bacteriological exam ination  o f th ro a t  and  nose sam ples was carried  o u t on  b lood  agar
p la te s .

R esu lts

ASO and  ASK  titre s  were d e te rm in ed  in para lle l ex am in a tio n s in  500 
ho sp ita lized  ch ild ren . The p a tie n ts  w ere d iv id ed  in to  6 groups on th e  basis of 
c lin ica l and  bacterio log ical fin d in g s. G roup “ rh eu m atic  fev e r”  inc luded  
m ain ly  p a tie n ts  w ith  rh eu m atic  c a rd itis  and  sm aller num bers of ch ild ren  w ith  
a c u te  p o ly a r th r itis . Cases of chorea m in o r and  g lom eru lonephritis  c o n s titu te d  
th e  second and  th ird  group o f s trep to co cca l diseases. O th er s trep to co ccal 
in fec tions (scarle t fever, erysipelas, b ac te rio log ica lly  positive to n sillitis , s inus
itis , o titis  m edia) com prised  th e  n e x t g roup . G roup 5 con ta ined  p a tie n ts  w ith  
d iseases of d o u b tfu l strep tococcal ae tio logy  (b ronch itis , b ro n ch o p n eu m o n ia  
a n d  o th e r  re sp ira to ry  infections, o steo m y elitis , e ry th em a  nodosum  an d  to n 
sillitis or sore th ro a t  w ith  neg a tiv e  bacterio log ical find ings). T he g roup  in 
w hich s trep to co ccal aetio logy could be excluded  con ta ined  ch ickenpox, m easles, 
in flu en za , n e u ro p a th y , n ep h ro lith iasis , a lopecia a re a ta , co ngen ita l h ea rt 
defec ts , leukaem ia , epilepsy, cy s titis , P e r th e s ’ disease, agam m aglobu linaem ia, 
anaem ia , h y p a c id ity  and  pleurisy .

T he o b ta in ed  titre s  fell in th e  range  of 21 to  6400 and  w ere d is tr ib u te d  
am o n g  34 d ifferen t levels. F o r th e  sake  o f s im p lic ity  7 categories each  inc lud ing  
4 t i t r e  grades w ere se t up. T hus th e  low est t i tre  in  one ca tegory  wras 100 per 
cen t low er th a n  th e  highest t i t re  in the  sam e category . As in  prev ious 
e x am in a tio n s  [19, 21] th e  b o rd e r b e tw een  norm al and  patho log ica l titre s  fell 
in to  th e  range o f 240 to  286 u n its , accord ing  to  the  above g roup ing  th e  firs t 
th re e  categories included  norm al, th e  o th ers  pathological t i tre s . T ab le  I 
sum m arizes th e  re su lts  according to  disease groups and  t i tre  categories. The 
av erag e  titre s  for each  disease g roup  are  p resen ted  in Table I I . I t  is seen th a t ,  
w ith  th e  excep tion  of th e  group in c lu d in g  re la tiv e ly  sm all n u m b ers  o f glom e- 
ru lo n ep h ritic  p a tie n ts , p rac tica lly  un ifo rm  ASO and  ASK titre s  w ere o b ta in ed . 
T h e  average t i tre s  in  th e  four g roups o f strep tococcal diseases wrere well 
w ith in  th e  p a tho log ica l range. W here th e ir  strep tococcal orig in  could be 
exc lu d ed , th e  average  titre  fell in  th e  norm al range. In  com paring  ASO and 
A SK  titre s , a m in im um  difference w as genera lly  found; the  average  ASK  titre
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Table I

D istribution o f  A S O a n d  A S K  litres according to clinical diagnosis

Titre
grade Titre

Rheum atic
fever

Chorea
minor

Glomerulo
nephritis

Other
strepto
coccal

diseases

S trepto
coccal

aetiology
doubtful

Non-strep-
tococcal
diseases

Total

ASO ASK ASO ASK ASO ASK ASO ASK ASO 1 ASK ASO ASK ASO ASK

9 - 1 3 2 1 -  42 l 2 _ _ l l l 2 20 15 22 18 45 38

1 4 - 1 8 5 0 -  100 6 6 — l 2 3 3 5 12 13 28 20 51 48

1 9 - 2 3 1 2 0 -  240 14 18 3 5 8 l 14 и 32 49 23 41 94 125

2 4 - 2 8 2 8 6 -  560 58 43 9 7 4 7 24 23 48 33 27 24 170 137

2 9 - 3 3 6 7 2 -  1344 38 51 11 7 4 7 11 14 16 18 7 7 87 104

3 4 - 3 8 1 6 0 0 -3 2 0 0 30 17 3 6 1 1 10 7 2 2 6 3 52 36

3 9 - 4 2 3 7 4 0 -6 4 0 0 1 11 - - - - - 1 - - - - 1 12

T ota l 148 26 20 63 130 113 500

w as, how ever, som ew hat low er in doub tfu l cases an d  so m ew h at higher in 
s trep tococcal in fections th a n  th e  average ASO titre .

T ab le  I shows th e  ASO an d  ASK titre s  sep a ra te ly . In  e s tim a tin g  th e  value 
o f th e  tw o reac tio n s, i t  was necessary  to  com pare th e  t i tre s  o b ta in ed  w ith  the 
tw o reactions in in d iv id u a l se ra . T herefore th e  re su lts  h av e  been grouped in 
sq u are  tab les, w here th e  colum ns rep resen t ASK categories, an d  th e  rows ASO 
categories (Tables I I I ,  IV  an d  V). E v a lu a tio n  was fu r th e r  sim plified  by  using 
p ercen tag e  values for th e  d is tr ib u tio n  of cases and  by  com bin ing  strep tococcal 
d iseases (rheum atic  fever, chorea, g lom erulonephritis  an d  o th e r  strep tococcal

Table II

Distribution o f  average A S O  and A S K  titres according to clinical diagnosis

D i a g n o s i s
No. of 
cases

ASO ASK

Titre
grade Titre

Titre
grade Titre

R h eu m atic  fever ............................................ 148 28.36 602 28.75 644

Chorea m i n o r ................................................... 26 28.57 624 28.80 650

A cute  g lo m e ru lo n ep h ritis ............................ 20 23.90 278 25.25 351

O th e r streptococcal d is e a s e s ..................... 63 26.58 442 26.93 470

D o u b tfu l streptococcal aetiology ............ 130 22.36 213 22.15 205

Strep tococca l aetiology e x c lu d e d ............ 113 20.52 155 20.60 157
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Table III

Percentage distribution o f  A S O  and A S K  titres in streptococcal diseases 
T o ta l nu m b er of cases, 257

T itre  grade -
Antistreptokinase

Г 1 4 -1 8  I 1 9 -2 3
Titre i

1 f 5 0 -1 0 0  I 120 -2 4 0

0.38

0.77

0.77

0.38

0.38

1.5;

1.16

2.33

2 4 -2 8  1 2 9 -3 3  3 4 -3 8

286 -5 6 0  6 72 -1344  1600-3200  3740-7480

1.94 0.38

6.61 3.11 0.77

1.15

4.24

15.14

I

T o ta l ",

0.38

0.38

1.16 5.05

1.16

0.38

0.38

12.84 Í 13.22

2.72

1.94

5.83

3.89

9.33

4.66

3.50

3.50

4.28

0.77

1.94

1.94

1.91 5.78 I 13.58 31.11 30.70 I 12.05 I 4.65

36.92

24.86

17.09

0.38

99.78

in fec tions) in to  one group . T hus th e  w hole m ateria l is rep re sen ted  by  3 groups: 
s trep tococcal, d o u b tfu l and  non-strep tococcal d iseases. I f  th e  ASO and ASK 
t i t r e  had been th e  sam e in every  serum , all cases w ould  h av e  fallen  in squares 
s itu a te d  along the  line ru n n in g  from  the  left u p p e r co rn e r to  th e  righ t lower 
co rn e r of the  tab les. I t  is seen th a t  th e  results were fa r  from  being  so un iform : 
considerab le num bers of sera occurred  w hich co n ta in ed  low t i tre  antibodies 
ag a in s t one enzym e an d  h igh  (occasionally  very  high) t i t r e  an tibod ies against 
th e  o th e r and  vice versa . T he w ide d iscrepancy  b e tw een  th e  tw o titre s  in a 
n u m b e r of in d iv idua l serum  sam ples is a fu rth e r p ro o f of th e  necessity  of parallel
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Table IV

Percentage distribution o f A  SO and A S K  titres in  diseases o f  doubtful streptococcal aetiology
T o ta l n u m b er of cases, 130

T itre grade

1 . ’

A ntistreptokinase

Total
%

9 - 1 3  1 4 -1 8  I 1 9 -2 3 2 4 -2 8  2 9 -3 3 3 4 -3 8
1 itre

1 Г *
2 1 -4 2  ( 5 0 -1 0 0 120 -2 4 0 2 8 6 -5 6 0 672 -1344 1600-3200

A
nt

is
tr

ep
to

ly
si

n 
- 

0

со

7
on

cc

7

co

1ON

12
0-

 2
40

 
5

0
-1

0
0

 
2

1
-4

2

4.61 3.84 6.15 0.76 15.36

2.30 5.38 1.53 9.21

3.07 0.76 9.23 7.69 3.07 0.76 24.58

3
4

-3
8

 
2

9
-3

3
 

2
4

-2
8

1
60

0-
32

00
 6

7
2

-1
3

4
4

 
2

8
6

-5
6

0

1.53 3.84 13.84 10 .00 . 7.69 36.90

3.07 5.38 3.07 0.76 12.28

1.53 1.53

T o ta l % 11.51 9.97 37.67 25.36 13.83 1.52 99.86

d e te rm in a tio n . This is especially im p o r ta n t w hen th e  level of one of th e  a n t i 
bodies is no rm al an d  th a t  of the  o th e r pa tho log ica l. The p e rcen tag e  d is tr ib u tio n  
o f th e  exam ined  m ateria l as to  no rm al and  patho log ica l serum  levels is p resen ted  
in T ab les V I, V II and  V III . The m ost im p o rta n t conclusion d raw n  from  T ables 
VI an d  V III is th a t  in strep tococcal in fections th e re  was an  alm ost 80 p er cen t 
ag reem en t betw een  ASO and  ASK  p o s itiv ity . In  n on -strep tococcal diseases 
th e  strep tococcal aetio logy was excluded  by the  ASK reac tio n  in  70 per cen t, 
w hile b y  th e  ASO reac tio n  in 65 p e r c en t only . T he incidence o f cases yield ing 
n o rm al titre s  w ith  one reaction  and  p a tho log ica l titre s  w ith  the  o th e r was 26 
p e r cen t in  T ab le  V I, 38 per cen t in  T ab le  V II , an d  28 p er cen t in  T able  V III .

The resu lts  o b ta in ed  w ith  th e  tw o  reac tio n s in  in d iv id u a l sera  in d ep en 
d en tly  of th e  clinical diagnosis are g rouped  in T ab le  IX . The d a ta  were calcu-
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Table V

Percentage distribution o f  A S O  and A S K  titres in  non-streptococcal diseases 
T o ta l nu m b er o f cases, 113

T itre grade

I Titre

1 Г

A ntistreptokinase

Total
0 /9 - 1 3 1 4 -1 8 1 9 -2 3 2 4 -2 8 2 9 -3 3 3 4 -3 8

2 1 -4 2 5 0 -1 0 0 120 -240 2 8 6 -5 6 0 672 -1344 1600-3200
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—
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40
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 —

 1
00

 
2

1
-4

2

6.19 4.42 7.96 0 .8 8 19.45

3.53 5.30 12.38 3.53 24.74

4.42 2.65 6.19 3.53 3.53 20.32

3
4

-3
8

 
29

—
33

 
2

4
-2

8

16
00

-3
20

0 
67

2 
—

 1
34

4 
28

6 
—

 5
60

1.76 4.42 7.96 7.07 2.65 23.86

5.30 0 .8 8 6.18

0 .88 1.76 0 .8 8 1.76 5.28

T o ta l % 15.90 17.67 36.25 21.19 1 6.18 2.64 99.83

Table VI

Percentage distribution o f  pathological and norm al A S O  and A S K  titres in  streptococcal diseases
T otal n u m b er o f cases, 257

A SK

T itre 21 — 240 2 8 6 -6 4 0 0 T otal

ASO 2 1 -  240 7.72 12.81 20.53
2 8 6 -3 7 4 0 13.55 65.70 79.26

T otal 21.27 78.51 99.78
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Table V II

Percentage distribution o f  pathological and normal A S O  and A S K  titres in diseases o f  doubtful
streptococcal aetiology 

T otal num ber o f cases, 130

ASK

T itre 2 5 -2 4 0 2 8 6 -1 6 0 0 T otal

ASO 2 5 -  240 35.34 13.81 49.15
286 — 2284 23.81 26.90 50.71

T o ta l 59.15 40.71 99.86

la ted  by  com paring  A SK  titre  grades to  ASO ti tre  g rades. The difference 
expressed  in  t i tre  u n its  is shown in T ab le  IX . D ifferences no t exceeding ^ 4 0  
p er cen t (less th a n  %  tu b e  difference) w ere neglected  an d  the  titre s  were 
regarded  as un ifo rm . W hen  calcu lated  in th is  m anner, th e  an tib o d y  titre s  
d e te rm in ed  w ith  th e  tw o reactions agreed in 29.2 p er cen t. In  76 per cen t o f

Table V III

Percentage distribution o f  A SO  and A S K  titres in non-streptococcal diseases 
T otal num ber o f cases, 113

A SK

T itre 2 5 -2 4 0 2 8 6 -2 6 8 8 T ota l

ASO 2 1 -
2 8 6 -

240
2284

53.04
16.78

11.47
18.54

64.51
35.32

T o ta l 69.82 30.01 99.83

sera th e  difference was less th a n  ^ 3 4 0  per cen t, th u s , if  for exam ple one serum  
gave an  ASO titre  o f 200, th e  ASK titre  was no t m ore th a n  670 or no t less 
th a n  60. W ith  th e  u su a l tw o-fold tech n iq u e  th e  d ifference was therefore  
w ith in  2 d ilu tion  degrees, w hich is a good ag reem en t an d  does no t in d ica te  
m ore serious tech n ica l errors or a considerab le  d ifference in  the  an tib o d y  
response to  th e  tw o  k in d s  o f antigen . As to  th e  rem ain ing  24 p er cent o f sera 
th e  A SK  titre  was 4 to  19 tim es higher in  12.4 p e r cen t an d  4 to  45 tim es low er 
in 11.6 p er cen t th a n  th e  ASO titre . In  th ese  cases th e  d iscrepancy  was m ost 
p ro b ab ly  due to  d iffe ren t m echanism s, an d  on ly  one o f th e  tw o reactions 
fu rn ished  a reliable in d ica tio n  of the  presence or absence of strep tococcal 
aetio logy.

Acta microbiol. Acad. Sei. hung. X I I ,  1965



170 J . BÖSZÖRM ÉNYI and P. BARANYAI

Table IX

Distribution o f A S K  titres as compared to A S O  titre =  a

ASK titre Per cent

Betw een 9 .6 a and 19.2a L 2
12.4

Betw een 4x and 8a 11.2

Betw een 1.7a and 3 .4 a 25.8

X
Betw een 1 Ax, and J 4  (iden tica l) 29.2 76.0

X
and

X

1.7 3.4

Betw een
X X

8.44 8

X X 11.6
9.6 19.2

Betw een
X

and
X 0 .8

22.4 44.8

T otal 100 .0

D iscussion

In  th e  p resen t s tu d y  answ ers w ere sought to  th e  follow ing questions,
(i) Is  th e  m odified  ASK reac tio n  su itab le  for revealing  or excluding  s tr e p to 
coccal aetio logy? (ii) Is it  necessary  to  perform  ASK in add itio n  to  ASO 
ti t r a t io n ?

As to  question  (i), the  answ er is d e fin ite ly  in the  a ffirm a tiv e . In  diseases 
o f  u n d o u b te d ly  strep tococcal orig in  th e  A SK , sim ilarly  to  th e  ASO, was p ositive  
in 80 per cen t. In  non -strep tococcal diseases these reac tions w ere neg a tiv e  in 
70 and  65 p er cen t, respective ly . In  p a tie n ts  grouped accord ing  to  clinical 
d iagnosis, th e  ASK reaction  y ie lded  generally  low or v e ry  h igh titre s , while 
th e  ASO reac tio n  often gave n o n -ch arac te ris tic , m edium  titre s . As show n in 
T ab le  I , s ligh tly  e levated  titre s  in  th e  range  of 286 to  560 w ere o b ta in ed  in 170 
se ra  w ith  ASO and  only in  137 sera  w ith  A SK. This fin d in g  is in ag reem ent 
w ith  th a t  of A n d e r s o n  et al. [22] an d  Carraz  et al. [11], who observed  in  scarle t 
fev e r an d  rh eu m a tic  fever sig n ifican tly  h igher ASK th a n  ASO levels. A cco rd ing 
ly , th e  ASK  reac tio n  is m ore v a lu a b le  fo r diagnostic  purposes.

As to  question  (ii), th e  n u m b e r o f sera in w hich one o f th e  te s ts  gave 
path o lo g ica l an d  th e  o th e r no rm al t i tre s , should be considered . Such cases 
occurred  in 26 and  28 per cen t in s trep to co ccal and n o n -strep tococcal diseases, 
re sp ec tiv e ly  (Tables VI and  V III) . T he corresponding p ercen tag e  in th e  group 
co n ta in in g  d o u b tfu l cases was 38 (T able  V II). Irrespec tive  of th e  bo rder values
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betw een  norm al an d  patho log ica l titre s , the  incidence o f a m ore sign ifican t, 
2 or m ore tu b e  d ifference betw een  th e  tw o reac tions tu rn e d  ou t to  be 24 p er 
cen t (Table IX ). I f  incongruous reactions are caused  by  techn ica l fac to rs 
(haem olysis, co n tam in a tio n , chem ical im p u rity , false d ilu tio n ), th e  re su lt can  
be corrected  a fte r a rep ea ted  ex am in a tio n . W hen, how ever, in co n g ru ity  is due 
to  th e  n a tu re  of th e  aetio logical agen t or to  som e m ore d u rab le  p ro p e rty  of 
th e  serum  (weak an tigen  stim u lu s cholesterinaem ia, O S L -inh ib ito r, h ep a titis , 
nephrosis) rep ea ted  ex am in a tio n s  do not yield b e tte r  re su lts . A s trik ing  d iffe r
ence betw een  the tw o reac tio n s m ay help th e  clin ician  to  recognize disease, 
w hich o therw ise m ig h t have  been  diagnosed falsely . W hen  th e  tw o resu lts  
coincide, th e  aetiological diagnosis is estab lished  w ith  double  c e rta in ty . T h ere 
fore, the  parallel ex am in a tio n  o f b o th  reactions is recom m ended .

Large num bers of ex am in a tio n s  have show n th a t  th e  techn ica l p rocedure  
o f th e  m odified ASK reac tio n  is sim ple and  a d e q u a te  for ro u tin e  la b o ra to ry  
w ork.
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STUDIES ON STAPHYLOCOCCUS AUREUS L FORMS 
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(R eceived  F e b ru a ry  16, 1965)

Sum m ary , (i) F o u r d iffe re n t L s tra in s  grow ing well in liqu id  m ed ium  h av e  been ob ta ined  
w ith  penicillin  tre a tm e n t fro m  Staphylococcus aureus s tra in  100.

(ii) In  th e  presence of penic illin  two of th e  L cu ltu res p ro d u ced  a b o u t 5-fold th e  am ount 
o f acid-so lub le  ace ty l am ino  su g ar-co n ta in in g  nucleo tides th a n  th e  o th ers .

(iii) T he accu m u la ted  nucleo tides w ere iden tified  as u rid ine  d ip h o sp h a te -m u ram ic  acid 
p ep tid es.

(iv) W hen  pen icillin  w as o m itted  from  th e  m edium , th e  P a rk  n u c leo tid e  p ro d u c tio n  by  
th e  s ta b le  L form  rem a in ed  a t  th e  sam e level, while p roduction  by  th e  tw o L  s tra in s  e laborating  
th is  su b stan ce  a t large  a m o u n ts  in  pen ic illin -con tain ing  m edium , d ecreased  considerably .

Penicillin  has been  rep o rted  to  in h ib it fo rm ation  o f th e  m ucopeptide 
s tru c tu re  in  th e  cell w all an d  th ere fo re  to  cause an accu m u la tio n  of m uram ic 
acid u rid ine  nucleo tide  p recu rso rs in  th e  cell [1 — 5].

As to  Staphylococcus aureus , in  v iew  of th e  failu re  to  d e te c t cell wall 
com ponen ts, re s is tan ce  an d  osm otic sensib ility , it  m ay  be assum ed  th a t  L 
form s of th is  o rgan ism  are  com pletely  devoid  of cell w all [6, 7].

As L form s are  u su a lly  induced  b y  tre a tm e n t w ith  pen icillin  or penicillin 
d e riv a tiv es , i t  seem ed in te re s tin g  to  in v es tig a te  th e  stage  o f cell w all syn thesis 
in  w hich th e  a n tib io tic  ex e rts  its  in h ib ito ry  ac tion . In  th e  ex p erim en ts  stab le  
an d  u n stab le  L form s o f  Staph, aureus s tra in  100 were used.

M aterials and  m ethods

M ed iu m  1. B eef e x tra c t ,  3.7 per cen t; N a 2H P 0 4 • 7 H 20 ,  2.0 pe r c en t; NaCl, 3.0 per c en t; 
agar, 1.0 pe r cen t; h u m a n  serum , 10.0 per cen t in  d istilled  w a te r; pen ic illin , 500 un its /m l. p H  
7.3.

M ed iu m  2. B eef e x tra c t ,  3.7 per cen t; N a 2H P 0 4 • 7 H 20 ,  2.0 pe r c e n t;  NaCl, 3.0 per c e n t;  
sucrose, 5.0 pe r cen t; h u m a n  serum , 10.0 pe r cen t; in d istilled  w a te r; pen ic illin , 500 u n its /m l; 
p H  7.3.

Bacterial strain. S ta p h , aureus 100.
Induction  o f L  fo rm s  w ith  penicillin  w as perform ed as described  p rev io u sly  [8 ]. A fter 

s tre ak in g  a 24 hour b ro th  cu ltu re  on to  m ed ium  1 an d  dry ing  a t  room  te m p e ra tu re  for 1 hour, 
th e  p la te s  w ere in c u b a te d  a t  37°C for 96 hours. F rom  the  p la tes  show ing L colonies blocks 
w ere c u t and  tran sfe rred  in to  m edium  2. T he L form s p roduced  an  a b u n d a n t  g ran u la r deposit 
in  th is  m edium  a fte r 4 to  7 d ays. F u r th e r  su b c u ltiv a tio n  was p e rfo rm ed  in  m ed ium  2.

Ultrasonic treatm ent w as carried  o u t in  an  ice b a th  for 1 m in u te  b y  m eans of an  MSE 
d is in te g ra to r o p e ra tin g  a t  1.7 am peres.

D eterm ination o f  N -acetyl am ino sugar-containing nucleotides w as b ased  on th e  m ethod  
of S t r o m i n g e r  [9]. T h e  N -ace ty l am ino sugar este r was lib e ra ted  by  hydro ly sis  w ith  0.01 A
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H C l a t  100°C for 15 m in u te s  a n d  d e te rm in ed  as described by  R e is s ig  et al. [10]. A n o n -hydro - 
ly sed  sam ple was used  as a  b lank . As a s ta n d a rd  p rep ara tio n , N -ace ty l-g lu co sam in e  (Serva) was 
u sed . T he am oun t o f N -a ee ty l am ino su g ar w as expressed  as N -acety l-g lucosam ine.

D eterm ination  o f N aC l w as carried  o u t  as described b y  R u szn y á k  [11].
Paper chromatography o f  N-acetyl am ino  nucleotides w as p e rfo rm ed  by  use of th e  so lven t 

sy s te m  recom m ended b y  I to and  Saito  [12]. A fter d evelopm en t th e  sp o ts were cu t o u t u n d e r 
u l tra v io le t  illum ination  th e n  e x tra c te d  fo r 24 hours. P a r t  of th e  e x tr a c t  w as used for spectro- 
p h o to m e tric  nucleic acid  d e te rm in a tio n . T he o th e r p a r t  was h y d ro ly sed  w ith  6 N  HC1 fo r 24 
h o u rs  a t  105°C, d ried  in  vacuo an d  used  fo r ch ro m ato g rap h ic  am ino  acid  d e te rm in a tio n . 
L y sin e , histid ine, a rg in ine , ty ro sin e  an d  p h en y la lan in e  were d e te c te d  a t  22°C by  th e  descending 
m eth o d , using W h a tm an ’s No. 1 pap er and  n -b u tan o l: acetic  acid  : w a te r  ( 4 : 1 : 1  a nd 4 : 1 : 5 )  
so lv en ts . A spartic  acid , g lu ta m ic  acid , serine, glycine, th reo n in e  a n d  a lan in e  were d e term ined  
b y  descending c h ro m a to g ra p h y  on S ch le ich er— Schiill’s 2043/b p a p e r  w ith  phenol so lven t 
s a tu ra te d  w ith  p H  12.0 M cF arren  buffer. P ro line, valine, m e th io n in e  an d  leucines were de
te c te d  b y  th e  descending m eth o d  on  Sch leicher —Schiill’s 2043/b p a p e r;  as a  so lven t, benzyl- 
a lcoho l sa tu ra ted  w ith  p H  8.4 M cF arren  b u ffer : n -b u tan o l (1 : 1) w as used . A p u rified  casein 
h y d ro ly sa te  served as a  co n tro l [13].

R esults

In  the p resen t ex p erim en ts  3 d ifferen t L s tra in s  w ere derived  from  Staph, 
aureus  s tra in  100 (L ,, L2 an d  L 3). F ro m  th e  th ird  su b c u ltu re  onw ard  th e  L 
s tra in s  grew well in  m ed ium  2 in  48 hours a t  37°C. F o r  N -ace ty l am ino sugar 
e s te r  d e te rm in a tio n  48 h o u r cu ltu res  w ere cen trifuged  a t  7000 r.p .m . for 10 
m in u te s , th en  w ashed  in  3 per cen t N aCl. This p rocedure  d id  n o t harm  th e  L 
fo rm s and acetyl am ino  sugars w ere n o t released in to  th e  su p e rn a ta n t. A fter 
u ltra so n ic  d is in teg ra tio n  p a r t  o f th e  suspension w as used  for d ry  m ate ria l 
d e te rm in a tio n . The sam ple  was dried  to  co n stan t w eigh t in  an exsiccato r over 
p h o sphorus pen to x id e . T he am o u n t o f NaCl regained  a t  w ash ing  was d e te r 
m ined  by R u sz n yÁk ’s m eth o d  and  su b tra c te d  from  the  d ry  w eight. The re s t 
o f th e  m ateria l was in c u b a te d  in  a 100° C w a te r b a th  fo r 25 m inu tes th e n  
cooled and  cen trifuged . To th e  su p e rn a ta n t tr ich lo race tic  acid was added  to  
give a fina l co n cen tra tio n  o f 5 p e r cen t. The m ix tu re  w as p laced  in  an ice b a th

Table I

N-acetyl amino sugar content o f  acid-soluble nucleotides in  Staph, aureus L  strains

No. of 
subculture

N-acetyl gl icosamine , /лg/mg dry weight**

L, l 2 LS

4 1.0 9.2 11.1

6 1.1 9.5 12.5 A verage, 2.0

8 N o t continued* 10.0 11.3

10 8 .6 10.0

15 11.2 10.6

* S tra in  L l grew poorly  in subcultu re  7 and  was unable to m u ltip ly  on fu rth e r passages. 
** Average of 2 paralle l determ inations.
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for 60 m in u tes  th e n  cen trifuged  while cool. T rich lo racetic  acid w as rem oved 
by  shak in g  w ith  e th e r  five tim es.

A fte r hyd ro ly sin g  w ith  0.01 N  HC1 for 15 m inu tes a t 100°C, N -acety l 
am ino sugars w ere determ ined . D a ta  o b ta in ed  fo r the  non-hydro lysed  contro ls 
were su b tra c te d  from  th e  values. D e te rm in a tio n  of N -acety lg lucosam ine 
s ta n d a rd s  was carried  out in para lle l ex p erim en ts . The estim a ted  N -acety l 
am ino su g ar co n ten ts  were ca lcu la ted  for th e  d ry  w eight of b ac te ria .

F ig . 1. P h ase  c o n tra s t  m icrograph  of s tra in  L 2 (1 5 th  su b c u ltu re )  grow n in  pen ic illin -free  m edium
for 48 h ours. M agn ification , X 630

T he N -acety l am ino sugar co n ten t o f L s tra in s  derived from  S taph , aureus 
100 was de te rm in ed  for subcu ltu res 4, 6, 8, 10 an d  14 of the  3 fre sh ly  induced  
s tra in s , an d  for a p resu m ab ly  s tab le  L form  (SL), w hich had  been  o b ta in ed  
from  S taph , aureus 100 and  passed th ro u g h  m ore th an  100 su b cu ltu re s  in 
penicillin-free m edium . The resu lts  are  show n in T ab le  I.

I t  is c lear th a t  s tra in s  L„ an d  L 3 p ro d u ced  N -acety l am ino  sugars in 
am o u n ts  ab o u t 5 tim es h igher th a n  SL and  ab o u t 10 tim es h ig h er th a n  L,.

T he s ta b ility  of subcu ltu res o f L form s w as also checked. T he cu ltu res 
were seeded in to  penicillin-free m ed ium  2; penicillin  tran sfe rred  w ith  th e  in o cu 
lum  was e lim in a ted  w ith  penicillinase (N e u tra p e n , R iker L ab o ra to rie s , Inc.), 
in c u b a tio n  la s ted  for one week a t 37°C. R eversion  of th e  cu ltu res w as ex am 
ined w ith  a phase co n tra s t m icroscope and  cu ltu rin g  on blood ag ar p la tes. 
The resu lts  are p resen ted  in T able I I .

F ro m  T ab le  I I  it  is seen th a t  passing  th ro u g h  6 subcu ltu res w as su ffic ien t 
to  o b ta in  irreversib le  form s from  fresh ly  in d u ced  s tra in s  L t an d  L 3. S tra in  L , 
w hich was m ore liable to  reversion , also becam e fairly  stab le  a f te r  th e  14th 
su b cu ltu re .
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Table II

Reversion o f  S taph , aureus L  fo rm s  in  pen ic illin -free  liquid m edium

L
strains

Reversion after 1 week’s incubation a t 37°C in subculture

4 6 8 10 14

4  ........................ —

L„ ................. + + — + -

L3 ........................ + — — — —

. N ot done.

In  su b seq u en t exam in a tio n s i t  was a tte m p te d  to  determ ine  th e  ty p e  o f 
P a rk  nucleo tide y ie ld in g  the  found  N -ace ty l am ino  sugars. Mass c u ltiv a tio n  
o f s tra in s  L2, L 3, LS an d  Staph, aureus 100 was ca rried  ou t in  liquid  m ed ium  2. 
To th e  b ac te ria l c u ltu re  penicillin w as added  fou r hours before th e  en d  of 
c u ltiv a tio n  (500 u n its /m l) . The cu ltu res  were th e n  tre a te d  as described  above. 
A fte r  shaking w ith  e th e r , p a rt o f th e  sam ple w as used for N -ace ty l am ino  
su g a r  d e te rm in a tio n ; th e  o ther p a r t  w as co n c e n tra ted  in  vacuo th e n  nucleo tides 
co n ta in in g  N -acety l am ino sugars w ere p ap e r ch ro m ato g rap h ed  as described  
by  I to and  Saito  [12]. Nucleic acids w ere d e te rm in ed  sp ec tro p h o to m etrica lly  
a t  pH  2, 7 and  10. A m ino acids w ere d e tec ted  b y  p a p e r  c h ro m a to g rap h y  a fte r  
h y d ro lysis  in  6 N  HC1 for 24 hours.

In  Staph, aureus  100 cu ltu red  for 20 hours in  th e  absence, th e n  for 4 
h o u rs  in the  p resence , of penicillin, as well as in  s tra in s  L2 and L 3 c u ltu red  
w ith  penicillin  from  th e  beginning, an u rid ine  d ip h o sp h a te  nucleo tide  (U D P - 
nucleo tide) c o n ta in in g  N -acetyl am ino  sugar, g lu tam ic  acid, glycine a n d  lysine, 
o ccu rred  in h igher am o u n ts . U D P -nucleo tides co n ta in in g  glycine an d  N -ace ty l 
am ino  sugar and  o n ly  acety l am ino su g ar were also encoun tered .

In  s tra in  SL a sm all am oun t o f acety l am ino  su g ar-co n ta in in g  U D P - 
n u c leo tide  devoid  o f  am ino acids w as revealed .

I t  was in te re s tin g  th a t  when th e  sam e Staph, aureus s tra in  w as cu ltu red  
in th e  m edium  describ ed  by Stro m ing e r  [9], an d  a fte r  18 hours in c u b a tio n  
it w as exposed to  pen ic illin  (500 un its /m l) for 30 m in u tes , it  y ielded 6 d iffe ren t 
U D P -nuc leo tides c o n ta in in g  th e  follow ing com p o n en ts : (1) N -ace ty l am ino 
su g a r, lysine, g lu tam ic  acid, glycine, a lan ine ; (2) N -ace ty l am ino sugar, lysine, 
a lan in e , g lu tam ic  ac id ; (3) N -acety l am ino su g ar, g lu tam ic acid, g lycine;
(4) N -ace ty l am ino su g a r, aspartic  ac id ; (5) N -ace ty l am ino sugar, a sp a r tic  acid , 
g lu tam ic  acid, g lycine , lysine; (6) O nly  N -acety l am ino  sugar. A m ino acids 
h av e  been d e te rm in ed  q u a lita tiv e ly  only , th ere fo re  th e  resu lts  do n o t re fer to  
am ino  acid sequences. In  add ition , a nucleo tide , co n ta in in g  sm all am o u n ts  of 
cy tid in e  base, w as d em o n stra ted . I t  has been assum ed  th a t  th e  observed  high 
a m o u n t of N -ace ty l am ino su g ar-co n ta in in g  u rid in e  nucleotide is p roduced
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Table III

N-acetyl am ino sugar content o f  S taph, aureus L  fo rm s in penicillin-free and penicillin-containing
liquid medium

N -acetyl glucosamine /tg/mg dry weight

S t r a i n W ithout
penicillin

W ith penicillin 
(500 /ig/ml)

L 2 (15 th  s u c u l tu r e ) ................................. 2.1 8 .8

L 3 (15th  subcultu re) ............................ 3.8 9.7

L S .................................................................... 2 .0 1 .8

Staph, aureus 100 bac teria l form 2.4 9.8

only w hen  s tra in s  L2 and  L 3 are cu ltu red  in th e  presence of penicillin . T herefo re  
15th pen icillin -free m edium  2 su b cu ltu res , w hich  con tained  re la tiv e ly  s tab le  
L form s, were in v es tig a ted . P enicillin  tra n sfe rre d  w ith  th e  inocu lum  w as 
n eu tra lized  w ith  penicillinase. T he resu lts  are  show n in Table I I I .

I t  is ev id en t th a t ,  as com pared  to  s tra in  LS, in  th e  presence of penicillin  
s tra in s  L., and L 3 p roduced  a t  le a s t 5-fold am o u n ts  of N -acety l am ino sugar- 
c o n ta in in g  nucleo tides (Tables I an d  I I I ) .  In  penicillin-free m edium  s tra in s  L 2 
and  L 3 an d  Staph, aureus 100 accu m u la ted  th e  corresponding su b stan ce  in 
co nsiderab ly  low er am oun ts.

D iscussion

In o r d e r  to  e lu c id a te  w h e th e r  L fo rm s  do  or  do  n o t  possess  r ig id  cell 
walls  c h a r a c t e r i s t i c  o f  b a c te r i a ,  d e t e c t io n  o f  cell wall  m a te r ia l s  in  s t a b le  a n d  
u n s ta b le  L fo rm s  has  b e e n  a t t e m p t e d  b y  s e v e ra l  a u th o rs .  W e i b u l l  [14],  
Mo r r i s o n  a n d  W e i b u l l  [15], K a n d l e r  et al. [16, 17] a n d  M a r t in  [18] 
re v e a le d  d i f fe re n t  a m o u n ts  o f  cell w all  m a te r i a l s  in  L fo rm s o f  Proteus m irabilis.

In  exam in ing  th e  am ino su g ar c o n te n t o f  Staph, aureus H  an d  Strepto
coccus pyogenes G — 18, S h arp  [6] found  th a t ,  as com pared  to  b ac te ria l cu ltu res , 
L form s co n ta in ed  very  sm all am o u n ts  of am ino  sugar. In  c o n tra s t, th e  L form s 
o f P . vulgaris P — 18 co n ta ined  considerab le  am o u n ts  of bound am ino sugars. 
S h a r p  th ere fo re  assum ed th a t  th e  cell w all syn th esis  in various L form s m ay  
be in h ib ite d  a t  d ifferen t s tages. A s im ila r conclusion has been d raw n  by  
Ma r t in  [18].

T h e  in v estig a tio n s of P a rk  an d  St r o m in g e r  [1 — 5] have revealed  th e  
role o f  m u ram ic  ac id -p ep tid e -co n ta in in g  nucleo tides in cell wall syn thesis . 
As co m p ared  to  th e  s trep tococcal p a re n t, in  th e  derived L form s E d w a r d s  
and  P a n o s  [19] found  increased  am o u n ts  of u rid in e  d iphospha te  m uram ic  acid 
pep tid es . This find ing  in d ica tes  th a t  in  s trep to co ccal L form s in co rp o ra tio n  
in to  th e  cell w all of these su b stan ces is in h ib ited .
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On th e  basis o f  th ese  d a ta  we h av e  exam ined  th e  N -acetyl am ino  sugar 
c o n te n t of stap h y lo co cca l L form s. As to  th e  stage  in w hich cell wall sy n th es is  
is b locked , our re su lts  in d ica te  a t least tw o v a ria tio n s  (Tables I and  111). In  th e  
p resence  of penicillin  s tra in s , SL an d  L 2 co n ta in ed  sm all, while s tra in s  L 2 and  
L 3 h igh am o u n ts  o f N -ace ty l am ino su g ar U D P -nucleo tides.

W hen cu ltu red  in St r o m in g e r ’s m edium  [9], unlike Staph, aureus 
C openhagen , our s taphy lococca l s tra in  co n ta in ed  a sp a rtic  acid and glycine in 
th e  U D P -n u c leo tid e  precurso rs. The sam e am ino acids were d e m o n s tra te d  in 
S taph , aureus 209P  by  I to et al. [20, 21].

T he p resen t ex p erim en ts  have also show n th a t  s tra in s  L, and  L3 accu m u 
la te d  m ain ly  u rid in e -d ip h o sp h a te  m u ram ic  acid pep tid es  consisting o f U D P- 
N  -ace ty l am ino su g ar, g lu tam ic  acid , g lycine an d  lysine. In  s tra in  SL  th is 
n u c leo tide  was n o t d em o n stra ted .

I t  has been concluded  th a t  in  s tra in s  L 2 an d  L 3, corresponding  to  its  
know n site  of ac tio n , penicillin  in h ib its  th e  in co rp o ra tio n  of m u ram ic  acid 
p ep tid e . In  s tra in s  SL and  Lx the  a m o u n t o f N -acety l am ino su g ar-nuc leo tide  
does n o t increase in  th e  presence of penicillin . In  s tra in s  L, and  L3 cu ltu re d  in 
penicillin-free m ed iu m , th e  am o u n t of u rid ine  nucleo tide  precursors decreases. 
T h a t th is  find ing  can n o t be a ttr ib u te d  to  a new ly s ta r te d  cell wall sy n th es is  is 
in d ic a te d  b y  m icroscopic and cu ltu ra l con tro l ex am in a tio n s (Table I , F ig . 1).

T he find ings t h a t  fresh ly  induced  ( L, ) and  stab le  (SL) L form s show  sm all 
degree of P a rk  n u c leo tid e  synthesis in  pen ic illin -con ta in ing  m edium , an d  th a t  
o th e r  fresh ly  induced  L form s (Ll>, L3) p roduce  5 tim es h igher am ounts o f  P a rk  
nucleo tides in  th e  p resence  th a n  in th e  absence of penicillin , seem to  confirm  
th e  conception  of Ma t t m a n n  et al. [22]. A ccording to  th is th eo ry  in th e  d ev e l
o p m en t of stap h y lo co cca l L form s penicillin  p lays m erely a selective p a rt 
and  L form s are p ro d u ced  from  m u ta n ts  in cap ab le  o f cell wall syn th esis . The 
site  o f th e  block is no t c ritica l. T herefore th e  te rm  L form  refers to  a p o p u la tio n  
in w hich d ifferen t s tages of cell wall sy n th esis  are in h ib ited . This concep tion  
has been su p p o rted  b y  F je d o r o v a  [23], who d em o n stra ted  th a t  enzym ic 
d igestion  of th e  cell w all h igh ly  increases th e  L form  p ro d u c tio n  in Str. pyogenes 
and  S . typh i. The ap p earan ce  of b ac te ria l form s w hen th e  firs t L su b cu ltu re s  
are seeded in to  penicillin -free m edium  does not d isprove this h y p o th es is , 
because th e  reversion  m ay  he due to  th e  m u ltip lica tio n  o f some m u tan ts  cap ab le  
of cell wall sy n thesis .

T he o th e r possib ility  is th a t  th e  an tib io tic  ac ts  specifically . Cell Avail 
sy n th esis  is b locked a t  th e  site ch a rac te ris tic  o f penicillin  action . In  su b 
seq u en t deriv a tiv es  a genetic  f ix a tio n  of th e  b lockade m ay occur; th u s  cell 
w all sy n th esis  w ill be in h ib ited  a t th e  sam e stage , even in th e  absence o f p e n i
cillin. T his, how ever, seem s im probab le , since in  penicillin-free 48 hour cu ltu re s  
th e  accum ula tion  o f u rid ine  nucleo tide  p recurso rs considerably  decreases 
(s tra in s  L , and  L 3). T here  is no norm al cell wall syn thesis; p la ting  on blood
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agar and  m icroscopic ex am in a tio n  fail to  reveal an y  sign of reversion  in to  
b ac te ria l form s.

I t  is m ore likely th a t  in  some s taphy lococcal L form s th e  genetic block 
o f cell w all syn thesis  is lo c a te d  beyond the  s ite  o f penicillin  ac tion . E lu c id a tio n  
of th e  p rob lem  will be a t te m p te d  in  fu r th e r  ex p erim en ts .
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Sum m ary . E x am in a tio n  of 6890 faecal sam ples h as show n th a t ,  e x c e p t fo r Staphylococci, 
ae ro b ica lly  cu ltiv ab le  facu lta tiv e ly  p a th o g en ic  b a c te r ia  occurred  p ra c tic a lly  a t  th e  sam e 
freq u en cy  in  in fan ts  w ith  and  w ith o u t en te ric  sy m p to m s. No sign ifican t d ifference  was revea led  
as to  th e  incidence of “ dysb io tic”  faecal sam ples in  w hich the  n u m b er o f  these  organism s ex 
ceeded  th e  usual re la tiv e  coli coun ts . F a c u lta tiv e  p a th o g en s id en tified  m ore  precisely  b y  sero
logical an d  biochem ical m ethods w ere also ev en ly  d is tr ib u te d  betw een th e  tw o  groups of in fan ts .

I t  is know n th a t  only a sm all p a r t  o f  en teric  in fections occurring  am ong 
in fa n ts  u n d e r one y ear of age can  be a t t r ib u te d  to  classical pa th o g en ic  b ac te ria  
such  as Shigellae, Salm onellae an d  c e r ta in  E . coli sero types. E lu c id a tio n  of th e  
ae tio logy  of cases w ith  nega tive  bacterio log ical findings has been a tte m p te d  
by  severa l au th o rs . Some of th em  h av e  concluded th a t  th e  p re sen t m ethods 
are  n o t ad eq u a te  for de tec tin g  th e  p a th o g e n  in  a considerab le  p a r t  o f th e  
m a te ria ls . O th er in v estig a to rs  have  assu m ed  the  aetio log ical role of v iruses, 
m etab o lic  d isorders and , la s t b u t  no le a s t, o f facu lta tiv e ly  p a th o g en ic  en te ric  
b a c te ria  [1 — 3], th e  significance o f w hich  b ac te ria  has re c e n tly  been stressed  
b y  clin icians [4]. Owing to  th e  f re q u e n t nosocom ial o ccu rrence  of facu lta tiv e  
p a th o g en s , ex am in a tio n  of h o sp ita l m a te r ia l canno t y ie ld  e x a c t d a ta  as to  
th e  d is tr ib u tio n  of these organism s am ong  th e  popu lation . I t  seem ed th erefo re  
adv isab le  to  m ake a su rvey  of our la rge  ro u tin e  m ateria l o rig in a tin g  from  non- 
h o sp ita lized  in fan ts .

M aterials an d  m ethods

F aeca l sam ples were s treak ed  on p la te s  o f b ism u th  su lph ite , desox y ch o la te  c itra te , 
b r illian t green, E ndo , blood ag ar an d  n u tr ie n t  a g a r  m edia. Selenite a n d  rh o d a n a te  [5 — 6 ] 
e n ric h m e n t m edia and  S ab o u rau d  m edium  w ere also used. Thus, in  a d d itio n  to Salm onellae, 
Shigellae an d  p a thogen ic  coli b a c te ria , all aero b ica lly  cu ltivable m icroorgan ism s occurring  
in  faeces could be de tected .

W ith  th e  excep tion  of E . coli p ro d u c in g  m orphologically  ty p ic a l lac to se  positive  colo
nies on  E n d o  agar, all iso lates w ere classified b y  biochem ical reac tio n s. Salm onella , Shigella, 
p a th o g en ic  E . coli and  Proteus hauseri s tra in s  w ere sero typed . B iochem ical d iffe ren tia tio n  was 
b ased  on  th e  indole, u rea , hydrogen  su lph ide  an d  K C N  reactions. In  a d d itio n  to  all fe rm en ta tio n  
te s ts  recom m ended  by  Sed lá k  [7], th e  m eth y l red , Y oges-P roskauer, p h en y la lan in e  deam inase , 
c itra te  an d  m alo n a te  reac tions w ere also pe rfo rm ed .

S taphylococcal s tra in s  were p h a g e-ty p ed  in  o u r Phage L ab o ra to ry ; yeas t-lik e  o rgan ism s 
w ere classified in  our M ycological L ab o ra to ry . T h e  specim ens were g ro u p ed  according to  th e  
p h y s ic ia n ’s reco rd  on the  re p o rt fo rm  as o rig in a tin g  from  infan ts suffering  fro m  en teric  disease 
a n d  fro m  in fan ts  free of en teric  sym ptom s.
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R esults

Our ex am in a tio n s  carried  ou t in th e  years 1963 — 1964 included 6890 
faecal specim ens. O f th e  sam ples 4320 w ere o b ta in ed  fro m  non-hosp ita lized  
in fa n ts  w ith  en te ric  sy m p to m s; 1133 sam ples were o b ta in e d  in course o f th e  
com pulsory  e x a m in a tio n  of h ea lth y  in fa n ts  en te rin g  nurseries. The age

Shigella Salmonella Pcthogenic coli £. coli Û-. 12h

□ Infants with r-^-4 Infants without
enteric symptoms L ' J enteric symptoms

F ig . 1. Com parison of th e  incidence of aerob ica lly  cu ltiv ab le  m icroorgan ism s in in fan ts  w ith
a n d  w ith o u t en te ric  sym ptom s

of each m em ber o f  b o th  groups was u n d e r one year. In  ad d itio n  faecal speci
m ens from  1437 h e a lth y  ad u lts  (m ainly  food hand lers) w ere also exam ined .

Table I show s th e  incidence of vario u s m icroorgan ism s in the  th re e  
groups. The d a ta  in c lude  all organism s d e tec tab le  w ith o u t enrichm ent on 
aerobically  in c u b a te d  p la ted  m edia, regard less th e ir  ab so lu te  counts in  th e  
specim ens. I t  is seen th a t ,  especially as to  th e  incidence o f  E . coli, th e  en te ric  
f lo ra  of in fan ts a n d  ad u lts  differed considerab ly . E . coli s tra in s ferm en tin g  
lac tose  w ith in  24 h ours w ere m ore p rev a len t in a d u lts  th a n  in in fan ts. In  
c o n tra s t, la te -lac to se-fe rm en tin g  or lac tose  nega tive  E . coli wras more freq u en t
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Table I
Percentage distribution o f aerobically cultivable organisms in  faecal samples

Infants with 
enteric 

symptoms

Infants w ithout 
enteric 

symptom s

H ealthy
adults

No. of sam ples 4320 1133 14 37

S a lm o n e lla ............................................................................... 2.6 1.5 0.7

Shigella .................................................................................... 0 .8 — 0 .2

E . coli 0  1 2 4 ........................................................................ 0.7 0 .6 0.9

E . coli associated w ith  in fan tile  en teritis  .............. 4.8 2.5 1.3

Staphylococcus aureus ........................................................... 3.9 2 .2 0 .6

P ro teu s .................................................................................... 9.3 11.9 1.9

Pseudomonas aeruginosa ................................................. 1.8 1.5 0 .2

K le b s ie lla ................................................................................. 4.7 6.5 2.1

Cloaca ...................................................................................... 0 .0 2 — 0.06

H a fn ia ......................................................................................... 0.06 — —
C itro b a c te r .............................................................................. — 0 .2 —

P ro v id e n c ia ............................................................................. 0 .0 2 — —

Streptococcus faecalis ........................................................ 3.7 4.0 3.9

Streptococcus viridans ........................................................ 0.09 0.1 0.4

Streptococcus p y o g e n e s ........................................................ 0 .2 — 0.5

Staphylococcus albus .......................................................... 0.5 0.9 1.0

G ram  positive cocci ........................................................... 0.4 0 .8 1 .0

Y east-like organism s (blood a g a r ) ............................... 0.5 0 .2 0 .2

Spore-bearers ........................................................................ 0.7 0.4 6.3

E . coli (lactose n e g a t iv e ) ................................................. 17.8 16.5 8 .6

E . coli (lactose positive) ................................................. 55.7 53.8 77.3

in infants . While m em bers  of the  P ro te u s ,  S taphylococcus, P seudom onas  and 
Klebsiella groups were fairly  com m on in infants , h ea l th y  adu lts  h a rboured  
these organisms only occasionally. Str. faecalis  was encoun tered  in an even 
d is tr ibu tion . Less com m on enteric  b ac te r ia  (C itrobacter, H afn ia ,  Cloaca, P ro 
videncia) were in frequen tly  m e t with.

Fig. 1 com pares th e  incidence of  var ious  m icroorganism s in in fa n ts  w ith  
a n d  w ith o u t  enteric  disease. D iagram s in the  upper  row show th a t  b ac te r ia  
u n an im ous ly  recognized as pa thogen ic ,  occurred m ainly  in th e  group of infan ts  
with enteric sym ptom s.  F a c u l ta t iv e ly  pathogen ic  b ac te r ia  ind ica ted  in row' 3 
occurred  a t  an  app ro x im a te ly  equal f requency  in b o th  groups. The incidence 
o f  quick-lac tose-ferm enting  E . coli was sim ilar to  the  fo rm er organism s; the 
d is t r ib u t io n  of Staph, aureus resembled th a t  of the  obligatory  pa thogens  (голе 2).
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Fig  2. shows th e  incidence of faecal sam ples in which bacteriological 
f indings were ind ica t ive  of dysbiotic conditions.  The d a ta  were based on th e  
re la tive num ber  of  colonies of f a c u l ta t iv e  pa thogens  and  o f quick-lactose- 
fe rm en ting  E . coli on E n d o  and blood ag a r  p la tes .  W hen exam ina tions  carried  
out in th is  m anner suggest dysbiosis, m a n y  H u n g a r ia n  public h ea l th  la b o ra 
tories classify the  re su l t  into 3 degrees: degree I indicates the  presence o f  
m o dera te ly ,  while degree II tha t  of conside rab ly  increased num bers  of o rg a n 
isms o th e r  than  quick-lac tose-ferm enting  E . coli; in faecal sam ples falling 
into degree I I I  these organisms comprise the  overw helm ing m a jo r i ty  [8].

Infants with Infants without Healthy
enteric symptoms enteric symptoms adults

F ig . 3. Inc idence  of obligatory  a n d  fa cu lta tiv e  pa thogens in faecal sam ples

Fig. 3 sum m arizes  the percen tage  d is tr ib u t io n  of ob ligatory  and  f a c u l ta 
tive  pa thogens  in  th e  three groups. Sam ples w ith  degree I I I  dysbiosis are  
in d ica ted  separa te ly  in the columns rep resen t in g  the  incidence of facu l ta t iv e  
pa thogens .  Such sam ples were in f re q u e n t  am ong  infants  with enteric infections, 
sym ptom less  in fan ts  and healthy ad u l ts  (1.5, 2.3 and 1.2 per cent, respectively).

T he  percen tage  distribution o f  bac te r ia  isolated from 1 to  8-week old 
in fan ts  with enteric  sym ptom s is se p a ra te ly  shown in Fig. 4. F ro m  the  faeces 
of th is  group no obligatory  p a thogen ic  en teric  bacteria  were revealed. T h e
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Table II

Results obtained with blood agar and rhodanate enrichment medium

Exam ination group
No. of

Per cent positive 
on blood agar

Per cent positive in 
rhodanate medium

samples
Staphylo

coccus
S t r .

f a e c a l i s
Staphylo

coccus
S t r .

f a e c a l i s

In fa n ts  w ith en teric  sy m p to m s .............. 673 5.0 6 .2 57.8 57.0
In fa n ts  w ithout en teric  sym ptom s . . . . 372 2 .6 6 .0 52.6 59.1
H e a lth y  a d u l t s ................................................. 2 22 0.9 5.9 6.3 33.7

T o t a l ...................................................................... 1267 3.6 6.1 55.1 53.5

incidence of S taphylococci in this g roup  was alm ost 10 times h igher th a n  in 
o ld e r  infants  of th e  sam e  exam ina tion  group . Ps. aeruginosa, P ro teus  an d  K le b 
siella also occurred a t  considerably h ig h er  frequencies th a n  th e  average  for 
th e  to ta l  materia l.

E va lu a t io n  o f  t h e  rho d an a te  e n r ic h m e n t  m ed ium  [5, 6] for th e  iso lation  
o f  S taphylococci a n d  Str. faecalis has show n  th a t  by  use of this m ed ium  the  
n u m b e r  of positive find ings was 10 t im es  h igher th a n  b y  cu ltu ring  on blood 
a g a r  (Table II) .  O f  t h e  isolated S taph , aureus  s tra ins  28 p e r  cent were ty p eab le  
w i th  “ add itiona l”  p h ag es ;  23 per cen t  o f  these cultures  fell in to  phage  ty p e  
42 D / l ,  f irs t iso lated  b y  K e n d e  d u r in g  a hospita l  o u tb reak  [9]. B y  th e  use 
o f  S ab o u rau d ’s m e d iu m  yeast-like o rganism s were revealed  in all g roups 
ap p ro x im a te ly  in 30 p e r  cent. A b ou t 50 p e r  cen t of the  isolates belonged to  
C andida albicans: t h e  rem aining s t ra in s  rep resen ted  43 different species and

Table I I I

Distribution o f Proteus hauseri serogroups

N um ber of isolated strains

Serogroup Infants with 
enteric symptoms

Infants w ithout 
enteric symptom s

H ealthy
adults Total

0 3 81 34 7 122

0  6 20 11 — 31

0  10 20 7 2 29

0 13 36 5 1 42

0  26 8 1 2 11

0  28 6 3 — 9
O ther 212 69 15 296

T ota l 383 130 27 540
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F ig .  4 . Percentage distribution of bacteria isolated from infants under 8 weeks of age. 
1, Staphylococcus; 2, Proteus; 3, Klebsiella; 4, Pseudomonas; 5, E . co li lactose negative;

6, E .  c o li lactose-positive

were evenly  sc a t te re d  among all e x a m in a t io n  groups. Serological ty p in g  of 
P. hauseri was pe rfo rm ed  with 0 sera  3, 6, 10, 13, 26 and 28. The results  were 
in ag reem en t w ith  those  of Lányi [10], as our m a te r ia l  yielded m ost  f requen tly  
serogroup 3 cu ltu res .  However, th e re  was no significant difference as to  the  
incidence of P ro teu s  serogroups in  in fan ts  w i th  and  w ithou t  en te r ic  disease 
(Table I I I ) .

Discussion

The purpose  o f  the  present su rv ey  has b een  to  estim ate  in a large ro u tine  
m ater ia l  the  aetiological role in in fan ti le  en te r i t is  of facu lta t ive ly  pa thogen ic  
organism s. In  6890 faecal specimens ob liga to ry  pathogens were iso lated  more 
f requen tly  from in fan ts  with en te r ic  in fec tion  th a n  from the  contro l groups. 
The p a th o gen ic i ty  of  Shigellae was obviously  d em o n s tra ted :  all Shigella s tra ins  
occurred  in the  fo rm er group. Salm onellae  a n d  E . coli sero types associated  
w ith  in fan tile  en te r i t is  were more p re v a le n t  am o n g  infants  w ith  en teric  s y m p 
tom s. On th e  o th e r  h an d ,  there  was no s ign if ican t difference in th e  d is t r ib u t io n  
of facu l ta t iv e  pa th o g en s  among th e  ex a m in a t io n  groups. Only th e  incidence 
of Staphylococci was similar to  t h a t  of the  ob ligatory  pa thogens  (Fig. 1).

The n u m b e r  of  facu lta tive  pa th o g en s  in  th e  faecal sam ple as re la ted  
to th e  coli coun t is f requen tly  considered as an  in d ica to r  of norm al or dysbiotic  
conditions. Therefore, when facu l ta t iv e  p a th o g en s  overgrow quick-lactose- 
fe rm en ting  coli colonies, the  f ind ing  and  p e rh ap s  th e  an tib iogram  of the  in 
c r im ina ted  o rganism  is reported ; w h e th e r  th e  organism  can or can n o t  be asso
ciated w ith  the  clinical sym ptom s is, how ever,  left to  the  c lin ic ian’s con
sideration . In  th e  p resen t  investiga tions, dysb io tic  faecal samples were grouped  
according to  the  3 degree classification m e th o d  [8]. Fig. 2 dem o n s tra te s  th a t ,  
except w hen Staphylococci appeared  in un u su a l  num bers ,  there  was no signif-
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ic a n t  difference as to  the  occurrence of  dysbiosis in various groups o f  the  
ex am in ed  m ater ia l .  E v en  “ sterile”  specim ens, from which aerobically  cu l t i 
vab le  b ac te r ia  were absen t ,  occurred a t  a b o u t  the  sam e frequency in in fan ts  
w i th  and  w ith o u t  en teric  sym ptom s.  I t  was s tr ik ing  th a t  dysbiotic sam ples  
were fa ir ly  com m on in all ex am ina tion  groups (Fig. 3). This f inding confirm s 
th e  concep t  t h a t  facu l ta t iv e  pa thogens  are no rm al mem bers of th e  enteric  
f lo ra  [11]. Figs 2 a n d  3 dem o n s tra te  t h a t  th e  p re su m ab ly  more sign if ican t 
degree I I I  dysbiosis was quite  ra re  (1 to  2 p e r  cent).  The s ta tis tica l lack  of 
s ignificance o f  f acu l ta t iv e  pa thogens  in  th e  aetio logy of enteric in fec t ions  is 
obvious if the  incidence of ob ligatory  pa thogens  is com pared  to the incidence 
of  degree I I I  dysbiosis (Fig. 3).

I t  is generally  accepted t h a t  dysb io tic  conditions may p a r t ly  be a t t r i 
b u te d  to  an tib io t ic  t r e a tm e n t .  In the  p resen t  investigations dysbiosis was 
com m on  in the  con tro l  group of in fan ts  exam ined  before admission to  the 
n u rse ry ;  i t  is im p ro b ab le  t h a t  these  in fan ts  h a d  received antibiotics. T h u s  our 
f ind ings  suggest t h a t  th e  presence of facu l ta t iv e  pa thogens  canno t a lw ays be 
associa ted  w ith  an tib io t ic  t r e a tm e n t .

The en teric  f lo ra  of infants  w ith  en te r i t is  un d e r  8 weeks of age differed 
from  t h a t  of o lder in fan ts  (Fig. 4). This f ind ing  m ay  be due to th e  fac t  th a t  
the  fo rm er in fan ts  still h a rboured  S taphylococcus, P ro teus ,  and Ps. aeruginosa  
w h ich  th e y  h a d  acqu ired  in the  new born  bab ies’ wards.

The p resen t  investiga tions in d ica te  th a t ,  a t  least  a t  present, th e  classifi
ca t ion  of  enteric  b ac te r ia  into ob liga to ry  p a thogen ic  and non-pa thogen ic  
(facu lta t ive ly  pa thogen ic)  organisms is ju s t if ied . I t  canno t he denied, o f  course, 
t h a t  u n d e r  cer ta in  conditions ( in jured  m ucosa  or changes in the  eub io tic  flora) 
som e facu lta t ive ly  pa thogen ic  organism s m ay  occasionally induce or m a in ta in  
m ore severe en teric  sym ptom s th a n  those produced  by  obligatory p a th o g en s .

Acknowledgem ent. T he a u th o r  is in d eb te d  to  M rs. I. VÁLY for her help  in  collecting  
s ta tis t ic a l  d a ta .
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Sum m ary . In fan ts  a n d  y oung  children w ith  th e  pseud o cro u p  — acu te  la ry n g o trach eo - 
b ro n ch itis  sy n d ro m e, a d m itte d  du ring  a period o f  12  m o n th s  w ere te s te d  fo r re sp ira to ry  v iruses. 
V irus iso la tio n  w as a tte m p te d  in  423 cases, a n tib o d y  response w as de term ined  in  229 
serum  pairs.

T w o h u n d red  an d  six ty -o n e  virus s tra in s  w ere iso la ted  in  th e  follow ing p e rcen tag e  
d is tr ib u tio n : p a ra in flu en za  ty p e  3, 34.1 per c e n t;  R S v iru s 23.0 p e r c en t; adenovirus 17.6 pe r 
cen t; p a ra in flu en za  ty p e  2, 16.1 per cent: u n id e n tif ie d  h aem ad so rb in g  ag en t 5.7 pe r cen t; 
en te ro v iru s 1.9 pe r cen t; p a ra in flu en za  ty p e  1, 1.1 p e r cent.

A etio logical d iagnosis cou ld  be based on b o th  v iru s iso la tion  a n d  serological te s t  in  128 
cases, on v iru s  iso la tion  a lone  in  133 cases, on sero log ical te s t  alone in  58 cases.

T he im m unolog ical re la tio n  among p a ra in f lu e n z a  ty pes, th e  double  im m une responses, 
th e  p ro b lem  of re cu rre n t p seudocroup , and th e  aetio lo g y  of com p lica ted  cases are discussed .

The use of tissue cultures  in v irus  research  and  th e  in troduc tion  of  th e  
h aem ad so rp t io n  tech n iq u e  [1] have led to  th e  d iscovery of  num erous re sp i
ra to ry  viruses [2 — 7].

A m ong  th e  newly-recognized v iruses ,  types l — 3 of the  pa ra in f luenza  
viruses a n d  th e  re sp ira to ry  syncytial (RS) v irus h a t e  proved  to be th e  m ost 
com m on pa thogens  in  th e  acute r e sp i ra to ry  diseases of in fan ts  and  y o u n g  
children.

The te rm  pseudocroup  (Ps)-acu te  larvngo tracheo-bronch itis  (ALTB) 
syndrom e  characterizes  an  acute a n d  tho ro u g h ly  inves t iga ted  re sp ira to ry  
condition  [8 —11]. R ecen t  investiga tions have  show n th a t  the  Ps — A L T B  
syndrom e  is most f req u en t ly  associated w ith  p a ra in f luenza  virus infection, bu t  
some o th e r  viruses (RS virus, adenoviruses) m ay  also have  an aetiological role. 
The p resen t  work was undertaken  to c o n tr ib u te  H u n g a r ian  d a ta  to the  k n o w 
ledge concerning th e  aetiology of the  Ps —ALTB syndrom e.

F ro m  the end o f  Novem ber, 1963, to  the  end of N ovem ber, 1964, sam ples  
ta k e n  from  423 in fan ts  and  young ch i ld ren  tre a te d  a t  th e  Otolaryngological 
Section of  th is  H osp ita l  were tested for  resp ira to ry  viruses. F rom  th e  sam e 
group of children 229 pa ired  sera were tes ted  serologically.

Materials a n d  methods

Specim ens. P h a ry n g e a l secretion was ta k e n  a t  adm ission  by  m eans of a sterile  a sp ira to r  
in to  P a rk e r’s 199 co n ta in in g  1 per cent egg a lb u m in  and  a n tib io tic s . The specim ens w ere 
c en trifu g ed  a t  8000 r. p . m . an d  2000  un its  o f  pen ic illin , 2 m g o f s trep to m y c in  and  10 0  u n its  o f
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m y c o s ta tin  per m l, w ere added . W ith  re g ard  to  th e  sen sitiv ity  of RS v iru s to  freezing [12, 13], 
th e  sam ples w ere s to red  a t  -j-4° C and  th e  in o cu la tio n s  were m ade as soon as possible. F ro m  
sev era l p a tie n ts  la ry n g eal secretion  was also ta k e n . T hese  specim ens w ere p rep ared  in th e  sam e 
w ay  as th e  p h a ry n g ea l secretion .

T he f irs t  b lood  sam ple w as ta k e n  on th e  d a y  of adm ission, th e  co n v alescen t-p h ase  
sam p le  14 —16 days la te r, in  several cases a t  th e  end  of th e  th ird  week. T he sera were h e a te d  a t  
56°C for 30 m in u tes  and  k e p t a t  —20°C u n til  used .

Tissue cultures. M onkey-k idney  (M K ) p r im a ry  cell cu ltu res w ere p rep ared  as re co m 
m en d ed  by  Y o u n g n e r  [14]. T he co n tin u o u s cell line  M K No. I I I /1 w as o b ta in ed  from  D r. 
R u zicsk a  [15]. As m ain ten an ce  flu id  P a rk e r ’s 199 w as used for b o th  p r im a ry  and c o n tin u o u s  
M K  cells. The m ain ten a n ce  flu ids for H E p -2  a n d  H eL a  cu ltu res consisted  of 10 pe r c en t c a lf  
se ru m  in P a rk e r’s 199, and  10 per cen t ra b b it  se rum  and  0.5 pe r cen t la c ta lb u m in  h y d ro ly sa te , 
re sp ec tiv e ly , in H a n k s ’ so lu tion .

T he cell lines w ere those  m a in ta in ed  in  th e  S ta te  In s t i tu te  of H ygiene, B u d ap est.
Im m u n e  sera. A n ti-p a ra in flu en za  a n d  a n ti-R S  sera were p re p are d  in  ra b b its  as re co m 

m en d ed  b y  D ömök  et al. [16]. T he s tra in s  p a ra in flu e n z a  1 Cop. 222; p a ra in flu en za  2 A L T B  
p a ra f lu ;  p a ra in flu en za  3 Moss Y 1020 and  RS L ong, each  cu ltiv a ted  in  p r im a ry  M K cells, w ere  
u sed  fo r im m u n iza tio n . T he en te ro v iru s a n d  ad en o v iru s ty p in g  sera w ere k in d ly  su p p lied  b y  
th e  S ta te  In s t i tu te  of H ygiene, B u d ap est.

V irus-isolation experim ents. The o n eh u n d red  a n d  f if ty -e ig h t specim ens ob ta in ed  in  th e  
e a rly  phase  of th e  p re sen t stud ies , w ere in o cu la te d  in  paralle l in to  p r im a ry  M K  and  H E p -2  
cell cu ltu res , 0.1 m l pe r tu b e . F rom  b o th  k in d s  o f cu ltu re  th ree  tu b es w ere in o cu la ted  w ith  
each  specim en. W ith  specim ens o b ta in ed  la te r , on ly  p rim ary  M K cells w ere ino cu la ted . A fte r  
in o cu la tio n  th e  tu b es  were in cu b a ted  a t  37°C in  a s ta tio n a ry  position  fo r 20 days. T he c u ltu re s  
w ere con tro lled  m icroscopically  on every  second  d ay . E ach  m ate ria l w as su b m itte d  to  2 o r 3 
passages. Irresp ec tiv e  o f th e  ap p earan ce  or absence  of cy to p a th ic  effects (C PE ), h aem ad - 
so rp tio n  (H A ds) te s ts  w ere perform ed a t  in te rv a ls . F o r th e  la t te r  purpose  one cu ltu re  o f th o se  
in o cu la te d  w ith  th e  sam e m ate ria l was w ashed  w ith  P a rk e r’s 199, an d  0.2 m l o f a 1 pe r c e n t 
susp en sio n  of gu inea-p ig  e ry th ro c y te s  was ad d ed  to  each  cu ltu re . T he tu b es  w ere in cu b a ted  in  
th e  h o rizo n ta l p osition  a t  room  tem p e ra tu re  for 30 m in u tes . The cu ltu res  w ere su b seq u e n tly  
w ash ed  th ree  tim es w ith  P a rk e r’s 199, an d  ex am in ed  u n d e r th e  m icroscope. W ith  reg ard  to  a 
possib le  in fec tion  of th e  cu ltu res  by  SV-5, SV-41 [17, 18] or any  o th e r “ sp o n tan eo u s”  v iru s , 
a n u m b e r of con tro l cu ltu res  w ere te s ted  s im u ltan eo u sly .

Iden tifica tion  o f  isolates. T he cu ltu res  show ing th e  H A ds and C PE  c h a ra c te ris tic  o f p a r a 
in f lu e n za  v iruses [2 — 4] and  those  show ing on ly  H A ds were frozen an d  th aw ed  th ree  tim es 
an d  th e n  te s te d  for h a em ag g lu tin a tio n  (H A ) w ith  a 1 pe r cen t suspension of h u m an  and gu inea- 
p ig  e ry th ro c y te s . T he te s t  was carried  o u t in  T a k á t s y ’s M icro titra to r a p p a ra tu s  [19] a t  ro o m  
te m p e ra tu re . T he s tra in s  th u s  classifiable as M yxoviruses were ty p e d  in p rim ary  M K  cell 
c u ltu re s  b y  the  H A ds-in h ib itio n  te s t  using  a n ti-p a ra in flu e n za  ra b b it  sera.

T he iso lates fo rm ing  sy n cy tia  in  H E p -2  an d /o r p rim ary  M K cell cu ltu res  w ith o u t 
show ing H A ds w ere id en tified  by  th e  n e u tra liz a tio n  te s t  carried  o u t w ith  an ti-R S  serum  in  
p r im a ry  M K cell cu ltu re .

In  th e  n e u tra liz a tio n  te s t  th e  inocu lum  co n ta in ed  100 C PD 50 in  a volum e of 0.1 m l. 
T h e  v iru s-se ru m  m ix tu re s  w ere in cu b a ted  a t 37° C fo r 1 hour. F ina l read in g  of th e  te s t  took  
p lace  a f te r  an  in cu b a tio n  fo r 5 — 7 days (p a ra in flu en za  v iruses) or 7 —10 d ay s (R S virus).

T h e  m edium  o b ta in e d  from  p rim a ry  M K , or H E p -2  cu ltu res su sp ec t o f adenov irus on  
th e  b asis o f th e  C PE  w as su b m itte d  to  a passage in  H eL a  cell cu ltu res . T he cu ltu res  show ing 
ty p ic a l d eg eneration  w ere frozen and  th aw ed  th ree  tim es and th en  te s te d  w ith  the  g roup- 
spec ific  ad en ov irus com plem en t-fix ing  (CF) a n tig en . O nly  five of th e  ad en o v iru s iso lates w ere 
ty p e d  b y  th e  n eu tra liza tio n  te s t.

W hen  C PE  ch a ra c te ris tic  of en te ro v iru ses w as observed , the  iso lates w ere iden tified  by  
th e  n e u tra liz a tio n  te s t  in  p rim ary  M K cell cu ltu res .

Serological tests. CF te s ts  were carried  ou t w ith  S an tig en s p rep ared  from  in flu en za  A 
( P R 8 ), in flu en za  A-2 (S ingapore 1/57), in flu en za  B (B on), adenov irus (a m ixed an tig en  
p re p a re d  from  ty p es 1 —4, 7 and  15) and  m um ps v iru s (E nders) and  w ith  RS v iru s an tig en . 
T h e  an tig en s  excep t th e  RS an tig en  were k in d ly  su p p lied  by  th e  V irus Section  of th e  S ta te  
I n s t i tu te  o f H ygiene, B u d ap es t. T he RS a n tig en  w as p rep ared  by us in  H E p -2  an d  p rim a ry  
MK c u ltu re s  according to  th e  p rescrip tion  of R o ss  et al. [20].

H A  inhibition  (H I) te s t  w as carried  o u t w ith  th e  Sendai s tra in  of ty p e  1 p a ra in flu en za  
v iru s . T h e  sera w ere ab so rb ed  w ith  kao lin  and  g u inea-p ig  e ry th ro cy te s  [21] an d  th en  te s te d  
a g a in s t 4 H A  u n its  o f v irus.

B o th  CF and H I te s ts  w ere carried  o u t in T a k á tsy ’s M ic ro titra to r in tw o-fold  serum  
d ilu tio n  series.
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F o r n e u tra liz a tio n  te s ts  w ith  hum an  se ra , se ru m -v iru s m ix tu re s  were p rep ared  to  co n ta in  
th e  g iven  se ru m  d ilu tion  a n d  100 CP1)5„ pe r 0.1 ml. T he m ix tu re s  were in cu b a ted  a t  37°C 
for 1 h o u r. T h ree  tube  c u ltu re s  w ere in ocu la ted  w ith  each  m ix tu re . T he n eu tra liza tio n  te s ts  for 
p a ra in flu en za  2 and 3 a n tib o d ie s  were carried  o u t in co n tin u o u s M K cell cu ltu res , th o se  fo r 
th e  RS v iru s  in  p rim ary  M K  a n d  H Ep-2 c u ltu res .

R esu lts

F ro m  the  423 p h a ry n g e a l  and la ry n g ea l  secretions 261 virus s tra ins  were 
isolated. T he  d is t r ib u t io n  of the stra ins  was as follows.

T ab le  I
D istribution o f  isolates by typ e  and the age o f  patients

A e

Months Ye i r s Total

0 - 5 6 -1 1 1 2 3 4 5 - 6 7 - 1 0

No. of ch ild ren  tes ted . . . . 4 57 10 2 117 67 30 16 30 423

Positive
No. 2 37 65 71 45 19 10 12 261

0 /
/0 50 65 64 61 67 63 62.5 40 61.7

Isolates

P ara in flu en za 1 .................. — — 1 2 — — — — 3
P ara in flu en za 2 .................. 1 4 9 8 11 4 4 1 42

P ara in flu en za 3 .................. — 9 26 28 13 9 2 2 89
U nknow n H A d s.................... 1 4 3 3 2 — 1 1 15

9 15 14 11 4 2 5 60
A denovirus . . — 9 9 16 6 2 1 3 46

2 1 2 5

U niden tified  ......................... — 1 - - - - 1

P ara in f lu en za  3 v iru s ,  89 (34.1 p e r  cent); RS v irus ,  60 (23.0 per  cent) ;  
adenovirus , 46 (17.6 p e r  cent); p a ra in f luenza  2 virus, 42 (16.1%); un iden tif ied  
haem adso rh ing  stra ins , 15 (5.7 per c en t) ;  en te rov irus ,  5 (1.9 per cent); p a r a 
influenza 1 virus 3 (1.1 p e r  cent); un id en t i f ied  agent, 1 (0.4 per cent).

F ro m  th e  p h a ry n x  o f  one patien t p a ra in f lu en za  ty p e  3 and an adenov irus  
were iso la ted  s im ultaneously .

O u t  o f  th e  46 adenov irus  strains o n ly  five  were ty p e d .  All p roved  to  be 
of type  3. T he  five en te ro v iru s  strains w ere  iden tif ied  as echovirus 8, echovirus 
11, coxsackievirus B-2, coxsackievirus B-3 and  poliovirus ty p e  2, respectively.

O u t  of the  423 p a t ie n ts  103 h a d  relapses. F ro m  these 59 s tra ins  were 
isolated, n am ely  24 of para in f luenza  ty p e  3, 14 of adenov irus ,  13 of RS virus , 
6 of p ara in f luenza  ty p e  2, one un iden tif ied  haem adso rh ing  agent, and a cox
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sack iev irus  B-3 s t ra in .  This d is t r ib u t io n  agrees well w ith  th e  d is t r ib u t io n  o f  
th e  s tra ins  iso la ted  from  the p r im a ry  cases w ith  the  Ps —A L T B  syndrom e .

The d is tr ibu tion  of  the  cases a n d  th e  isolates by  age is show n in Tab le  I.
The isolation ra te  showed no s ign if ican t age-dependence. S ixty-five p e r  

c e n t  o f  th e  p a t ie n ts  was 6 to  35 m o n th s  of  age, and  66 p e r  cen t  o f  th e  iso lates 
o r ig ina ted  from th e  same age-group. T he  age d is tr ibu tion  of  th e  d iffe ren t

55* 74 82 70 20 70 35

1963 1969

—— - •  Parainfluenza 2
®------ ® Parainfluenza 3
°------ a RS
о------oAdenovirus
x Number of children 

tested

Fig. 1. Seasonal v a r ia tio n  of th e  in cidence  of d ifferen t v iruses

viruses was consis ten t with the  genera l d is tr ibu tion . The low incidence of  
para in f lu en za  viruses as com pared  to  th e  RS and  adenoviruses over 7 years  
o f  age could n o t  be app rec ia ted  in v iew  o f  th e  small n u m b e r  o f  isolations in  
th is  age group.

D uring  th e  pe r iod  of inves t iga t ion  th e  incidence of the  d ifferent viruses 
(or types)  showed a considerable seasonal f lu c tu a t io n  (Fig. 1).

The curve represen ting  th e  f req u en cy  of para in f luenza  3 (as expressed  
in  p e r  cent of th e  to ta l  n u m b er  of isolates during  the  same period) s ta r te d  a t  
37 p e r  cent, th e n  ten d ed  dow nw ards u n ti l  M arch — April (7 per  cent). In  May — 
J u n e  i t  began to  rise again to  reach a p e a k  n ea r  the  s ta r t ing  level in S e p te m b e r— 
O ctober .  The shape of the  f requency  curve  of th e  para in f luenza  ty p e  2 infections 
was similar, b u t  th e  incidence of th is  v irus  was lower th a n  th a t  of p a ra in f lu 
enza  ty p e  3 in every  season, excep t in N ovem ber ,  1964.

The sudden  appearance  of th e  RS v irus  in the form of in tens ive  epidemics 
is well-known [22, 23]. Such an epidem ic w ave  was observed d u r ing  our s tud ies  
in J a n u a r y  and  F e b ru a ry ,  when RS v irus  was isolated from 33 per cen t (27 
cases) of the  cases yielding virus. The curve  fell to  a bo ttom  level in  M ay—J u n e  
a n d  showed a slow rise during th e  a u tu m n  m onths.

Surprisingly, th e  course of th e  adenov irus  curve was ve ry  similar to  t h a t  
o f  th e  RS curve, except th a t  its p e a k  was shifted to M arch an d  April. T h e  
echov irus  type  8 an d  11 stra ins were iso la ted  in F eb ru a ry  and  April, re sp e c -

Acta microbiol. Acad. Sei. hung. X I I ,  1965



A
c

ta
 

m
icro

b
io

l. 
A

c
a

d
. 

S
ei. 

h
u

n
g

. 
X

II
, 

1
9

6
5

Table II

Isolation o f viruses from  children , classified by clinical symptoms

Clinicul
p ic tu re

Cases
tested

Cases
yielding

virus

Numerical and percentage distribution of isolates

1

Parainfluenza

2 3
RS Adeno Unknown

haemudsorpt.
Entero U nidenti

fied

No. ' % No. % No. о//0 No. No. % No. % No. % No. No. % No. %

Pseudocroup 57 135 33 58 l 3 5 15 9 27 7 21 10 30 1 3 - -

Pseudocroup
m ild
laryng itis 234 55.3 140 60 l 1 22 i 6 54 39 30 21 23 16 8 7 2 1 —

Pseudocroup
m oderate
laryngitis 62 14.7 45 73 l 2 7 i 6 15 33 12 27 6 13 3 7 1 2 —

ALTB 6 1.4 4 67 - 2 50 1 25 - 1 25 - -

U ndeterm ined 64 15.1 39 61 6 15 10 26 11 28 6 15 3 8 2 5 l 3

T o ta l 423 1 0 0 .0  261 62 3 1.1 42 16.1 89 34.1 60 23 46 17.6 15 5.7 5 1.9 l 0.4
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t ive ly ,  whereas th e  tw o coxsackievirus В s tra ins  during  th e  en te rov irus  season, 
in Ju ly .

We a t t e m p te d  to  categorize ou r  isolates according to  th e  clinical m a n i 
festa tions.  B ased  on clinical an d  anam n es t ic  d a ta ,  359 of th e  423 cases u n d e r  
s tu d y  were classified into four clinical groups.

Group 1. Classical Ps. Afebrile  cases w ith o u t  in f la m m a to ry  sy m p to m s .  
I n  these  cases th e  Ps syndrom e seem ed to  be a m an ifes ta t ion  of a general 
allergic condition . This group inc luded  57 cases.

Group 2. Ps syndrom e w ith  m ild  laryngitis  and  fever (234 cases).
Group 3. Ps syndrom e w ith  m odera te  laryngitis  and fever (62 cases).
Group 4. Severe ALTB (6 cases; 4 of  these  were tracheo tom ized) .
In  64 cases th e  anam nestic  d a ta  were insufficient for clinical classification.
Table I I  shows the d is tr ib u t io n  of the  isolates b y  clinical groups. I t  is 

seen th a t  the  genera l isolation ra te  ran g ed  from  58 per cen t (group 1) to  73 
p e r  cent (group 3) in the different categories. This difference wras too lit t le  to  
suggest a corre la tion  between th e  presence of de tec tab le  virus and the  in f la m 
m a to ry  m anifesta tions.

Serological studies

The serological tests  were p e rfo rm ed  in order to ex tend  th e  aetiological 
evidence based on v irus isolation a n d  to  co n tr ib u te  fu r th e r  d a ta  to  the  a n t i 
genic re la tionships am ong p a ra in f luenza  viruses as well as to  the  deba ted  
ques t ion  of the  specificity  of positive  serological findings in connection  w ith  
re sp ira to ry  v irus infections.

The num erica l d a ta  of th e  serological exam ina tions  carried  out w ith  
th e  different an tigens  and the  num erica l  and percen tage  d a ta  of the  pa ired  sera 
t h a t  proved  to  be positive in  th e  d ifferen t tes ts  are p resen ted  in  Table  I I I .

T able  III

Serological tests in  229 serum pairs

CF HI Neutralization**

Influenza
Adeno Mumps RS Sendai

Parainfluenza
RS

A0 A, B 2 3

N u m b er of serum  
p a irs  tested 229 229 229 229 71 91 167 214 215 31

P ositive*  No. - - 4 33 6 4 41 110 22

0 /
/0 — 1.7 14.4 8.4 — 2.4 19.2 51.2 71

* =  a t  least fourfo ld  rise in  t i t r e  du ring  illness.
** =  E ach  of th ree  children who h a d  yielded echo v irus 8 and  11 an d  coxsackievirus 

В — 3, respectively, gave an tib o d y  response to  th e  hom ologous type.
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O ut of the 229 se ru m  pairs available  149 had been o b ta in ed  from  children 
from w hom  virus was iso lated . In  128 serum  pairs we were able  to  dem onstra te  
a homologous a n t ib o d y  response. An a t  least fourfold rise in  th e  homologous 
neu tra l iza t ion  t i t re  was d e m o n s tra te d  in 72, 24, 22 an d  3 cases from  which 
para in f luenza  type  3, pa ra in f luenza  ty p e  2, RS, and  en te rov iru s ,  respectively, 
were isolated. O ut o f  the  28 p a t ien ts  yielding adenovirus  only  7 developed CF 
antibodies to  the adenov irus  group antigen.

In  the  rem ain ing  80 cases we have  a t te m p te d  to  es tab lish  the  diagnosis 
b y  serological m e thods  only. In  38 and  26 cases a rise in  th e  n e u tra l iza t io n  t i t re  
to  the  para in f luenza  ty p e  3 and  2 viruses, respectively , was dem onstra ted . 
In  26 cases the adenov irus  CF t i t re  showed an a t  least fourfo ld  rise, whereas 
in 22 cases no apprec iab le  rise to  any  of th e  viruses u n d e r  s tu d y  could be 
dem ons tra ted .

F o r  the cases whose pa ired  sera were te s ted  for neu tra l iz in g  antibodies 
to  para in f luenza  ty p e s  2 and  3 th e  da ta  for an t ib o d y  response  and virus 
isolation are p resen ted  in Table  IV.

Table IV

Comparison o f  v irus isolation and homologous antibody response 
(a) parainfluenza 2

Neutralization test

Virus isolation
T o t a l

Positive Negative

No. % No. 0/ No. /0

Positive No.
0
/0

24
11.2

16
7.5

40
18.7

N egative No.
0 /
/0

1
0.3

173
81.0

174
81.3

T o t a l 25 11.5 189 88.5 214 100

(b) parainfluenza 3

Neutralization test

Virus isolation
T o t a l

Positive Negative

No. % No. J % No. 0//0

Positive No.
0 /
/0

72
33.5

38
17.5

110
51

N egative No.
0 //0

-
—

105
49.0

105
49

T o t a l 72 33.5 143 66.5 215 100
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According to  these  d a ta ,  e x a m in a t io n  of pa ired  sera  w ith  the  n e u tra l i 
z a t io n  tes t  appears to  he more sensitive  th a n  virus iso la t ion  for dem o n s tra t io n  
o f  each  of para in f lu en za  2 and  3 infections. However, th e  high incidence of 
doub le  serological reponses h ave  re n d e re d  the  d iagnostic  value  o f  th e  former 
m e th o d  questionable.

F rom  relapsing p a t ie n ts  w ith  th e  Ps or ALTB sy n d ro m e  43 se rum  pairs 
were tes ted , m ostly  from  v iru s-nega tive  cases. A rise in  t i t r e  to  e i the r  of the  
v iruses under s tu d y  was d e m o n s t ra te d  in 34 cases.

Comparison o f  the antibody titres obtained by d ifferen t tests. In  th e  f irst 
sam ples  of p r im ary  cases no neu tra l iz in g  antibodies to  pa ra in f lu en za  ty p e  2 
v iru s  were found, excep t  in low t i t r e s  (1 : 8 or 1 : 16) in  th e  sera of  several 
in fan ts .  These t i t re s  m ay  he considered  to  be m a te rn a l  in  origin. In  th e  con
va lescen t  samples, on the  o th e r -h a n d ,  1 : 128, 1 : 256 a n d  higher t i t re s  were 
com m on. Thus, the  a n t ib o d y  responses were highly s ign if ican t.  In  some of the  
re c u r re n t  cases low a n t ib o d y  t i t re s  were  found in th e  acu te -p h ase  sera.

Antibodies, p re su m ab ly  of m a te rn a l  origin, neu tra l iz in g  para in f luenza  
3 v irus were often d e m o n s tra te d  in th e  acute-phase se ru m  samples of infants . 
T hese  low ti tres  soon fell below 1 : 4 as shown by th e  re laps ing  p a t ie n ts  whose 
a n t ib o d y  level was followed over a longer period o f  t im e .  Over tw o years of 
age, however, h a rd ly  any  serum  was found  to be nega tive .  I n  the  cases yielding 
p ara in f luenza  3 v irus  th e  conva lescen t t i tres  a t ta in ed  or exceeded th e  1 : 256 
level. In  some re lapsing p a t ien ts  th is  v irus  was isolated in  spite  of th e  presence 
o f  homologous neu tra l iz ing  an tibod ies  in  titres from  1 : 32 to  1 : 64.

The an ti-R S  neutra liz ing  a n t ib o d y  was t i t r a te d  f irs t  of all in th e  cases 
f rom  which the v irus  was isolated. A m ong  the acu te -p h ase  samples only  two 
co n ta ined  antibodies. In  the  conva lescen t sera the t i t re s  did not usually  surpass 
th e  1 : 64 value, i.e. did no t  reach  th e  values seen in  connection  w ith  p a r a 
influenza  types 2 and  3.

The highest homologous t i t re s  (1 : 512 to 1 : 1024) were reached  in the  
cases which had yielded en teroviruses .

C F  tests. A positive result to  influenza A or A 2 antigens Mas never 
o b ta in ed .  I t  should be no ted  th a t  d u r in g  the  period of  inves t iga t ion ,  excep t  for 
severa l insti tu tiona l ou tb reaks  caused by the A2 v irus in April 1964, influenza 
Mas no t  observed in H un g ary .  W ith  th e  influenza В an tigen , a rise in the  CF 
t i t r e  was d em ons tra ted  in four cases.

A ntibody  response to  the  ad en o v iru s  group an tigen  was more frequen tly  
d em o n s tra ted  in cases of recu rren t  Ps — ALTB th an  in  p r im a ry  cases.

W ith  the  RS an tigen  only v e ry  low, if any , C F  t i t re s  (1 : 8 to  1 : 16) 
were dem onstrable . None of the  91 p a ire d  sera tes ted  show ed any  CF an t ib o d y  
response to this v irus.

Antigenic relation w ithin the para in fluenza  group. T h e  CF t e s t  w i th  m u m p s  
a n t ig e n  Mas ca r r ied  o u t  in 71 s e r u m  p a i rs  o b ta in e d  f ro m  p a t i e n t s  M‘ho  had
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yielded  para in f luenza  virus. A n tib o d y  response  was d e m o n s tra te d  in 6 cases; 
in  each of th e m  the  para in f lu en za  ty p e  3 t i t re s  were also increased . All th e  
p a t ie n ts  showing a double response were o lder th a n  five years  o f  age.

To inves t iga te  th e  re la tion  am ong  th e  para influenza  ty p es ,  167 se rum  
pairs  were te s te d  for H I  an tibod ies  to  th e  Sendai virus. N ea r ly  60 per cen t 
o f  th e  sera con ta ined  a n t ib o d y  up to  1 : 16 t i t re ,  b u t  an apprec iab le  rise in 
t i t r e  was d em o n s tra ted  in as few as 4 cases. In  fu r th e r  33 cases a twofold rise 
was found. In  these cases para in f lu en za  or RS infections were diagnosed.

Considering an a t  least  fourfold increase in t i tre  as positive ,  a double 
a n t ib o d y  response was d e m o n s t ra te d  in 38 se rum  pairs. The com m ones t  com 
b ina tions  were as follows.

adeno (CF) -j- p a ra in f luenza  3 (neu tr)  .......... 16 cases
adeno  p a ra in f luenza  2 ..........................  8 cases
adeno -)- RS (neutr)  ..................................... 2 cases
m um ps  -f- p ara in f luenza  3 ...........................  6 cases

I t  should be no ted  t h a t  th e  H I  te s t  to  th e  Sendai virus show ed a twofold 
increase in 30 cases when para in f lu en za  3 infection  was d em o n s tra ted .

C om plications

In  some cases the  classical clinical p a t t e r n  of Ps or A L T B  was followed 
by  com plications. In  10 cases spastic  b ronch it is ,  in 7 cases b ro n chopneum on ia ,  
in 13 cases severe laryngeal oedem a, in 8 cases otitis  media, in  tw o  cases t o n 
sillitis and  in one case m ax il la ry  sinusitis was observed.

Besides th e  virological exam in a t io n ,  eve ry  p a t ien t  was ex am in ed  bacte-  
riologically b y  th e  Bacteriological L a b o ra to ry  of  this hosp ita l .  In  44 cases 
the  bacterio logical f indings were positive.

A com parison  of th e  resu lts  has shown t h a t  for most of th e  com plications 
th e  iso lated  virus was responsible. F ro m  cases o f  spastic b ronch itis  p a ra in f lu e n 
za ty p e  3 v irus , from b ro n chopneum on ia  RS virus, adenov irus  and p a r a 
influenza  ty p e  2 virus were isolated. I t  was surprising th a t  from  each of th e  
8 cases com plica ted  by otitis , para in f lu en za  ty p e  2 virus was iso lated .

In  two cases Ps was observed  during  th e  incubation  per iod  of  measles.

Discussion

A m ong the  viruses iso la ted  in the  course  of the  p re sen t  s tu d y  from  
p a t ie n ts  w ith  the  Ps — A LTB syndrom e  51.3 p e r  cent were iden tif ied  as p a r a 
influenza virus. This percen tage  agrees well w ith  th a t  published  b y  McL e a n  
et al. [9], who isolated viruses in  T oron to  in th e  years 1960— 1961. The p re 
dom inance  o f  para in f luenza  v iruses w ith  th e  Ps syndrom e has been  shown in
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so m e  o th e r  c o u n t r i e s  as well (Ch a n o c k  et al. [24], L e w i s  et al. [8], B u k r i n s k a y a  
a n d  B l u m e n t a l  [10],  F e r r i s  [25]).

In  these wide-scale studies the  incidence of para in f lu en za  type  1 was the  
h ighest.  In  the  p re se n t  s tudies, how ever,  th e  incidence of  this ty p e  o f  v irus  
was str ik ingly  low' (1.1 per cent), w hereas p a ra in f lu en za  type  3 v irus  was 
iso la ted  in an  u n u su a l ly  high percen tage  (34 per  cent) .

Obviously, geographical and  seasonal factors a n d  th e  actual ep idem iolog
ical s i tua t ion  m ay  s ign if ican tly  in fluence  th e  p redom inance  of one or a n o th e r  
ty p e  of  virus [25]. I t  is also possible t h a t  the  low incidence of p ara in f luenza  
ty p e  1 virus was charac ter is t ic  o f  th e  period of investiga tion  in B u d ap es t .

In  the  p resen t  m ater ia l  besides th e  unusua l  high incidence of  p a ra in 
f luenza  ty p e  3 a n d  th e  re la tively high par t ic ip a t io n  of  RS virus and of ad e n o 
viruses should be com m en ted  upon. I t  has been rep o r ted  by several au th o rs  
t h a t  th e  Ps sy n d ro m e  m ay  be caused b y  pa ra in f lu en za  ty p e  2 [2, 3, 8 — 10, 24, 
28], para in f lu en za  ty p e  3 [8 —10, 25 — 27], ce r ta in  adenovirus ty p es  [26, 
28 — 30], th e  RS v iru s  [26, 31] and a few' types of  echovirus [32], b u t  the  
re la tive  incidence of  these viruses was usually  low.

The un u su a l  f ind ings m ight h ave  been due to  th e  special com position  of 
o u r  clinical m a te r ia l ,  nam ely  by the  m ildness of most o f  the  cases. In  co n tra s t ,  
ou r  knowledge a b o u t  th e  aetiology of th e  Ps — A LTB syndrom e  is based m ain ly  
on the  exam in a t io n  o f  severe cases of  A LTB.

On the  o th e r  h a n d ,  the  ty p e  d is tr ib u t io n  of th e  viruses isolated during  
the  presen t w ork w as ve ry  similar to  t h a t  of the  viruses recovered by  P a r r o t t  

et al. [26], from cases w ith  the p h a ry n g it is -b ronch it is  syndrom e. I t  m ig h t  be 
supposed th a t  th e  viruses causing mild Ps are, as a rule, different in type  
d is tr ibu tion  from  those  causing the m os t  severe cases of ALTB and are more 
sim ilar in d is t r ib u t io n  to  the  viruses responsible for th e  pharyng it is -b ronch it is  
syndrom e. Yet, it should  be no ted  th a t  none of our sev ere ALTB cases yielded 
p a ra in f luenza  ty p e  1 virus.

I t  is w ell-known th a t  infection w ith  para in f lu en za  3 virus m a y  occur 
in b o th  children a n d  adu lts  [24] even in the  presence of  a m odera te  a n t ib o d y  
level. In these cases, however, the  re su lt ing  illness is re la tive ly  mild. T he  fac t 
t h a t  p a ra in f luenza  viruses can be iso la ted  more easily from prim ary  infections 
of children th a n  from  ad u l t  cases is a t t r ib u te d  by B l o o m  et al. [33] to  im m u n o 
logical factors. The fac t  th a t  we h ave  isolated viruses from children suffering 
from  recu rren t  a t ta c k s  a t  nearly  th e  sam e ra te  as from  prim ary  cases m ig h t  
ind ica te  th a t  the  v iru s  causing the  re lapse was d ifferent from those responsible  
for earlier m an ifes ta t ions .

We suppose t h a t  a special allergic d iathesis is a prerequisite  o f  a t ta c k s  
o f  acu te  dyspnoea and  s tr idor on 5 or 6 occasions w ith in  a short period of  t im e. 
Such children develop  the  same syndrom e  irrespective  of the virus causing 
th e  infection.
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The incidence of neu tra liz ing  antibodies to  para in f lu en za  2 and 3 viruses 
agreed well w ith  l i te ra ry  d a ta  [36]. U nfo r tu n a te ly ,  we had  no para influenza  
1 virus (HA2) at suffic ient concentra tions. Considering th a t  according to  
Ch a n o c k  et al. [4] and  Co o k  et al. [34] th e  Sendai s t ra in  is closely re la ted  to  
th e  HA2 s tra in ,  we t i t r a t e d  th e  H I  antibodies  in h u m a n  sera against Sendai 
virus. I t  should , however, he no ted  th a t  Z h d a n o v  and  B u k r i n s k a y a  [35] and  
L a P laca  and  M o s c o v ic i  could no t confirm  th e  close re la tion  between HA2 
and  Sendai viruses [36]. T he  results of our t i t ra t io n s ,  a l th o u g h  they  provided 
only an  u nsa tis fac to ry ,  ind irec t ,  picture of th e  HA2 an tibod ies  in our m ateria l ,  
are suggestive of  a considerable  antigenic  re la tion  be tw een  para in f luenza  
type  3 and  the  Sendai virus.

As regards th e  re la tionsh ip  betw een  m um ps v irus  and  para in f luenza  
viruses, ex am ina tion  o f  pa ired  sera from older children m a y  provide some 
inform ation . The p re sen t  resu lts  are consis ten t w ith  those  of  S t a r k  et al. [37].

The homologous a n t ib o d y  response o f  m ost  o f  the  child ren  hav ing  yielded 
RS v irus were found  to  be low, probab ly  because  th e  in te rva l  betw een  the  two 
samplings was too  short .

Iso la tion  of  two v iruses  from the sam e p a t ie n t  and  th e  dem onstra t ion  
of a s im ultaneous  im m u n e  response to  two viruses have a lready  been reported  
b y  o ther  inves tiga to rs .  In  th e  m ateria l ana lysed  by  H i l l e m a n  et al. [38] the  
jo in t  occurrence of  RS v irus  and  adenoviruses was th e  m os t  common. These 
au tho rs  assum e th a t  RS v irus  m ay a c t iv a te  la te n t  adenov irus  infections. 
In  our m a te r ia l  s im u ltaneous  an tibody  responses to  adenov irus  -f- para influenza  
virus and  adenov irus  -|- RS virus were m ost often  observed. P resum ab ly  these 
viruses can m u tu a l ly  a c t iv a te  each other. T he  fac t  t h a t  pe rs is ten t  carriership 
of para in f luenza  viruses can  be established in cell cu ltu res ,  support  th is  
assum ption .

S im ultaneous a n t ib o d y  responses to  p ara in f luenza  2 or 3 viruses and  to 
influenza B (CF antibodies)  as well as to  pa ra in f luenza  2 an d  3 viruses were 
observed during  relapses. Considering th a t  cases similar in clinical p ic ture  b u t  
different in the  aetiological fac to r  are k e p t  in  th e  same w ard ,  in such instances 
cross infections can n o t  be excluded. I t  is, however, also possible th a t  the  
an t ib o d y  response  is n o t  qu ite  specific.

Iso la tion  of RS a n d  para influenza  2 v irus  in th e  course of the p resen t  
s tu d y  was th e  f irs t  iso lation  of these viruses in H u n g a ry .  P a ra in f luenza  1 
and  3 viruses have  a lready  been isolated b y  K is z e l  [39] and  B é l Ád i  et al. 
[40, 41], respectively.
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Summary. The p resence  of SV-40 v iru s  n eu tra liz in g  an tib o d ies  w as d e m o n s tra ted  in  18 
(60 p e r cen t) of a to ta l  of 30 persons h a n d lin g  rhesus m onkeys or m an ip u la tin g  tissue cu ltu res 
fro m  th e  sam e anim als.

T he incidence of SV-40 an tib o d ies  w as h igher in persons v a cc in a ted  w ith  tw o or m ore 
doses o f Salk vaccine th a n  in  u n tre a te d  persons.

T h e  geom etric  m ean  t i t r e  (94) in  la b o ra to ry  w orkers was 23fold of th e  m ax im u m  value 
(4) in  S a lk -vaccina ted  con tro ls .

T h e  possible aerogen ic  sp read  of la b o ra to ry  SV-40 in fec tions is sup p o sed  an d  discussed.

Since the  d iscovery  of SV-40 b y  S w e e t  and  H il l e m a n  [14], m an y  
rep o r ts  have  been p u b lished  on th e  incidence of th is  agen t  in m onkeys and  in 
tissue cultures p re p a re d  from  th e  k idneys  of these an im als  [9, 11, 14, 16, 17]. 
In  our labora to ry  th e  incidence of SV-40 virus c o n tam in a t io n  was 49 per  cent 
in t issue  cultures charges p rep a red  of pooled k idney  t ry p s in iza te s  of 4 to  6 
m onkeys  each [7].

The high incidence of SV-40 con tam in a t io n  has been  described [3, 5, 9, 
10, 14] in bo th  killed a n d  live vaccines p rep a red  from v irus  m a te r ia l  ob ta ined  
on m onkey  kidney t issue cultures. The in te res t  in th is  agent has been re m a rk 
ab ly  enhanced  by  th e  d iscovery  o f  i ts  ab il i ty  to  produce  m a lig n an t  tu m o u rs  in 
new born  ham sters [1, 2, 4, 15].

The present s tud ies  were p e rfo rm ed  with  the  a im  to  clarify w hether  
infection  with SV-40 m a y  ta k e  p lace u n d e r  lab o ra to ry  conditions in persons 
hand ling  m onkeys or w ork ing  w ith  tissue cultures from  kidneys of such 
anim als. The infection of  h u m an s  was detected  by  v iru s-neu tra l iza t ion  test.

Materials and  methods

Sera. T est sera w ere co llected  from  la b o ra to ry  w orkers h a n d lin g  m onkeys or m an ip u la t
ing  m o n k ey  k id n ey  c u ltu res . T he n u m b er o f persons exposed to  d irec t or in d ire c t co n tac t w ith  
SV-40 v iru s to ta lled  30. C ontro l sera w ere co llected  from  a to ta l  of 32 persons e n tire ly  lack ing  
c o n ta c t w ith  e ither m onkeys or tissue  cu ltu res . Sera were in a c tiv a te d  fo r 30 m in u tes  a t  56°C 
a n d  s to red  a t  4°C u n til  u sed . Serum  d ilu tio n s w ere p rep ared  in  P arker's  199 solu tion .

Tissue cultures. T es ts  w ere p e rfo rm ed  in  p rim ary  k id n ey  cu ltu res  of A frican  v e rv e t 
m o n k ey s (Cercopithecus a e th io p s). T he g ro w th  m ed ium  consisted of H a n ks ' so lu tion  co n ta in ing
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0.5 p e r cen t la c ta lb u m in  h y d ro ly sa te  a n d  2 per cen t calf serum . C u ltu res w ere read y  for in 
fe c tio n  on th e  7 th  or 8 th  d a y  follow ing th e ir  p rep ara tio n . In fec ted  cu ltu res  w ere m ain ta in ed  
in  P arker4s 199 so lu tion  w ith  6 to  8 p e r  c en t calf serum . T he absence of a n y  agen ts from  th e  
c u ltu re s  was verified  b y  th e  lack  of c y to p a th ic  changes in  th e  co n tro l cu ltu res .

Virus. S tra in  A — 426 of SY-40 v iru s was k in d ly  supp lied  b y  M. P. C h u m a k o v  (In s ti tu te  
o f P o liom yelitis an d  E n ce p h a litis  V irus R esearch , Moscow). A s ta n d a rd  s to ck  of th is  v irus h as 
b e en  p rep ared  in ou r la b o ra to ry . T he s to ck  had  a t itre  be tw een  10-6  to  10“ 7. I t  was d is tr ib u te d  
in to  1 m l am poules a n d  s to red  a t  —20°C u n til used.

The actual t i t r e  o f th e  v iru s w as a lw ays de te rm in ed  p a ralle l to  th e  n e u tra liz a tio n  te s t.
N eutralization test. A p p ro p ria te  serum  d ilu tions in  0.2 ml were m ixed  w ith  an  equal 

v o lu m e  of virus co n ta in in g  100 to 200 C P D 5(). F ina l d ilu tions o f sera  w ere 1 : 4, 1 : 16, 1 : 64, 
1 : 256 and 1 : 1024. A fte r  th o ro u g h  sh ak ing , th e  m ix tu res  w ere in cu b a ted  fo r 2 hours a t  37°C 
th e n  a t  4°C o v ern igh t a n d  fin a lly  a t  room  te m p e ra tu re  for 30 m in u tes . T he m ate ria l was th en  
in o cu la te d  into 3 tu b es  0.1 m l each. A fte r  30 m inu tes ad so rp tio n  a t  room  tem p e ra tu re , 0.9 ml 
o f  m ain ten an ce  m ed ium  w as ad ded  to  each  tu b e  and  th e  in o cu la ted  cu ltu res  w ere in cu b a ted  a t  
37°C. F inal read ing  w as ta k e n  on th e  21st day  of in cu b a tio n . T he serum  d ilu tio n  p ro tec tin g  
a t  le a s t  2 ou t of th e  3 c u ltu re s  in o cu la ted  was considered  positive .

Results

Results are sum m arized  in Tab le  I. The SY-40 a n t ib o d y  con ten t  of a 
to ta l  of 62 sera was d e te rm ined .  O f these, 21 yielded positive results in th e  
neu tra l iza t ion  tes t .  T he  p ro b ab i l i ty  o f  con tac t  and  th e  incidence of n e u t ra l 
iz ing  antibodies show ed the  following relations. O u t of th e  7 persons handling 
o n ly  monkeys (group 1), 3 h ad  antibodies . Group 2 inc luded  15 persons m a n i
p u la t in g  only m on k ey  k id n ey  cell cultures. Nine o f  th e m  h ad  antibodies.

Table I

S V -40  virus neutralizing antibodies in  the sera o f  laboratory workers

Group

Vaccination w ith Salk 
vaccine in the  period 

1957 -59
Total

Per cent 
of

positives
>  2 doses

Not
vaccinated

l l / i * 2/6 3/7

2 8 /1 2 1/3 9/15

3 4/6 2 /2 6 /8

1 — 3 T o ta l 13/19 5/11 18/30 60

4 3/14 0/18 3/32 9.3

R em arks :
1. Persons, w ork ing  regu larly  w ith  m onkeys or v isiting  th e  m onkey  house.
2. Persons, w orking w ith  rhesus m onkey k idney  tissue cu ltu res only.
3. Persons, w ork ing  w ith  rhesus m onkey tissue cu ltu res and  irregu larly  visiting  the  

m onkey  house.
4. Control =  Persons who h ad  never worked w ith  tissue cu ltu res and  negated  the

possib ility  of co n tac t w ith  rhesus m onkeys.
* N om inator =  N u m b er of persons w ith SV-40 antibodies. D enum era to r =  N um ber 

o f persons tested.
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Table II

Titres o f  S V -4 0  neutralizing antibodies in the sera o f  persons o f  different groups

Groups**
N um ber of persons w ith titre

1 : 4  1 : 16 1 : 64 1 : 256 1 : 1024

1 2 — — l ___

2 3 3 2 — l

3 1 2 3 — —

Control 3 — — — —

** See Table I.

Out of the  8 persons hav ing  had frequen t  con tac t  w ith  bo th  monkeys and  
m onkey  k idney  cu ltures  (group 3), 6 were found  to  possess neutraliz ing a n t i 
bodies against SV-40. T hus  for th is  g roup the  to ta l  incidence of positive 
serology was 60 p e r  cen t (18 ou t o f  30), whereas in  th e  control group th e  
incidence was only 9.3 per  cent (3 out of 32). This difference appeared  to  be 
rem arkab le  enough  to  draw  a t ten t io n  to  th e  possibility  of  lab o ra to ry  infections 
w ith  SV-40 v irus  of persons handling  rhesus m onkeys or p r im ary  tissue 
cultures  from th e  sam e animals.

Results were th e n  eva lua ted  w ith  respect to  preceding Salk vaccinations 
in the  period 1957 — 1959. In  the  control g roup all the  3 persons with positive 
neu tra l iza t ion  te s t  belonged to  the  14 ind iv iduals  given tw o  or more doses of 
Salk v accine a t  an  earlier period. Thus 21 per  cent of S a lk -vacc ina ted  control 
persons (3 ou t of 14) h ad  SV-40 an tibodies . In  the  te s t  group a to ta l  o f  19 
persons had  been im m unized  with Sa l k ’s vaccine. O f these  13 (68 per cent) 
yielded positive serological tes ts .  None o f th e  u n v a c c in a ted  controls h a d  
SV-40 an tibodies . A m ong the  u n vacc ina ted  11 la b o ra to ry  workers 5 (45 per  
cent) exh ib ited  positive neu tra l iza t ion  te s ts  w ith  SV-40 virus.

T here  was a com plete  accordance b e tw een  the  t i t re s  and  the  results  
p resen ted  in Tab le  I (see Table  II) .  No contro l serum  was found  to  con ta in  
neu tra liz ing  an tibod ies  in dilutions h igher th a n  1 : 4, while m ost lab o ra to ry  
workers had  high an t ib o d y  titres.

Discussion

The d a ta  p resen ted  are in agreem ent w ith  those p ub lished  by  Chum a ko va  
[18] and  P o ln a  [13] on th e  incidence of  SV-40 an tibod ies  in  sera of persons 
m an ip u la t in g  k id n ey  tissue cultures of rhesus m onkeys. In  addition  to  these  
d a ta  th e  incidence of SV-40 antibodies in (17) fu ll-tim e t issue  culture  workers 
has been ca lcu la ted ;  13 (76 per  cent) am ong  them  had an tibodies . This figure  
correlates well w ith  the  86 per cent ob ta ined  by  Ch u m a k o v a  [18].
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The geom etric  m ean  t i t r e  o f  SV-40 antibodies was 94 in  the  la b o ra to ry  
w orkers. This value  was 23fold of  t h a t  found  in the  control group. P olna  [13] 
gives no t i t re  values, w hereas Ch u m a k o v a  repo r ted  t i t re s  from  1 : 256 to  
1 : 1024 and h igher th a n  1 : 1024 in 30 and  10 cases, respectively . These 
values  rem ark ab ly  exceeded those  found by  us. A possible exp lan a t io n  of  this 
phenom enon  m a y  he the fac t  t h a t  in  ou r  labo ra to ry  tissue cu ltu re  w ork has 
b een  conducted  on a lesser scale th a n  in Ch u m a k o v a ’s labora to ries .  The 
differences in an t ib o d y  levels fo u n d  in the  two in s t i tu te s  and the  possible 
causes of the  phenom enon  m a y  be responsible for the  lack  o f  correla tion  
b e tw een  Salk vacc ina tion  a n d  th e  inc idence  of SV-40 an tibod ies  in  Ch u m a 
k o v a ’s m ateria l .  Such a co rre la t ion  was, however, clearly dem onstrab le  in  the  
g roup  stud ied  b y  us. SV-40 an tibod ies  were present in 68 per  cen t vacc ina ted  
a n d  in 45 per  cent u n v acc in a ted  l a b o ra to ry  workers. The difference of  23 per 
cen t  agrees well w ith  th e  figure  o b ta in e d  for the  incidence of SV-40 a n t i 
bodies (21 per cent) in th e  Salk  vaccinées of the control group . Theoretically  
one would expec t a significant difference be tw een  these tw o  figures. I t  appears  
t h a t  in cases where th e  sm all a m o u n t  o f  SV-40 an tigen  p re sen t  in the  Salk 
vaccine was insufficient to  p roduce  m easurab le  an tibody  p rodu c t io n ,  repea ted  
lab o ra to ry  infections m ight have  served  as challenges enhanc ing  the  im m u n e  
response. These challenges were ce r ta in ly  lacking in th e  contro l group. The 
experim en ta l  checking of th is  su p pos it ion  is outside the  scope of th e  present 
s tu d y .

As to  th e  possible m echanism s of lab o ra to ry  infections w ith  SV-40, we 
h av e  to  con ten t  ourselves w ith  th eo re t ica l  considerations. I t  has rep ea ted ly  
b een  d em o n s tra ted  th a t ,  in re la t io n  to  Salk  vaccination , th e  p a re n te ra l  a d m in 
is tra t ion  o f  SV-40 an tigen  resu lts  in an t ib o d y  fo rm ation  [5, 8, 14, 18]. 
P a re n te ra l  infections are rare ,  th o u g h  no t  impossible in persons hand ling  
m onkeys or m an ip u la t in g  t issue cu ltu res  ( in ju ry  of hands).  E n te ra l  infection 
is also possible. Evidence  is how ever,  lacking th a t  such an  infection would 
resu lt  in an t ib o d y  p ro duc tion .  In  fac t,  we could not d e tec t  SV-40 antibodies 
in th e  sera of  145 children 9 to  12 m o n th s  of  age fed w ith  live polio vaccine 
ca rry ing  SV-40 con tam in a t io n .  T he  l a t t e r  virus was, how ever, rep ea ted ly  
iso lated  from the  faeces of v a cc in a ted  ind iv iduals  [6]. The im m unogenic  effect 
o f  nasally  adm in is te red  SV-40 v irus  has been d e m o n s t ra te d  on vo lun teers  
b y  Morris et al. [12], who observed  a n t ib o d y  fo rm ation  in  22 of  35 adu lts  
in fec ted  nasally  w ith  10* C P D S0 of SV-40 virus. U nder  la b o ra to ry  conditions 
th e  chances for nasal infection exceed rem ark ab ly  those o f  e i ther  en te ra l  or 
pa ren te ra l  infections. The la b o ra to ry  resu lts  ob ta ined  up to  now ap peared  to  
su p p o r t  this view. Thus we h av e  to  suppose  th a t  the an tibod ies  revealed  by our 
s tud ies  had  resu lted  from nasal in fection  of  the labo ra to ry  workers. H ow ever 
th e  possibility of pa ren te ra l  in fection  canno t be excluded, either.
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HAEMAGGLUTINATION-INHIBITING ANTIBODIES TO 
ADENOVIRUS TYPES 8, 9 AND 10 IN PAIRED SERA OF 
PATIENTS WTTH EPIDEMIC KERATOCONJUNCTIVITIS

By

A g n e s  J ancsó

State In s titu te  o f  Hygiene ( Director : T. B a k á c s ) ,  B udapest 

(R eceived  F e b ru a ry  1, 1965)

Sum m ary. D uring  a n  o u tb re a k  of ep idem ic  k e ra to co n ju n c tiv itis  caused  by  adenov irus 
ty p e  8 , th e  III an tib o d ies to  ad en o v iru s ty p es  8 , 9 and  10 w ere t i t r a te d  in  122 serum  pairs. 
In  accordance w ith  l ite ra ry  d a ta ,  m ost o f th e  convalescen t sera co n ta in ed  an tib o d ies  to ty p es 
9 an d  10. in  ad d itio n  to  th e  hom ologous an tib o d ies .

O f the hy p erim m u n e  ra b b it  sera th o se  p rep ared  to ty p es  8 a n d  9 gave cross reac tion  
in th e  H I te s t, w hereas th e  ty p e  8 and  ty p e  9 ra b b it  se ra  gave no H I re ac tio n  w ith  ty p e  10 v irus, 
and  vice versa.

T he H I serum  a n tib o d ies  to  ad en o v iru s ty p es  8 , 9 and 10 w ere still dem o n strab le  two 
y ears  a fte r  convalescence fro m  EKC.

Ro se n  f l ] ,  who was the  f irs t  to  rep o r t  on haem ag g lu t in a t io n  by  adeno
viruses, evolved th e  haem ag g lu t in a t io u - in h ib i t io n  (HI) te s t  su i tab le  for typ ing  
adenoviruses  [1, 2]. W h en  the  te s t  was applied in a wide range  i t  was found 
t h a t  some of the  adenov irus  se ro types give cross reactions, th u s  infections by 
ce r ta in  types  are followed b y  h e te ro ty p ic  III an t ib o d y  responses [3 —7].

In H ungary ,  NÁsz et al. [8] h ave  d em o n s tra ted  HI an tibod ies  to  types 
9 and 10 in the  sera of E K C  convalescents , in add ition  to  th e  homologous ty p e  
8 an tibodies . In  th e  p resen t  repo rt  s im ilar  observations are discussed. The 
pa ired  sera under s tu d y  were collected during  the  wide o u tb re a k  of E K C  in 
B u d ap es t ,  1961 -1962 .

Materials and  methods

V irus strains. T he p ro to ty p e  s tra in s  of ad en o v iru s types 8 , 9 an d  10 h a d  o rig in a ted  from  
the  collection  of H. G. P e r e i r a  (L ondon). We rece ived  th em  by th e  co u rte sy  of D r . I. B é l á d i  
(Szeged). T he v ira l suspensions w ere o b ta in ed  fro m  H eL a cell cu ltu res  as p u b lished  earlier [9].

H yperim m une typ in g  sera. These were prepared in rabbits according to D ömök et al. [10].
Serum  samples. P a ired  se ra  were co llected  du rin g  th e  B u d a p es t E K C  o u tb re a k  in  1961 — 

1962. T he acu te-phase  specim ens were ta k e n  in  th e  f irs t  week of illness, th e  convalescent- 
ph ase  sera  betw een  th e  1 5 th  a n d  6 0 th  days a f te r  onset. F rom  each of 11 su b jec ts  a  th ird  sam ple 
was o b ta in e d  tw o years la te r . T h e  sera o f th ese  p a tie n ts  were c o m p ara tiv e ly  te s te d  for H I and 
n eu tra liz in g  an tibodies.

N eutraliza tion  tests. T w ofo ld  d ilu tio n  series of sera were te s te d  ag a in s t a b o u t 20 C PD 50 
of v iru s. T he f irs t d ilu tio n  w as u su a lly  1 : 4, in  c e r ta in  cases, w hen  serum  w as no t availab le  
in  su ffic ien t am o u n ts, 1 : 8 o r 1 : 20. E ac h  se ru m -v iru s m ix tu re  w as in o cu la ted  in to  th ree  tu b e  
cu ltu res  of H eL a cells. T he t it re s  were c a lcu la ted  from  read ing  on th e  se v e n th  d ay  of in cu b a 
tion .

H I te s ts  were p e rfo rm ed  as p u b lished  elsew here [9], excep t th a t  h u m an  0 e ry th ro cy te s  
were used . Before t i t r a tio n  th e  sera  were ab so rb ed  w ith  kaolin.
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Results

H I an tibodies  to  adenovirus  ty p e s  8, 9 and  10 were t i t r a t e d  in 122 serum 
pa irs  o f  pa t ien ts  w i th  E K C . The resu lts  are sum m arized  in  Table  I .  I t  is seen 
t h a t  abou t tw o - th i rd  o f  th e  acu te -p h ase  sera proved  to  be nega tive  to  each of 
ty p e s  8, 9 and 10. I n  v iew  of th e  low n u m b e r  of sera, th e  positive  correlation 
am o n g  the  t i t re s  to  d ifferen t ty p es  is n o t  quite  convincing.

The corre la tions are, how ever, convincing for th e  convalescent sera, 
p a r t icu la r ly  for ty p e s  8 and  9. To b o th  of these types  78 convalescent sera 
gave  equal t i tres .  N everthe less ,  in  a few serum  samples th e  t i t re s  to  these tw o 
ty p e s  were defin ite ly  d ivergen t,  e.g. 3 sera had  no an tibod ies  detec tab le  in 
1 : 10 dilution to  ty p e  9, whereas th e  sam e sera showed t i t re s  o f  1 : 80 to  adeno-

Table I

Distribution o f  122 cases o f E K C  by serum  H I  titres to adenovirus types в, 9 and 10 

(a) T ype 8 versus type  9

Acute-phase sera Conval îscent-phase sera

T itre to typ 9
Total xg for

Tit re to typ * 9
Total

<10 10—40 < 8 0 type 9 <10 10—40 <80 type 9

о CO < 1 0 66 16 l 83 6 38 9 3 50 7

5  £ 1 0 -4 0 13 14 2 29 13 10 20 8 38 21

> 8 0 1 3 6 10 56 3 H 20 34 59

Total 80 33 9 122 51 40 31 122

xg for ty p e  8 6 11 46 8 21 69

(b) T ype 8 versus type  10

Acute-phase sera j Convalescent-phase sera

T itre to type 10
Total Xg for

T itre to type 10
Tótul 1 *8 for 

type 10< 1 0  10—40 ,>80 type 10 < 1 0  10 — 40 < 8 0

li
tr

e 
to

 
ty

pe
 8

< 1 0 61 22 83 7 36 13 l 50 7

10 40 14 14 1 29 n 14 19 5 38 12

;> 8o 3 4 3 10 23 7 12 15 34 26

T otal 78 40 4 122 57 44 21 122

*g for ty p e  8 7 9 56 10 20 112
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(c) T ype 9 versus ty p e  10

Acute-phase sera Convalescent-phase sera

Titr e to type 10
Total x£ lor

Titre to type 10
Total xg lor 

type 10< 10 10—40 > 8 0 type 10 < 10 10—40 > 8 0

< 1 0 64 15 l 80 6 42 9 51 6
О O'
..
£  £

1 0 - 4 0 10 21 2 33 14 10 25 5 40 15
H

80 4 4 1 9 14 5 10 i 6 31 37

T o ta l 78 40 4 122 57 44 21 122

for ty p e  9 7 15 24 8 29 129

xg =  geom etric  m ean

virus  ty p e  8. Conversely, a serum  hav ing  no detec tab le  an tibod ies  to  ty p e  8 
h a d  a t i t r e  >  1 : 320 to  ty p e  9. There was a corre la tion  be tw een  th e  a n t i - ty p e  
8 a n d  a n t i - ty p e  10 t i t re s  as well as th e  a n t i - ty p e  9 and an t i - ty p e  10 t i t re s .  
These  corre la tions were, however, less p re g n a n t ,  as shown in T able  I. T here  
were few convalescen t sera w ith  a h igher t i t r e  to  ty p e  10 t h a n  to  ty p e  8 or 9 
of  v irus ;  well-defined deviations in th e  opposite  sense were considerab ly  m ore  
f requen t .

As show n in Table I I ,  a rise in t i t re  to  ty p e  8, 9 and 10 was d e m o n s t ra te d  
in 62, 52 and  45 cases, respectively; the  rise was a t  least fourfold in 46, 37 a n d  
25 cases, respectively .  Though  th e  differences were n o t  too m ark ed ,  i t  is obvious 
t h a t  th e  cau sa t iv e  agen t  of the  epidemic, v iz . adenovirus ty p e  8, was th e  se ro 
ty p e  to  w hich  a rise in an t ib o d y  t i t re  was d em ons trab le  m ost f requen tly .  T ype
8 was followed by  ty p e  9, and  an t ib o d y  response  to  type  10 was the  least  f re 
quen t .

T ab le  I I I  shows the  cross n e u tra l iza t io n  and  H I titres o f  our ty p in g  sera 
( rab b i t  sera). T here  was a com plete  cross inh ib it ion  between ty p e  8 im m u n e  
serum  and  th e  ty p e  9 s tra in , whereas th e  homologous H I  t i t r e  o f  th e  a n t i - ty p e
9 se ru m  was four times higher th an  its t i t r e  to  the  type  8 v irus . T here  was no 
d e tec tab le  cross inh ib ition  be tw een  adenov irus  ty p e  10 on th e  one hand  and 
ty p e s  8 an d  9 on the  other.

We were no t  able to  d em o n s tra te  cross reactions in th e  n eu tra l iz a t io n  
te s t .  C onsidering th a t  the  homologous t i t r e  o f  th e  sera was on ly  2 4 t im es
higher th a n  th e  lowest dilution in which th e  sera  were tes ted , th e  existence of  
a cross reac tion  de tec tab le  by  a m ore sens itive  techn ique  could n o t  be excluded .

F ro m  each of 11 cases exam ined  du r ing  th e  epidemic period in 1961 1962,
one or tw o  ad d it iona l  serum  samples were o b ta in ed  during th e  2-year pe r iod

I* Acta microbiol. Acad. Sei. hung. X T  I , 1965
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Table II

Acute- and convalescent-phase I I I  titres o f  paired sera o f  122 E K C  patients

Adeno 8 Adeno 9 Adeno 10

> 3 2 0 3 1 2 4 2 2 2 l 1

160 4 1 2 1 4 2 3 1 1 1 2 1 1 1

80 7 2 5 3 2 1 3 1 1 1 2 1 4 2 5 2 1

40 9 1 1 1 1 6 2 3 3 2 2 2 2

Convalescent- 
phase titre s  20 10 1 3 7 1 6 1 5 1 5 2 1

10 8 1 1 1 7 2 1 1 14 7 1

< 1 0 42 5 1 1 1 49 1 1 52 4 1

< 1 0  10 20 40 80 160 320 < 1 0 10 20 40 80 160 320 < 1 0 10 20 40 80 160 > 3 2 0

A cute-phase titre s

Table 111

Cross H I  and neutralization reactions in rabbit hyperim m une sera

Rabbit serum type
to

Veutralization titre* 
10 CPDgo adenovirt 

type
*

H I titre* to 4 HA units 
type

of adenovirus

8 9 10 8 9 10

A denovirus 8 ............................... 50 < 2 5 < 2 5 640 640 < 1 0

A denovirus 9 ......................... < 2 5 100 < 2 5 320 1280 < 1 0

A denovirus 10 ....................... < 2 5 < 2 5 100 < 1 0 < 1 0 2560

Reciprocals
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Table IV

C  F  a n d  H I  titre s  in  the  sera  o f  E K C  p a t ie n t s  i n  th e  a c u te -p h a se , c o n v a le s c e n t-p h a se , a n d  tw o  y e a r s
th e r e a fte r

III titres*
Case
No. Timt after onset to adenovirus CF

type 8 type 9 type 10

]. l day — _ _ 4
21 days — — — 4
77 days 20 — — .

2 years 10 — 10 < 4

2. 6 days 20 . < 4
20 days 10 — — 16
34 days 10 10 20 16

2 years 20 10 10 8

3. 4 days — — 10 < 4
17 days 20 — 10 < 4
2 years 40 10 20 < 4

4. 3 days — — — 16
25 days 40 16
41 days 80 (16) 10 —

2 years 40 20 40 16

5. 2 days — — — 4
14 days 20 40 10 4
19 days 40 40 20 16

2 years 20 20 20 16

6. 3 davs _ _ _ 16
13 days 20 — 16
26 days 10 — 10 16

2 years 20 — 10 (32) 8

7. 2 days 40 — — 16
14 days 80 80 80 32
27 days 160 80 80 64

2 years 40 80 80 4

8. 3 days 10 — — < 4
17 days 80 40 20 32
30 days 80 32

2 years 20 20 20 < 4

9. 3 days — — 4
12 days 40 — 16
42 days 40 (16) — — 16

2 years 40 10 20 8

10. 2 days -- . — 20 < 4
8 days 80 20 80 < 4
2 years 40 40 160 (16) < 4

11. 3 days — — — < 4
32 days 20 — — 8
43 days 20 10 10

2 years 20 10 10 < 4

. =  n o t te s ted
-  =  < 1 0  
* =  reciprocals

F igures in  p a ran theses m ean n eu tra liza tio n  t itre . T he o th er tes ts  showed no neu tra liz in g  an tibody  
a t 1 : 16 d ilu tion
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following convalescence. The com plem ent-f ix ing  (СГ), H I  and neu tra l iza t ion  
t i t r e s  of these sera were te s te d  against adenovirus  ty p e s  8, 9 and  10 (Table IV).

The convalescent t i t re s  decreased only slightly , a n d  never d isappeared  
d u r in g  the  tw o-year  period . In  several cases H I  a n t ib o d y  could  be d em o n s tra ted  
a f te r  two years to  such  ty p es  to  which H I  an t ib o d y  cou ld  no t  be detec ted  in 
th e  convalescent sam ple .

The n eu tra l iz a t io n  t i t re s  were low. There were on ly  tw o  cases where th e  
t i t re  to  adenovirus  ty p e  8 a t ta in e d  th e  1 : 16 level d u r in g  convalescence. 
H ig h e r  t i tres  were n o t  observed. Two years  af te r  convalescence we failed to  
d e te c t  antibodies even  b y  exam in ing  1 : 4 d i lu ted  sera. I n  tw o  cases, how ever, 
th e  sample ta k e n  tw o  yea rs  af te r  convalescence elicited th e  h ighest t i tres  (1 : 16 
and  1 : 32) to  adenov irus  ty p e  10. (The samples ta k e n  a t  different t im es were 
t i t r a t e d  s im u ltaneously ,  un d er  th e  sam e c ircum stances). In  the  o ther  sera , 
irrespective  of ty p e ,  th e  an t ib o d y  t i t r e  did no t a t ta in  th e  1 : 16 level.

Discussion

On the  hasis o f  H I  tes ts  carried  ou t with r a b b i t  hyp e r im m u n e  sera [2, 
6, 8] a serological cross reac tion  was obviously d e tec tab le  be tw een  adenov irus  
ty p e s  8 and 9. This cross reac tion  was well-defined in o u r  ra b b i t  sera as well. 
On th e  o ther  h a n d ,  th e  occurrence of cross reactions w i th  ty p e  10 hy p e r im m u n e  
sera  is still u n ce r ta in .  O ur  results  are consis ten t w ith  th o se  o f  Sever  et al. [6] 
a n d  R afajko  [11] in a sm u ch  t h a t  we were unable  to  es tab lish  a cross reac t io n  
b e tw een  adenov irus  ty p e s  8 and  9 on th e  one hand  a n d  ty p e  10 on the  o ther .

We have con firm ed  th e  appearance  of H I  an tibod ies  to  adenovirus ty p e s  
9 an d  10 in the  se rum  of E K C  convalescents. There ex is ts  a well-defined co rre 
la t io n  betw een  th e  ty p e  8 and  ty p e  9 a n t ib o d y  t i t re s  a n d  a less p ro n o u n ced  
corre la tion  w ith  th e  ty p e  10 ti tres .  The paralle lism  m an ife s ted  itself also w ith  
th e  rise in t i t re  d u r in g  illness.

In  spite of th e  cross reactions, th e  H I  te s t  should  be considered su itab le  
fo r  revealing th e  pa th o g en ic  agen t  of E K C  cases, as e x c e p t  for a single p u b l ic a 
t io n  [12] there  is no basis  for assum ing a n y  role to  types  9 and  10 in th e  ae tio logy  
of EKC-like cases. To ty p e s  3, 7 an d  14, which have b een  suspected  to  have  an 
aetiological role in  cases similar to  E K C , E K C  convalescen ts  produce no H I  
an tibodies  w hen th e  illness is due to  adenovirus  ty p e  8 [9].

Acta microbiol. Acad. Sei. hung. X I I ,  1965
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ANTIVIRAL ACTIVITY OF TWO AMINO-ETHYL-GUANI- 
DINE AND AN EUGENOL DERIVATIVES
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(Director : Gy . Mé h e s ), U niversity M edical School, Pécs

(R ece iv ed  M arch 15, 1965)

Sum m ary. Two a in in o -e th y l-g u an id in e  and  an eugenol d e riv a tiv e s  w ere tested  for a n ti 
v iral a c tiv ity  in p rim ary  m o n k ey -k id n ey  cell cu ltu res , using  th e  p laq u e  tech n iq u e . The eugenol 
d e riv a tiv e  m o d era te ly , th e  tw o g u an id in e  d e riv a tiv es (Q u a n e th id in , P Y G ) defin ite ly , inh ib ited  
I he p laque fo rm atio n  b y  th e  R N A  v iruses poliovirus LSc 2ab , co x sack iev iru s B-3 (p ro to ty p e  
s tra in )  and  the  DN A  v iru s H erpesvirus hom in is. The effec t o f P Y G  w as p a r tic u la r ly  rem arkab le ; 
th is com pound in h ib ited  p laque  fo rm a tio n  by  each of th e  above v iruses a t  a co n cen tra tio n  of 
10 /ig/m l. T he effect o f P Y G  and  Q u an e th id in e  can n o t be a ttr ib u te d  to  th e ir  guanidine com po
n en t exclusively.

Most recen tly  the  n u m b e r  of works dealing w ith  a n t iv i ra l  compounds 
has considerably increased. I t  has been shown t h a t  com pounds  highly different 
in  chemical s t ru c tu re  m ay  in h ib i t  viral p roduction . Thus , 2 -(a-hydroxybenzyl)-  
benzim idazol [ 1 3 ]  as well as guanid ine  [4] in h ib i t  rep ro d u c t io n  of some en te 
roviruses (RN A  viruses) w hereas  Herpesvirus hom inis  (D N A  virus) is inhibited 
b y  5-iodo-2-deoxyuridine [5]. 3 -iodo-2-m ethy lm ercap to -4 -th io -6 -azauracy l in 
hib its  the  rep roduc tion  of b o th  R N A  and D N A  viruses [6, 7]. Although an 
excessive n u m b er  of  com pounds  have  been te s te d  for a n t iv i ra l  ac tiv ity , only 
a few of them  have been p u t  on th e  m arke t  [8, 9].

In  the  present s tu d y  th e  v iro s ta t ic  ac t iv i ty  of  tw o g uan id ine  alkylamines 
a n d  an eugenol a lky lam ine  has been exam ined.

M ateria ls  and methods

Cell culture. P r im a ry  m o n k ey -k id n ey  m onolayers were e s tab lish ed  in  te s t tubes, and in 
P e tr i dishes 9 cm or 5 cm  in  d iam e te r.

Viruses. The wild M ahoney  a n d  th e  a tte n u a te d  LSc 2ab s tra in s , b o th  rep resen ting  
po liov irus ty p e  1, th e  p ro to ty p e  s tra in s  o f echovirus ty p e  19, an d  co x sack iev iru s B3, and a h e r
pes sim plex  v irus s tra in  [11] w ere used . T he en te ro v iru s s tra in s  w ere k in d ly  supplied  by D r . 
I. DÖMÖK (S ta te  In s t i tu te  of H yg iene, B u d ap est).

Chemicals. 2 -(/?-am inoaethy l)py rid ine  (A E P), 2 -(p y rid y le th y l)-g u an id in e  su lp h a te  
(P Y G ) [12], 2 -(5-ally l-3 -m ethoxy-2 -hydroxybenzy l)-/?-(a-py ridy l)-e thy l am ine  (H-99) [13], 
a n d  Q uaneth id ine  (2 - ( -o c ta h y d ro -l-a zo c y n y l)e th y l guan id in e  su lp h a te )  [1 2 ] were tes ted  fo r 
a n tiv ira l a c tiv ity . T he w ell-know n a n tiv ira l  com pound  guan id in e  HC1 served  as control. 
C hem ical s tru c tu re  an d  m olecu lar w e ig h t of th e  com pounds are  given in  T ab le  I.

Plaque method. T he m eth o d  of HsiUNG and  Me l n ic k  [14] was ap p lied  w ith  some m odifi
ca tio n . T he chem icals w ere in co rp o ra te d  in  th e  sem isolid m ed ium  a t d iffe re n t con cen tra tio n s 
(10, 20, 50 or 100 pg  pe r m l). W hen a com pound  was ap p lied  la te  a f te r  in fec tio n , i t  was in co r
p o ra te d  in  a second n u tr ie n t  layer. V ira l suspensions w ere d ilu ted  to  c o n ta in  10 0  p laque-form 
ing u n its  (P F U ) in 0.2 ml ( th e  in o cu la ted  volum e). In  every  case th re e  p a ra lle l titra tio n s  were 
m ade. E v a lu a tio n  took  p lace  on  th e  fo u r th  day  a fte r  in o cu la tion .
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Table I

Data o f compounds used in  the experiments

Substance Structure Molecular
weight

G uan id ine  HC1 N H  HC1
N it,—P . /

N II,
95.54

Q u an eth id ine  (2 -(-octa- 
hy d ro - l-azocynil)ethyl- 
guan id ine  sulphate)

.N H  • ' H .SO ,
N — C H ,— CH„—N H —C<f

N H ,
247.36

P Y G  (2-(pyridylethyl)- 
guan id ine  sulphate)

/ Н -  V2 H ,S O , 

! J — С Н ,— С И ,-  N H — C

N H ,

213.36

H-99 (2-(5-allyl-3-m etho- 
x y -2 -hydroxybenzyl)- 
/?-(a-pyridyl)ethyl gua
n id ine  su lphate)

OH

/ 4  i  / О с н 3
Ц — C H ,— C H , - N H — CH,

HC1

HC1 C H ,— C H —C H ,

371.32

A E P  (2-(/?-aminoethyl) 
pyrid ine) Л

!*n  !1- C H 2— C H ,— N H , • 2 HC1 195.13

Results

Effects o f  Quanethidine, P Y G , H-99 and A E P  on plaque formation by 
the L S c  2ab strain. A h u n d re d  /tg/ml was incorpora ted  in  th e  n u t r ie n t  layer, 
w hich  was th en  pou red  on to p  of th e  m onolayer 1 h o u r  a f te r  infection.

Table II

Inhibition o f plaque fo rm in g  capacity o f  L S c  virus by P Y G , Quanethidine. H -99 and A E P

Compound Concentration
/,g/ml

N um ber of 
plaques

— 130

Q uaneth id ine 1 0 0 0

PYG 100 0

H-99 100 0

— — 95

A E P 100 80
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As shown in Table  I I ,  p laque  fo rm atio n  b y  LSc 2ab  v iru s  was inh ib ited  b y  b o th  
guan id ine  der ivatives  a n d  th e  eugenol der iva tive .  I t  was p rac t ica l ly  n o t  in h ib 
ited  by  A E P .

Effect o f  Quanethidine and P Y G  on plaque fo rm a tion  by the L Sc  2ab 
strain when antiviral agent was added at different periods after viral infection. 
As Table  I I I  shows, b o th  of  these  com pounds in h ib i ted  p laque  fo rm ation , 
e v e n  w hen  added  a f te r  a re la t ive ly  long period following v ira l  infection. P Y G  
exceeded Q uaneth id ine  in in h ib it ion ;  th e  form er c o m p o u n d  p rev en ted  tlie fo r
m a t io n  of visible p laques  even when  added 32 hou rs  a f te r  inoculation .

Table III

V iru s inhibitory effect o f  Quanethidine and P Y G  applied at d ifferent tim es after virus infection

Compound Concentration ! Time o f addi‘ 
/lg/ml ! t,on. after m - 

fection, hours

N um ber of 
plaques

— 9 8

Q uaneth id ine 100 4 0

24 45

PYG 100 4 0

24 0

32 12

Table IV

Inh ib ition  o f  plaque fo rm a tio n  o f LSc  virus by di feren t compounds

Compound Concentration
jHg/ml

N um ber of 
plaques

— 55

Q uaneth id ine 20 0

PY G 20 0

G uanidine 20 8

H-99 2 0 48

The effect o f  20 fig/ml concentrations o f  Quanethidine, P Y G ,  H-99 and  
guanid ine  on plaque fo rm a tio n  by the L Sc  2ab strain. Tab le  IV  shows t h a t  
b o th  guanidine de r iva tives  (Q uane th id ine  an d  P Y G ) as well as guanid ine  
HC1 serving as con tro l  m a rk e d ly  inh ib ited  th e  p laq u e  fo rm a tio n  w hen 20 
ug/ml concen tra t ions  were added  1 hou r  a f te r  inocu la t ion . The eugenol 
de r iv a t iv e  (H-99) was ineffec tive  a t  t h a t  concen tra t ion .

The tw o com pounds  (Q uane th id ine  and  P Y G ) t h a t  h a d  p roved  m ost 
« ffective in  the  above  e x p e r im en ts ,  were te s te d  a g a in s t  some fu r th e r  v iruses.
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Effect o f  P Y G  and Quanethidine on plaque formation by other v irus strains.  
T ab le  V shows how P Y G  an d  Q uan e th id in e  inh ib ited  p laque  form ation  
b y  th e  M ahoney s t ra in  and  th e  M ahoney , echovirus ty p e  19, coxsackievirus 
ty p e  B3 and the herpesv irus  s tra in s ,  respectively , when th e  an t iv ira l  agent 
was applied  a t  a co n cen tra t ion  of 100 /ig/ml.

Table V

Virus inhibitory effect o f  Q uanethidine and P Y G  on different virus strains

Compound Concentration
//g/ml

Virus strain ! N um ber of 
plaques

M ahoney S3
Q uanethidine 100 M ahoney 0
PYG 100 M ahoney 0

___ __ E chovirus 19 75
Q uanethidine 100 E chovirus 19 0

Coxsackievirus B3 25
Q uanethidine 100 C oxsackievirus B3 0

— __ H erpesvirus 105
Q uanethidine 100 H erpesvirus 0

Not only the  rep resen ta t ives  of RNA viruses (LSc, echov irus  19, cox
sackiev irus  B3) b u t  even a D N A  v irus  (herpesvirus) was in h ib i ted  b y  Q uane
th id in e .  Based on these  results  we assum ed a similar effect for P Y G , which 
h ad  been  te s ted  only  against th e  M ahoney  virus. As each of these  two com-

ТаЫ е VI

Effect o f  Quanethidine and P Y G  on plaque form ation  by different virus strains

Compound
I
1 Concentration Virus strain N um ber of

t 'S  1111 plaques

LSc 2ab 76
Q uanethid ine 10 LSc 2ah 52
PYG 10 LSc 2ab 8

_ E chovirus 19 45
Q uanethid ine 10 Echovirus 19 50

PYG 10 E chovirus 19 28

C oxsackievirus B3 30
Q uanethid ine 10 C oxsackievirus B3 8
PYG 10 Coxsackievirus B3 0

_ _ H erpesvirus 65
Q uanethid ine 10 H erpesvirus 60
PYG 10 H erpesvirus 12
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F ig . 1. In h ib ito ry  effect of Q uan eth id in e  (10 fig /m l)  and  of P Y G  on  d iffe ren t v iru s s tra in s
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p o u n d s  proved to  be effective when th e  n u t r ie n t  layer  co n ta ined  20 ftg/ml, it  
w as reasonable to  ex am in e  th e i r  effect a t  a co n cen tra t ion  of 10 /ig/ml. The cor
respond ing  d a ta  a re  show n in Table  VI.

I t  is clearly seen t h a t  th e  s tra ins ,  excep t th e  echovirus ty p e  19 s tra in ,  
w ere  inhibited to  a b o u t  th e  sam e degree b y  th e  tw o  com pounds . According 
to  th e  num ber of p laq u es ,  inh ib it ion  was poor in  several cases, b u t ,  as shown 
in  F ig . 1, the size o f  th e  p laques was also reduced  in  the  presence of 10 /ig/ml 
of  th e  antiv ira l a g en t .

Echovirus t y p e  19 was no t  influenced b y  Q uaneth id ine .
Mechanism o f  action o f  P Y G .  In  the  above exper im en ts ,  P Y G  was the  

m o s t  active a n t iv ira l  agen t.  This com pound  was therefo re  exam ined  for th e  
mechanism  of ac tion .

To exam ine t h e  effect of P Y G  in vitro, LSc 2ab virus was m ixed w ith  
P Y G  to make a m ix tu re  con ta in ing  100 P F U  of v irus  and  100 fig o f  P Y G  p er
0.2 ml. This was in c u b a te d  a t  37°€ for 3 hours  and , sub seq u en t ly ,  added  to  
monolayers. Contro l cu ltu res  were inocula ted  w ith  v irus  w i th o u t  PY G . A fte r  
a 30 minute a d so rp t io n  period th e  cultures were w ashed  w ith  PB S th ree  
t im es  and covered w ith  a n u t r ie n t  layer. T here  was no difference in plaque 
c o u n t  between th e  con tro l  p la te  and  th a t  inocu la ted  w ith  P Y G -tre a te d  v irus , 
in d ica t ing  th a t  P Y G  exerted  no effect on the  LSc 2ab virions.

Adsorption o f  LSc 2ab virus to  cells was not in fluenced b y  P Y G , as proved  
b y  the following e x p e r im en t .

Monolayers were  in fected  with 100 P F U  of LSc 2ab virus in the  presence 
of  200 figjml, or w i th o u t ,  PY G . After 2-hours adso rp tion  the  monolayers were 
w ashed  several t im e s  with PBS and subsequen tly  covered w i th  a n u tr ien t  laver. 
T here  was no s ig n if ican t  difference in p laque  co u n t  b e tw een  th e  control 
p la te s  and those w i th  PY G .

The m echan ism  of action  of PY G  canno t be identical w ith  t h a t  of g u a n 
idine, for the  fo rm e r  is more effective no t  only in reduc ing  p laque  coun t,  hu t 
also in its wider v iru s  sp ec tru m ; even herpesv irus ,  a rep re sen ta t iv e  of D N A

Table VII

Comparison o f  virus inhibitory effect o f  P Y G  and guanidine on R N A  (L S c )  and D N A  ( H erpes)
viruses

C o m pound C on cen tra tio n
Og/ml

V irus s tra in N u m b e r of 
p laques

LSc 2ab 45
G u an id in e 10 LSc 2ab 12
PY G 10 LSc 2ab 3

H erpesvirus 98
G uan id ine 10 H erpesvirus 102
PYG 10 H erpesvirus 15
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viruses ,  was inhibited. A com parison  of th e  effects of th e  tw o  com pounds  is 
given in Table  VII.

T h e  effect of P Y G  in d ifferent phases  of the  re p ro d u c t io n  cycle of the 
LSc 2ab s t ra in  was also s tud ied . P re l im in a ry  da ta  suggest t h a t  P Y G  exerts 
its effect in  the  3rd and  4 th  hours a f te r  infection.

Discussion

A m ong  the  an tiv ira l  com pounds  u n d e r  s tudy  A E P  p roved  to he ineffec
t ive ,  w hereas  the  eugenol der iva tive  H -99 was m o dera te ly  ac tive  in  inh ib iting  
th e  rep ro d u c t io n  of th e  LSc 2ab s t ra in .  Y et,  we th in k  th a t  e x a m in a t io n  of 
fu r th e r  eugenol der ivatives  for a n t iv ira l  effect would be reasonable .  The two 
g uan id ine  derivatives P Y G  and Q u ane th id ine  surpassed guan id ine  b o th  in 
degree of  inhibition  and  v irus  spec trum . P Y G  was the  m ost  effective, inh ib iting  
th e  rep ro d u c t io n  of b o th  th e  R N A  viruses LSc 2ab, echovirus ty p e  19 and 
coxsack iev irus  B3 and th e  D N A  v irus  Herpesvirus hominis.  I n  sim ilar  experi
m e n ts  A E P ,  which is in co rp o ra ted  in  th e  P Y G  molecule, was ineffective. N ever
theless, th e  corresponding rad ica l in th e  P Y G  molecule m u s t  be o f  im portance ,  
consider ing  th a t  its coupling to  guan id ine  increases th e  effect and  widens the  
virus sp ec tru m  of the  la t te r .

It should be no ted  th a t  b o th  P Y G  and Q uaneth id ine  are kn o w n  to  reduce 
b lood pressure ; Q uane th id ine  has even been used as an  a n t ih y p e r te n s iv e  drug
[15].
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UNTERSUCHUNG DER KATALASE AKTIVITÄTS- 
ÄNDERUNG VON FUCIDIN-RESISTENTEN 
STAPHYLOCOCCUS AUREUS-KULTUREN

V on

E. K ovács , К. K ó k ai  und H . H. Ma z are an

Biochem isches In s titu t (Leiter: G y . D ó m j á n ) der M edizinischen U niversität, Szeged 

(E ingegangen  am  12 A pril 1965)

Z u sam m enfassung . Im  Laufe der F u c id in a d a p ta tio n  von S tap hy lococcus au reu s-K u l- 
tu re n  h ö r t  die K a ta la s e a k tiv i tä t  der Z ellen  a llm äh lich  auf. Bei der fu c id in fes ten  K u ltu r  
k o m m t es n ich t zu r E n zy m in d u k tio n , weil sich  das G leichgew icht de r P rozesse w äh ren d  der 
A d a p ta tio n  in  R ich tu n g  k a ta laseu n ab h än g ig er O x y d a tio n sm ech an ism en  v e rsch ieb t u n d  des
halb  das F u c id in  die A tm u n g sin ten sitä t d e r  a d a p tie r te n  M ikroorgan ism en n ich t b eein flu ß t.

U n te rsu ch u n g en  über die A n tib io t ik u m em p fin d l ich k e i t  von  S taphv lo - 
k o k k u ss täm m en  haben  ergeben, d aß  die Toleranz der B ak te r ien  ste igenden 
A n tib io t ik u m k o n zen tra t io n en  gegenüber  a llm ählich  zu n im m t und  diese A d a p 
ta t io n  sp ä te r  in eine Resistenz üb erg eh en  kann . E ine andere  E n ts te h u n g s a r t  
der Resis tenz  is t,  daß genetisch m u ta n te ,  p r im är  resis ten te  K eim e se lek tiert  
w erden [1]. Im  Laufe der A d a p ta t io n  sind die S to ffw echseländerungen  des 
M ikroorganism us an  H and des S tu d iu m s  gewisser E n zy m sy s tem e  gu t  verfolg
bar, weil diese V eränderungen  sowohl du rch  die gesteigerte P ro d u k t io n  der 
gehem m ten  E n zy m e  als auch durch  die e rh ö h te  E inbez iehung  der schon v o r 
handenen , aber  weniger in A nspruch  genom m enen  R eaktionsw ege zus tande  
kom m en können.

Beim S tu d iu m  der an tib ak te r ie l len  W irkung  des über ein S te rangerüs t  
verfügenden  Fucid ins  [2] ist nachgewiesen worden, daß die m eisten  S ta p h y lo 
k o kkens täm m e ihm  gegenüber sensitiv  sind [3]. Diese S täm m e verfügen  über  
eine für  die aeroben  M ikroorganismen cha rak te ris t ische  K a ta la se a k t iv i tä t .  
Sofern das F uc id in  den O x yda tionsm echan ism us  beeinfluß t,  ist  anzunehm en , 
daß die A n tib io t ik u m w irk u n g  auch  die K a ta la s e a k t iv i tä t  n ich t  u n b e rü h r t  
läßt.

Die K a ta la se  ist eines jener in d u z ie rb a ren  E nzym e, welche in G egenw art 
von S auers to ff  oder u n te r  dem E in f lu ß  des du rch  R ed u k tio n  im Zellstoffwech
sel e n ts ta n d e n e n  Sauerstoffs gebildeten  P e ro x y d s  en ts teh en  [4]. W as die L o k a 
lisation der K a ta la se  anbetr iff t ,  so i s t  sie in e tw a  gleichen Mengen im Zell
p lasm a u n d  in  den dar in  en tha ltenen  s t ru k tu re l le n  E lem en ten  (M itochondrion, 
Mikrosomen, K erne) verte il t  [5, 6, 7 ] ,  n ach  K a p l a n  ist  sie in e rs te r  Linie in 
kom plexer F o rm  an R ibonuk leop ro te ide  gebunden  [8]. In  A n b e tra c h t  der 
F u n k t io n  der R ibonukle insäure  [9] d ü r f te  die A k t iv i tä t  des F.nzyms in engem 
Z u sam m en h an g  m it  dem Zellw achstum  s tehen .
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Material und Methoden

B ei dem  in den  V ersu ch en  b e n u tz te n  Staphylococcus ou reu s-S tam m  h a n d e lte  es sich um  
e in en  ziem lich v e rb re ite te n  K ra n k en h a u ss ta m m , der vorw iegend  aus pem phigo iden  Prozessen  
iso lie rt w ird . Von den A n tib io tik a  is t der S ta m m  g eg enüber C hloram phenico l, N eom ycin , P o ly 
m y x in  В u n d  E ry th ro m y c in  em pfind lich . E in e  T y p is ie ru n g  m it d en  G ru n d -P h ag en  w ar n ich t 
m öglich  u n d  eine L yse  n u r  m it dem  le tz tl ic h  iso lie rten  P h a g e n  12 I ), herb e izu fü h ren . D er 
S ta m m  fe rm en tie rt M am iit u n d  p ro d u z ie rt H äm o ly sin , K o ag u lase  u n d  P h o sp h ata se .

Z ur H erste llung  v o n  B ouillon w urde  p ro  L ite r 8 g k o n z e n tr ie r te r  F le isch e x trak t, 4 g 
H e fe e x tra k t (100 g H efe in  100 g W asser bei 1 A tü . 10 M in u ten  g ekoch t u n d  f i ltr ie r t) ,  1,6 g 
N aC l, 1,6 g N a2H P 0 4 u n d  2,4 g P ep ton  v e rw en d e t u n d  das p H  m it K O H  oder H 3PO , au f 7,0 
e in g este llt.

Z ur Z üch tung  w u rd e n  40 ml N äh rb o d en  in  100 ml E rlen m ey e r-K o lb en  gegeben u n d  m it 
2 m l v o n  16 S tu n d en  a lte n  V o rk u ltu ren  b e im p ft. Die B e b rü tu n g  erfo lg te  bei 37°C u n d  e in e r 
S c h ü tte lfreq u en z  von 1 0 0 /m in .

D ie A ngew öhnung  d e r M ikroorgan ism en an  F u c id in  geschah  a llm äh lich  d u rch  se rien 
m äß iges U berim pfen  10 T ag e  h in d u rch  in  N ä h rb ö d en  m it s te igendem  F u c id ingehalt.

D er aus einem  5 /tg /m l Fu c id in  e n th a lte n d e n  N äh rb o d en  g ezü ch te te  S tam m  erwies sich 
a u ch  g rößeren  A n tib io tik u m d o sen  gegenüber als re sis ten t.

D ie K a ta la s e a k tiv i tä t  der zu versch ied en en  Z eiten  e n tn o m m en en  P ro b en  w urde jo d o - 
m e tr isc h  [10] b e s tim m t u n d  die e rh a lten en  W erte  a u f  S ta r tp u n k ta k tiv i tä t  um g erech n e t [11].

Die Z ellatm ung, d. h . die Ä nderung  des p a r tia le n  S au e rsto ffd ru ck es im  M edium  w u rd e  
m itte ls  P o ten tia lm essu n g  [12] verfo lg t, w obei e iner g e sä tt ig te n  K C l-K alom elelek trode  eine 
g la t te  P la tin e le k tro d e  g eg en ü b er g e sch alte t w u rde . Die E le k tro d e n  w aren  so gew äh lt, d aß  ih r  
P o te n tia l  in  destillie rtem  W asser im  S tick s to ffs tro m  in g leicher W eise ab n ah m .

Ergebnisse

Die p o ten tiom etr ische  V erfolgung der A tm u n g s in te n s i tä t  der Staph.  
au reus-К ul tű re  n [13] zeigte, daß die V erringerung  der  P o ten t ia lw er te  w ährend  
der  logarithm ischen  W ach s tu m sp h ase  am  g röß ten  is t.  Die A usw ertung  der 
P o te n t ia lk u rv e n ä n d e ru n g  und der O.,-Tension [14] weist d a ra u f  hin, daß  der 
in tens iv s te  V e rb rau ch  des im N äh rb o d en  gelösten S auers to ffbes tandes  n ich t 
in  den  Bereich der n iedrigen, sondern  in den der höheren  P o ten t ia lw er te  fä ll t .  
H ie r  is t  näm lich  der  G ehalt  an gelöstem S auers to ff  noch hoch und  die Möglich
keit seines V erb rauches  durch  die Zellen noch  größer. Bei niedrigeren E h- 
W e r te n  ist bei w esentlich  geringerer 0 2-K o n su m p tio n  eine größere P o te n t ia l 
v e rän d e ru n g  zu b eo b ach ten ,  weil die V e rm inderung  des P o ten tia ls  der V e rr in 
g e rung  des par t ia len  0 2-Druckes logar i thm isch  p ropor t iona l  ist.

In  A n b e tra c h t  dessen, daß der anfangs re la t iv  hohe 0 2-Gehalt von der  
lebenden  Zelle a l lm äh lich  v e rb rau ch t  w ird, k a n n  aus der  P o ten t ia lv e rä n d e ru n g  
a u f  die A tm ung  der  Zelle bzw. deren  I n te n s i tä t  geschlossen werden. In  den 
Fuc id in -sens itiven  K u l tu re n  des Staph, aureus  wird das im Laufe der E n tw ic k 
lung gemessene P o te n t ia l  (Abb. 1, K u rv e  1/b) in der logarithm ischen  Phase 
s t a rk  herabgese tz t  u n d  das Milieu n ach  E rsch ö p fu n g  seines 0 2-B estandes im m er  
m eh r  anaerob. Bei so niedriger Sauers tofftension  h ö r t  die Z e llverm ehrung  auf.

Der Fuc id in-sensitive  Staph. au reus-S tam m  ve rm ag  sich bei dem gegebe
nen Fuc id in -G ehalt  infolge A ufhebung  der aeroben  Prozesse n ich t zu v e r 
m ehren , und  so w ird  im E h-W ert keine wesentliche V eränderung  w a h rn e h m 
b a r  (Abb. 1, K u rv e  l /а). Seine anfängliche  geringgradige V erm inderung  ist
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Abb. 1. Z usam m enhang  zwischen dem  P o ten tia l der gegen F u c id in  re s is te n t gew ordenen 
Staphylococcus aureus-K u ltu r  (2), sowie dem  P o te n tia l der fuc id in fre ien  (1/b), der 5 /fg/ml 
F u c id in  e n th a lte n d en  N ährlösung  ( l /а) u n d  der K a ta la se a k tiv itä tsä n d e ru n g  der der em pfind

lichen K u ltu r  (1/c)

mg H2 O2

Abb. 2. W äh ren d  der E rlan g u n g  der F u c id in resis ten z  des Staphylococcus aureus b eo b ach te te  
K a ta la sea k tiv itä tsv e rm in d e ru n g  (schw arze K olum nen) verg lichen  m it de r K a ta la s e a k tiv itä t  
de r em pfind lichen  K u ltu r  (g estrich elte  K olum nen) bei der Z ü ch tu n g  in  fucid infreiem  (1), 

hzw. 0,1 (2), 0,2 (3), 0,5 (4), 1 (5) u n d  5 /ig/m l F u c id in -h a ltig em  N äh rb o d en  (6 )

die Folge des in itia len  0 2-V erbrauches des Inoku lum s. Die Z e lla tm ung  der 
F uc id in -res is ten ten  K u l tu r  w a r  ähnlich  der der sensitiven (Abb. 1, K urve  2). 
Die P o ten t ia lä n d e ru n g  d e u te t  d a r a u f h in ,  daß  die 0 2-K o n su m p t io n  der sensi
blen  u n d  der res is ten ten  Zellen als gleich zu b e t ra c h te n  ist.
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Die B estim m ung  der K a ta la s e a k t iv i tä t  der sensib len  Zellen ließ fes t
stellen, daß das E n z y m  im  V erhä ltn is  zur V e rm eh ru n g  v e rsp ä te t  induziert  
w ird  [15] und bis zum  Z u s tan d ek o m m en  des an ae ro b en  Milieus allmählich 
z u n im m t (Abb. 1, K u rv e  1/c). In  der absolut F uc id in -res is ten ten  K u ltu r  wurde 
eine K a ta la se a k t iv i tä t  ü b e rh a u p t  n ich t  beobach te t .

Aus dem Vergleich der die A tm u n g s in ten s i tä t  au sd rü ck en d en  P o te n t ia l 
k u rv e n  geht hervor, d a ß  die 0 . ,-K onsum ption  der re s is ten ten  u n d  sensiblen 
K u l tu r e n  gleich ist. E in  w esentlicher U nterschied erg ib t  sich dagegen h in s ich t
lich der  K a ta la se a k t iv i tä t .  Beim R esis ten tw erden  des sensitiven S tam m es war 
b ere i ts  zu Beginn der A d a p ta t io n  in N ährboden  m it  geringen Fucidin-M engen 
(0,1 pg/ml) eine b e träch t l ich e  V erm inderung  der K a ta la s e a k t iv i tä t  zu beo b ach 
ten . Bei zunehm ender F u c id in -K o n zen tra t io n  läß t die E n z y m a k t iv i tä t  w eiter 
n ach ,  u m  schließlich ganz au fzuhören  (Abb. 2).

Besprechung

Unsere Befunde lassen sich d a m it  erklären , d aß  das Eingreifen des Fuci- 
dins in den aeroben M echanism us des M ikroorganism us bei den K a ta lase  
induz ie renden  Prozessen s ta t t f in d e t .  Eine en tsp rechende  F u c id in -K o n zen tra 
t io n  h a t  die v olls tändige A u fh e b u n g  der A tm ung  u n d  d a m it  auch  der V erm eh 
ru n g  der  M ikroorganism en zur Folge.

I n  der fucidinfest gew ordenen  K u l tu r  b e d e u te t  die A ufh eb u n g  des M echa
n ism us des K a ta lasesys tem s n ich t  die A usschaltung  säm tliche r  energieliefern
der  Prozesse. Die W irk u n g  des Fucid ins  m anifestiert  sich im  Laufe der A d a p ta 
t io n  in einer V ersch iebung des Gleichgewichtes der n eb en e in an d er  funk t io n ie 
re n d e n  O xyda t ionsvorgänge , d. h. d aß  zur Sicherung der  erforderlichen Energie 
a n s t a t t  der mit K a ta la se  funk tion ie renden  energ ieproduzie renden  Prozesse 
ein an d ere r  O x y d a tionsm echan ism us  das Ü bergew icht erlangt.

Dieser besondere E ffek t  des Fucid ins  wird von a n d e ren  A n tib io t ika  (z. B. 
S trep to m y c in ,  E ry th ro m y c in  usw.) n ich t ausgelöst u n d  dem en tsp rechend  
ä u ß e r t  sich deren a n t ib ak te r ie l le  W irkung  in der H e m m u n g  eines anderen  
ae roben  M echanismus. Som it fü h r t  die K om bin ie rung  dieser A ntib io t ika  mit 
F u c id in  unbed ing t  zu r  E rz ie lung  einer in tensiveren an tib ak te r ie l len  W irkung  
[16, 17].
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Summary. T he b a c te ria l flo ra  and  b a c te r io s ta tic  effect of caries re s is tan t (CR) a n d  caries 
ac tiv e  (CA) sa liv a  h as  been  exam ined . T he n o rm al f lo ra  o f th e  m o u th  consists m ain ly  o f aerob ic  
s trep tococci in  CA a n d  of an aerob ic  s trep tococci in  CR p a tie n ts . S a liv a  ex erts a g ro w th -in h ib 
itin g  ac tio n  ch iefly  on  lac tobac illi. CR saliva  is m ore  d e fin ite ly  b a c te r io s ta tic  th a n  CA. B o th  
k inds of sam ples w ere on ly  s lig h tly  in h ib ito ry  to  strep tococci.

H a t t y a s y  et al. [10] and T óth [13] have  shown t h a t  the  oxygen u p ta k e  
of saliva is h igher  in  caries active (CA) t h a n  in caries r e s is ta n t  (CR) p a t ie n ts .  
Oxygen u p ta k e  b y  CR saliva som etim es s ta r te d  a f te r  a la tency  period , in 
o ther  cases t ra n s ie n t  s tagna tions  and  even  a decrease occurred. I t  has been 
assum ed t h a t  these  var ia t ions  were due to  differences in  th e  b ac te r ium  c o n te n t  
and  bac te r io s ta t ic  effect of various specimens. The opinions generally  agree 
th a t ,  besides lysozym e, saliva contains  a n o th e r  bac te r io s ta t ic  principle [1 3,
7, 8. 11, 12, 14, 15]. The two substances can  be d iffe ren tia ted  on the  basis  of 
physical an d  chemical p roperties  (solubility , f i l t rah il i ty ,  th e rm o stab i l i ty ,  etc.). 
Saliva itself is p ro b a b ly  bac te r ios ta t ic ,  as samples o b ta in ed  from th e  sterile  
su b m ax il la ry  g land  exer t  an tibac te r ia l  a c t iv i ty  [9, 16]. According to  Clough  
[6], there  is no difference in lac tobacteria l  inh ib ition  be tw een  the  saliva o f  CA 
and CR ind iv iduals .  I t  seemed therefore , desirable to  investiga te  th e  b a c te 
rium con ten t  and  b ac te r io s ta t ic  ac t iv i ty  th e  saliva o f  CA and CR p a t ie n ts .

Materials and  methods

Selected  caries active  (CA) and  caries r e s is ta n t  (CR), 6 to  14 y e a r  old boys w ere exam in ed . 
E ac h  group  co n ta in ed  4 boys, aged 6 , 8 , 9 and  13 y ears, re sp ec tiv e ly , in  group CA a n d  6 , 10, 
11 an d  14 y ears , re sp ec tiv e ly , in  group  CR.

P a tie n ts  w ith  considerab ly  softened , n o t o r sligh tly  d isco lou red  caries a ffec ting  a t  th e  
tim e of e x am in a tio n  a t  lea s t 5 te e th , were re g a rd e d  as belonging to  g roup  CA.

W hen in sp ec tio n  an d  X -ra y  ex am in a tio n  rev ea led  no caries or fillings, th e  p a t ie n t  was 
g rouped  as CR.

Saliva w as ta k e n  before b reak fa s t (a) w ith  g lass su c tio n  tu b e s  fro m  the  su b lingual region, 
(b) w ith o u t s tim u la tio n , from  sp u tu m . On th e  d a y  o f th e  e x p erim e n t th e  ch ild ren  w ere m ade 
to  re fra in  from  b ru sh in g  th e ir  tee th .

Iden tifica tion  o f  bacteria. F o r bacterio log ica l ex am in a tio n  0.1 0.2 ml su b lingual sa liva
was ta k e n  w ith  a p ip e tte ;  in te rd e n ta l an d  carious d eb ris was sam p led  w ith  a loop.

* P re se n ted  in  p a r t  a t  th e  10th Congress o f O. R . C. A. in  G eneva  Ju ly , 1964.
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B acteria l co u n ts  w ere d e te rm in ed  in sem isolid  a g a r and  th iog lyco la te  m edium . A lth o u g h  
th e  cu ltu res  form ed fa ir ly  ty p ica l colonies in th e  ab ove  m edia, id en tif ic a tio n  w as p e rfo rm ed  on  
th e  u su a l blood agar an d  o th e r  m edia . Changes in  th e  reac tio n  of the  m ed ia  were m easu red  by 
an  e lectric  pH  m eter.

T he b a c te r io s ta tic  effec t w as exam ined  in  th e  J o u a n  b io p h o to m ete r. A clear casein  h y 
d ro ly sa te  m edium  p ro v id in g  good g ro w th  con d itio n s to  lac tobacilli an d  o th e r o rgan ism s w as 
u sed . A naerob ic  c u ltiv a tio n  w as p e rfo rm ed  in  th e  sam e m edium  o v erlay ered  w ith  liq u id  p a r a f 
f in . In to  th e  c u v e tte  6  m l m ed ium , 3 m l sa liva  c o n ce n tra ted  1 : 3 in vacuo a n d  0.02 ml ino cu lu m  
(20 m illion  cells pe r m l) w ere p ip e tte d . T he c o n ce n tra ted  sa liva  was ir ra d ia te d  p rev iously  w ith  
a n  U . V. lam p in  o rd er to  decrease  its  liv ing  cell c o n te n t below  a level n o t in te rfe rin g  w ith  th e  
ex p erim e n t.

Results

Oral Jlora. S trep tococci p red o m in a ted  in  the  saliva of  b o th  groups of 
p a t ie n ts  and in in te rd e n ta l  and carious debris. Similar f ind ings have been 
r e p o r te d  in the  l i te ra tu re .  The s trep tococcal s tra ins  fe rm en ted  ca rb o h y d ra tes  
ac t ive ly ,  grew well u n d e r  aerobic and anaerob ic  conditions an d  produced  a 
f ina l  p H  of 5.0 5.3 in ca rbohydra te-free  m ed ium  originally ad ju s ted  to  p H
7.4. Acid p roduc tion  in  ca rbohydra te-free  m ed ium  was p ro b a b ly  due to  am ino

Fig. 1. M u ltip lica tion  of o ra l Sir. v ir idans  was s lig h tly  in h ib ited  by  CA or CR saliva . T h ere  w as 
no s ig n ifican t d ifference in  th e  in h ib ito ry  a c tiv ity  o f th e  two k inds o f sam ples. T he g ra p h  

w as p re p are d  on th e  basis o f b io p h o to m e te r reco rd ing

acids formed in th e  course  of p ro te in  decom position . A sim ilar degree of acid 
re a c t io n  in ca rb o h y d ra te - f ree  m edium  was produced  only  b y  lactobacilli .

There  was a difference be tw een  th e  tw o  groups in b a c te r ia  iso lated  from  
in te rd e n ta l  and  carious debris. In  group CR m ain ly  cu ltu res  grow-ing on ly  
anae rob ica lly  occurred ; s tra in s  iso lated  from  CA pa t ien ts  genera lly  m ult ip l ied  
u n d e r  b o th  aerobic a n d  anaerobic  conditions.

W hile in CA and  CR saliva and in CR in te rd en ta l  debris  lac tobacilli  
were  found  in 10 14 p e r  cent, th e  correspond ing  frequency  of these  organism s
in  carious te e th  was only  2 p e r  cent. Lactobacill i  were iso la ted  from 70 pe r  
c e n t  o f  th e  exam ined  p a t ie n ts .  Of these cu ltu res  30 per cent co rresponded  to  I .  
casei,  60 per cent to  L . acidophilus  and  10 p e r  cen t to  o ther  lactobacilli .
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Bacteriostatic activity o f  saliva. Some of th e  isolated a n d  iden tif ied  cu l
tu res  were used for s tu d y in g  the  b a c te r io s ta t ic  effect of CA and  CR sam ples . 
B ac teriostasis  was exer ted  only against Str. v iridans  and  lactobacilli .

P ho to m e tr ica l ly  m easurab le  m u lt ip l ica t ion  of Str. v iridans  com m enced  
a f te r  2 to  3 hours’ incu b a t io n  (Fig. 1). T he  increase in  op tica l dens i ty  in  the 
contro l cuve tte  was l inear for 5 to  6 hours. M ultip lica tion  in  cu ve tte s  c o n ta in 
ing CA or CR saliva was som ew hat delayed , b u t  after  8 hours  th e  d e n s i ty  of

Fig. 2. M ultip lica tion  of oral lac tobacilli was in h ib ite d  by  b o th  CA an d  CR sa liv a ; th e  la t te r  
w as m ore in h ib ito ry . T he g rap h  was p re p a re d  on  th e  basis of b io p h o to m e te r reco rd ing

th e  suspension was similar to  t h a t  m easu red  in th e  control. No sign if ican t dif
ference in  b ac te r io s ta t ic  effect occurred be tw een  CA and  CR sam ples. L. acido
p h ilu s  a n d  casei showed a l inear increase in th e  control m ed ium  (Fig. 2). 
In  cu v e t te s  to  which saliva h ad  been ad d e d  m ultip lica tion  s t a r t e d  only a f te r  
8 to  9 hou rs ;  a f te r  18 hours  density  was still low. There was a considerab le  
difference in th is  respec t  be tw een  CA a n d  CR samples. In  th e  presence o f  CA 
saliva g ro w th  comm enced af te r  7 hours. CR saliva re ta rd ed  th e  g row th  for 11 
to  12 hours  and th e  density  rem ained  lower th ro u g h o u t  an  18-hour in cu b a t io n  
period t h a n  th a t  m easured  in th e  suspension con ta in ing  CA saliva.

Discussion

I t  has been shown previously  t h a t  th e  oxygen u p ta k e  of CA saliva  is 
considerab ly  higher th a n  th a t  of CR saliva. Bacteriological ex am in a t io n s  have  
revea led  t h a t  while in th e  saliva and  in te rd e n ta l  debris of CR ind iv idua ls  a e r 
obic b a c te r ia  p redom ina te ,  in th e  saliva a n d  carious lesions o f  m em bers  o f  th e  
CA g roup  m ain ly  aerobically  cultivab le  s trep tococci are p resen t .  This f ind ing  
m a y  exp la in  the  difference in oxygen  u p ta k e .

I t  has  been shown t h a t  ac id -p roduc ing  b ac te r ia  occurred  a t  an a p p ro x i 
m a te ly  equal ra tio  in CA and  in CR specim en. The incidence of L. acidophilus  
in carious tee th  was insignificant.
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Saliva in h ib i te d  th e  growth of la c to b a c te r ia .  In  c o n tra s t  to  Cl o u g h ’s 
findings [6], we obse rved  a difference in an t ib a c te r ia l  ac t iv i ty  be tw een  СЛ 
a n d  CR saliva; CR was more definitely b a c te r io s ta t ic .

From  the  re su lts  it m a y  be concluded  t h a t  for th e  lower “ L. acidophilus  
in d e x ” in CR in d iv id u a ls  th e  higher b a c te r io s ta t ic  a c t iv i ty  of CR sa liva  is 
responsible a t leas t  p a r t ly  [4, 5].
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STUDIES ON THE ANTIGENIC STRUCTURE 
OF MYCOBACTERIA

I. CO M PA R ISO N  O F  T H E  A N TIG EN IC  S T R U C T U R E  O F  PA T H O G E N IC  A N D  
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(R eceived A pril 24, 1965)

Sum m ary . T he an tig e n ic  s tru c tu re  of 1 h u m a n , 4 bovine  an d  4 av ian  ty p e  M ycobacte
rium  tuberculosis, 2 M . paratuberculosis , 1 M . p h le i , 1 M . sm egm atis an d  1 M . minetti s tra in s  
has been ex am ined . Im m u n e  sera  were p rep ared  in  ra b b its  w ith  u ltra so n ic  d is in teg ra ted  b a c 
te r ia  em ulsified  in  F re u n d ’s a d ju v a n t . The n u m b er o f a n tig en ic  co m ponen ts, th e ir  e lec tro p h o r
e tic  m o b ility  an d  th e  o ccu rren ce  of com ponents in  o th e r  ty p es  or species were d e term ined  by  
Ouchterlony's an d  Gräber a n d  W illiam s' m ethods. I n  M . tuberculosis h u m an  ty p e  10, in bovine 
ty p e  8 — 10, in  a v ian  ty p e  8 — 9 an tig en  com ponen ts w ere d is tin g u ish ed . S ap ro p h y tic  m y co b ac
te r ia  y ielded  4 — 6 com p o n en ts . C om parative  e x am in a tio n s  w ith  h u m an  an d  av ian  M . tubercu
losis im m une sera  in d ic a te d  t h a t  a t  least one co m m o n  a n tig e n  w as sha red  by  all ex am ined  
m y cobacteria . Specific fa c to rs  were also rev ea led  fo r each  species. P a th o g en ic  s tra in s  con
ta in ed  a com m on co m p o n en t w hich was ab sen t fro m  sa p ro p h y tic  m y co b acte ria .

Classification in to  species and tv p es  of  organism s belonging to the Myco
bac te r ium  genus is im p o r ta n t  for d iffe ren tia t ion  purposes am ong sap rophy tic  
cultures and s tra ins  a d a p te d  to  various hosts ,  and  in view of the  biological, 
biochemical and an tigen ic  differences ex is t ing  am ong  th e  taxonom ic  un its .

D eta iled  analysis  o f  biochemical p ro p e r t ie s  g rea t ly  im proved  the  id e n t i 
f ication of a t te n u a te d  a n d  av iru len t s t ra in s  and th e  recognition  of biological 
m u ta t io n s  occurring in consequence of d ru g  t r e a tm e n t  of h u m a n  p a t ien ts .

D iffe ren tia tion  of  m ycobacteria  on th e  basis of antigenic  s truc tu re  has 
been a t t e m p te d  for severa l decades. E x a m in a t io n s  carried  ou t w ith  various 
m ethods  were genera lly  focussed on a few an tigen ic  com ponen ts ,  therefore  
incom plete  an d  often  incom parab le  d a ta  are  only  available.

The com plem en t f ix a t io n  tes t  was u sed  for  th e  exam in a t io n  of antigens 
ex trac ted  in  d ifferent m an n e rs  [4, 7, 8, 14, 15, 23]. A lthough  com m on antigens 
were revealed  in v arious species of m y co b ac te r ia ,  the  m ethods  failed to  give 
in fo rm ation  as to  th e  whole  antigenic s t ru c tu re  a n d  were therefore  of a l im ited  
value in  d iffe ren tia tion .

Ml DD leb hook a n d  D ubos" h aem ag g lu t in a t io n  te s t  and its several m od i
f ications have  m ade i t  possible to  id e n t i fy  ce r ta in  antigenic  com ponents  in 
pathogen ic  an d  sa p ro p h y t ic  m ycobacteria .  T h u s ,  com m on antigens were found 
in h u m an  ty p e  M . tuberculosis, BCG and  M . ph le i  [21]. B y  absorp tion  com bined 
w i th  h ae m a g g lu t in a t io n  in  a typical pho toch ro m o g en ic  m ycobac te r ia  a, b 
and  c, in h u m a n  ty p e  M . tuberculosis b a n d  c, in M . smegmatis  c antigenic fac 
tors  were d is tingu ished  [2]. Using th e  sam e m e th o d  A, B, C and  D fac tors
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were show n in h u m a n  ty p e  M . tuberculosis , A, B, and  C factors in M . phlei  
a n d  A, В and  D factors in M . jo lm ei  [9].

A g rea t  progress has been m a d e  b y  th e  use of the  agar gel p rec ip i ta t io n  
a n d  im m unochem ica l  m ethods. W i th  O u c h t e r l o n y ’s agar gel p re c ip i ta t io n  
tech n iq u e  P a r l e t t  and Y o um a ns  [17] exam ined  a n u m b e r  of m y co b ac te r ia l  
s tra in s .  T h ey  used  the  concen tra ted  f i l t r a te  of cultures as an tigen  and  d iv ided  
th e  ex am in ed  s tra in s  into 4 groups. I n  group I including v iru len t  and av iru len t  
M . tuberculosis, 20 atypical h u m a n  s tra in s  and 1 BCG, 1 M . avium  and 1 M .  
minetti  cu l tu res ,  four different an tigen ic  com ponents  were revealed. In group 
I I  con ta in in g  1 M . avium  and 1 b o v in  m ycobac te r ium , tw o  an tigens were d e te r 
m ined. These  an tigens were id en tica l  w ith  two of th e  an tigens p resen t  in 
g roup  I s tra in s .  In  group I I I ,  four  different antigens were d is tinguished . 
S ap ro p h y tic  s tra in s  belonging to  th is  g roup gave no cross reac tion  w ith  g roup  
I and  11 antigens.

In su b seq u en t  exam ina tions  P a r l e t t  and Y o um a ns  used living b ac te r ia  
m ixed  in to  agar. W ith  this te ch n iq u e  th e y  were able to  divide th e  ex am in ed  
98 m y co b ac te r ia l  s tra ins  in to  8 an tigen ic  groups.

In  o th e r  experim ents  carried  o u t  with the agar gel m e thod ,  ex t ra c te d  
an tigens  were applied [5, 11]. I t  has been d em o n s tra ted  th a t  pa thogen ic  m y c o 
bac te r ia  co n ta in  special com ponen ts  t h a t  distinguish th em  from sa p ro p h y tic  
s tra in s .  The ex am in ed  cultures sh a red  a t  least one com m on com ponen t.

By im m u n e  electrophoresis, P e n s o  [19] exam ined  h u m an , bov ine  and 
sap ro p h y t ic  m ycobac te r ia .  He d e m o n s t ra te d  th a t  h u m a n  an d  bovine  M . tuber
culosis com prised  one homogeneous group . W ith  the  exeption  of one, all co m 
ponen ts  were fo u n d  in b o th  ty p es .  E v e ry  bovine s tra in  con ta ined  a special 
fac to r  a b sen t  from  hu m an  s tra ins .  I n  each  m ycobac te ria l  species ch a rac te r is t ic  
an tigen ic  co m ponen ts  were found . One com ponent was p resen t  in all the  
exam ined  s tra ins .

A ccord ing  to  the  results  c f  va r io u s  au thors ,  th e  m ycobac te r ia l  species 
are  an tigen ica l ly  m ore or less re la te d .  T he  rela tionships are n o t  y e t  clear in all 
de ta ils ,  especially  those  of th e  c o m m o n  and  species specific an tigen  co m p o 
nen ts .

C om plete  e lucidation  of th e  an tigen ic  s t ru c tu re  of m y cobac te r ia  re sp o n 
sible for h u m a n  and  an im al in fec t io n s  is of g rea t im por tance  in p rac t ica l  
epidem iology , since for the  d e te c t io n  of the  aetiological agents  b y  se rum  
a n t ib o d y  d e te rm in a t io n  the  know ledge  of the  complete antigenic  s t ru c tu re  
is needed.

M ateria ls  an d  methods

A ntigens. F o u r  week S au ton  c u ltu re s  o f  m y co b acte ria  were tre a te d  w ith  3 pe r c en t p h e 
nol fo r 16 h ours. A fte r f i ltra tio n  th e  b a c te r ia  w ere suspended  in  saline a t  300 m g/m l a m o u n ts  
a n d  su b jec ted  in  ice b a th  to  u ltra so n ic  t r e a tm e n t  for 15 m inu tes. To th e  opa lescen t s u p e rn a ta n t  
o b ta in e d  a f te r  c en trifu g a tio n  a t  3 000 r .p .m ., rn e rth io la te  (1 : 10 000) w as add ed . T he an tig en s
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w ere s to red  a t 4°C. T he follow ing stra in s  w ere used : M . tuberculosis h u m a n  ty p e  H 37, bovine 
ty p e  R v , G räub , BCG, V R . I, av ian  ty p e  G. H ., Л. I ., G otar I , G. B . I .,  M . paratuberculosis 
W . 395, J . ,  M . phlei S. 1, M . m inetli S. 070, M . sm egm atis S. 10.

Im m une sera. T he n itro g en  co n te n t of an tig e n s  p repared  as desc rib ed  above was d e te r 
m ined  w ith  K j e l d a h l ’ s  m eth o d . E ach  an tig e n  w as so d ilu ted  as to  c o n ta in  5 per cen t to ta l  
p ro te in . T h en  th e  a n tig en  was em ulsified  w ith  inco m p le te  F r e u n d ’ s  a d ju v a n t  (50 per cen t a n t i 
gen so lu tion , 10 per cen t A rlacel A and  40 pe r c en t B ayol F  p a ra ffin ). R a b b its  were six tim es 
in je c te d  subcu tan eo u sly  w ith  1 ml of th e  em u lsio n  a t  weekly in te rv a ls . T h e  an im als w ere bled  
14— 24 days a fte r th e  la s t in jec tio n . T he follow ing stra in s  were u sed  fo r im m une serum  p ro 
d u c tio n : M . tuberculosis bov ine ty p e  G räu b , BCG, V R . I, av ian  ty p e  G. H ., A. I .,  G o ta r I, 
G. B. I ., M . paratuberculosis W. 395, J . ,  M . p h le i  S. 1., M . m inetti S. 070, M . sm egm atis S. 10.

A gar gel diffusion  ex p erim en ts  w ere pe rfo rm ed  as described by  O u c h t e r l o n y  [16]. 
P la te s  4 m m  tick  were p o ured  in to  d e fa tte d  p e tr i  dishes w ith 2 pe r c e n t ag ar co n ta in in g  0.9 
per cen t NaCl and 0.01 per cen t m erth io la te . S e ru m  reservoirs were p re p a re d  a t  7 m m  d istan ces . 
A fte r  p ip e ttin g  th e  ex am ined  m ate ria ls  in to  th e  reservo irs, th e  p e tr i  d ishes were p laced  in  a 
wet: ch am b er and  in cu b a ted  a t  37° C for 24 hours.

Im m u n e  electrophoresis. As described  by  G r a b a r  and W i l l i a m s  [6 ], a 2 per cent agar 
so lu tio n  of 70°C, co n ta in ing  p H  8 .6  v e ro n al b u ffe r  a t  ionic s tre n g th  0.05 was p o ured  on to  
90 X 60 m m  glass p la tes  so as to  give layers 4 m m  th ick . A fter cu ttin g  o u t  th e  a n tig en  reservo ir, 
th e  a n tig e n  was w arm ed up  to 40°C in  a w a te r  b a th ,  m ixed w ith  an  e q u a l a m o u n t of 2 per cen t 
buffer-free  agar cooled prev iously  to  40°C, a n d  p ip e tte d  in to  th e  reserv o ir. E lec trophoresis 
w as perform ed a t 3 — 4 V an d  0.8 m A /cm  of a g a r fo r 3 hours. T h e n  a 3 m m  wide d iffusion  
reserv o ir was p repared  and  filled w ith  im m u n e  serum . T he p lates w ere p laced  in a w et ch am b er 
an d  in cu b a ted  a t  room  te m p e ra tu re  for 48 h o u rs . E lec tro p h o re tic  m o b ility  of th e  an tig en  
com p o n en ts  was cacu la ted  by d iv id ing  th e  d is tan c e  betw een  th e  s ta r tin g  place and  cen tre  of 
th e  p re c ip ita tio n  line w ith  th e  tim e  and  p o ten c iá l drop.

A t f irs t  th e  n u m b er of an tig en ic  co m p o n en ts  an d  th e ir e lec tro p h o re tic  m ob ility  in  ho m o 
lo g o u s  system s were d e te rm in ed , th e n  th e  p resence  of com m on an tig e n s  in  v arious species and 
ty p e s  was exam ined in he tero logous system s.

Results

Im m une  serum  for h u m an  ty p e  M . tuberculosis s tra in  H37 gave 10 p rec ip i
ta t io n  lines w ith  the  homologous an tigen ,  10 lines w ith  bovine s tra ins  Rv 
and  VR. I., and 8 lines w ith  s tra ins  BCG and Gräub (Fig. 1). Five lines were 
o b ta in ed  with avian  s tra in  G H  4 a n d  w ith  M. paratuberculosis  s t ra in  W.

F ig . 1. A Serum  M . tuberculosis bov ine s tra in  R v ; 1 =  A n tigen  M . tuberculosis bov ine
s tra in  R v

In both  bovine s tra ins  Rv and  V. R. I the  hom ologous im m une  sera 
revealed  10 antigenic  com ponen ts .  In  s t ra in s  BCG and  G räu b ,  8 com ponen ts  
were found (Figs 2 and 3). Serum  R v gave 3 or 4 lines w ith  avian , 5 lines 
w ith  M . paratuberculosis , 2 lines w ith  M . p/i/ei, 2 lines w ith  M . smegmatis , 
a n d  4 lines with M . minetti  an tigens (Figs 4 and 5).
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F ig . 2. A = Seru 
s tra in  R v ; 4 
bovine  s tra in  Y. 

tuberculosis

m  M . tuberculosis bovine 
A n tig en  M . tuberculosis 
R . I .;  2 =  A ntigen  M .
b o v in e  s tra in  G räub

Fig. 3. A =  Serum  M . tuberculosis b o v in e  
s tra in  R v ; 4 == A n tig en  M . tuberculosis 
b o v ine  stra in  V. R . I .;  S =  A ntigen M . 

tuberculosis a v ia n  s tra in  GH

F ig . 4. A Serum  M . tuberculosis bov ine s tra in  R v: ]2  A n tig en  M . m in e tti;
9 =  A ntigen M . parutuberculosis

F ig. 5. A Serum  M . tuberculosis bovine s tra in  R v ; 5 A n tig en  M . tuberculosis av ian  
s tra in  G H : 3 — A ntigen  BCG: 12 =■ A ntigen  M . m inetti

F ig . 6. D — Serum  M . tuberculosis bovine s tra in  R v ; 14 =  A n tig en  M . tuberculosis h u m an
s tra in  H 37
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Im m u n e  reactions o b ta ined  w ith  e lec trophoretic  ana lysis  are p resen ted  
in Fig. 6.

On th e  basis of e le trophore tic  m obility , th e  antigenic  f rac t ions  were desig
n a te d  in a lphabe tica l order, n am ely  those trave ll ing  to w a rd s  th e  anode with 
cap ita ls ,  those trave lling  to w ard s  the  ca thode w ith  small le t te r s .  I t  should be 
no ted  th a t  com ponents  des igna ted  w ith  th e  sam e le t te r  are antigenically  id en 
tical only in reactions o b ta in ed  with  one ty p e  serum ; in o th e r  words, the  same 
le t te r  rep resen ts  d ifferent an tigens in Table I (hum an  serum ) and  in Table I I  
(avian  serum).

M . tuberculosis h u m a n  and  bovine ty p e  antigens p re se n t  in the  hom olo
gous organisms and in o th e r  ty p es  and  species are shown in Table  I.

Table I

A n tigen ic  components o f mycobacteria obtained w ith serum  M . tuberculosis hum an type

e f * d ■■ b a A В c

H um an  H37 + + + + + +

Bovine R v  .............. + + + + + + + +
Bovine G r ä u b ......... -i. + - f + + + -j-
Bovine V. R. i. . . . + -j- + + + + + + +
BCG ............................ + + + + + +

Avian G H ................ 4" + + +
A vian A I .................. + + +

Paratubercu losis W. + + + + +
P ara  tuberculosis J . + + + + +

M . phlei S I................ + +

M . smegmatis S10 + +

M . m inetti S070 + + + +

W ith  M . tuberculosis av ian  stra ins th e  homologous im m une  serum re 
vealed 9 antigenic  frac tions,  except for s tra in  AI, which con ta in ed  only 8 co m 
ponen ts  (F'g- 7).

As to  heterologous system s, the  im m u n e  sera p rep a red  against M .  
tuberculosis av ian  s t ra in  G H  gave 4 lines w ith  h u m a n  H37, 6 lines with p a ra tu -  
herculosis, 2 lines w ith  phlei,  2 lines with sm egm atis  and  3 lines with m ine tt i  
antigens (Fig. 8).

Im m u n e  reactions of  e lec trophoretica lly  sep a ra ted  an tigen ic  com ponents  
are presen ted  in Fig. 9.
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F ig . 7. C Serum  М . tuberculosis av ian  
s t r a in  G H ; 5 =  A ntigen M . tuberculosis 
a v ia n  s tra in  G H ; 8 =  A n tig en  M . tuber

culosis av ian  s tra in  GB. I.

Fig. 8. C — Serum  M . tuberculosis av ian  
s tra in  GH: 6 A n tig en  M . tuberculosis 
a v ian  s tra in  A. I .;  12 =  A n tigen  M . m inetti

F ig . 9. C == Serum  M . tuberculosis a v ia n  s tra in  G H : 6 —A ntigen M . tuberculosis a v ia n  s tra in  
A. I .;  5 = A ntigen  M . tuberculosis av ian  s tra in  G H ; 9 A ntigen M . paratuberculosis s t ra in  W

F ig . 10. D - Serum  M . tuberculosis h u m an  
s t r a in ,  H 37; 2 A ntigen M . tuberculosis 

b o v ine  s tra in  G räub: 3 =  A n tig en  BCG

Fig. 11. D Serum  M . tuberculosis hum an  
s tra in . H 37; 9 A n tig en  M . paratuberculosis 
s tra in . W: 5 A n tig en  M . tuberculosis

av ian  s tra in  GH

M . tuberculosis av ian  ty p e  an tigens  presen t in the  homologous organism s 
a n d  o th e r  types and species are d e m o n s t ra te d  in Table 11.

In M . paratuberculosis  10 com ponen ts  were shown. Six of these factors 
were  p resen t  also in M . tuberculosis av ian  type  strains.
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Table II

A ntigenic components o f  mycobacteria obtained with serum M . tuberculosis avian type

f e d c b a A В C

A v ian  G H ............................... + + + I + “f  -f~
A vian  A I................................. + + +  + + + +  +
A vian  Go ta r  I ....................... + + + - f  ! + + +  +
A vian  G. B. I ....................... + + + +  + + +  +

H u m a n  H 37 ..................... + + + +
Bovine R v  ........................... + + + +

P ara tu b ercu lo sis W ............. + + + +
P ara tu b ercu lo sis .1............... + + + +

M . p h lei S I............................. +

M . sm egm atis S 10.............. + +

C. m inetti S 070................... +  + +

O f para tubercu los is  an tigens  2, 2 an d  3 were revea led  in M . phlei, M.  
smegmatis  and M . minetti ,  respectively .

W ith  the homologous im m u n e  sera in M . phlei  5, in  M . smegmatis  6, 
an tigen ic  com ponents were d is tinguished .

Discussion

W hen exam ining  a n d  com par ing  th e  antigenic  s t ru c tu re  of m ycobac te r ia ,  
special a t ten t io n  has been  p a id  to  th e  use of ex trac t io n  m e th o d s  causing no 
im p o r ta n t  biochemical a l te ra t io n  in th e  antigens. H e a t in g  or chemicals m ay 
he h igh ly  injurious especially  to  p ro te in  com ponents  a n d  m a y  cause th e  loss 
o f  species of ty p e  specific factors. Therefore, th e  an tigens  were ex t ra c te d  bv 
u ltra son ic  d is in tegration .

I t  has been show n t h a t  in m ycobac te r ia  belonging to  v a r io u s  species and 
ty p es ,  different nu m b ers  o f  an tigen ic  com ponents  are  p re se n t .  H um an  and 
bov ine  ty p e  M . tuberculosis s tra ins ,  however, were show n to  con ta in  identical 
an tigens .

The num ber  of an tigen ic  com ponen ts  is ch a rac te r is t ic  o f  one s t ra in  onlv, 
as som e, a lthough s light, in traspec ies  and  in t ra ty p e  d ifferences have been 
d em o n s tra ted .  Thus, o f  th e  bovine  ty p e  s tra ins  BCG a n d  G räu b ,  and  of the  
av ia n  s tra ins  A. I. co n ta ined  only  8 factors.

As shown in T ables  I and I I ,  some com ponents  were found  only in the  
homologous species or ty p e ;  o thers  were p resen t  also in  o th e r  species or types. 
One com ponent was sha red  b y  all exam ined  m ycobac te r ia .
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I f  a d irect associa tion  is assum ed  to exist be tw een  th e  n u m b e r  of common 
an tigen ic  factors an d  the  degree o f  re la tionsh ip , bov ine  M . tuberculosis is more 
closely re la ted  to  M . paratuberculosis  th a n  to  av ian  M . tuberculosis.

A close an tigen ic  re la t ionsh ip  was found to  ex is t  b e tw een  av ian  M . tuber
culosis  and M. paratuberculosis,  as 6 of th e  av ian  co m p o n en ts  were presen t 
in  p a ra tuberc le  bac te r ia .  This  find ing  corresponds to  d iagnostic  observations 
ind ica t in g  th a t  in p a ra tu b e rc u lo t ic  infections av ian  tu b e rc u l in  produces a 
s t ro n g e r  allergic reac tion  th a n  m am m alian  tube rcu lin .

In  sap ro p h y t ic  species only  2 or 3 bovine an t ig en  com ponen ts  were 
revealed .
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Sum m ary . In fec tio n  of K B  cells w ith  ad en o v iru s  ty p e  12 re su lted  in  th e  ap p ea ran ce  in 
th e  nucleus o f a sub stan ce  ch arac te rized  by th e  absence  of nucleic acids, re sis tan ce  to  pepsine 
d igestion , osm ophilia  and  h igh  e lectron  d ensity . T h e  a m o u n t of th is  su b s tan ce  in creased  ra p id ly ; 
in  36 to  48 hours it fo rm ed a co heren t re ticu la r  p a t te rn  covering th e  to ta l  nucleus. A t c e rta in  
p o in ts hex ag o n a l, c ry sta l-lik e  s tru c tu re s  ap p eared .

T he neighbourhood  of th e  above re ticu lu m  w as successively  filled  b y  v iru s p a rtic les 
u n til v iru s  c ry s ta ls  o f v a riab le  sizes had form ed. I n  som e p re p a ra tio n s  th e  to ta l  nucleus was 
s tu ffed  w ith  v iruses. P a ra lle l to th e  progress o f cell dam age one or m ore v iruses, som etim es 
even  com ple te  v iru s c ry s ta ls  ap p eared  in th e  cy to p lasm .

T he av erage  d iam e te r o f an  in d iv id u a l v iru s  was 70 m ft as m easu red  in u ltra - th in  sec
tions of ceils em bedded  in  E pon . The ro u n d  or ovoid  v iruses com prised  a c en tra l, osm ophilic  
and  e lectron  dense p a r t  (nucleo id) su rrounded  b y  a less dense v iro p lasm  w ith  d is tin c t borders . 
T he nucleoid  was sensitive  to  desoxyribonuclease  a n d  re s is ta n t to ribonucléase . P ep sin  t r e a t 
m en t re su lted  in  d igestion  of all visible c o n s titu e n ts  b u t  th e  nucleoid .

In  th e  cy top lasm  of in fec ted  cells we cou ld  occasionally  observe th e  fo rm atio n  of a 
h igh ly  o rgan ized , rich  m em b ran e  p a tte rn .

A specific degen era tiv e  changes e lic ited  b y  th e  in fec tion  w ere also observed.
T he cy to p a th o lo g ica l changes induced  by  ad en o v iru s ty p e  12 resem bled  m o stly  those  

e lic ited  by  ty p e  5 of th e  sam e agent.

Since the  iso lation  of the  first adenov irus  by  R owe et al. in  1953 [1], 
a re m ark ab le  am o u n t  of in fo rm ation  has  been  accu m u la ted  a b o u t  th is  group 
of agents . T h e ir  ab il i ty  to  persist  in a l a t e n t  fo rm  for p rolonged periods in dilfer- 
e n t  p a r ts  o f  the  organism , par t icu la r ly  in  th e  ly m p h a t ic  tissues [2, 3] appea red  
to  be of in te res t .  A fu r th e r  im p o r ta n t  p h en o m en o n  was th e  high in trap u lm o n a l  
oncogenic ity  of ty p e  12 adenovirus  in n ew b o rn  h am ste rs  (41 ou t of 45 in fected  
anim als  developed tu m o u r)  repo rted  b y  T rentin  et al. [4]. This observa tion  
has been su p p o r ted  b y  similar find ings in new born  mice and  ra ts  t re a te d  
w ith  th e  sam e agent. O th e r  types of adenov irus  were also found to  possess 
oncogenic p roperties  [5, 6].

These observa tions  have given rise to  th e  m orphological s tu d y  of the  
patho logical events  elicited at the  ce llu lar level b y  th e  adenoviruses. The 
general im p o r tan ce  of these  studies is q u i te  clear in v iew of th e  v iru s - tu m o u r  
re la tionsh ip .

* T his s tu d y  w as c a rried  o u t a t th e  “ In s ti tu t  de Recherches sur le Cancer”  V illeju if, Seine, 
F ran ce , in  th e  la b o ra to ry  of Dk. W. B e r n h a r d  in  1964 during  a o ne-year fe llow ship aw ard ed  
b y  UICC. E . R oosevelt F u n d . T he tissue c u ltu re s  used  were su p p lied  by  th e  D e p a rtm e n t of 
V irology (Dr. P. T o u r n i e r ) of th e  sam e I n s t i tu te .  T he a u th o r  is in d eb te d  to Dr. W . B e r n 
h a r d  an d  Dr. P. T o u r n i e r  an d  to  th e  UICC fo r th e ir  v a lu ab le  help .
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The p resen t  p a p e r  is a re p o r t  on a series of exam in a t io n s  on K B  ceils 
in fec ted  w ith  adenov irus  ty p e  12. The rep lica tion , m orphology , chemical 
com position  and  cy to p a th o lo g y  of th e  agen t  have  been s tu d ied  in sem i-th ick  
and  u l t ra - th in  sections.

M ateria ls  and  m ethods

T he KB cell s tra in  were used th ro u g h o u t. S ta tio n a ry  cu ltu res  w ere p rep ared  in  b o ttle s  
u sin g  a to ta l  of 10 m l f lu id  co n ta in in g  5 x  105 cells/m l. T he g ro w th  m edium  consisted  of 0.5 p e r 
c e n t  lac ta lb u m in  h y d ro ly sa te , 0.1 per cen t y eas t e x tra c t ,  and  10 pe r cen t calf serum  in  E a r le ’s 
n u tr ie n t  flu id . A fte r a p p ro p ria te  in c u b a tio n  th e  cu ltu res  were in fec ted  w ith  0.1 ml o f a  su s
p en sio n  of th e  p ro to ty p e  s tra in  o f ad en o v iru s ty p e  12 co n ta in in g  106 T C ID 50/m l. S im u ltan eo u sly  
w ith  th e  in fec tion  th e  m ed ium  was rep laced  w ith  one w ith  a 6 tim es h ig h er h y d ro c a rb o n a te  
c o n te n t.

Cells of one b o ttle  each  w ere p rocessed  for e lec tro n  m icroscopy a f te r  12, 24, 36, 48. 72, 
96, 120, 144 and  168 h o u rs  follow ing in fec tion . C ontro l cu ltu res  of id en tica l b a tc h  n u m b er and  
ty p e  w ere processed s im u ltan eo u sly . E ac h  ex p erim en t was perform ed in  tr ip lica te .

T he procedures o f f ix a tio n  an d  em bedd ing  are g iven  in  T ab le  I.

T able  1
M ethods o f  fix a tio n  and embedding applied  in the experim ents

F ix a tio n  Em bedding

1. 2 % osm ium  te tro x id e P h o sp h a te -b u
(M illonig

iffered a t  p H  
II)

7.3 1 h o u r E pon

2. 6.25 % g lu ta ra ld e h y d e  
2 % osm ium  te tro x id e  

(post f ix a tio n )
” ”

20 m in u tes  
l hour

E pon

3. 6.25 % g lu ta ra ld e h y d e ” 20 m in u tes GMA

4. 10 % form ol ” ” 20 m in u te s GMA

5. 5 % form ol and  
5 % acrolein

” ’ ’ 20 m in u tes GMA

P re p a ra tio n s  fix ed  in  g lu ta ra ld eh y d e  an d  em bedded  in glycol m e th a c ry la te  (GMA) w ere 
u se d  fo r d ifferen t enzym e d igestion  assays as lis ted  in  T ab le  II.

Table II
Solu tions and methods o f enzym atic digestions

1. 0.1 and  0.5 % pepsin  in 0.1 N  HC1 — 37°C 20 m in u tes 1 h o u r
2. 0.1 %  rib o n u cléase  (R N ase) in 

d istilled  w a te r , a d ju s te d  to
p H  6.8 37°C 1 h o u r

3. 0.1 %  d eo x y ribonuclease  (D N ase) in 
d istilled  w a te r , a d ju s te d  to

p H  6.2— 6.5 37°C 1 hour 4 hours

4. 0.1 % N  HC1 — 37°C 20 m in u te s 1 h o u r
5. d istilled  w a te r p H  6 .2 - 6 .8 37°C 1 h o u r — 4 h o u rs

As sta in ing  p ro ced u res e ith e r th e  u ra n y l a c e ta te  or K a r n o v s k y ’s p lu m b it m eth o d  [41] 
o r a co m b in a tio n  of th e  tw o  were app lied . T he e lec tro n  m icroscope was a S iem ens E lm iscop  
I  a p p a ra tu s  (80 K W  an d  50 p  o b jec tiv e  a p ertu re ).

In  a d d itio n  to  th e  u l tr a th in  ones sections 1 to 2 p  th ic k  were also p rep ared . T hese w ere 
ex am in ed  un d er th e  lig h t m icroscope a f te r  sta in in g  w ith  a m ix tu re  o f A zur I I  and m eth y len e  
b lu e  or in  some cases b y  th e  F eu lgen  m eth o d .
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E xp erim en ta l

Electronmicroscopic morphology o f  non-infected K B  cells. C u ltu res  of KB 
s tra in  consist of large, som etim es e lo n g a ted  or p leo m o rp h ic  cells (F ig . 1). 
T h e  cells have  a large nucleus su rro u n d e d  by  a th in  cy to p lasm ic  la y e r. The rich 
c h ro m a tin  m a tte r  is even ly  d is tr ib u te d  th ro u g h o u t th e  nucleus. T h e  nucleoli 
(one or tw o) are large ro u n d  or oval in  shape  and  often  o f p e rip h e ra l localization . 
T he cy to p lasm  is rich  in free ribosom es, while endop lasm ic  re tic u lu m  m em 
b ran es  are  re la tiv e ly  scarce. A few  oval or e longated  m edium -sized  m ito ch o n d ria  
are  p re sen t in  th e  cy top lasm . T he Golgi a p p a ra tu s  has th e  u su a l p a tte rn  
an d  varies as to  d eve lopm en t. T h e  cy top lasm  occasionally  c o n ta in s  some 
sm all osm ophilic lip id  d rop le ts . T he surface of th e  cells ca rries  num erous 
th in  m icrovilli o f v a ry in g  size.

Ultrastructure o f  infected cells. In  in fec ted  cu ltu res  in c u b a te d  fo r 12 hours 
th e  nuclei o f several cells ex h ib ited  d isc re te  focal co n d en sa tio n s o f  ch rom atin  
g ran u les  and  swollen nucleoli. In  24 h o u rs  th e re  ap p ea red  in  th e  n u c leus irreg 
u la r clum ps of an  in ten s iv e ly  osm ophilic , am orphous or fin e ly  g ra n u la r  sub 
stan ce  (F ig. 2). I ts  am o u n t increased  rap id ly  and  36 hours a f te r  th e  in fection  
th e  clum ps were a lread y  fo rm ing  a co h eren t ne tw ork  in  10 to  15 p e r cen t of 
th e  cells.

F o rty -e ig h t hours a fte r  th e  in fec tio n  sm all, ro u n d  an d  dense v iru s  p a r
tic les ap p ea red  in v a ry in g  n u m b ers  in  th e  en v iro n m en t o f th e  h ig h ly  electron  
dense, osm ophilic n e tw o rk  w hich in  som e cases assum ed  a sh a rp ly  m arg in a ted , 
hexagonal c rysta lline  a rra y  (F igu res 3a and  3b). A round  th e  v ira l partic les 
th e  nucleop lasm  becam e less rich in  ch ro m atin e  and  th e  fo rm a tio n  o f a ligh t, 
less e lec tron  dense halo w as observ ab le . S im u ltaneously  w ith  th ese  even ts a 
sw elling of th e  nucleoli to o k  place in th e  in fec ted  cells. N uclei o f th e  infected 
cells w ere often  ch a rac terized  b y  n u m ero u s cy top lasm -filled  in v a g in a tio n s  of 
th e ir  m em branes. No p a r tic u la r  u l tra s tru c tu ra l  lesions w ere d em o n strab le  at 
th a t  tim e  in th e  cy top lasm .

The round  or oval v iru s p a rtic le s  m easured  70 m p in  d ia m e te r . T heir 
n u m b e r increased  ra p id ly  in  th e  n u c le i of in fected  cells. T h ey  w ere arranged  
e ith e r  in  irreg u la r g roups or in  a c ry s ta llin e  a rray  (F ig. 4), in  th e  v ic in ity  of the 
osm ophilic , e lectron  dense am o rp h o u s substance . T he ch ro m a tin  w as pushed 
successively  to  th e  m arg in  of th e  n u c leu s, n ear to  th e  m em b ran e . Q uite  often 
th e  nucleus was com plete ly  filled  b y  viruses. The sw ollen nucleo li rem ained  
c learly  recognizable (F ig. 5) even in  th e se  cases. N ev erth e less , occasional g ran u 
la tio n  or segregation  of th e  n u c leo la r com ponents w as also o b serv ed  (Figs 
6 an d  7).

P ara lle l to  th e  increase in  th e  n u m b er of v iruses and  th e  fo rm atio n  of 
v ira l c rysta ls  in th e  nucleus, th e  cy to p la sm  exh ib ited  de fin ite  signs o f degene
ra tio n . The num ber o f ribosom es d ecreased , the m ito ch o n d ria  becam e swollen
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F ig . 1. U n trea ted  K B  cells from  a six -day-o ld  cu ltu re . G lu ta ra ld e h y d e  an d  osm ium  te tro x id e  
f ix a tio n . E p on-em bedd ing . U ran y l a c e ta te  and K arn o v sk y  s ta in in g . M agnification , X 8000
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Fig. 2. K B  cell 36 hours  af te r  infection w i th  ty p e  12 adenovirus.  I r regu la r  aggrega tes  of  an
e lec tron  dense, osmophilic  substance in the  nucleus.  O sm ium  te trox ide  f ixat ion .  E p o n  e m b e d 

ding. U ra n y l  ace ta te  and K a rn o v sk y  sta in ing.  Magnification X 30 000
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F ig . За. К В -cell 3 d a y s  a f te r  infection  w ith  ty p e  12 ad en o v iru s. T he nucleus co n ta in s a  ne tw o rk  
of h ig h ly  e lectron  dense , am orphous su b stan ce  w ith  occasional hexagonal c ry sta llin e  a rra y s  
(fram ed ). V iruses p re se n t them selves as dense sp h erica l p a rtic le s  w ith in  th e  nucleus. C erta in  
reg io n s of th e  nucleus c o n ta in  few ch ro m atin . O sm ium  te tro x id e  fix a tio n . E p o n  em bedd ing .

U ra n y l a c e ta te  and K arn o v sk y  sta in in g . M agn ification  X 12 000 
F ig . 3b. T he h ex ag o n a l c ry sta llin e  s tru c tu re  a t  h igher m ag n ifica tion . Some single p a rtic le s  hav e  
a w ell-defined  in te rn a l s tru c tu re . O sm ium  te tro x id e  f ix a tio n . E p o n  em bedding. U ra n y l a c e ta te  

a n d  K arn o v sk y  sta in ing . M agn ification  X 30 000 
A c t a  m i c r o b i o l .  A c a d .  S e i .  h u n g .  X I I , 1 9 6 5
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Fig. 4. KB cells e ig h t d ay s a f te r  in fec tio n  w ith  ty p e  12 adenov irus. C ry sta llin e  a rray  of v iruses 
an d  osm ophilic n e tw o rk  in  th e  nucleus. T he c h ro m a tin  has u n d erg o n e  m arg in iza tio n . L ip id  
d ro p le ts  in th e  cy to p lasm . O sm ium  te tro x id e  f ix a tio n , E p o n  em b ed d in g . U ran y l ace ta te  and  

K arn o v sk y  sta in ing . M agnification  X  30 000

A cta  m icrobiol. A c a d . Sei. hung. X I I , 1965
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Fis;. 5. K B  ceil 5 days a f te r  in fection  w ith  ty p e  12 adenovirus. T he nuc leu s is tran sfo rm ed  in to  
a b ag  filled  w ith '  iru s. R e m n a n ts  of th e  h y p e rtro p h ic  nucleolus a n d  of th e  e lec tro n  dense, 
a m o rp h o u s  m atte r  are still recognizable. M arg in ization  of c h ro m a tin . F o rm a lin  f ix a tio n . GMA- 

em bedding. U ra n y l a c e ta te  and K a rn o v sk y  sta in ing . M ag n ifica tio n  X 12 000

an d  lost their in te rn a l s tru c tu re s . V acuoles of d iffe ren t size and  osm ophilic 
lip id  granules ap p ea red  in  th e  cy to p lasm  (Figs 4 and  8). D esp ite  th e  a p p a re n tly  
in ta c t  nuclear m em b ran e  som e v irus p a rtic le s  appeared  in  th e  cy top lasm . O cca
siona lly  large v iral c ry s ta ls  could be observed  in th e  cy to p la sm , as a sign of a 
d am ag e  to  the  n u c lea r  m em brane.

In  the  cy to p lasm  o f some in fec ted  cells th e re  w as a h igh ly  organized, 
e x ten s iv e  m em brane system  con ta in in g  b o th  rough an d  sm o o th  su rfaced  lam el
lae (F ig . 10). These m em branes form  v e ry  regu lar p a ra lle l tu b u la r  s tru c tu re s  
w hich appear in lo n g itu d in a l or v e rtic a l sections in th e  p re p a ra tio n s .

The chem ical ch a rac te riza tio n  of the  in d iv idua l u l tra s tru c tu ra l  elem ents 
in  situ  has been m ade possible by th e  use o f aldehyde f ix a tiv e s  an d  GMA em bed
d ing  [7, 8]. These p ro ced u res  have been  applied  in  th e  p re se n t ex perim en ts 
fo r th e  ch a rac te riza tio n  of th e  am o rphous, highly  elec tron  dense m a te ria l of th e

A cta  microbiol. A cad. Se i. h u n g . X I T ,  1965
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#

F ig , 6. K B  cell 5 days a fte r  in fec tio n  w ith  ty p e  12 adenovirus. In  som e cells th e  nucleolus is 
ro u g h ly  g ra n u la te d . This s tru c tu ra l fe a tu re  is m ore  pronounced a f te r  pep sin  t re a tm e n t. T he 
p ro te in aceo u s m atrix  of th e  nucleop lasm  has b een  d igested  and from  th e  v iruses th e re  rem ain s 
on ly  th e  nucleoid . T he ch ro m a tin  has u n d e rg o n e  m arg in ization . F o rm a lin  f ix a tio n . GMA- 
cm b ed d in g . T he p rep ara tio n s w ere d igested  w ith  0.5 per cent pepsin  fo r 30 m inu tes. M agnifi

cation  X 30 000

Acta  microbiol. A ca d . Sei. hung. X I I ,  1965
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Fig. 7. K B  cell five d a y s  a f te r  infection w ith  type  12 adenovirus.  A p a r t icu la r  segregation of th e
com ponen ts  of  the  nuc leo lus  is ap p aren t .  Osmium te t ro x id e  f ixat ion .  E p o n  embedding. U ra n y l

a c e ta te  a n d  K arnovsky  sta ining. M agnification X 30 000

A cta  microbiol. A cad . S e i. h u n g . X I I ,  1965
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Fig. 8. K B  cell five d ays  a f te r  infection w ith  ty p e  12 adenovirus.  Degenerative  lesions of the
cy top lasm  (swollen m itochondria ,  d isappearance  of crystals).  Osmium te trox ide  f ixation.

E p o n  em bedding .  U ran y l  ace ta te  and  K a r n o v s k y  sta in ing. Magnificat ion  X 45 000

lea microbio!. A cad . Sei. hung. X I T .  1965
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Fig. 9. К В -cell fiv e  d a y s  a fte r infection, w ith  ty p e  12 adenov irus. A debris o f v iru s c ry s ta ls  
is a p p a re n t in  th e  cy to p lasm  of a cell w ith  degen era tiv e  lesions. Som e v iruses a re  still seen in  
th e  nucleus. F o rm a lin  fix a tio n . GMA em bed d in g . U ran y l a c e ta te  and  K arn o v sk v  s ta in in g .

M agnification  X 30 000

Acta  m icrobiol. A c id .  S e i.  hung. X I I ,  196.5
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Fig. 10. K B  cell 3 days a f te r  in fec tio n  w ith  ty p e  12 adenov irus. P a r t  of th e  h igh ly  o rgan ized  
m em b ran e  sy s te m  filling th e  cy to p lasm  is show n. O sm ium  te tro x id e  f ix a tio n . E pon  em b edd ing . 

U ran y l a ce ta te  an d  K arn o v sk y  sta in in g . M agn ification  X 60 000

n e tw o rk  fo rm ed  in th e  nuclei of in fec ted  cells, an d  also for th e  analysis of v iru s  
partic les  an d  crysta ls.

In  th is  w ay th e  s tru c tu re  of the  in d iv id u a l v iru s p a rtic le s  appeared  m ore 
c learly  th a n  a f te r  em bedd ing  in E pon . T he p artic les co n ta in ed  a v e ry  e lec tro n  
dense c e n tra l nucleoid  su rro u n d ed  b y  a c learer v irop lasm ic  ring  an d  a th in  
m em b ran e  w ith  a sharp  bo rder.

B y t re a tm e n t w ith  0.5 per cen t pepsin  for 20 m in u te s , m ost of th e  p ro te in  
of nuclei w as d igested . The ch ro m atin  w as p resen t in  th e  form  of h ig h ly  
e lec tron  dense am orphous clum ps along th e  n uclear m em brane . The v ira l n u c 
leic acid  w as also re s is ta n t to  pepsin  tre a tm e n t. The n e tw o rk  or crysta lline-like  
am o rp h o u s m a tte r  rem ain ed  in ta c t  even a fte r  one h o u r pepsin  t r e a tm e n t 
(F ig. 11).

D igestion  w ith  ribonucléase for one h o u r caused  th e  d isap p earan ce  of 
b o th  th e  ribosom es from  th e  cy top lasm  an d  th e  R N A  com ponen ts from  th e  
nucleoli. N o dam age was dem o n strab le  in  th e  v ira l nucle ic  acid, in th e  e lec tro n  
dense re tic u la r  p a tte rn  or in  th e  osm ophilic m a tte r  fo rm in g  am orphous m asses 
(F ig. 12).

P a r t ic u la r  a t te n tio n  has been d ev o ted  to  th e  effects of desoxyribonuc- 
lease. D igestion  w ith  th is  enzym e for 1 to  2 hours a lre a d y  dam aged  some v iruses 
w ith in  a c ry sta llin e  a rra y . The d en sity  of th e  nucleo ids decreased  or even th e

Acta m icrobiol. A ca d . Sei. hung. X I T ,  1965
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F ig. 11. K B  cell 5 days a fte r  in fec tio n  w ith  ty p e  12 ad en o v iru s. The u ltra - th in  sections h ad  been 
in c u b a te d  in  0.5 per cen t pep sin  fo r 30 m in u tes . T he nuclear p ro te in  w as d igested  an d  th e  
c h ro m a tin  aggregated  near th e  nu c lear m em brane . T h e  cen tra l, e lectron  dense  su b stan ce  of th e  
v iru se s  resisted  th is t r e a tm e n t. F o rm alin  f ix a tio n . GMA em bedding. U ra n y l ace ta te  and 

K a rn o v sk y  sta in ing . M agn ification  X  60 000

4cta  m icrobiol. Acad. Sei. hung. X I I , 1965
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Fig . 12. K B  cell five  d a y s  a fte r  in fec tion  w ith  ty p e  12 ad en o v iru s. In c u b a tio n  w ith  0.1 pe r cen t 
ribonucléase  fo r one h o u r. C ytoplasm ic R N A  g ran u les  w ere d igested , v ira l p a rtic les  rem a in ed  
u n ch an g ed . F o rm a lin  f ix a tio n . GMA em bedding . U ra n y l a c e ta te  and  K arn o v sk y  sta in in g .

M agnification  x  60 000

w hole nucleoid  d isap p ea red  in  som e p a rtic le s . T he effect was com plete  a f te r  
4 h o u rs ’ in c u b a tio n  (Fig. 13). In  p re p a ra tio n s  su b jec ted  to  such t re a tm e n t 
th e  nucleo ids o f all v ira l pa rtic le s  d isa p p e a re d  an d  only th e  th in  
p ro te in aceo u s m em b ran es  of th e  p a rtic le s  p e rs is te d . The am orphous m a tte r  
fo rm ing  th e  osm ophilic  re ticu la r  p a t te rn  re s is te d  to  pro longed desoxyri- 
bonuclease t re a tm e n t.

Discussion

R ecen t p rogress in  e lectron  m icroscopy  an d  th e  use o f s ta n d a rd  p re p a ra 
tion  m eth o d s h av e  offered a firm  basis fo r th e  e x a c t m orphological s tu d y  of 
bo th  no rm al and im p aired  cells. The a ld eh y d e  f ix a tiv e s  and  em b ed d in g  in 
w ater-so lub le  sy n th e tic  po lym ers [7, 8, 9] allow  a d irec t h istochem ical c h a ra c 
te riz a tio n  o f th e  su b stan ces  p resen t in  o rganelles or v iruses w ith in  th e  cells. 
These m ethods h av e  rem ark ab ly  c o n tr ib u te d  to  th e  in fo rm ation  concern ing  
a n u m b er of v iru ses.

A denov iruses belong to  th e  g roup  o f v ira l ag en ts  m ost ex ten siv e ly  s tu 
died b y  b o th  lig h t an d  e lectron  m icroscopy  [10 — 32]. T ype 12 adenov irus- 
in fected  cells w ere, how ever, scarcely  ex am in ed  a t  th e  u ltra s tru c tu ra l level,

4 A c ta  m icrobiol. A cad . Sei. hung. X I I ,  I  965



F ig . 13. K B  cell 5 d ay s a f te r  in fection  w ith  ty p e  12 ad en o v iru s. In c u b a ted  in 0.1 pe r cen t desoxy- 
r ib o n u clease  for 4 h o u rs  a t  37°C. The D N A  c o n ta in in g  nucleoids of th e  p a rtic le s  d isap p eared  
a n d  on ly  th e  ring -like  p ro te in  shell rem a in ed  in ta c t.  T h e  netw ork-form ing  e lec tro n  dense  su b 
s ta n ce  in  th e  nucle i re s is ted  enzym e tre a tm e n t.  F o rm a lin  fix a tio n . GMA em b ed d in g . U ra n y l 

a c e ta te  K a rn o v sk y  s ta in in g . M ag n ificatio n  X 30 000
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in  sp ite  of th e ir  tu m o u r-in d u c in g  c a p a c ity  hav ing  re p e a te d ly  been  described  
in  several an im al species [2, 4, 5, 6].

A ccording to  our ob se rv a tio n s, th e  cellu lar dam age in d u ced  b y  adenov irus 
ty p e  12 rem ark ab ly  resem bled  th o se  p roduced  by  ty p e  5 o f th e  sam e group 
o f ag en ts  [22, 23, 24, 25, 26]. The 4 phases o f cy to pa tho log ica l ev en ts  described  
for cells in fected  w ith  ty p e  5 aden o v iru ses  by Go d m a n  et al. [27] could all 
be observed  w ith  ty p e  12.

Before the  ap p earan ce  of v iru ses  in  th e  nucleus, a rap id  accu m u la tio n  
o f an  osm ophilic, h igh ly  e lectron  dense su bstance  ta k e s  p lace fo rm ing  m ostly  
a re tic u la r  p a tte rn  or occasionally  a hexagonal c rysta lline  a rra y . This substance  
is re s is ta n t to  bo th  ty p es  of nucleases an d  to  pepsin. I t  is th e re fo re  m ost p ro 
b ab ly  a p a r tic u la r  p ro te in  sim ilar to  th a t  found in  th e  ac idophilic , Feulgen- 
n eg a tiv e  inclusions no t-fluo resc ing  w ith  acrid ine orange and  develop ing  a fte r 
in fec tion  w ith  ty p e  5 adenov irus [16, 25, 26, 27, 32].

The above s tru c tu re  w ith in  th e  nucleus was g rad u a lly  rep laced  b y  v irus 
aggregates or c rysta ls  v a ry in g  in  size an d  num ber. B o th  agg rega tes an d  c ry s
ta ls  w ere com posed of a v a riab le  n u m b e r of ind iv idual sphero id  or oval partic les  
70 m // in d iam eter. The partic les  had  a sh a rp  bo rderline , a m o d e ra te ly  elec tron  
dense v iroplasm  and an in n erm o st core of highly e lec tron  dense nucleo id . 
T re a tm e n t w ith  ribonucléase  h ad  no effect on e ither of th e se  s tru c tu ra l com po
n en ts  o f th e  v irus. All s tru c tu ra l e lem en ts of th e  v irus b u t  th e  ce n tra l e lec tron  
dense p a r t  were d estro y ed  b y  p epsin  tre a tm e n t. T he la t te r  w as, how ever, 
sensitiv e  to  pro longed desoxyribonuclease  digestion.

T he increased D N A  co n ten t o f nuclei of ad en o v iru s-in fec ted  cells has 
a lread y  been described  [33 j. U ltracen trifu g á i analysis o f th e  com ponen ts of 
cells in fec ted  w ith  ty p e  5 adenov irus have  shown th a t  th e  increased  D N A conten t 
of th e  nucleus was a re su lt o f v ira l D N A  accum ulation  [25].

In th e  p resen t s tu d ies  th e  high DNA con ten t o f th e  nucleo ids o f v iruses 
inside th e  nuclei o f in fec ted  cells w as dem onstrab le  in  situ .

The subm icroscopic cellu lar dam age induced by  ty p e  12 aden o v iru s  was 
essen tia lly  sim ilar to  th a t  described  for o ther types o f th e  sam e g roup  of 
ag en ts  [25, 26, 27, 34]. These lesions w ere, how ever, q u ite  unspecific  as they  
m ay  be produced  also b y  au to ly sis , im m unolysis [35], an d  b y  som e chem othe- 
rap eu tic s  as well [34, 36, 37].

H y p e rtro p h y  o f nucleoli w as fre q u e n tly  observed . T hese s tru c tu re s  often 
p e rs is ted  also in  nuclei s tu ffed  w ith  v iruses, as observed  in  th e  case o f som e 
o th e r  adenoviruses [27, 34]. A ro u g h  g ran u la tio n  was o ften  seen in  th e  nucleoli 
o f in fec ted  cells. T his p h enom enon  has been described , how ever, also for th e  
non -in fec ted  cells in  cu ltu res  in fec ted  w ith  ty p e  5 adenov irus  [27]. In  our m a te 
r ia l th e re  were also nucleo lar lesions sim ilar to  tho se  e lic ited  b y  A ctinom ycin  
[38, 39] or M ytom ycine-C  [40]. W e can  offer no ex p la n a tio n  fo r th ese  m o rp h o 
logical phenom ena , w hich m ig h t rep re sen t some d is tu rb a n c e  a t  th e  level o f

4* Acta microbiol. Acad. Sei. hung. X I I ,  1965
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D N A  prim ed  R N A  sy n th es is . T he p re p a ra tio n s  ex am in ed  b y  us con tained  n o  
lam ellar s tru c tu re s  in  th e  nucleus sim ilar to  tho se  found  b y  o th e rs  in cells in fe c t
ed w ith ty p e  5 a d en o v iru s  [31].

In  th e  c y to p la sm  o f in fec ted  cells, on ly  com m on degenera tive  lesions 
w ere p resen t. Som e cells, how ever, ex h ib ited  a h ig h ly  o rganized  lam ella r 
s tru c tu re  in  th e ir  cy to p lasm . To our b est know ledge, no s im ila r findings have  
been  repo rted  u p  to  now.

In  som e d a m a g e d  cells v iru s  aggregates w ere d em o n strab le  also in th e  
cy top lasm . On th e  basis  o f o b se rv a tio n s w ith  ty p e  5 a d en o v iru s , th is  phen o m 
enon  is genera lly  su pposed  to  be a sign of g rave  d eg en e ra tio n , e. g. ru p tu re  of 
th e  cell m em brane  [27].

E ffo rts w ere m ad e  to  d iscover lesions also in  th e  eclipse phase. M ost o f 
o u r observations w ere, how ever, m ade on in fec ted  cells a lre a d y  carry ing  new ly 
form ed v ira l p a rtic le s . T he exce llen t rev iew  b y  B e r n h a r d  [34] gives a su rv ey  
on  a num ber o f re c e n tly  developed  m ethods (fe rr itin -c o n ju g a te d  an tibod ies, 
e lec tronm icroscop ic  c y to c h e m is try  an d  au to ra d io g ra p h y ) an d  suggests new  
perspectives in  th e  p a ra lle l s tu d y  o f m orphological an d  m etabo lic  even ts in  
v irus-infected  cells p r io r  to  th e  d ev e lo p m en t of v iru s  p a rtic le s .
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PHAGE-TYPING OF ESCHERICHIA COLI 0124 . K72(B17) 
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Sum m ary. By d e tec tin g  te m p e ra te  phages carried  by  E . coli 0 1 2 4 : K 72(B17) s tra in s , 
a  ty p in g  schem e for th is  o rgan ism  has b een  e lab o ra ted . T he cu ltu res  w ere o b ta in ed  from  w a te r 
bo rn e  o u tb reak s, m u ltip le  an d  sp o rad ic  cases o f en te ritis , and  carrie rs . T he 1526 stra in s  iso la ted  
in  various p a r ts  of H u n g a ry  were d iv id ed  in to  11 w ell-d iffe ren tia ted  a n d  s tab le  types. A n asso
c ia tio n  has been revea led  be tw een  p hage  ty p e  an d  the  tim e  of lac to se  fe rm e n ta tio n . In  w estern  
an d  n o rth e rn  p a rts  of H u n g a ry  ty p e  1, in  so u th -eas te rn  reg ions ty p e  3 p red o m in ated . As con
f irm e d  by d a ta  o b ta in ed  in  various o u tb re a k s , th e  ty p in g  m eth o d  is su itab le  for epidem iologi
cal investiga tions.

Escherichia coli serogroup  0 1 2 4  : K 72(B17) occupies a special position  
am ong  en te ro p a th o g en ic  coli b a c te r ia . W hile ra re ly  associa ted  w ith  in fan tile  
en te ritis , i t  fre q u e n tly  causes spo rad ic  d y sen te rifo rm  disease in  children  and 
ad u lts  and  m ay be responsib le  fo r w a te r and  food-borne  o u tb reak s.

S tra ins belonging  to  E . coli serogroup 0 1 2 4  : K 72(B 17) (h ere in after 
E. coli 0124) were f irs t  iso lated  from  sporadic  cases b y  E wing  and Gravatti 
in 1944 [1]. In  1949, H obbs , T homas and  Taylor [2] described  a school o u t
b re a k  of g a s tro en te ritis  caused b y  a slow -lac tose-ferm enting  organism  nam ed  
paraco lon  411. The au th o rs  m en tio n ed  th a t  Taylor iso la ted  13 sim ilar s tra in s  
from  food-poisoning occurring  in  a prisoner-o f-w ar cam p. E wing  [3] in 1953 
described  th a t  paraco lo n  411 w as id en tica l w ith  E . coli 01 2 4  an d  possessed 
flage lla r an tigen  H30. In  a d d itio n  to  th e  H u n g arian  re su lts , K limenko [4] 
called a tte n tio n  to  Suzuki’s w ork , w ho had  iso la ted  E . coli 01 2 4  from  stools 
of p a tie n ts  w ith e n te ritis . Matsumoto and Hara [5] in  1959 rep o rted  on a new 
se ro ty p e , 0124  : K 72(B ) : H I 2. E w  ing et al. [6] in  a m onograph  pub lished  in 
1963 described th a t  th e ir  39 E . coli 0124  s tra in s  d eriv ed  from  10 d ifferen t 
coun tries  belonged to  7 se ro ty p es. In  R um an ia  Costin  [7] iso la ted  E. coli 
0 1 2 4  s tra in s  from  ch ild ren  and a d u lts  w ith  sporad ic  e n te ritis .

The occurrence o f th is  o rgan ism  in H u n g ary  w as f irs t observed  by  K é t y i , 
K neffel  and  D ómján |8 ] in  connec tion  w ith  a w a te r-b o rn e  o u tb reak  in 
S z e n tg o tth á rd . In  1959 th e  w a te r-b o rn e  epidem ics in  V eszprém  and P arád - 
sa sv á r were described b y  B orián et al. [9] and Lán y i  et al. [10], respective ly . 
A w ater-bo rne  o u tb re a k  in T a ta b á n y a , th e  occurrence o f E . coZz 01 2 4  in K o m á
rom  co u n ty  and an  a tte m p t for ph ag e  ty p in g  of th e  organ ism  w ere rep o rted
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by R olta and Deák  in 1961 [11]. Hanny  and H orváth [12] described in 
1963 a house outbreak o f  food poisoning due to E . coli 0 1 2 4 .

A ccording to  th e  rev iew  of H a b Án  [13], th e  n u m b e r of E . coli 0124  
s tra in s  iso la ted  in  H u n g a ry  show s an  increasing  ten d en cy . In  c e r ta in  years or 
c e r ta in  regions th e  in c id en ce  o f th is  o rganism  reaches or even  exceeds 50 per 
c en t o f Shigella s tra in s ;  for exam ple , in  1960 m ore E . coli 0 1 2 4  th a n  Shigella 
s tra in s  were iso la ted  in  B a ra n y a  co u n ty .

K ubinyi [14, 15] h as  p o in ted  ou t th a t  in H u n g ary  th e  incidence  o f e n te r
i tis  is ab o u t 10 tim es h ig h er th a n  th a t  o f Shigella d y sen te ry . H is d a ta  ind ica te  
t h a t  a b o u t 5 6 p e r c en t o f en te ric  in fec tions th a t  occurred  d u rin g  th e  years
1956 -  1964, were due  to  E . coli 0 1 2 4 . In  abso lu te  n u m b ers  th is  corresponds 
to  an  ann u a l incidence o f 8 —10 th o u sa n d  E . coli 01 2 4  in fec tions. W ith in  th e  
ab o v e  period E . coli 0 1 2 4  w as invo lved  in  10 epidem ics: in  4 w a te r-b o rn e  o u t
b re a k s  i t  was the  on ly  p a th o g en ic  ag en t, in  4 o th e r w a te r-b o rn e  o u tb reak s  i t  
o ccu rred  w ith o thei p a th o g e n s  and  i t  caused  2 m ass o u tb re a k s  o f food po ison
ing .

C ontact in fec tio n s w ith  E . coli 0 1 2 4  are p re su m ab ly  fa irly  freq u en t. 
D u rin g  an  in s ti tu te -o u tb re a k  affec ting  32 persons in K ecsk em ét, 3 co n tac t 
in fe c tio n s  were observed . A ccord ing  to  K u bin y i  [15], in  th e  V eszprém  ep idem 
ic 30 p er cen t of th e  cases o ccu rred  a f te r  sa n ita tio n  of th e  in fec ted  w ater 
su p p ly . These cases w ere th e re fo re  reg a rd ed  as c o n ta c t in fec tions,

D uring  the  la s t f iv e  years  in  K om árom  co u n ty  K o L T A  [16] fo u n d  E . coli 
0 1 2 4  on tw o or m ore re p e a te d  ex am in a tio n s  in  th e  faeces of 131 persons (17.4 
p e r cen t of all p o s itiv e  cases). F ifteen  in d iv idua ls ca rried  th is  o rgan ism  for 
m ore  th a n  one year.

In  view of th e  fre q u e n t occurrence in  H u n g ary  of w a te r  an d  food-horne 
o u tb re a k s , sporad ic  cases and  sym ptom less carriers , it  seem ed desirab le  to  
m ak e  an  a tte m p t fo r im p ro v in g  epidem iological in v es tig a tio n s  b y  e lab o ra tin g  
th e  p hage  typ in g  o f th e  organ ism  in question .

This w ork has b een  ca rried  ou t in  th e  Phage L a b o ra to ry  o f our in s ti tu te  
since 1961. Two d iffe re n t m eth o d s have  been considered .

(1) F rom  th e  faeces o f p a tie n ts  an d  carriers , phages a c tin g  on E . coli 
0 1 2 4  s tra in s  were iso la te d  and  ad a p te d .

(2) T yping  w as a t te m p te d  b y  d e tec tin g  te m p e ra te  phages lib e ra te d  from  
E . coli 0124  s tra in s  on in d ic a to r  cu ltu res.

M aterials and m ethods

M aterials. Faeca l sam p le s  an d  1526 E . coli 012 4  stra in s  o b ta in e d  fro m  1358 persons 
o r ig in a te d  from  larger a n d  sm a lle r o u tb rea k s , sp o rad ic  cases an d  ca rrie rs  s c a tte re d  a t  various 
p a r t s  o f H u n gary . Som e s tra in s  w ere rece ived  from  D r . I. D. Co s t i n , T im iso a ra , R um an ia .

A dapted  phages. B y  th e  m eth o d  of E ö r s i , J a b l o n s z k y  an d  M i l c h  [17], from  th e  faeces 
o f p a tie n ts  w ith  e n te ritis  5, from  sewage 3 phages w ere iso la ted . T he ph ag es w ere used  undi- 
u te d  or a t th e  R. T. D.
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C u ltu r e  m e d iu m . P ro p a g a tio n  of phages an d  lib e ra tio n  of te m p e ra te  phages w ere p e r 
form ed in  p H  7.2 H a rtle y  b ro th . T yp ing  was carried  o u t on  H a r tle y  a g a r p lates.

In d ic a to r  s t r a in s . F o r d e tec tin g  tem p era te  p h ag es , non-lysogenic  E .  co li В and  E .  c o li  
36 cu ltu res , S h ig e l la  f l e x n e r i ,  S h ig e l la  s o n n e i  p h a s e  I I  a n d  E .c o l i  0 1 2 4  s tra in s  iso lated  fro m  o u r 
m ate ria l were used.

D e te c tio n  o f  l y s o g e n ic i ty . F o r th e  lib e ra tio n  of te m p e ra te  ph ag es th e  m eth o d  of A n d e r 
s o n  an d  F e l i x  [18] w as m odified  as follows. T he ex am in ed  s tra in  w as in o cu la ted  in to  b ro th ,  
sh ak en  a t  37°C for 4 h ours, th e n  cen trifuged . The su p e rn a ta n t  w as h e a te d  to  58°C for 30 m i
n u tes , th e n  d ro p p ed  o n to  a g a r p la te s  seeded w ith  2 h o u r cu ltu res  o f th e  in d ica to r s tra in s . T h e  
p la tes  were read  a f te r  in cu b a tio n  overn igh t.

Results

(1) F rom  56 faecal specim ens 12 phages ac tin g  on E . coli 0124  w ere o b 
ta in ed . T hree phages w ere iso lated  from  sew age exam ined  in  connection  w ith  
w ate r-bo rne  o u tb reak s.

E ig h t phages w ere selected  and  a d a p te d  to  th e  co rrespond ing  s tra in s . 
More deta iled  ex am in a tio n s  show ed th a t  th e se  phages w ere n o t specific, as, 
in  ad d itio n  to  E . coli 0 1 2 4 , th e y  lysed som e o th e r E . coli an d  Shigella s tra in s . 
W ith  our se t of phages 802 E . coli 0124  cu ltu res  w ere ex am in ed . I t  was found  
th a t  60 per cen t o f th e  s tra in s  were u n ifo rm ly  lysed  b y  all phages. P h ag e  
re s is ta n t cu ltu res occurred  in  10 per cen t. T he rem ain in g  30 p er cen t o f th e  
cu ltu res fell in to  25 phage ty p es . Thus ty p in g  w ith  th ese  phages was in su ff i
cien t for epidem iological purposes. Two in te re s tin g  o b se rv a tio n s  will be d is
cussed la te r .

(2) B y d e te rm in in g  th e  ly tic  sp ec tru m  of te m p e ra te  phages re leased  
b y  lysogenic E . coli 0 1 2 4  s tra in s , 11 w e ll-d iffe ren tia ted  s tab le  ty p es w ere 
estab lished .

Table I

T y p i n g  sch em e  fo r  E .  co li 0 1 2 4  : K 7 2 ( B 1 7 )  on  th e  b a s is  o f  l y t ic  a c t iv i ty  o f  tem p era te  p h a g e s

Phage type
Indicator strains

coli
36 SoR L89 Dc 138 coli В

Fl lb
262

i

la + + -

-

l b + — - + - -

2 + + — — -
2 a + + _ + — -
2 b + + - - + -

3 — — — — —

3a - + - + - -

4 - - - + -
5 - - - — + -

6 — — — — —
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T he ly tic  a c tiv ity  of te m p e ra te  phages is p resen ted  in  T ab le  I .  E ach  
ly tic  sp ec tru m  rep resen ts  one se p a ra te  p hage  ty p e .

T he s ta b ility  of E . coli 01 2 4  phage ty p e s  in  vivo and  in  vitro  was confirm ed  
b y  th e  following find ings. S tra in s  iso la ted  from  th e  sam e persons on rep ea ted  
e x am in a tio n s  belonged to  th e  sam e ty p e s . C ultures m a in ta in e d  in th e  la b o ra 
to ry  for years show ed no a lte ra tio n  in p h ag e  ty p e .

T ab le  I I  shows th e  p h ag e -ty p e  d is tr ib u tio n  o f E. coli 0 1 2 4  s tra in s . A m ong

Table II

Phage type distribution o f  E . coli 0124 : K 72(B17) strains

Phage
type

No. % Phage No 
type %

l 587 60.5 3 146 15.1

la 7 0.7 3a 8 0 .8

lb 15 1.5 4 52 5.4

2 64 6.7 5 2 0 .2

2 a 45 4.6 6 29 3.0

2 b 15 1.5

No. o f ty p ab le  stra in s , 970 (63.6% ) 
No. of u n ty p ab le  s tra in s , 556 (36.4% ) 
T o ta l num ber of s tra in s . 1526

1526 s tra in s  exam ined  d u rin g  th e  la s t fo u r y ears , 970 ty p a b le  cu ltu res  occurred  
(64 p er cen t). S tra in s  co llected  from  v ario u s  p a rts  o f th e  co u n try  belonged 
m ost freq u en tly  to  ty p e  1 an d  ty p e  3 (60 an d  15 per cen t o f ty p a b le  s tra in s).

T he regional d is tr ib u tio n  of phage ty p e s  o f E .coli 0 1 2 4  s tra in s  is p resen ted  
in  T ab le  I I I .

Table III

Regional distribution o f  typable E . coli 0124 : K 72(B 17) strains

No. of strains belonging to phage type
Area

1 2 2a 3 4 Other
Total

H u n g ary  W est ....................................... 455 36 18 90 43 57 699

H u n g a ry  N o rth  and C e n tr a l .............. 126 15 16 18 3 14 192

H u n g a ry  South-east .............................. 6 10 11 37 5 2 71

R u m an ia  ..................................................... - 3 _ 1 1 3 8

T o t a l .............................................................. 587 64 45 146 52 76 970

In  w estern  p a rts  of H u n g a ry  ty p e  1 p red o m in a ted ; o th e r  ty p es  such as 
3 an d  4 were freq u en tly  m et w ith.
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In  n o rth e rn  and  cen tra l H u n g a ry , as com pared to  ty p e  1, o th e r  ty p es 
w ere ra re . In  so u th -easte rn  H ungary  ty p e  3 p red o m in a ted .

In  sp ite  of the  sm all n u m b er of s tra in s , it is in te restin g  to  n o te  th a t  am ong 
cu ltu re s  o b ta in ed  from  R u m an ia  ty p e  1 w as absen t and  on ly  ty p es  2, 2b and 
3 w ere encoun tered .

W ith  th e  ad ap ted  phages tw o in te re s tin g  observ a tio n s have  been m ade.
(i) In  th e  exam ined  m a te ria l 25 E . coli 0124  s tra in s  occu rred  w hich were 

lysed  only by  phage L81. T his phage was iso lated  from th e  faeces of a p a tie n t 
w ith d y sen te ry . These E .c o li  0124  c u ltu re s  were un ifo rm ; th e y  reac ted  only 
w ith  phage L81, fe rm en ted  lactose in 2 d ay s, and  carried  no te m p e ra te  phages 
ac tiv e  on an y  of our in d ica to r  s tra in s . In  some cases epidem iological connec
tions w ere revealed  am ong such E. coli 0 1 2 4  cu ltures.

(ii) E x am in a tio n  of 28 phage ty p e  2a s tra in s  revealed  th a t  none of these  
cu ltu re s  were sensitive to  a d a p te d  phages.

I t  was in te resting  th a t  while E . coli 0124  s tra in s  iso la ted  b y  various 
a u th o rs  were generally  un ifo rm  in b iochem ical p roperties, th e y  d iffered in th e  
tim e o f lactose fe rm e n ta tio n : Hobtis et al., 4 — 21 days; E w i n g , 2 or m ore days; 
T a y l o r , 1 7 days; Co st in  8 11 d a y s ; K é ty i  et al. 2 d ay s; Lá n y i  et al.
3 — 7 d ay s; B o rián  et al. 5 TO days.

T hus it was in te re s tin g  to  ex am in e  w hether th e re  w as an association  
betw een  phage ty p e  and th e  in c u b a tio n  tim e  needed for positive  lac tose  reac
tio n . R esu lts  show ing lac tose  fe rm e n ta tio n  b y  491 s tra in s  are p re sen ted  in 
T ab le  IV . Most of the s tra in s  fe rm en ted  lac tose  in 1 to  10 days, th e  m a jo rity

T a b le  IV

Association between phage type and lactose reaction o f E. coli 0124 : K 72(B 17 ) strains

I No. of strains fermenting la 'tose in days
Phag.. type : _  Totn|

2—3 4 — 5 6—8 9-10 11

1, la. lb 11 38 197 39 6 291
2, 2a 46 2 48
21> - 4 8 12
3, 3a 101 7 2 110
4 13 6 8 3 30

Total 171 57 215 42 6 491

betw een  th e  6 th  and  8th  day . The n u m b e r of positive tu b e s  in o cu la ted  w ith 
types 1, la  and lb  g rad u a lly  increased  till th e  8 th  day, th e n  decreased . Types 2 
and 2a fe rm en ted  th a t  su g ar in 2 or 3 d ay s , w hile type 2b in 5 or 6 days. Types  
3 and 3a were also p ositive  in 2 or 3 d ay s. No such re g u la r ity  w as observed
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w ith  type 4 s tra in s . Som e p ro m p t-lac to se -fe rm en tin g  s tra in s  also o ccu rred ; 
th e se  cu ltu res, how ever, w ere n o t lysogenic.

O nly a few o f th e  ex am in ed  1526 E . coli 01 2 4  s tra in s  were sub jec ted  to  
H  an tig en  analysis . T h u s no conclusions can be d raw n  as to  th e  associa tion  
be tw een  sero type  an d  p h ag e-ty p e .

Discussion

Id e n tif ic a tio n  o f b a c te r ia  on th e  basis of ly so gen ic ity  w as firs t perfo rm ed  
in  1932 by  B u r n e t  [19]. S c h o l t e n s  [20], exam in in g  phages carried  b y  S. 
p a ra ty p h i-В , e la b o ra te d  a ty p in g  schem e for th is  o rgan ism . A sim ilar m e th o d  
fo r th e  ty p in g  of S. typ h i-m u riu m  was described  b y  B o á  d  [21]. This p rinc ip le  
h as  since been ap p lied  successfully  for o th e r b ac te ria .

T yping  of E . coli 0 1 2 4  w ith  ad a p te d  phages did n o t y ield  th e  req u ired  
resu lts . Therefore th e  som ew hat m ore laborious m eth o d  based  on ly sogen ic ity  
had  to  be applied . A d isa d v a n ta g e  of th e  la t te r  was th a t  th e  num ber of u n ty p -  
ab le  s tra in s w as re la tiv e ly  h igh. This find ing  m ay  be due to  th e  considerab le 
freq u en cy  of non-lysogen ic  s tra in s ; it m ay , how ever, be assum ed th a t  in  
r e a li ty  these s tra in s  ca rried  tem p era te  phages w hich, in  la ck  of su itab le  in d i
c a to r  s tra in s , rem a in ed  u n d e tec ted . F in a lly , i t  is obvious th a t  a fter a la rg e r 
o u tb re a k  caused b y  an  u n ty p a b le  E . coli 0 1 2 4 , spo rad ic  cases due to  th e  sam e 
organism  were fre q u e n tly  enco u n tered . T hus th e  n u m b er of ty p ah le  s tra in s  
w as h igh ly  decreased  b y  th e  fa c t th a t  one food-borne an d  tw o w ater-b o rn e  
o u tb re a k s  were cau sed  b y  u n ty p a b le  stra in s .

In  o th e r o u tb re a k s  ty p a b le  s tra in s  w ere inv o lv ed . T hus some s tra in s  
o rig in a tin g  from  th e  S z e n tg o tth á rd  w ater-b o rn e  o u tb re a k  [8] belonged to  ty p e
2. S tra in s iso la ted  from  th e  w ate r-bo rne  o u tb re a k  a t  P a rá d sa sv á r  [10] fell 
in to  ty p e  1. W a te r-b o rn e  o u tb reak s  th a t  occurred  in Szeged and M arcali in 
1964 were associa ted  w ith  ty p e  3.

No p red o m in an ce  of e ith e r  ty p e  was n o ted  am ong sporad ic  cases an d  
carrie rs . I t  can th e re fo re  be concluded th a t  an y  E . coli 0 1 2 4  phage ty p e  m ay  be 
responsib le  for ep idem ics and  sporad ic  in fec tions an d  occur in  sym ptom less 
carriers.

T yping  of E . coli 0 1 2 4  by exam in ing  th e  ly so g en ic ity  of s tra in s offers 
v a lu ab le  help in th e  in v es tig a tio n  of epidem iological p rob lem s and  in th e  d e te c 
tio n  of in fective sources. On several occasions it was revealed  b y  phage ty p in g  
th a t  a seem ingly un ifo rm  epidem ic had  s ta r te d  from  m ore th a n  one source. 
T h u s in  a c h ild ren ’s hom e th e  con tinuous occurrence of E . coli 0124 en te ric  
in fec tio n s was n o te d  b e tw een  A ugust an d  D ecem ber, 1963. The firs t cases 
a ffec tin g  3 m em bers o f th e  s ta f f  л\еге due to  ty p e  3. Till Sep tem ber 20, th e  
sam e phage ty p e  was iso la ted  from 7 ch ildren . A t th e  end of A ugust, one ch ild
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h a rb o u re d  an u n ty p a b le  s tra in ; such u n ty p a b le  cu ltu re s  were d e tec ted  till 
D ecem ber 20 in () faecal specim ens from  4 ch ild ren . T ype  I ap p ea red  firs t on 
S ep tem b er 11; till D ecem ber 20 it was iso la ted  from  12 specim ens from  3 
ch ild ren . T herefore, in a seem ingly  uniform  ep idem ic  phage ty p in g  revealed 
th e  in v o lvem en t o f a t leas t th re e  d ifferen t in fec tiv e  sources. On rep ea ted  
ex am in a tio n s  tw o ch ild ren  ex c re ted  tw o d ifferen t ty p e s ; th is  o b se rv a tio n  in d i
c a te d  th a t  a fte r successful a n tib io tic  th e ra p y  th e se  ch ild ren  w ere re in fec ted  
from  th e  en v iro n m en t w ith  o th e r  E . coli 0124  p h ag e  ty p es.

O ur s tu d y  is fa r from  com ple te . In  add ition  to  im prov ing  th e  m e th o d , we 
desire to  exam ine th e  assoc ia tion  betw een  flag e lla r an tig en s , b io ty p e , an d  
phage ty p e  of E . coli 0 1 2 4  : K 72(B 17) stra ins.

A c k n o w l e d g e m e n t . T h e  a u t h o r  is i n d e b t e d  to  D r s . F .  K o l t a , B .  R é d e y , I . K é t y i  
a n d  B . L á n y i  fo r  s t r a in s  a n d  e p id e m io lo g ic a l  d a t a ;  to  D k . G. B a r s y  fo r  h e lp  in  d e s ig n in g  t h e  
t a b l e s ;  a n d  to  M r s . M. G y e n e s  f o r  sk i l led  t e c h n ic a l  a s s i s ta n c e .
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INVESTIGATIONS INTO THE OLIGOSACCHARIDE 
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(R eceived  M ay 23, 1965)

Sum m ary . I t  has been show n th a t  C andida bru m p tii  and  Procandida grubyi decom pose 
sucrose a n d  m altose  by  in trace llu la r  enzym es. T h e  m alto se -sp littin g  enzym e of b o th  species 
a n d  th e  su c ro se -sp littin g  enzym e of P. grubyi a re  id en tica l w ith  enzym es revealed  in  o th e r  
y eas ts . T he su c rose-sp litting  enzym e of C. bru m p tii rep re sen ts  a new, a ce to n e -re s is tan t ty p e . 
N e ith e r o f th e  tw o species p ro d u ced  in v ertase .

T he d ifference betw een  th e  sugar a ss im ila tio n  and  sugar fe rm e n ta tio n  sp ec tra  o f th e  
ex am in ed  o rgan ism s is due to  a difference in  th e ir  su g a r tra n sp o rta tio n  system s.

In com paring  the  ca rb o h y d ra te  decom posing  a c tiv ity  o f yeasts  we have  
in v e s tig a te d  th e  association  b e tw een  th e  sp littin g  of sucrose and  m altose  
and  th e  enzym es concerned. In  view  of re su lts  o b ta ined  w ith  Procandida stella- 
toidea, syn . Candida stellatoidea [6, 9], it  seem ed desirab le  to  exam ine som e 
y easts  w hich differ as to  sugar u tiliz a tio n  spec trum  from  th is  organism  on lv  
in one p ro p e rty . As th e  sp ec tru m  of P. stellatoidea can be exp ressed  as DGM- 
dm *, we in te n d e d  to  exam ine one y eas t species w ith DGM-d an d  an o th e r w ith  
DSM -dm u tiliza tio n  sp ec tru m . The fo rm er p ro p erties  were show n by  C. brum ptii 
the  la t te r  by  th e  recen tly  recognized P. g ruby i [8]. Sucrose, m altose  and  ra ffi- 
nose u tiliz a tio n  and sp littin g  by  th e  tw o species h av e  there fo re  been 
exam ined .

M aterials an d  m ethods

S tra in s  C. brum ptii 229/1961 a n d  P . grubyi 469/1961 have b een  m a in ta in ed  in  ou r col
lec tion  (S. 1. H .) .  T he cu ltu res were g row n on Cs i l l a g ’s m olasses agar [1] in  R oux  b o ttle s. L ive 
a n d  a ce to n e -trea te d  cells and  cell-free e x tra c ts  w ere p rep ared  and ch ro m a to g rap h ic  e x a m in a 
tio n s  w ere perform ed as described in references 3.4 an d  6 .

R esults

Candida brum ptii

R a ffinose  was no t decom posed by  a n y  o f the  p re p a ra tio n s  an d  w as no t 
ta k e n  up b y  live cells (Figs 1 3).

* A b b rev ia tio n s [12]: D or d =  glucose, G or g =  galactose , S o r s =  sucrose, M or m  =  
m altose . C ap ita ls s ta n d  fo r assim ila tion , sm all le t te r s  fo r fe rm en ta tio n . O n ly  positive  re ac tio n s  
are  in d ica ted .

A d a  microbiol. Acad. Sei. hung. X I I , 1965



2 7 0 E. К. NOVAK et al.

• G •  ° • °

.  ........................ О O

R  Me s  0  / 2 1  2 4 8  D F

f i g - 1

k  M e s  0  1/2  1 2  4 8  D F

F ig. 2

R M e s  0  / г  1 2 4 8  D F 

Fig. 8

•

— —— .— - .............. — ;

о  о т о •  •  

•  • • • • © ©

O O i? O •  •  

•  М Н О Й

M  s  0  V2 1 2 4  8  D 

rig  4.

M  S 0  b  1 2 4  8  D 

F ig  .5.

M  s  b  î/2  î  2  4 8  D

Fi g .  S.

O O O O O O 
O O O •  •

•  • • • • O #

o o o e o  о
O O O  Q  •  •

•  • • • • o c

S  s  0  i/2  Í 2 4 8  D F  

F,g. Z

S S 0  î/2 1 2 4 8  D F 

F ig  8

S  S  0  î/2 1 2 4 8  D /

Fig. 9

Fig. 1. R affinose  u t il iz a tio n  by  in ta c t C. b rum ptii cells. 750 mg live w e t cells and 60 m g raffin o se  
in  pH  7.2 М /30 p h o sp h a te  buffer in 3 ml vo lum e. Copy of the  ch ro m a to g ram . L eft ra ffin o se , 
m elibiose an d  suspension , r ig h t glucose an d  fru c to se  con tro ls. N u m b ers under the  s ta r t  line 

rep re sen t the  sam p lin g  in te rv a ls  in h o u rs
e

Fig. 2. R affinose u til iz a tio n  b y  acetone tre a te d  C. brum ptii cells. 750 mg acetone tre a te d  liv 
w et cells; o thers as in d ica ted  in F ig . 1

Fig. 3. R affinose u til iz a tio n  by  cell-free e x tra c t o f C. brum ptii cells. Cell-free e x tra c t o f 600 m g 
q u a r tz  sa n d -d is in te g ra te d  live w et cells; o thers as in d ic a te d  in Fig. 1

Fig. 4. M altose u til iz a tio n  b y  in ta c t C. b rum ptii cells. 750 mg live w et cells and 60 mg m altose  
in p H  7.2 M j30 p h o sp h a te  b u ffer in  3 ml vo lum e. Copy of th e  c h ro m a to g ram . L eft m altose  and  
suspension , r ig h t glucose con tro ls. N um bers u n d e r  th e  s ta r t  line re p re se n t th e  sam pling  in te r 

va ls in  h ours.

Fig. 5. M altose u tiliz a tio n  b y  acetone tre a te d  C. b rum ptii cells. 750 m g acetone tre a te d  live w et
cells, o thers as in d ic a te d  in  Fig. 4

Fig. 6. M altose u til iz a tio n  by  cell-free e x tra c t o f C. brum ptii cells. Cell-free e x tra c t o f 600 mg 
q u a r tz  sa n d -d is in te g ra te d  live w et cells, o thers as in d ic a te d  in  Fig. 4

Fig. 7. Sucrose u til iz a tio n  b y  in ta c t C. brum ptii cells. 750 mg live  w e t cells and 60 mg sucrose 
in  p H  7.2 М /30 p h o sp h a te  b u ffer in  3 ml vo lum e. Copy of th e  c h ro m a to g ram . L eft sucrose and  
suspension , r ig h t glucose an d  fructose  co n tro ls. N u m b ers u n d e r th e  s ta r t  line re p re se n t th e

sam pling in te rv a ls  in hours

Fig. 8. Sucrose u til iz a tio n  by  acetone tre a te d  C. b rum ptii cells. 750 m g acetone tre a te d  live 
w et cells; o thers as in d ic a te d  in  Fig. 7

Fig. 9. Sucrose u til iz a tio n  b y  cell-free e x tra c t o f C. brum ptii cells. Cell-free e x tra c t o f 600 mg 
q u a r tz  san d -d is in te g ra te d  live wet cells; o th ers  as in d ic a te d  in Fig. 7
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F ig. 10. R affinose  u tiliza tio n  b y  in ta c t  P. grubyi cells. 560 mg live  w et cells an d  60 m g raffi"  
nose in  p H  7.2 M /30 p h o sp h a te  b u ffer in  3 ml volum e. Copy of th e  c h ro m a to g ram . L eft ra ffin o se ’ 
m elibiose and  suspension , r ig h t glucose an d  fructose  con tro ls. N u m b ers u n d e r the  s ta r t  line  

re p re se n t th e  sam pling in te rv a ls  in  h o u rs

Fig. 11. R affinose  u tiliza tio n  b y  ace to n e  trea te d  P . grubyi cells. 740 m g acetone tre a te d  live
w et cells, o thers as in d ic a te d  in  Fig. 10

Fig. 12. R affinose  u tiliz a tio n  b y  cell-free e x tra c t of P. grubyi cells. Cell-free e x tra c t of 680 m g 
q u a r tz  sa n d -d is in te g ra te d  live w et cells; o th e rs  as in d ic a te d  in  Fig. 10

Fig. 13. M altose u tiliza tio n  b y  in ta c t  P . grubyi cells. 560 mg live w e t cells an d  60 mg m altose  
in pH  7.2 M /30 p h o sp h a te  b u ffer in  3 m l volum e. Copy of th e  ch ro m a to g ra m . L eft m altose an d  
suspension, r ig h t glucose co n tro l. N u m b ers un d er th e  s ta r t  line re p re se n t th e  sam pling  in te r 

va ls in  hours

Fig. 14. M altose u tiliz a tio n  by  ace to n e  tre a te d  P . grubyi cells. 740 m g ace to n e  tre a te d  live  w e t
cells; o th e rs  as in d ica ted  in  Fig. 13

Fig. 15. M altose u tiliza tio n  b y  cell-free e x tra c t of P . grubyi cells. C ell-free e x tra c t of 680 m g 
q u a r tz  san d -d is in te g ra te d  live w et cells; o th e rs  as in d ic a te d  in  F ig . 13

Fig. 16. Sucrose u tiliz a tio n  b y  in ta c t  P . grubyi cells. 560 m g live w e t cells and  60 mg sucrose 
in  p H  7.2 M/30 p h o sp h a te  b u ffer in  3 ml volum e. Copy of th e  c h ro m a to g ra m . L eft sucrose an d  
suspension, r ig h t glucose and  fru c to se  con tro ls. N u m b ers u n d e r th e  s t a r t  line rep resen t th e

sam pling  in te rv a ls  in  hours

Fig. 17. Sucrose u tiliz a tio n  by  ace to n e  tre a te d  P. grubyi cells. 740 m g ace to n e  tre a te d  live w e t
cells; o th e rs  as in d ica ted  in  F ig . 16

Fig. 18. Sucrose u tiliz a tio n  by  cell-free e x tra c t of P . grubyi cells. C ell-free e x tra c t of 680 m g 
q u a r tz  san d -d is in te g ra te d  live  wre t cells; o th e rs  as in d ic a te d  in F ig . 16
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M altose was n o t ta k e n  up  n o r decom posed  b y  live cells (F ig . 4). A ceton- 
ized  cells an d  cell-free e x tra c ts  h y d ro ly se d  th is  sugar in to  glucose (F igs 
5 a n d  6).

Sucrose was n e ith e r  ta k e n  up  n o r sp lit  b y  live cells (F ig . 7). A cetone  t r e a t 
ed  cells an d  th e  cell-free h o m ogenate  p ro d u ced  glucose a n d  fru c to se  from  
sucrose (Figs 8 and  9).

Procandida grubyi

R a ffinose  w as n e ith e r  ta k e n  up  n o r sp lit b y  live cells or th e  p re p a ra tio n s  
(F igs 1 0 - 1 2 ) .

M altose was in co rp o ra ted  by  live cells; acetonized  cells a n d  th e  cell-free 
e x tr a c t  sp lit th is  sugar in to  glucose (F igs 13 — 15).

Sucrose was n o t ta k e n  up  b y  live cells; i t  was decom posed  on ly  b y  th e  
cell-free e x tra c t (Figs 16 —18).

D iscussion

As show n b y  our re su lts , C. b ru m p tii p roduces b o th  m a lto se  an d  sucrose 
decom posing  enzym es. T he enzym e a c tin g  upon  m altose belongs to  th e  in t r a 
ce llu la r ace to n e -re s is tan t ty p e  described  earlie r [5, 7]. T he m a lto se -sp littin g  
enzym e of P . grubyi also belongs to  th is  g roup  (see below). In  c o n tra s t , th e  suc
ro se -sp littin g  enzym e of C. brum ptii d iffers from  th e  e x tra c e llu la r  acetone- 
re s is ta n t  (invertase , b e ta -h -fru c to s id ase ) a n d  in trace llu la r a ce to n e-sen s itiv e  en 
zym es observed  in  our prev ious ex p e rim en ts . This su c ro se -sp littin g  enzym e is 
n o t  id en tica l w ith  in v e rta se , as i t  is in tra c e llu la r  an d  th e  cell-free e x tra c t 
c o n ta in in g  th e  enzym e is in ac tiv e  on ra ffinose . N either is i t  id en tica l w ith  th e  
o th e r  su c rose-sp litting  enzym es, since i t  is re s is tan t to  ace to n e  (aceton ized  
cells also decom posed th e  sugar). T hus ta k in g  in to  co n sid e ra tio n  th a t  th e  ace- 
to n e -sen sitiv e  group o f  sucrases co n ta in s  tw o typ es — th e  f ir s t  h av e  been 
describ ed  b y  LiNDEGRENet al. [2] an d  th e  second b y  N o v a k  an d  Z s o l t  [11] 

-  th e  sucrose-sp littin g  enzym e of C. bru m p tii rep resen ts a new , fo u rth  ty p e  
am o n g  y e a s t “ sucrases” .

In  view  of th e  presence of a su c ro se -sp littin g  enzym e a n d  th e  absence of 
sucrose  assim ila tion  an d  fe rm e n ta tio n , i t  m ay  be concluded  th a t  C. brum ptii 
possesses n e ith e r  aerobic  nor anaerob ic  sucrase  tra n sp o rta se  enzym e system s. 
T he presence of m alto se  a ssim ila tion  a n d  m altose decom posing  enzym e and  
th e  absence of m alto se  fe rm e n ta tio n  in d ica te  th a t  th is  o rgan ism  produces 
o n ly  aerobic  m altose  tra n sp o rta se .

I t  should  be n o ted  th a t  C. b ru m p tii  was in a d e q u a te  fo r a m odel th a t  
a c ts  upon  m altose h u t  n o t on sucrose in  cell-free e x tra c t. T he sam e w as tru e  
fo r P . stellatoidea, w hich, how ever, decom posed sucrose less ac tiv e ly  [7]. 
A lth o u g h  su crose-sp litting  can  be e lim in a ted  by  acetone or o th e r  lip id  so lven ts
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[5, 10, 11], ex cep t in the  case o f C. bru m p tii, i t  w ould be in te re s tin g  to  s tu d y  
a sy stem  e x e rtin g  a pure m alto se-decom posing  a c tiv ity .

P . grubyi also contains sucrose and  m a lto se -sp littin g  enzym es. The fo rm er 
co rresponds to  an  in trace llu la r, acetone sen sitive  “ sucrase” , th e  la t te r  to  an 
in tra c e llu la r  acetone re s is tan t “ m a lta se ” . T he sam e ty p e s  of enzym e w ere 
iso la ted  from  C. solani [5], P . albicans [10, 11] and P. stellatoidea  [7]; th e  
sam e ty p e  o f “ m alta se”  o ccu rred  in Rhodotorula m ucilaginosa  [13] and  th e  
sam e ty p e  o f “ sucrase”  in C. requ inyii [6]. As show n ab o v e , the  “ m a lta se ” 
o f C. brum ptii also belongs to  th is  ty p e .

As sucrose is assim ila ted  b u t  n o t fe rm en ted  by  P. g rubyi, it  m ay be co n 
c lu d ed  th a t  th is  organism  p roduces aerobic b u t  no anaerob ic  sucrose tra n sp o r-  
tase . T ra n sp o r ta tio n  of m altose ta k e s  p resu m ab ly  place b o th  aerob ica lly  and  
an ae ro b ica lly , as th e  organism  assim ila tes an d  ferm en ts m altose.

I t  is in te re s tin g  to  no te  th a t  in  our ex p erim en ts  th e  u p ta k e  of only those  
sugars h av e  been d em o n stra ted  w hich , as show n by  d iagnostic  te s ts , a re  fe r 
m en ted  u n d e r  anaerobic  co n d itions b y  th e  co rrespond ing  organism  (m alto se  
u p ta k e  b y  P . grubyi). The sam e resu lts  w ere ob ta in ed  for C. solani [5], P. 
albicans  [10] an d  P. stellatoidea [7]. O bserv a tio n s in d ica tin g  th a t  n o n -fe rm en ted  
b u t  a ss im ila ted  sugars were n o t tra n sp o r te d , also confirm  th is  co ncep tion . 
I t  m ay  th e re fo re  be concluded th a t  our in c u b a tio n  tech n iq u e  (resting  in c u b a 
tio n  for 6 8 hours in  narrow  tu b e s  c o n ta in in g  500 1000 m g w et cells in  3 m l
2 per cen t su g ar solution) p rov ides anaerob ic  ra th e r  th a n  aerob ic  co n d itio n s 
an d  is th u s  su itab le  for fu r th e r  ex a m in a tio n  of anaerob ic  tra n s p o r ta tio n  
processes. A t th e  sam e tim e i t  is obvious th a t  in  g lucose-ferm enting  o rgan ism s 
th e  s tr ic tly  su b stra te -spec ific  n a tu re  of oligosaccharide tra n sp o rta se  sy stem s 
is responsib le  for th e  failure of fe rm e n ta tio n  of assim ila ted  o ligosaccharides .
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OCCURRENCE OF ATYPICAL MYCOBACTERIA IN 
MACACUS RHESUS
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M ic r o b io lo g ic a l R e se a rc h  G r o u p  (D ir e c to r  : J .  W e i s s f e i l e r ), H u n g a r ia n  A c a d e m y  o f  S c ie n c e s
B u d a p e s t

(R eceived  Ju n e  8 , 1965)

Sum m ary, (i) F if ty  s tra in s  o f a ty p ic a l m y cobacteria  hav e  been iso la ted  from  33 an im als 
o u t of 66  M acacus rhesus an d  3 C ercopithecus m onkeys. O f th e  s tra in s  46 w ere dysgonic and 
m ultip lied  only a t  37°C. F o u r s tra in s  grew  rap id ly .

(ii) On the  basis of p h o to ch ro m o g en ic ity , dysgonic g ro w th , enzym e a c tiv ity  and m ouse 
v iru lence, 9 s tra in s  were id en tified  as belonging  to  a new  species. T he reco m m en d ed  nam e for 
these  b ac te ria  is M y c o b a c te r iu m  s im ia e .

(iii) Of 16 non-chro inogenic  s tra in s  6 were exam ined . As ju d g ed  by  th e ir  enzym e reac 
tions, 5 of th e  cu ltu res  belonged  to  th e  av iu m  group. In  a in id ase  sp ec tru m  4 scotochrom ogenic  
cu ltu res  co rresponded  to  h u m an  sco tochrom ogenic  stra in s . A m ong 4 ra p id ly  grow ing cu ltu res 
2 sap ro p h y tic  and  2 h igh ly  m o u se-v iru len t organism s w ere d is tin g u ish ed .

(iv) T he ab ilit y  of th e  iso la ted  m y co b acte ria  to  grow in  m ice m akes p ro b ab le  th a t  th ey  
m ay  also p roduce ch ron ic  in fec tio n  in m onkeys. P a th o g en ic ity  to  m onkeys of th e  exam ined  
s tra in s  was no t d e m o n s tra ted .

In connection  w ith  th e  origin and  classifica tion  of h u m an  a ty p ica l m yco
b ac te ria  a n u m b er of p rob lem s aw ait e luc idation . R u n y o n ’s classificati on [4] 
based  on em pirical an d  easily  d e tec tab le  p ro p ertie s , th e  tim e  o f grow th and 
p igm en t p ro d u c tio n , can  be v e ry  ad eq u a te ly  used  as a s ta r t in g  p o in t in  such 
exam in a tio n s. In te n s iv e  s tu d ies  have  been p erfo rm ed  on th e  occurrence of 
a ty p ica l m ycobac te ria  in th e  en v iro n m en t of m an  and  on th e  role of th e  
p a tie n t in  th e  tran sm issio n  of th e  in fection . In  d iseases caused  b y  M . kansasii 
n e ith e r  m an -to -m an  in fec tions, n o r en v iro n m en ta l sources h av e  y e t  been rev ea l
ed. The occurrence of a ty p ic a l m yco b ac te ria  in  sources o th e r  th a n  m an has 
been m en tioned  in  a few rep o rts . Sm i t h , K ovács  and  H a r r is  [5] in W est 
A u stra lia  iso la ted  82 av ian  g roup  B a tte y  s tra in s  from  412 pigs. T hey  found 
th e  sam e s tra in s  in  m ilk , soil an d  d u st. K u b ic a , B e a m  an d  P a l m e r  [2] iso la ted  
204 s tra in s  from  soil an d  w a te r. A m ong 80 s tra in s  b y  th ese  au th o rs  2 photo- 
chrom ogenic, 12 sco tochrom ogen ic , 22 n o n -p ig m en t-p ro d u c in g  an d  29 rap id ly  
grow ing cu ltu res w ere d istin g u ish ed . B iochem ical, p a th o g en ic  and  o th e r 
p ro p ertie s  of th e  s tra in s  h av e  n o t been discussed in  d e ta il. Ch a p m a n , B e r 
n a r d  an d  Sp e i g h t  [1] iso la ted  261 s tra in s  a t  an  incidence  o f 33.9 per cen t 
from  m ilk  sam ples; 5 s tra in s  w ere iso la ted  d irec tly  from  th e  u d d er. Am ong th e  
iso lates 12 pho tochrom ogen ic  cu ltu res  occurred  w hich , because  of th e ir  d iffer
e n t enzym e reac tio n s an d  an tig en ic  p ro p erties , could  n o t  be id en tified  as 
M . kansasii. Ma l l m a n n , M a l m a n n  and  R o b in s o n  [3] s tu d ie d  40 a ty p ica l
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m y co b ac te ria l s tra in s  iso la ted  from  c a ttle  and pigs. T en  s tra in s  show ing a ty p 
ical pho to ch ro m o g en ic ity  were described  as pseudochrom ogens, 12 s tra in s 
belonged  to  the av iu m  group  and 4 s tra in s  rep resen ted  ra p id ly  grow ing m yco
b a c te ria .

To our know ledge, we have been  th e  firs t to  re p o r t  on th e  occurrence o f 
a t te n u a te d  tuberc le  bacilli an d  a ty p ic a l m y co b ac te ria  in  m onkeys im ported  
for research  purposes [6]. These o b se rv a tio n s  have  m ade necessary  to  exam ine 
sp o n tan eo u s m ycobac te ria l in fec tions in  m onkeys. T he g rea t n u m b e r of m on
keys im ported  by  th e  S ta te  In s t i tu te  o f H ygiene, B u d a p e s t, for th e  p rep ara tio n  
o f tissu e  cu ltu res p ro v id ed  an am ple  m ateria l for th is  s tu d y .

Materials and methods

T he organs of h e a lth y , n o n -tu b e rc u lo tic  an im als inc lu d in g  66  M acacus rhesus and 3 
C ercop ithecus m onkeys 1 to  2 y ears o f age, w eighing 1.5 to 2 kg , w ere ex am in ed . In  th e  f irs t 
p e rio d  of exam inations 47 an im als  w ere s tu d ied . In  these e x p e rim e n ts  ax illa ry , in g u in a l and 
m esen te ria l lym ph nodes w ere w orked u p  to g e th e r; sep a ra te  cu ltu re s  w ere m ad e  from  th e  
liv e r, sp leen  and lungs. I n  su b seq u en t in v es tig a tio n s  th e  ly m p h  nodes o f 22 m onkeys were 
c u ltu re d  sep ara te ly  a f te r  hom o g en iza tio n  in  a teflon  hom ogenizer. T he la t te r  tech n iq u e  gave 
m u ch  b e tte r  results . A fte r  hom ogen ization  th e  o rgans w ere t r e a te d  w ith  6  pe r cen t su lphuric  
acid . A fte r c en trifu g a tio n  th e  su lphuric  acid  rem ain in g  in  th e  d e p o sit w as w ashed  up w ith  
s te r ile  ph o sp h a te  buffer. T h e  deposit w as th e n  resuspended  in  a so lu tio n  co n ta in in g  2 to  5 per 
c e n t  bovine  a lbum in  a n d  m etab o lites  o f th e  K rebs-S zen t-G yörgy i cycle. E ac h  m ate ria l was 
in o cu la te d  onto 4 L ö w e n s te in -  Je n se n  m ed iu m  slan ts  and  in to  2 tu b es  o f liq u id  haem olysed 
r a b b i t  blood m edium . A fte r  1 an d  2 m o n th s ’ in cu b a tio n  th e  l a t te r  cu ltu res  w ere cen trifuged  
a n d  th e  deposit was seeded  on  L ö w en ste in —Je n se n  m edium . O b serv a tio n  la s te d  fo r 3 m onths. 
T h e  iso la tes  were exam in ed  fo r g row th  on  L ö w en ste in —Jen sen , a g a r and  b ro th  m ed ia  a t  room  
te m p e ra tu re  and a t 37° C. P ig m en t p ro d u c tio n  w as exam ined  in  d a rk  an d  a f te r  lig h ting . P a rt 
o f  th e  s tra in s  were ex am in ed  fo r b iochem ical reac tio n s as d escribed  by  B ö n i c k e : catalase , 
p e ro x id ase , n itra te  re d u c tase , n iacin , a ce tam id ase , benzam idase , n ico tin am id ase , u rease , py ra- 
z in eam id ase , succinam idase  a n d  a llan to in ase . I n  ad d itio n , lip ase  a c t iv ity  ag a in s t Tw een 80 
w as de term ined . S e n sitiv ity  to  s tre p to m y c in , ison iazid  and PAS (1 .1 0  an d  50 /ig co n cen tra tio n  
p e r m l), was exam ined on  L ö w en ste in —J e n se n  m edium  using  0.2 m g inocu la . P a th o g en ic ity  
o f  th e  cu ltu res was ex am in ed  b y  in tra v e n o u s  in jec tio n  of 1 m g b a c te r ia  in to  10  w h ite  mice 
in  each  case. R ecovery o f th e  organ ism s fro m  th e  anim als was a tte m p te d  30 a n d  60 days a fte r 
in je c tio n . The num ber o f colonies iso la ted  fro m  th e  spleen and  liv e r is in d ic a te d  by  — to  —1—[—(— 
m ark s .

R esu lts

M ycobacteria w ere cu ltu red  from  lym ph nodes an d  organs o f 33 ou t o f 
69 m onkeys. The to ta l  n u m b e r of iso la ted  s tra in s  was 50 (T able I). N ine s tra in s 
w ere recovered only  b y  en rich m en t in  haem olysed  b lood  m ed ium . A ccordingly, 
th is  m ethod  increased  th e  n u m b er o f iso la ted  s tra in s  by  37.5 per cen t.

M onkeys falling  in to  group I  w ere positive in  36 p e r cen t, w hile anim als 
o f  g roup  II  nearly  in  73 p er cen t. T he n u m b er of s tra in s  iso la ted  from  visceral 
o rg an s was considerab ly  h igher in g roup  II . This w as p resu m ab ly  due to  the  
fa c t th a t  tre a tm e n t in  th e  te flo n  hom ogenizer very  effec tively  lib e ra tes  b a c te 
r ia  from  the  tissues. In  th is  g roup  m y co b ac te ria  w ere iso la ted  in 9 m onkeys 
o n ly  from  lym ph n o des, in  5 m onkeys from  lym ph  nodes an d  v iscera  and  in 2
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Table I

O ccurrence  o f  m y c o b a c te r ia  i n  m o n k e y s

Monkeys examined Monkeys positive for 
myeobacteria

Organs positive for 
mycobacteria

Total

Group Number Number /0 Lymph nodes 
a b c Viscera

strains

I 47 17 36 16 1 (2 .1 % ) 17
и 22 16 73 9 9 8 7 (3 1 .8 % ) 33

T ota l 69 33 48 42 8 50

L y m p h  gland: a =  inguinal, b =  ax illa ry , c =  m esenterial

m onkeys on ly  from  viscera. One ly m p h  n ode  was positive in  6, tw o  in  4 , an d  
th re e  in  4 an im als. M icroscopic e x am in a tio n  in d ica ted  th a t  m o st s tra in s  con
s is ted  of v e ry  sh o rt acid fast rods or g ran n ies .

Table II

E x a m in a t io n  o f  m y c o b a c te r ia l s t r a in s  iso la ted  f r o m  m o n k e y s

R u n y o n ' s Number of Number of strains examined
group strains investi

gated 1 biochemically in vivo

i 9 9 9

и 4 4 4

h i 16 6 7

IV 4 4 4

T otal 33 23 24

T ab le  I I  shows our s tra in s  accord ing  to  R u n y o n’s classifica tion . B iochem 
ical reac tio n s  were perfo rm ed  w ith  23 s tra in s ;  24 s tra in s w ere in o cu la ted  in to  
m ice. A m ong 33 s tra in s  (one from  each m o n k ey ), 9 pho toch rom ogen ic , 4 scoto- 
chrom ogen ic , 16 non-chrom ogenic and  4 ra p id ly  grow ing cu ltu re s  w ere en co u n 
te red .

Properties of photochromogenic stra ins  (T able I I I ) . The m a jo r ity  of th ese  
organism s ex h ib ited  dysgonic g row th  on L ö w enste in - Je n se n  m edium ; th e y  
grew  p o o rly  even  a fte r 2 — 3 w eeks. No g ro w th  was observed on ag ar or in  b ro th . 
C hanges o f th e  pho tochrom ogen ic  p ro p e r ty  were observed  in  a few cases. 
F o u r  s tra in s  p roduced  n itra te  red u c tase . Tw o acetam idase  a n d  3 u rease  p o sitive  
cu ltu res  w ere revealed . F o u r s tra in s  w ere n eg a tiv e  for all am idases. R esistance  
te s tin g  h av e  th e  following resu lts  (Table IV ). Three s tra in s  w ere sensitive to  
50 p,g IN H  b u t  only p a r tly  sensitive  to  10 pg IN H . W ith  th e  ex cep tion  of
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Table III

B io c h e m ic a l  p ro p e r tie s  o f  p h o to c h ro m o g e n ic  m yco b a c te r ia

Designation 
of strain Character o f culture

z N
it

ra
te

 r
ed

.

o>
j§"cB
CBCJ

_3
'*оMV
— 3

«

2

<

и
72
s
$за

4i
S
-up

72
2
3

z Py
ra

zi
na

m
id

as
e

Su
ce

in
am

id
as

e S

яa‘5
.2

No. 5 dysgonic S -var. — + + + + + — — + + — — —

No. 14 S-var. - +  + + + + - - — + ± - + -

No. 20 S-var. - + + + + ± - - - - - — —

No. 25 dysgonic S -var - + + + + - + - + + - +
No. 27 dysgonic S -var. - - + + + + + - — — - + — —

No. 29 dysgonic R -v a r - +  + + + + + + + — + ± - —

No. 52 S-var - - + + +  + + - — - - - - —

No. 61 S-var. — - + + + +
No. 68 S - R — — + + + + _ 1_ — — — — — — —

Table IV

D r u g  re s is ta n c e  o f  m yco b a c te r ia l s t r a in s  iso la ted  f r o m  m o n k e y s

D esig n atio n  o f 
s tra in s

Jsoniazid, lie S trep to m y c in , № P A S . n g
G roup

1 I 10 50 1 10 50 1 10 50

No. 5 + + ± + + _ _
No. 14 + ± — + + + + + +
No. 20 + ± — + + ± + + +
No. 25 + + ± + + + + + +

1 No. 27 + + + + + + + + +
No. 29 + + ± + + + + + +
No. 52 + ± — + + ± + + +
No. 68 + + ± + + — + + ±
No. 61 + + + + + ± + + —

No. 32 + + ± + ± — + + +
11 No. 47 + + — + + ± + + —

No. 51 + ± — + + + + + +
No. 64 + + + + + + + + +

No. 3 + ± + + — + 4- +
No. 23 + + + + + + + + +

III No. 46 + ± — + ± ± + + ±
No. 55 + ± ± + + + - f + +
No. 54 + — — + + + + + —

No. 63 + ± — + + + + - b +

No. 1 + =b _ + ± — + + +
IV No. 4 + + + + + + + +

No. 15 + + + + + + + +

No. 55 + + + — — + + “Г
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s tra in  No. 5, all cu ltu res  were re s is ta n t to  s trep to m y c in  an d  PA S. Tn an im als 
(T able Y) all s tra in s m u ltip lied  in te n s iv e ly  and  were c u ltu re d  in  la rg e  num bers 
from  th e  organs. T h e ir m ouse v iru lence  ex cep t th e  s tra in s  No. 29 a n d  No. 52 
w as low , as none o f th e  an im als from  th e  o ther g roups d ied  w ith in  90 days. 
In  th e  lung  of mice sacrificed  a fte r  th e  observa tion  p erio d , several tu b erc les  
w ere revealed .

Table V

Mouse experim ents with atypical mycobacteria isolated fro m  monkeys

Cultures from  mice Pathological changes in organism of mice

a .

in.

IV.

Strains
Days

N um ber of
inoculât. colonies

No. 5 65 + + + 65
No. 14 27 + + +  + 75
No. 20 65 -J— )— J— |- 65
No. 25 90 + + + 90
No. 27 90 +  +  +  + 90
No. 29 34

No. 52 63 +  +  +  + 60
No. 61 61 +  +  + 84
No. 68 73 + + + + 73

No. 32 65 +  + 65
No. 47 65 +  +  + 61
No. 51 60 +  +  +  + 60
No. 64 52 +  + 52

No. 3 53 + + 90

No. 23 63 + +  + 63
No. 46 57 +  + + + 70

No. 53 33 +  +  +  + 46
No. 54 33 +  + 46
No. 59 50 + +  +  + 35

No. 63 70 +  +  +  + 70

No. 1 90 90
No. 4 90 +  +  +  + 90

No. 15 51 +  +  + 53

No. 55 77 +  +  +  + 77
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+  +  + + + +  +
- + +  +  +

— — —

— — + + +  +
— + + + +

— — —

Dead after in
oculation (in

days)

9. 28. 34, 
34, 34 

34, 34

22
22, 34, 36 
6 , 11, 20 

32, 40, 52

11. 22,
51, 63.

9, 14, 19. 
63, 67

10, 13, 19. 
31. 34, 46 

4. 7. 8

22. 33, 39, 
56. 90 

13, 14, 18 
20, 20, 21

Properties o f scotochromogenic stra ins  (Table V I). O f 4 sco tochrom ogenic  
s tra in s  1 produced  n i t r a te  red u c ta se . O f th e  am idase  enzym es u rease  was 
fo rm ed  only  b y  2 s tra in s . O f these  s tra in s  tw o (No. 47, N o. 51) w ere sensitive
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to  50 pg IN H . S tra in  N o. 51 was sensitiv e  to  50 pg  s tre p to m y c in . O ut of fo u r 
s tra in s  in ocu la ted  in to  m ice, tw o w ere v iru len t. A fte r 60 days defin ite  lesions 
w ere observed in  th e  lu n g  of m ice in o cu la ted  w ith  th e  s tra in  No. 51. Of 9 
m ice, 3 died a fte r  22, 34 and  36 d ay s, respective ly .

Table VI

Biochemical properties o f  scotochromogenic and rapidly  growing mycobacteria

D esignation 
o f stra in C h a ra c te r  o f  cu ltu re
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P
er

ox
id

as
e

1

A
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as

e я

N
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a
u

0)

Z P
yr

az
in

am
id

as
e

я

я

trt

я

Sco- No. 32 S-var. + + + ±
to- No. 47 dysgonic S -var ± — — — — — — — —
chro- No. 51 S-var. + + — — — + — — —
Ш О - No. 64 dysgonic S-var. +  + + + + — — + — — —
genic

R a- No. 1 Yellow m ucoid + + + + — + + + — — -j-
p id ly No. 4 W hite  S -var. — + + — + + — + + + — - j -

grow - No. 15 W hite S -var. — + + — + + — + + + +
ing No. 55 Yellow7 S -var. + + + + + + +

Properties o f  non-chromogenic strains. G row th  o f th ese  s tra in s , especially  
in  th e  firs t su b cu ltu re , w as v e ry  slow, dysgonic. Som e cu ltu re s  produced  lig h t 
cream y-yellow  colonies. B iochem ical reac tions of 6 s tra in s  are  p resen ted  in 
T ab le  V II. Two s tra in s  p roduced  n itra te  red u c ta se . W ith  th e  exception  o f 
s tra in  No. 53, in  am id ase  sp ec tru m  th e  s tra in s  co rresponded  to  th e  avium  
g ro u p . A slight u rease  a c tiv ity  w as revealed  in  4 s tra in s . To 10 p g IN H  one 
s tra in  was re s is ta n t, 4 m o d era te ly  sensitive  an d  one s tra in  (No. 54) was sen 
s itiv e . All s tra in s  w ere re s is ta n t to  10 pg s tre p to m y c in  and  PA S. W hen  in o c u la t
ed  in to  mice, th e  ex am in ed  s tra in s  m u ltip lied  in ten s iv e ly  an d  were recovered  
in  large num bers fro m  spleen an d  liver. T hree s tra in s  o u t o f 7 caused d ea th  
a f te r  9 to  63 days. P o s t m ortem  severe changes w ere revealed  in th e  k idneys 
an d  spleen.

Properties o f  4 rap id ly  growing strains  (Table V I). S tra in s  No. 1 and  N o. 
55 grew a b u n d a n tly  on ag ar and  in  b ro th  a fte r  4 5 days. B o th  s tra in s  ex erted
a w ide spectrum  am id ase  a c tiv ity  an d  p roduced  n i t r a te  red u c ta se . The s tra in  
N o. 55 was sensitive  to  10 pg s trep to m y c in  an d  re s is ta n t to  IN H  and  PA S. 
N e ith e r  of the tw o  s tra in s  was path o g en ic  to  m ice. In  m ice, s tra in  No. 1 
m u ltip lied  slowly, s tra in  No. 55 in tensively . T hese find ings are  in d ica tiv e  of 
th e  sap ro p h y tic  n a tu re  of these  s tra in s . The o th e r 2 qu ick ly  grow ing s tra in s  
(N o. 4 and  No. 15) deserve  special a tte n tio n . On f ir s t  cu ltu re  th ese  organism s 
grew  slowly, b u t a f te r  som e su b cu ltu re s  th ey  m u ltip lied  rap id ly  even a t room
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Table VII

Biochemical properties o f  non-chromogenic mycobacteria
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No. 3 S-var. —  — -j- — — — + —

No. 23 S-var. -  +  + + + + — - ± + + - —

No. 46 S-var. — - ± - + - - - + + - —

No. 53 1 S -var. -  - + - + - - + - - - -

No. 54 dysgonic S-var + ± + - - ± ± + —

No. 63 1 dysgonic R -var. — 1 +  + + + + — — ± + i —

te m p e ra tu re . On the  basis of b iochem ical reac tio n s  (negative n itra te  reductase*  
positive  ag a in s t 7-8 acylam ides) th e y  d id  n o t belong to  tb e  av ium  g ro u p . 
B o th  s tra in s  w ere re s is ta n t to  50 //g IN H , s trep to m y c in  and  PA S. T hey  w ere 
h ighly  v iru le n t for m ice; th e  in fec ted  an im als died  a fte r 14 39 days. A t a u to p 
sy severe lesions con ta in ing  large n u m b ers  of acid  fa st b a c te ria  were rev ea led  
in tb e  k idneys.

Discussion

O ur ex am in a tio n s  have show n th a t  a ty p ic a l m y co b ac te ria  occur w ith  
con sid erab ly  freq u en cy  (46 per cen t) in  M acacus rhesus m onkeys. Tbe o rg a n 
ism s w ere iso la ted  m ain ly  from  su b cu tan eo u s  ly m p h  g land , b u t  in  8 cases 
also from  sp leen  and  liver. This m akes i t  p ro b ab le  th a t  th e  p e n e tra tio n  of th e  
m icrobes o ccu rred  th ro u g h  the  sk in . T he m a jo rity  of the  iso la ted  cu ltu res w as 
re s is ta n t to  s trep to m y c in  and th u s  i t  m ay  be assum ed th a t  th e y  are ab le  to  
m u ltip ly  w hen  tra n sfe rre d  w ith  k id n ey  cells in to  tissue cu ltu res. I t  is a q u es tio n  
w h e th e r th e  s tra in s  are id en tica l w ith  know n m ycobac te ria . As in d ica ted  b y  
th e ir  enzym e sp ec tru m  and m ouse p a th o g e n ic ity , th e  non-chrom ogenic  c u ltu re s  
p ro b a b ly  belong  to  th e  avium  g roup . K u b i c a  et al. [ 2 ]  and  K o v á c s  [ 7 ]  h av e  
show n th e  w ide occurrence in  th e  e n v iro n m e n t of m an of such s tra in s  and  th e ir  
c a p a b ility  o f m u ltip ly in g  as fa c u lta tiv e  p a th o g en s  in dom estic  an im als. O u r 
o b se rv a tio n s  revea led  th a t  n o n -d o m estica ted  an im als such as m onkeys m ay  
also c a rry  th ese  organism s.

T he p resence o f pho tochrom ogen ic  s tra in s  in  m onkeys is of a ce rta in  sig 
n ificance . I t  is know n th a t  only M . kan sa sii an d  M . balnei are  p h o to ch ro m o 
genie. R ecen tly , C h a p m a n  has described  o th e r  pho tochrom ogen ic  m y co b ac te 
ria . O u r pho toch rom ogen ic  s tra in s  ex h ib ited  dysgonic g row th  and  enzym e 
reac tio n s  d iffering  from  those given b y  M . ka n sa sii or M . balnei. T hough th e y
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m u ltip lied  in ten s iv e ly  in  m ice, th e ir  m ouse v iru lence  w as low. These p ro p ertie s  
d is tin g u ish  our c u ltu re s  from  the know n pho toch rom ogen ic  m y co b ac te ria , 
an d  as th e  organism s iso la ted  by us co rresp o n d  to  new  m y co b ac te ria  p re v a le n t 
in  m onkeys, we reco m m en d  M ycobacterium  sim iae  for th e ir  taxo n o m ic  nam e.

The 4 p ig m en t-p ro d u c in g  sco tochrom ogen ic  s tra in s , s im ilarly  to  h u m a n  
p ig m en t-p ro d u c in g  c u ltu re s , are p re su m ab ly  v a r ia n ts  o f non -p ig m en ted  s tra in s . 
T he close re la tio n sh ip  o f th e  tw o sa p ro p h y tic  s tra in s  (No. 1 and  No. 55) w ith  
M . ph le i and  M . sm egm atis  is p ro b ab le . I t  is in te re s tin g  th a t  in  som e m o n 
keys occurred  s im u ltan eo u sly  tw o s tra in s  d ifferring  in  p ig m en t p ro d u c tio n  or 
b iochem ical reac tio n s. In d ic a tin g  th e  im p o rta n c e  of th e  v a r ia b ility  o f m y co 
b a c te ria , on su b cu ltu re s  s tra in s  No. 27 a n d  N o. 47 sp lit off new  v a rian ts . S tra in s  
No. 4 an d  No. 15 m ay  d erive  from  th e  a v iu m  group , b u t  m ay  as well rep re sen t 
new  m y co b ac te ria . O u r resu lts  m ake n ecessa ry  an an tig en ic  analysis o f th e  
s tra in s , in  o rder to  e lu c id a te  th e ir  re la tio n sh ip  to  know n m y co b ac te ria ; we 
h av e  show n th a t  n o n -tu b ercu lo u s m y c o b a c te ria l in fec tions m ay  w idely  occur 
am ong  m onkeys liv in g  in  A sian jung les. T he fa c t th a t  m yco b ac te ria  h av e  been 
show n in one of th re e  A frican  C ercopithecus m onkeys in d ica te  th a t  su rveys 
shou ld  be p erfo rm ed  also  am ong these  an im als .

Acknow ledgem ent. W e are  g ratefu l to  M rs. A. B i h a r i  an d  M iss  E . R e m é n y i  fo r skilled 
tech n ica l assistance.
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BREAKDOWN OF AMINO ACIDS 
BY ENTEROBACTERIACEAE

IV . G L Y C IN E  D E C O M PO SITIO N  TEST 

By

B . S e r é n y

State Institute o f  Hygiene (D irec to r: T. B a k á c s ). B udapest 

(R eceived  Ju n e  22, 1965)

Sum m ary . Sim ple ro u tin e  te s ts  based  on a lk a liz a tio n  and n in h y d rin  re ac tio n s  have  been 
described  fo r d e term in ing  th e  b a c te ria l b reak d o w n  of glycine. By use o f th e  m eth o d  E n te ro - 
b ac te riaceae  can  be d iv ided in to  g lycine  n e g a tiv e  (Shigella. S. p ara typh i A )  and  glycine p o si
tiv e  (E . coli, K lebsiella, C itro b ac te r, E n te ro b a c te r , S e rra tia , A rizona, d iffe ren t sa lm onellae. 
P ro teu s-P ro v id en c ia )  groups. A m ong glycine p o sitiv e  genera (species) som e m inus v a r ia n ts  
occurred . W hen  th e  m icro test is app lied  in s tea d  o f th e  m acro test, th e  o b se rv a tio n  period  of 
one w eek is sho rten ed  to one day .

The p resen t paper re p o rts  on our f i r s t  experim en ts ou sim ple, ro u tin e ly  
app licab le  te s ts  using th e  a lk a liza tio n  a n d  n in h y d rin  reac tio n s for exam in ing  
the  am ino acid  decom posing a c tiv ity  o f E n te ro b ac te riaceae .

M aterials an d  m ethods

O rganisms. B acteria l s tra in s  and  th e ir m a in ten a n ce  have been  d escribed  [17— 18].
P re lim in a ry  experiments. In  o rder to f in d  th e  m ost su itab le  ro u tin e  tech n iq u e , a t f irs t  

th e  depen d en ce  of a lk a lizatio n  a n d  n in h y d rin  te s ts  on  various co n d itions w as in v es tig a ted . 
T h e  follow ing so lu tions were u sed : NH,C1, 0.1 g; K H 2P O ,-O .l g; M g S 0 4- 7 H 20 ,  0.05 g; 
g lycine , 0.01 — 0.20 g; n ico tinam ide, 0.001 g; d is tilled  w a ter, 100 m l; 1 p e r c en t CaCl2 so lu tion , 
0.01 m l; 1 p e r cen t ferric am m o n iu m  c itra te  so lu tio n , 0.005 m l; in d ic a to r , 0.024- 0.06 g; 
p H  4 .3 — 8.3.

T he re su lt o f th e  alkalization test (AT) w as considerab ly  in fluenced  by  th e  follow ing 
fac to rs : age of su b cu ltu re  (cu ltu res  s to red  for m ore  th a n  24 hours show ed a decreased  a c tiv ity ) , 
size of in o cu lu m  (m ass seeding w as ad v an tag eo u s), a m o u n t of su b s tra te  (o p tim u m  c o n ce n tra 
tio n  w as 0 .2  p e r  cen t), volum e of am ino  acid  so lu tio n  (a t  increased  vo lum es th e  reac tio n  ve loc
i ty  decreased), size of aera ted  surface  (th e  a c tiv ity  increased  a t la rger surfaces), in itia l p H  of 
th e  am ino acid  so lu tion  (a t low er p H  values th e  a c t iv ity  decreased se lec tive ly ), in d ic a to r and 
its  co n ce n tra tio n , presence of in h ib itin g  su b s tan ces (g lycine was n o t b roken  dow n in  so lu tions 
c o n ta in in g  0 .0 1  per cen t e th y l-m ercu ri-sa licy la te ).

N in h y d r in  test (NT). T he n in h y d rin  re a c tio n  is used for th e  d e te c tio n  of am ino acids 
[1, 4, 9, 15, 16]. Am ino acids dep le ted  of th e ir  am ino  group  give no colour re a c tio n  w hen boiled 
w ith  n in h y d rin . T he NT m ay  be po sitiv e  also w ith  o th e r  com pounds, such  as am m o n ia , am m o 
n ium  sa lts , iro n  com pounds and  su b stan ces co n ta in in g  alcohol, a ldehyde  or k e to  g roups [7— 10, 
13 I. In  th e  p re se n t experim en ts th e  b reakdow n of am ino  acids was to  be  d e te c te d  w ith  th e  NT 
in  m edia  co n ta in in g  am m onium  sa lts  an d  iro n  co m pounds. T herefore a  h ig h ly  d ilu ted  (0.125 
per cen t) n in h y d rin  reag en t was em ployed , w hich , w h en  added  in  0 .2  m l p o rtio n s  to  2 ml am ino 
acid-free  m ed iu m , caused no co lo ra tio n  a f te r  10  m in u te s ’ boiling.

U n d e r th e  given ex p erim en ta l co n d itions th e  to ta l  a m o u n t of g lycine  w as n o t a lw ays 
decom posed; p a r tia l  b reakdow n could , how ever, also be show n w ith  N T . I n  case of su itab le  
enzym e a c t iv ity  no h y d rin d an tin  a p p ea red  in  th e  ex am ined  tu b e  w hen  i t  w as boiled  fo r the  
tim e  needed  fo r th e  colour re ac tio n  to  develop in  th e  con tro l ( in h ib ito r-co n ta in in g ) so lu tion .

S im ila rly  to  th e  re su lt of AT, th e  re su lt o f N T  w as influenced  b y  c e r ta in  fac to rs  (age of 
su b c u ltu re , vo lu m e of m edium , size of free surface , p H ). O ther facto rs such  as co n ce n tra tio n  of
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su b s tra te  and in d ic a to r  e x e r te d  an  opposite  e ffect. F o r th e  NT th e  ap p lica tio n  of d ilu te  so lu 
tio n s  was ad v an tag eo u s, since, as com pared to  th e  use o f m ore c o n ce n tra ted  solutions, in  th is  
m an n er the  tim e of bo iling  w as leng thened  m ore con sid erab ly  a f te r  50 pe r cen t of the  am ino  
acid  had  been b roken  dow n. T he NT was m ore re liab le  in in d ica to r-free  solution.

R outine method. O n th e  basis of p re lim in a ry  ex p erim en ts  th e  follow ing m ethod  has been  
ad o p ted  for th e  ro u tin e  ex am in a tio n  of glycine b reakdow n.

Preparation o f  g lycine  solutions. To 1 l itre  d is tilled  w a te r  th e  re ag e n ts  are added  in  th e  
o rd er: N H 4C1, 1 g; K H 2P 0 4, 1 g; M gS 04 *7H20 ,  0.5 g; n ico tin am id e , 0.01 g; 1 per cen t CaCl2,
0.10 m l; 1 per cen t fe rric  am m o n iu m  c itra te , 0.05 m l. A fter s te riliza tio n  a t  115°C for 15 m in u te s  
th e  stock  so lu tion  can  be s to re d  a t  room  te m p e ra tu re  for m o n th s . F o r  p reparing  AT m ed ium , 
to  a 100 ml p o rtio n  of th e  s to ck  so lu tion  0.20 g g lycine  and  2.5 m l fresh ly  p repared  phenol red  
in d ica to r (p h en o lsu lp h o n p h th a le in , 0.01 g; N N aO H , 0.40 m l: d is tilled  w a te r, 4.6 ml) are ad d ed . 
T he pH  is a d ju s te d  to  5 .6. F o r  the  p re p a ra tio n  of N T m edium , to  th e  stock  solu tion  0.05 p e r  
cen t glycine is ad ded  w ith o u t in d ic a to r, and th e  p H  is a d ju s te d  to  7.2 — 7.4. The so lu tion  is th e n  
d iv id ed  in to  tw o eq u al p a ^ ts ;  to  one of these  1 pe r cen t e th y l-m ercu ri-sa licy la te  is ad d ed  
a f te r  ste riliza tion  (co n tro l m edium ).

A fter s te riliza tio n  a t  115°C. for 15 m in u te s  th e  pH  is checked  and  read ju sted  if  neces
sary . The final m edium  can  be s to red  for 3 w eeks in  th e  re fr ig e ra to r.

The a c tiv ity  o f sev e ra l h u n d red  s tra in s  w as exam in ed  in  p H  4.6, 0.05 per cen t g lycine  
so lu tio n  prepared  w ith  phenol red in d ica to r an d  in  p H  6.5, 0.05 pe r cen t glycine co n ta in in g  
cresol red in d ica to r. B o th  m ed ia  gave good re su lts .

Incubation and reading o f  A T .  On th e  d ay  of th e  ex am in a tio n  th e  m edium  is d is tr ib u te d  
for th e  m ac ro te s t a t  2 m l, fo r th e  m ic ro tes t a t  0.5 ml am o u n ts  in to  c lean  16 X 160 m m  J e n a  or 
U nihost te s t  tubes. T h e  tu b e s , cleaned p rev iously  from  traces o f acid  or alkali, are s to p p e red  
w ith artific ia l co tto n  a n d  ste rilized . An am ple  a m o u n t (2 loops 2 m m  in  d iam eter) o f a one d ay  
horse flesh infusion  a g a r c u ltu re  of the  exam in ed  s tra in  is susp en d ed  in th e  glycine m ed ium . 
For th e  m ac ro te s t th e  tu b e  is in o cu la ted  in a 37°C th e rm o s ta t.  F o r th e  m icro test th e  tu b e  is 
p laced  in a 40—41°C w a te r  b a th  for 4 hours th e n  in cu b a ted  in a 37°C th e rm o sta t o v e rn ig h t. 
Colour reac tio n  in  th e  m a c ro te s t  tu b e  is read  d a ily , in  th e  m ic ro te s t tu b e  a fte r 4 hours an d  on 
th e  n ex t day . W e a tte m p te d  to  in te rp re t the  re su lts  accord ing  to  th e  in te rn a tio n a lly  used schem e 
[11]. The d esig n atio n s a re  show n in  the  key u n d e r  T ab le  I.

Technique and reading o f  N T .  In o c u la tio n  of th e  in d ica to r-free  (pH  7.2—7.4) g lycine  
and  contro l m edium  w ith  a one d ay  cu ltu re  is pe rfo rm ed  as desc rib ed  fo r AT. A fter 7 d a y s ’ 
in cu b a tio n  0.20 ml of 0.125 pe r cen t aqueous n in h y d rin  is a d d ed  to  b o th  tu b es . T he reag en t sh o u ld  
be fresh ly  p rep ared  or s to re d  for not more th an  3 d ay s in th e  re fr ig e ra to r . The tu b es are p laced  
in  boiling w a te r for a b o u t fo u r m inu tes u n til  th e  con tro l m edium  show's a d is tin c t blue co lo u r, 
th en  cooled in w a te r  a n d  read .

F or th e  sake of p a ra lle lism  w ith  AT re su lts , th e  read in g  of N T is considered po sitiv e  or 
negative  according to  th e  p resence or absence of enzym e a c tiv ity . T h u s, NT is p o sitive  (-{-) 
w hen th e  te s t  suspension  is colourless and  th e  co n tro l assum es an  in ten siv e  blue colour. R a re ly  
occurring  w eak p o sitiv e  (zh) reac tio n s are in d ic a te d  b y  a d e fin ite , b u t  no t in tensive  blue co lo u r 
in  th e  te s t suspension. W h en  th e  te s t  and  co n tro l suspensions a re  sim ilar, or the  te s t  su sp en 
sion is d a rk er in colour, th e  re su lt is n egative  ( — ).

B oth  AT an d  N T give well reproducib le  re su lts  w hen th e  tech n ica l p rocedures are  p e r 
form ed precisely.

R esults

AT was ca rried  o u t b o th  in m acro  an d  m icro fo rm s; th e  m icrom ethod  w as 
u n su itab le  for N T.

The re su lt o f AT is sum m arized  in  T ab le  T. As th e  ev a lu a tio n  is a rb i t r a ry ,  
it is obvious th a t  th e re  w ere differences in  th e  d a ta  o b ta in ed  w ith  th e  tw o m e th 
ods. As regards th e  m ost im p o rta n t d iffe re n tia tin g  c rité riu m , how ever, th e  
ag reem en t was co m p le te : n e ith e r m e th o d  gave ea rly  a lk a liza tio n  w ith  re p re 
se n ta tiv e s  of c e r ta in  genera  (species). T he exam ined  organism s were d iv ided  
in to  3 groups:

(1) S. p a in ty  p h i  A , Shigella and  M organella gave no early  positive reac-
ti ons;
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Table I
R esult o f  alkalization test in glycine medium

M acro tes t | M icro test
strains

- (+) + (+ + ) +  + - (+) + (+ + ) + +

E.  coli  .................................. 55 6 12 37 14 2 36 17 19 _
5 . para typhi A ................ 7 6 1 - - — 6 1 - -

O th e r  Salm onella ( S.  
para typhi B , typh i 
m u riu m , bareilly , 
t y p h i ) ................................ 90 18 72 80 2 1 37 52 72

K leb sie lla ............................ 25 1 2 22 21 1 4 6 15 14

C itrobacter ....................... 15 — — 15 13 — 15 15

E n te ro b a c te r ..................... 15 1 — 14 8 4 1 3 11 12

S erra tia  .............................. 10 — 1 9 7 1 — 1 9 4 1

A rizona .............................. 15 — 4 11 14 1 — 1 14 13 1

Sh . dysenteriae ................ 15 12 3 — — - 12 3 — — —

Sh . fle x n . 3 , 4.  5 ............ 45 39 6 - - 41 4 - - -
Sh . boydii 1 —1 5  ............ 30 27 3 — — - 22 8 - - -
S h . s o n n e i .......................... 15 11 4 — - — 10 5 - — -
P .  vulgaris ....................... 15 1 1 13 11 — — 11 4 8 —
P .  m ira b ilis ....................... 15 2 10 3 1 — — 5 10 12 1

M o rg an e lla .......................... 15 12 3 - _ 14 1 - - -
R ettgerella  ....................... 15 8 2 5 2 11 4 1 - -
P rovidencia  ..................... 15 7 4 4 2 1 11 2 1 — —

T o ta l ..................................... 412 133 74 205 173 10 135 128 149 169 3

K ey: M acro test: — =  No red  colour 7 days; ( —-) =  R ed  colour 4 — 7 days; 4 -  =  R ed  colour 
3 days; (-(- +  ) =  In ten siv e  red  colour 4 — 7 days; + +  =  In ten siv e  red  colour 3 days.
M icrotest: — =  No red  colour 24 hours; (-(-) =  R ed  colour 5 —24 ho u rs; -f- =  R ed colour 4 
hours; ( +  + )  =  In ten siv e  red  colour 5 — 24 hours; - f -+  =  In ten siv e  red  colour 4 hours.

(2) th e  m a jo rity  o f E . coli, S. p a ra ty p h i B , S . typ h i m u riu m , S. typ h i, 
K lebsiella , C itro b ac te r, E n te ro b a c te r , S e rra tia , A rizona and  P. vulgaris  
.strains caused  an  ea rly  a lk a liza tio n  (m ain ly  w hen te s te d  w ith  th e  m acrom ethod);

(3) P. m irabilis, R e ttg e re lla  and  P ro v id en c ia  s tra in s  were no t un ifo rm  
(m ost s tra in s  were n e g a tiv e , b u t  some ea rly  or la te  reac tio n s  occurred).

A ccord ingly , th e  g lycine decom position  te s t can  be used  for d iffe ren tia 
tio n , as only  tho se  b a c te r ia  should be considered  S. p a ra typ h i A , Shigella or 
M organella, w hich give no ea rly  positive AT. These organ ism s cause no in te n 
sive a lk a liza tio n  on fu r th e r  in cu b a tio n  e ith e r  w ith  the  m acro -o r w ith th e  m icro 
m ethod .

R esu lts  o f NT are sum m arized  in T ab le  I I . I t  is seen th a t  glycine n eg a tiv e  
(S . p a ra typ h i A  and  Shigella) and  glycine positive  (o th e r E n te ro b ac te riaceae ) 
g roups can be d istin g u ish ed .
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Table II

R esult o f  n in h yd rin  test in glycine medium

N o. o f  ; 
I s tra in s  1 - +

N o. o f 
s tra in s

E . coli

026 7 — - 7 K lebsiella 30 — 30
055 8 1 - 7 C itrobacter 27 2 25
011 1 8 1 7 E n te ro b ac te r 17 — — 17
0124 29 - 29 S erra tia 10 — — 10

0126 6 - 6 A rizona 19 — — 19
ty p e  s tra in s 31 2 - 29

Salm onella Shigella

p a ra typ h i A 7 2 5 - dysent. 1 10 18 18 - —
p a ra typ h i В 37 - - 37 fle x n . 1 20 20 - —
Stanley 6 — _ 6 flexn . 2 20 20 _ —

derby 6 — — 6 f le x n . 3 20 20 —
typ h i m urium 38 — — 38 fle x n . 4 20 18 — 2

ku n zen d o rf 4 2 — 2 flexn . 5 8 8 — —
bareilly 17 — 17 f le x n . 6 19 19 - —
bovis, morb. 3 — - 3 boydii 1 —15 20 20 - —
typ h i 40 40 sonnei 25 25 - -

P . vulgaris 21 — 21

P . m irabilis 23 1 — 22

M organella 15 — 15
R e ttg e re lla 19 — — 19
P ro v id en cia 15 - - 15

T o ta l 340 9 5 326 273 170 103

I t  should be n o te d  th a t  in  o rie n ta tio n  experim en ts th e  m e th o d  has p ro v ed  
su ita b le  for th e  ex am in a tio n  o f fu r th e r  m icro-organism s.

D iscussion

In  th e  availab le  l i te ra tu re  only  a few  d a ta  have been found  as to  g lycine 
b reak d o w n  b y  b a c te ria . A ccord ing  to  Gale [6] E . coli sp lits  th a t  su b stan ce  by  
o x id a tiv e  d eam in a tio n  in to  g lyoxylic acid  an d  am m onia ; on th e  o th e r h a n d , 
Cl. sporogenes p roduces acetic  acid  b y  anaerob ic  d eam in a tio n . In  Stickland’s 
ox id o -red u c tio n  re a c tio n  glycine is an  H  accep to r, while a lan ine  m ay  ac t as
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an  H donor; th u s  th e  tw o am ino acids are decom posed th ro u g h  p y ru v ic  acid  
in to  acetic  ac id , am m onia and  ca rb o n  dioxide. E k l a d iu s  et al. [5], usin g  a 
m an o m etric  m e th o d  su pp lem en ted  w ith  p ap er ch ro m a to g rap h y  for th e  e x a m i
n a tio n  of d eca rb o x y lase  a c tiv ity  in  P. vulgaris , found  th a t  in n itrogen  a tm o s 
phere  in  th e  p resence  of 10—4 M  p y rid o x a l, no ap p rec iab le  am o u n t of ca rb o n  
dioxide is p ro d u ced  from  glycine. I n  W arb u rg  ex p erim en ts  St o k e s  an d  B a y n e  
[ i 9J found th a t  in ten siv e ly  m u ltip ly in g  Salm onellae w ere o x id a tin g  g lycine 
slow ly; w ith  less ac tiv e ly  grow ing s tra in s  th e  re a c tio n  w as also slow or a b se n t. 
G lycine was o x id a te d  th ro u g h  fo rm a te . E r l a n d s o n  an d  R u h l  [5a] ,  e x am in in g  
th e  decom position  of 30 am ino acids b y  th e  W a rb u rg  m ethod , observed  th a t  
Sh . fle x n e r i  3 p ro d u ced  sm all a m o u n ts  of am m onia  from  glycine.

Some a t te m p ts  have been m ade to  use g lycine b reakdow n  as a d iffe re n 
tia tio n  te s t. M e y e r  and  Ca m e r o n  [12] p erfo rm ed  m an o m etric  in v e s tig a tio n s  
in to  th e  ac tio n  o f B rucella , M oraxella, N eisseria and  B orde te lla  s tra in s  on am ino  
acids inc lu d in g  glycine. T hey  show ed th a t  th e  am ino  acid decom posing c a p a c 
ity  of v a rious species w ith in  one genus m ay  be d iffe ren t. In  W arb u rg  e x p e r i
m en ts ca rried  o u t b y  B a y n e  and  S t o k e s  th e  exam ined  38 Salm onella s tra in s  
decom posed g lycine  slow ly; some S . p a ra typ h i A , S . abortus ovis, S . typ h i su is  
an d  S. sendai s tra in s  exerted  no a c tiv i ty  [2].

In  R u h e m a n n ’s n in h y d rin  te s t  [15 ,16] a lp h a-am in o  acids (including  th o se  
in co rp o ra ted  in  po ly p ep tid es  and  p ro te in s), w hen h ea ted  w ith tr ic e to h y d rin -  
d e n h y d ra te , a re  o x id a ted  b y  giv ing o ff carbon  d iox ide and  w ater in to  a ld eh y d e  
an d  th ro u g h  som e in te rm ed ia ry  p ro d u c ts  th e  reag en t is tran sfo rm ed  in to  b lue  
or red  h y d r in d a n tin  (d ik e to h y d rin d y lid en -d ik e to h y d rin d iam in e) [10]. A b d e r 

h a l d e n  [1] ap p lied  N T for th e  d iagnosis of p reg n an cy  an d  cancer. H is m e th o d , 
based  on th e  d e te c tio n  of d ialyzab le  su b stan ces p ro d u ced  from  p ro te in s  d is 
in te g ra te d  b y  enzym es (A bw ehrferm ente), how ever, failed  to  ensure th e  ex- 
p ex ted  resu lts  [14]. R ecen tly  n in h y d rin  has becom e an im p o rta n t re a g e n t in  
p ap e r c h ro m a to g ra p h y  for the  d e tec tio n  of am ino acids in  p ro te in  h y d ro ly sa te s  
[3, 4].

In  th e  a v a ilab le  lite ra tu re  no ro u tin e  m e th o d  has been found  fo r th e  
ex am in a tio n  o f  m icro b ia l glycine d ecom position  an d  for th e  use of th is  re a c tio n  
in th e  d iffe re n tia tio n  o f b ac te ria . T he sim ple tech n iq u e  of th e  p resen t m e th o d  
allows th e  in tro d u c tio n  of th e  reac tio n  in  every  ro u tin e  lab o ra to ry . U n d er co n 
d itions m ore or less differing  from  th e  o p tim a l te ch n iq u e  (a lte ra tio n  of p H  or 
of th e  a m o u n t o f  th e  su b stra te ) c e r ta in  en teric  b a c te ria  m ay  give reac tio n s  
d iffe ren t from  th o se  o b ta ined  w ith  o th e r  group or species. This o b se rv a tio n  
m ay  be useful in  th e  ch a rac te riza tio n  o f such organism s. G lycine-negative  
shigellae and  S. p a ra ty p h i A  can w ell be  d iffe ren tia ted  from  g lycine-positive  
organism s. T he b e s t resu lts  for d iffe ren tia tio n  purposes are o b ta in ed  w ith  N T ; 
th e  m ic ro test gives th e  sm allest n u m b e r  of positive  reac tions. As th e  la t te r  is 
a rap id  te s t, i t  can  su itab ly  be used  in  ro u tin e  w ork.
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R esu lts  g iven b y  AT and NT do n o t agree in  all cases. F o r N T th e  b a c te 
ria  are  in c u b a te d  in  a so lu tion  a p p ro x im a te ly  of th e  o p tim um  p H  value . The 
tw o  te s ts  differ in  m echanism . P o sitiv e  A T ind ica tes th e  presence of alkali 
su ffic ien t for a sh if t o f  th e  in d ica to r; N T , on th e  o th e r han d , is p ositive  only 
w hen th e  glycine c o n te n t  decreases b y  a p p ro x im a te ly  50 per cen t.

T he p resen t ex p e rim en ts  have show n  th a t  th e  o b ta in ed  resu lts  are  va lid  
for th e  described  co n d itio n s only. A n e g a tiv e  resid t does no t ye t in d ica te  th a t  
th e  o rganism  p ro d u ces  no g lycine-decom posing  enzym e. U n d e r cond itions 
m ore fav o u rab le  fo r enzym e a c tiv ity  th e  sam e cu ltu re  m ay  decom pose th is  
am ino  acid.

I t  m ay be su p p o sed  th a t  u n d er th e  co n d itions described  in  th e  p resen t 
p a p e r glycine is o x id a tiv e ly  d e a m in a te d  in to  glyoxylic acid an d  am m onia. 
T h  is co n sid e ra tio n  is su p p o rted  by  th e  fo llow ing findings. T he process tak es  
place only  in th e  p resen ce  of oxygen (free a ir); w hen covered w ith  liqu id  p a ra f
fin , o therw ise p o s itiv e  cu ltu res give n e g a tiv e  a lka liza tio n  reac tio n s. A lkaliza
tio n  is p ro m o ted  w h en  the  sam e vo lu m e o f suspension  is p laced  in  a w ider 
te s t tu b e , or w hen  w ith o u t changing th e  size of th e  te s t tu b es sm aller am o u n ts  
o f  m ed ium  are u sed  (in b o th  cases th e  a e ra te d  surface of th e  suspension  in 
creases).
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Sum m ary . H orses in  12 s to ck s were screened fo r h aem ag g lu tin a tio n -in h ib itin g  a n tib o 
dies to  th e  su b ty p e s  equ ine  А - l  a n d  A-2, h u m an  A-2 a n d  sw ine А - l  of in flu en za  v irus. E ig h t- 
h u n d re d  an d  th ir ty -f iv e  sera, 487 o f w hich  orig ina ted  fro m  race-horses, w ere te s ted . A ntibod ies 
w ere fo u n d  on ly  to  su b ty p e  e q u in e  А - l .  The incidence of these  an tib o d ies  w as h igh  in  horses 
over 3 y ears o f age in  each  o f th e  te s ted  stocks. Colts 2 an d  3 y ears  o f age w ere te s te d  in  4 
stocks; o f these  colts 49 p e r c en t, on  th e  average, h a d  equ ine А - l  a n tib o d ies  in  tw o closely 
connected  stocks. I n  th e  o th e r  tw o  th e  colts were p ra c tic a lly  se ronegative . I t  is concluded th a t  
equ ine А - l  v iru s w as h igh ly  d issem in a ted  in  H u n g a ry  before  1961 a n d  has persis ted  in  c e rta in  
horse stocks.

In  th e  la s t  10 years explosion-like o u tb re a k s  of an  acu te  disease lim ited  
to  th e  up p er re sp ira to ry  t r a c t ,  sim ilar to  h u m a n  in fluenza , h av e  been observed  
in  horses, f irs t in  E u ro p e , la te r  also in  th e  A m ericas.

The f irs t  o u tb re a k  w as observed in  Sw eden in  1955, b y  H e ll e r  et al. 
[1]. S im ilar o u tb reak s  w ere rep o rted  n o t m uch  la te r  from  C zechoslovakia, 
w here S o v in o v a  et al. [2] succeeded in iso la tin g  a v iru s s tra in  in  1956. The 
s tra in  nam ed  in flu en za  eq u i A (Prague) 56 p ro v ed  to  rep re sen t a new  su b ty p e  
of in fluenza  A v iru s . S u b seq u en tly , sim ilar o u tb re a k s  show ing serological ev i
dence of in fec tio n  w ith  th e  sam e v irus were re p o rte d  from  o th e r E u ro p ean  coun
trie s  as well [3 — 8].

In  th e  U. S. A. serological screening of horses re su lted  in  d em o n stra tin g  
an tibod ies to  th e  sam e v iru s . I t  was show n th a t  th e  v iru s h a d  been p resen t in 
th e  U. S. A. a t  least from  1957.

In  th e  M iam i a rea , d u rin g  an  explosive re sp ira to ry  o u tb re a k  am ong race 
horses an  in fluenza  virus s tra in  d ifferen t from  s tra in  equi A (P rague) 56 was 
iso la ted  from  th e  nasal d ischarge  of a febrile  horse [10, 11]. The su b ty p e  
rep resen ted  b y  th e  new  s tra in  has been te rm e d  in flu en za  equ ine  A-2 to  d iffer
e n tia te  i t  from  th e  su b ty p e  rep resen ted  b y  th e  C zechoslovak s tra in , w hich 
th e n  was te rm ed  in flu en za  equ ine  A -l.

A t p re sen t th ese  tw o equ ine su b types o f in flu en za  A v iru s  are know n.
In  th e  U. S. A. d u rin g  th e  epizootic caused  b y  th e  equ ine  A-2 v iru s, 

equine А - l  s tra in s  w ere also  iso la ted  [12]. A g re a t n u m b er o f th e  horses th a t  
h ad  been  in fec ted  b y  th e  la t te r  were su b seq u en tly  in fec ted  b y  equine A-2.
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E a rly  in  1965 a s tra in  c lassifiab le  in to  th e  equine A-2 su b ty p e  w as iso 
la te d  in  E n g lan d  from  horses w ith  a c u te  re sp ira to ry  illness [13]. S om ew hat 
ea rlie r com plem en t-fix ing  an tib o d ies  to  th e  equine A-2 v iru s  w ere d em o n 
s tra te d  in  horse sera  in  S w itzerland  [14].

T he aim  of th e  p re se n t in v e s tig a tio n  carried  ou t in  co opera tion  w ith  th e  
D iv ision  o f V e te rin a ry  P u b lic  H e a lth  o f th e  W H O , was to  s tu d y  th e  occurrence  
in  H u n g a ry  of th e  tw o  equ ine  su b ty p e s  of in fluenza  A v iru s.

M ateria ls a n d  m ethods

Horses. E ig h th u n d re d  an d  th ir ty - f iv e  horses were te s ted . T h e  horses belonged  to  12 
d iffe re n t s tocks, of w hich  5 (stocks A, G, S, T  a n d  U ) consisted  of race  horses; th e  co lts in  fa rm  
К  w ere  re a re d  to  be d ra u g h t h o rses; th e  re m a in in g  horses, all d ra u g h t horses over th re e  y ears 
o f age, w ere k e p t in  six  larg e  s ta te  fa rm s.

T h e  b ir th  y ear o f th e  race  horses a n d  o f th e  colts in  stock  К  w as reg is te red ; t h a t  o f th e  
d ra u g h t ho rses w as unk n o w n .

A s m o st o f th e  horses w ere b o rn  in  th e  f ir s t  q u a rte r  of th e  y e a r, th e  age g iven  in  th e  
t e x t  a n d  in  th e  T ables m ean s ju s t  co m p le ted  y e a rs  for some h orses; o th e rs  were y o u n g e r by  
one or tw o m o n th s th a n  g iven.

Sera. Serum  specim ens w ere in a c tiv a te d  b y  h eatin g  a t  56°C fo r 30 m in u tes  an d  s to red  
in  th e  frozen  s ta te . B efore te s te d , th e  sera  w ere tre a te d  w ith  K IO , a t  37°C.

In flu en za  virus stra ins. T he s tra in s  eq u in e  А - l  Czech horse flu /59 , h u m an  A-2 S ingapore  
1/57 a n d  sw ine А - l  Shope 15 w ere k in d ly  su p p lied  by  th e  W orld  In flu en za  C entre (L o ndon), 
th e  s tra in  equ ine A-2 M iam i/63 b y  D r. F l o r e n c e  L i e f  (P h ilad e lp h ia ).

H aem agglutination inh ib ition  ( H I )  tests. T he H I te s t  w as p e rfo rm ed  in  T a k á t s y ’s 
M ic ro titra to r  ap p a ra tu s  f 15], using  0.025 m l loops, tw ofold d ilu tion  series o f serum , an d  chicken 
e ry th ro c y te s . E ig h t h aem ag g lu tin a tin g  u n its  o f v iru s were ad ded  to  each  serum  d ilu tio n . T he 
t i t r e  v a lu e  m eans th e  serum  d ilu tio n , as c a lcu la te d  fo r th e  volum e of th e  serum -v irus m ix tu re , 
e x h ib itin g  p a r tia l  in h ib itio n . F o r th e  cases w hen  a d ilu tion  causing  com plete  in h ib itio n  was 
fo llow ed b y  com plete h a em ag g lu tin a tio n  in  th e  p resence of th e  n e x t serum  d ilu tion , in te rp o la te d  
t i t r e  va lues ( 1 : 6 , 1 : 1 2 , etc.) are given.

R esu lts

H I  an tibod ies to  su b ty p es  equ in e  A-2, h u m an  A-2 a n d  swine А- l  a tta in e d  
th e  level 1 : 8 in  none o f th e  835 eq u in e  sera te s ted . In  c o n tra s t, th e  H I a n t i 
bodies to  th e  equine А - l  su b ty p e  a t ta in e d  or even exceeded  th is  level in  234 
o f th e  487 sera o rig in a tin g  from  race  horses (48 per cen t) an d  in  63 to  76 per 
c e n t o f th e  horses k e p t in  large s ta te  fa rm s. In  th e  follow ing th e  d a ta  o f th e  487 
race  horses will be analyzed .

D is trib u tio n  o f th e  sera b y  age o f th e  donor horse an d  th e  H I t i t r e  o f th e  
se ru m  is show n in T ab le  I. T he d a ta  fo r horses from  6 to  10 years of age have 
been  com bined  as th e re  w as no ap p reciab le  d ifference in  t i t r e  d is tr ib u tio n  
b e tw een  th e  6- and  7 -year-o ld  horses an d  th e  8 10-year-o ld  ones. F o r sim ilar 
reasons th e  values for horses 11 to  20 years of age h av e  also been  com bined .

T ab le  I  shows th a t  th e  freq u en cy  o f titre s  1 ; 4 an d  1 : 6 was considerab ly  
low er th a n  th a t  of each  of th e  t i t r e  va lues from  1 : 8 to  1 : 48, i.e. th e  t i t re  
d is tr ib u tio n  curve h ad  tw o  peaks (F ig . 1). T ak ing  in to  acco u n t th a t  t i t re s  up
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Table I

D istribution o f  505 horses by age and antibody titre to in fluenza  equine А -l virus

H I titre*
Age in year

1 ! 2 3 4 5 6— 10 11 — 20 Total

64 96 — — 1 l 2 3 3 10

32—48 — — 3 2 8 25 8 46

1 6 - 2 4 - 4 10 4 12 41 16 87
8 - 1 2 2 4 14 20 9 34 8 91
4 -  6 3 7 7 3 2 12 4 38

N egative 63 59 43 26 13 24 5 233

T otal 68 74 78 56 46 139 44 505

*  Reciprocals

to  1 : 6 occurred  also in re la tion  to  th e  o th e r th ree  su b ty p es , th e  titre s  <Cl : 8 
shou ld  no t be accep ted  as in d ica tiv e  of a p rev ious in fection  w ith  th e  h om olo 
gous su b ty p e . O n th e  o th e r han d , th e  sep a ra tio n  of horses y ie ld ing  t i t re  > 1 : 8

Fig. 1. D is tr ib u tio n  of 505 horses b y  H I t i t r e  to  influenza equ ine A-1 v irus

from  th e  n eg a tiv e  horses by  a m in im um  su p p o rts  the  view  th a t  t i tre s  h igher 
th a n  1 : 6 m ay he accep ted  as specific.

Fig. 2 show s th a t  th e  p e rcen tag e  o f seropositive  horses te n d e d  to  rise 
w ith  age. Y et, som e 2- and 3-year-old  horses an d  even tw o co lts one y ea r of 
age h ad  a H I t i t r e  to  th e  sub ty p e  equ ine A -l.

T ab le  I I  show s th e  incidence of H I an tib o d ies  to su b ty p e  equine А -l in 
each  of th e  five  stocks of race-horses. I t  is c learly  seen th a t  from  4 years of 
age upw ard s these  an tibod ies were eq ua lly  fre q u e n t in each stock . Two- and  
th ree -y ear-o ld  horses were tested  only  in four stocks. A considerab le  n u m b er of
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Fig. 2. P e rcen tag e  incidence  of an ti-eq u in e  А - l  H I an tib o d ies  a tta in in g  or exceeding th e  titre s
in d ica ted  in  th e  f ig u re

Table I I
D istribu tion  o f  505 horses in  s ix  stocks by age and serological status

Age in year
Stock

1 2  3 4 s 6 - 1 0 11 — 20
Total

V 0/26 1/17 6/15 2/6 4/6 — 13/70

G 0/25 1/15 6/13 1/4 5/5 — 13/62

s 2/50 5/14 20/30 7/13 6/9 42/62 28/37 110/215

U 3/9 6/16 6 /1 0 14/15 11/14 — 40/64

T 2/5 8 /12 41/52 7/7 58/76

K 0/18 _ _ — - - — 0/18

T o ta l 2 /68 8/74 28/78 27/56 31/46 103/139 35/44 234/5B5

Percen tage for A +  G- 2 49
s + u 49 70
N u m era to r: num ber of cases w ith  t i t r e  1 : 8 to  in fluenza  equine A -l. 
D en o m in a to r: to ta l num ber o f cases

se ropositive  horses o f th is  age g ro u p  w ere found  in  tw o stocks (S a n d  U). 
Tn th e  o th e r tw o (stocks A and G) none of th e  tw o-year-o ld  horses h ad  a n tib o 
dies. O f th e  th re e -y e a r-o ld  horses tw o  w ere sero p o sitiv e  (one in  s to ck  A 
an d  one in  s to ck  G, w ith  t i tre s  1 : 48 an d  1 : 12, respec tive ly ).

O ne-year-o ld  colts were te s te d  in  tw o  stocks (S an d  K ). The tw o  sero 
po sitiv e  colts ( t i t re , 1 : 12 in  b o th  cases) belonged  to  sto ck  S, w here a co n sid 
e rab le  n u m b e r o f th e  tw o- and  th ree -y ea r-o ld  horses w ere also p o sitive . F ro m  
sto ck  К  serum  sam ples ta k e n  from  18 fa rm  colts w ere te s te d . All o f th e se  p ro v ed  
to  be n eg a tiv e .
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D iscussion

The p re sen t d a ta  show  th a t  in  th e  race-horses te s te d  th e  equine A-2, 
hum an  A-2 and  sw ine А -l su b ty p es of in flu en za  v iru s  w ere ab sen t, w hereas 
m ore th a n  tw o -th ird s  o f b o th  th e  race-horses and  farm -h o rses  over 3 years of 
age had  been in fec ted  w ith  th e  equine А- l  su b ty p e . T his is n o t su rp rising , being  
consisten t w ith  d a ta  pub lished  from  som e o th e r  E u ro p ean  coun tries.

T ak in g  in to  acco u n t th a t  m ost re c e n tly  th e  equ ine А - l  su b ty p e  can ra re ly  
be d e m o n s tra te d , occurrence of se ropositive  an im als was less ex p ec tab le  
am ong tw o- and  th ree -y ear-o ld  horses. H ow ever, all the  seropositive 
colts b u t  tw o , be longed  to  tw o closely co n n ec ted  stocks. I t  seem s th a t  d u rin g  
th e  recen t few y ea rs  th e  occurrence of equ in e  А- l  v iru s  has no t been general 
am ong horses in  H u n g a ry . N evertheless, th e  v iru s has pers is ted  in  several 
stocks.

The p resence of seronegative horses, in d e p e n d e n t of age, in each of th e  
stocks te s te d  m ig h t be exp la ined  in  tw o w ays.

(i) A consid erab le  p roportion  of th e  horses escaped  infection  when th e  
v irus was c ircu la tin g .

(ii) C onsiderab ly  m ore horses h ad  been  in fec ted  th a n  those  hav ing  d e te c t
able an tib o d ies , b u t  since th en  th e  an tib o d ies  have  d isap p ea red  from  th e  sera  
of m any  horses.

The fa c t th a t  th e  t i tre -d is tr ib u tio n  curve  has tw o  peaks speaks ag a in s t 
th e  second e x p la n a tio n  an d  suggests th a t  th e  d is tr ib u tio n  of th e  horses was h e te 
rogeneous in  each  o f th e  stocks te s ted . T h is m ig h t be ex p la in ed  b y  th e  su p p o 
sition d e ta iled  u n d e r  (i) or, else, one m ig h t assum e th a t  m ost o f th e  horses 
show ing titre s  a ccep tab le  as specific h ad  been  in fec ted  twdee, an d  only th e  re in 
fec ted  horses h av e  p e rs is te n t t i tre s ;  p re su m a b ly , a f te r  a single in fection  th e  se 
rum  ti tre  soon falls below  th e  d e tec tab le  level. T h is a ssu m p tio n  would be c o n s is t
en t wdth th e  experience  in  hum ans. T he p o ssib ility  o f re in fec tio n  w ould  also 
exp la in  th e  p e rs is ten ce  of the  v irus in  a su ffic ien tly  la rg e  stock  of horses over 
years in  w'hich on lv  sporad ic  in fections occur.
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PROPOSALS AND RECOMMENDATIONS 
OF THE PROVISIONAL COMMITTEE FOR NOMENCLATURE 

OF VIRUSES (P. C. N. V.)

(Received A ugust 16, 1965)

Forew ord

It has been felt for a long tim e  th a t  an in te rn a tio n a l ag reem en t on n o m e n 
c la tu re  of v iruses is a necessity . In  th e o ry  “ th e  in te rn a tio n a l code of n o m en 
c la tu re  of b ac te ria  and v iru ses”  should  have been app lied  to  v iruses. T he 
Ju d ic ia l Com m ission of the  In te rn a tio n a l C om m ittee  of B acteria l N o m en cla tu re  
th e re fo re  n o m in a ted  a su b co m m ittee  o f v ira l n o m encla tu re  (S. С. V. N .). T he
S. С. V. N. w isely decided th a t  “ T he B acterio log ical Code” could  n o t be ap p lied  
to  v iruses. H ow ever no step  w as ta k e n  b y  th e  S. С. V. N. in  o rd er to  p ro m o te  
a specific “ v ira l code” . As a m a tte r  o f fa c t th e  S. C. Y. N. had  no legal pow er to  
do so.

N everthe less it  was obviously  n ecessary  and u rg en t th a t  v iruses shou ld  
n o t be left in  a taxonom ic  v acuum . The E x ecu tiv e  C om m ittee  of I.A .M .S. 
d iscussed  th e  m a tte r  w ith  th e  ch a irm an  o f th e  S. C. V. N. S ir  Christopher  
A ndrew es  who in tu rn  consu lted  th e  m em bers of th is  C om m ittee , an d  w ith  
th e ir  ap p ro v a l, dissolved th e  su b co m m ittee .

A fter co n su lta tio n  w ith  th e  A dv iso ry  Council of I.A .M . S. w ith  th e  C h a ir
m an of th e  Ju d ic ia l Com m ission of th e  In te rn a tio n a l C om m ittee  of B ac te ria l 
N o m en c la tu re  an d  w ith  th e  ex ch a irm an  o f th e  dissolved S. C. V. N ., th e  E x e 
cu tiv e  C om m ittee  of I. A. M. S. (E . C. I.A .M .S.) took  follow ing ac tio n  a t  its  
P a ris  M eeting in J u ly  1963. E . C. I.A .M .S .:

(a) to o k  n o tice  o f th e  w illin g n e ss  o f m ost of th e  m em bers of th e  su b co m 
m ittee  on v iruses to  dissolve th is  su b co m m ittee ,

(b) decided  th a t  a new in te rn a tio n a l com m ittee , th e  In te rn a tio n a l Com 
m itte e  on N o m en cla tu re  of V iruses (I. C. N. Y.) be c rea ted , th e  c o u n te rp a r t  of 
th e  In te rn a tio n a l C om m ittee on B acterio log ical N om encla tu re  (1. C. B. N .)

(c) decided th a t  the  m em bers of th e  I. C. N. V. (like th o se  of th e  I. C. 
B. N .) w ould be no m in a ted  b y  th e  N a tio n a l Societies. The f irs t official m ee tin g  
w ould be held d u ring  the IX tli Congress in 1966 in Moscow'.

M oreover, E . C. I.A .M .S. decided  to  c rea te  a p rov isional C om m ittee , 
th e  P . C. N. V., w hose task  w as to  p re p a re  th e  w ork of th e  fu tu re  I . C. N . V. 
an d  o f its  Ju d ic ia l C om m ission. E . C. I.A .M .S. n o m in a ted  th e  m em bers o f 
th e  P . C. N. V. a fte r  co n su lta tio n  w ith  th e  P resid en t of th e  I. C. B . N ., th e
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ch a irm an  of th e  S. C. N. V. and th e  p re s id e n t o f th e  A dviso ry  Council o f I. A-
M. S.

The m em bers o f  th e  P . C. N . V . a re : C. H . A n d r e w e s  (Coombe B isse tt, 
S a lisbury), P . D. Co o p e r  (C anberra), S. F a z e k a s  d e  St G r o th  (C anberra), 
H . S. G i n s b e r g  (P h ilad e lp h ia ) , D. G o l d f a r b  (M oscow), L. H ir t h  (S trasbourg), 
G. I v á n o v i c s  (Szeged), M. K a p l a n  (G eneve), A . L w o f f  (P aris), K . M a r a - 
m a r o s c h  (Y onkers, N ew -Y ork), H . P e r e i r a  (Mill H ill, L ondon), P . T o u r n i e r  
(P aris) an d  Y. Z h d a n o v  (Moscow).

The C om m ittee  e lec ted  a P re s id e n t, S ir  Ch r i s t o p h e r  A n d r e w e s  (O ver- 
chalke , Coombe B is se tt , Sa lisbury , W iltsh ire ) an d  a S ec re ta ry , P a u l  T o u r n i e r  
[C entre de R echerches su r le Cancer, B . P . No 8, V ille ju if (Seine)].

The C om m ittee  d iscussed th e  p ro b lem  ex ten s iv e ly  b y  correspondence 
an d  held  its  f ir s t  — a n d  la s t — m ee tin g  in  P aris  on Ju n e  25 and  26, 1965. 
(D r. F a z e k a s  d e  S t  G r o t h  and D r. G o l d f a r b  w ere u n ab le  to  a tte n d  th e  m e e t

ing)-
The m ain  ta s k  o f  th e  P . C. N. Y. is, as a lread y  sa id , to  p rep are  th e  w o rk  

o f  th e  fu tu re  Ju d ic ia l  Com m ission. I t  shou ld  be clear th a t  only th e  Ju d ic ia l 
C om m ission of th e  I .  C. N. V. will h a v e  th e  legal pow er to  enforce a code of 
n o m en c la tu re  an d  to  ta k e  decisions concern ing  n o m en c la tu re  of v iruses. T he 
P . C. N. Y. has no r ig h t to  ta k e  decisions, an d  can only  m ake proposals or reco m 
m endations.

The m em bers o f  th e  P . C. N. Y. be long  to  w idely  d iffe ren t fields of v iro l
ogy and  m an y  o f th e m  had d iverg ing  or even  co m ple te ly  opposite  view s on 
th e  prob lem  of v ira l nom en cla tu re . In  o rd e r th a t  an  ag reem ent he reach ed , 
everyone h ad  to  sacrifice  some of his ow n ideas or feelings. As a re su lt o f a 
rem ark ab le  co o p e ra tiv e  sp irit all th e  “ decisions”  w ere unan im ous or quasi- 
unan im ous.

Proposals

P rinciples. (1) A n In te rn a tio n a l N o m en c la tu re  of V iruses is necessary . 
V iruses can n o t be le f t in  a taxonom ic  v acu u m .

(2) The on ly  w ay  to  achieve an  In te rn a tio n a l  N om encla tu re  of v iru ses 
is b y  a b in o m in a l sy stem .

(3) The code o f n o m en c la tu re  o f b a c te r ia  c a n n o t be applied  to  v iruses.
(4) V irologists w ill therefo re  h av e  to  b u ild  th e ir  own code.

Comments. T he b acterio lo g ica l code, as well as th e  Zoological and  B o tan ical codes, in 
c lu d es th e  law  of p r io r ity . T o ap p ly  th e  law  of p r io r ity  to  v iru ses w ould  be a lm ost im possib le  
a n d  w ould c e rta in ly  be  th e  cause  of endless po lem ics. T he decision  as to  w hich nam es shou ld  be 
m a in ta in ed  will be in  th e  h a n d s  of th e ju d ic ia l  C om m ission (J. C.) o f th e ln te rn a tio n a l  C om m ittee  
o f  th e  N om en cla tu re  o f V iruses (I. C. N. V .).

N am ing  o f  taxa . T he  nam es a lre a d y  in  use shou ld  be m a in ta in ed  w henever 
i t  is possible. F o r th e  fo rm atio n  of new  nam es of ta x a , th e  P . C. N. V. reco m 
m ends:
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(1) No tax o n  shou ld  be nam ed  from  a person.
(2) A nagram s, siglas, hybrids o f  n am es, non-sense nam es should  be p ro 

h ib ited .
(3) Nam es sh o u ld  p re fe ren tia lly  be la tin  or la tin ized  greek nam es (see 

Zoological, B o tan ica l an d  B acterio log ical codes).
(4) A species sh a ll be selected as b e in g  th e  m ost fu lly  defined b y  p u b lish ed  

w ork (e.g. by  se ro ty p e  an d  o ther c r ite r ia )  an d  should  desirab ly  be rep resen ted  
in a T ype C ulture Collection and h e ld  a n d  m a in ta in ed  in rep lica te  in  4 or 5 
d iffe ren t countries. T h e  ta sk  of d escrib ing  genera an d  ty p e  species an d  of m a k 
ing d e ta iled  proposals fo r c lassification  shall be le ft to  in d iv id u a l a u th o rs  or 
su b co m m ittees  of th e  fu tu re  Ju d ic ia l Com m ission.

(5) A subgeneric  nam e is form ed b y  an  e p ith e t in b rack e ts  follow ing th e  
nam e o f th e  genus. E x am p le : genus C ocksackievirus, subgenus: Cocksackie
virus ( A ) .

(6) D ifferen t species belonging to  d iffe ren t subgenera of th e  sam e genus  
can  h a v e  th e  sam e n am e . E xam ple: C ocksackievirus ( A )  p r im u s, Cocksackie
virus ( B )  p rim us.

Comments. T his ru le  w as adopted  in  o rd e r  to  be able to  keep  system s a lre ad y  in  use. 
I t  im p lies th a t  w henever a genus  be su b d iv id ed  in to  subgenera, th e  nam e of th e  subgenera  m u st 
be  m en tio n ed .

(7) Specific n am es can be n am es, as in  Zoology, B o tan y  or B ac te rio logy  
b u t  can  also be le tte rs  o r num erals. Y e t th e  ty p e  species m u st have  a la tin ized  
nam e. E x am p le : C ocksackievirus (A) p rim u s w ould  be th e  ty p e  species. The 
o th e r species could be 5, 18, x, ß, e tc . . . . This again  will m ake i t  possible to  
m a in ta in  as valid , sy stem s already  in  ex istence .

(8) The nam es o f all v iral g en e ra  en d  in “ v iru s” , exam ple: Poliovirus, 
N apovirus.

(9) No v iral genus nam es shou ld  be id en tica l w ith  th e  genus of a b a c te 
riu m , a pro tozoon , an  alga, th a t  is, w ith  th e  nam es of p ro ca ry o tic  or eu ca ry o tic  
p ro tis ts . The genera o f  viruses h av in g  to  end  w ith  th e  suffix  v iru s, th is  ru le  is 
th e re fo re  necessary  o n ly  if, for exam ple , th e  n am e o f p ro tis t  ends w ith  th e  sam e 
su ffix  v iru s . I f  a b a c te r iu m  is called C h lam y d o v iru s , no v ira l genus can  b ea r 
th is  nam e.

(10) A genus sh a ll be selected to  ty p ify  each  fam ily .
(11) A fam ily  is nam ed  from  its  ty p e  genus. E x am p le : P oxvirus, Pox- 

viridae.
(12) The su ffix  fo r the  fam ily is idae, as in th e  zoological code. T h is en d 

ing w as p re fe rred  to  aceae, in  use fo r p la n ts  an d  b a c te r ia  because: (a) i t  is m ore 
eu p h o n io u s; (b) i t  allow s d isc rim ina tion  b e tw een  v ira l an d  b ac te ria l fam ilies.

(13) All v ira l gen era  ending in  v iru s  an d  all fam ilies being n am ed  from  
th e ir  ty p e  genus, i t  follows th a t  all th e  v ira l fam ilies end  w ith  viridae.
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Table 1

(A )

F a m i l y  (-viridae) G e n u s  (-virus) T y p e  s p e c ie s C o m m o n  n a m e

Poxviridae 1. Poxvirus 
( type  genus)

variolae Variola

2. Dermovirus orfi C ontagious p u stu la r  
d e rm atitis

3. Pustulovirus ovis Sheep pox
4. A vipoxvirus golli Fowl pox
5. Fibromavirus m yxom atosis R ab b it m yxom a
6. M olluscovirus hom inis M olluscum  contag io 

sum
M icroviridae 1. M icrovirus 

( type  genus)
monocatena Phage tpX  174

Parvoviridae 1. Parvovirus 
( ty p e  genus)

ratti K ilham  R a t V irus

Papillom aviridae 1. Papillom avirus 
( ty p e  genus)

sylvilagi Shope papillom a

2. Polyomavirus neoformans Polyom a virus
A denoviridae 1. Adenovirus 

( type  genus)
(hom in is) quintus A denovirus 5

Iridoviridae 1. Iridovirus 
( type  genus)

tipulae T ipula  iridescens

/  nophagoviridae 1. inophagovirus bacterii fd phage (H offm ann 
Berling)

H  erpesviridae 1. Herpesvirus 
( type  genus)

hom inis H erpes sim plex v iru s

Phagoviridae 1. Phagovirus 
( type  genus)

(coli)T  secundus Phage T 2

Dolichoviridae Dolichovirus 
( type  genus)

brassicae Cabbage m osaic

Protoviridne Protovirus 
( type  genus)

tabaci Tobacco m osaic

Pachyviridae Pachyvirus 
( type  genus)

crotalum R a ttle  mosaic

Leptoviridae Leptovirus 
( type  genus)

solanum P o ta to  X

M esoviridae M esovirus 
( ty p e  genus)

p isu m Pea m osaic

A droviridae Adrovirus 
( ty p e  genus)

trifo lii W hite clover m osaic

M yxoviridae 1. M yxovirus  
( type  genus)

(in fluenzae ) A In fluenzae A

2. Rabiesvirus canis R abies
3. Sigm avirus drosophiláé V irus of L ’H éritier

Pa ra myxov iridae 1. Param yxovirus (para in fluenzae) M yxovirus páráin-
(type  genus) p rim u s fluenzae 1

2. Bronchovirus syncytia lis R esp ira to ry  sy n cy tia l
Stomatoviridae Stomatovirus 

( ty p e  genus)
bovis V esicular s to m atitis
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( B )

F a m ily
(-viridae) S u b fa m ilie s  (-virinae) Genus T y p e  species Com mon m m e

Napovi-
ridae

A . N apovirinae  
(n o m in a tiv e  sub 
fam ily)

N apovirus  ( type  
genus)

flavicans T urn ip  yellow 
mosaic

B . P icornavirinae 1. Picornavirus 
(type genus)

aphtae Foot and m ou th  
disease

2. Poliovirus prim us Polio 1

3. Coxsackievirus {A) p rim u s Coxsackie A l

4. Echovirus (hominis) p rim u s E cho 1

5. Rhinovirus (hom inis) p rim us R hinovirus 1

C. Androphago- 
virinae

6 Cardiovirus 
Androphagovirus 

( type  genus)

ratti
bacterii

EMC
RNA phage

(C)

F a m ily
(-viridae) Genus T y p e  species Com mon nam e

Reoviridae 1. Reovirus 
(type genus)

(m am m alis) prim us R eovirus 1

2. Neovirus neoformans W ound tu m o r v irus
Arboviridae Arbovirus 

(type genus)
occidentalis W E E

(14) I t  is p ro p o sed  th a t  th e  te rm s, p h y lu m , d iv ision , class, o rder, fam ily , 
genus and  species are  applied  to  v ira l ta x a . T his does n o t im p ly  an y  hom ology 
betw een  л irai ta x a  and  ta x a  belonging to  o th e r p h y la .

(15) D ep erso n a lisa tio n . T he nam e o f a ta x o n , w h a tev e r its ran k , is n o t 
follow ed hy  th e  nam e  of th e  a u th o r  w ho p roposed  it. E x am p le : I f  S m i t h - 

D u p o n t  proposed  th e  genus Poxvirus, th e  genus is P oxvirus  and  n o t P oxvirus  
Sm ith -D upont.

(16) In  o rd e r to  he v a lid  a nam e has to  be endorsed  b y  th e  Ju d ic ia l 
Com m ission. H o w ev er th e  Ju d ic ia l C om m ission can only decide th a t  a nam e is 
co rrec tly  fo rm ed , th a t  is in  ag reem en t w ith  th e  ru les, b u t has no righ t to  re jec t 
a nam e on th e  g ro u n d , for exam ple , th a t  i t  is unnecessary . In  o th e r te rm s, the  
Ju d ic ia l C om m ission deals w ith  n o m en c la tu re  and  n o t w ith  system atics. The 
necessity  of a nam e , its  ju s tif ic a tio n  can be s tu d ie d  by  a specialized  C om m ittee  
or b y  an in d iv id u a l. I t  is clear th a t  u n n ecessary  nam es will on th e  long ru n  
die out.
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N om ina  conservanda. The P . C. N. V. considered  th a t  i t  w ould be useful 
i f  v iro log ists could a lread y  agree on nam es which should  be m a in ta in ed . T he 
P. C. N . V. th e re fo re  propose a lis t o f nom ina  conservanda  an d  a lis t of new  
g en e ra . A ty p e  species was selected  for each  genus.

C lassification o f viruses

As s ta te d  a lread y  the  P. C. N. V. has to  deal w ith  n o m en c la tu re  an d  n o th  
w ith  sy stem atic s . As for an y  v iro log ist, th e  P . C. N. V. h as, how ever, th e  r ig h t 
to  p ro p o se  or to  a d o p t a system . M oreover i t  has also th e  r ig h t to  propose nam es 
fo r th e  v a rio u s ta x a . T ak ing  a d v a n ta g e  o f these  rig h ts , th e  P . C. N. Y. has 
d iscussed  th e  p rincip les of c lassification  and  reached  th e  follow ing conclusions: 
(a) a system  of v iruses should  em b race  th e  v ira l w orld as a w hole; (b) th e  
c r i te r ia  for th e  d e fin itio n  of d iv isions, classes, o rders an d  fam ilies should  be 
c le a rly  defined.

T h e  L. H . T . (L w o f f , H o r n , T o u r n ie r ) s y s te m  w as fo u n d  to  b e  th e  m o s t 
s u i ta b le  fo r  th e  t im e  b e in g  a n d  is re c o m m e n d e d  as a p ro v is io n a l sy s tem .

P rinciples, (a) The v irion  shall be th e  basis of th e  tax o n o m y , (b) T he 
fo llow ing  4 c h a rac te rs  of th e  v irion  shall be used for th e  d e fin ition  of fam ilies 
w ith o u t specify ing an y  h ie ra rch ica l sign ificance a t  th is  s tage .

(I) The chem ical n a tu re  of th e  nucleic  acid (i.e . R N A  or DNA)
(II) The sy m m e try  of th e  nucleo cap sid  (i.e . helical, cub ica l or b in a ry )
(III)  The p resence  or absence o f  an  envelope for w hich  th e  nam e peplos  

is p ro p o sed . A peplos is form ed of peplom ers  ju s t  as a capsid  is form ed of cap- 
som ers

(IV) F o r helical v iruses: th e  d iam e te r  of th e  nucleocapsid . F o r cubical 
v iru se s : th e  n u m b e r of tr ia n g u la tio n  an d  th e  n u m b er of capsom ers.

T he sum  o f these  four c rite r ia  will define th e  fam ily .
C lassification. The h y e ra rc h y  an d  ta x a  p roposed  b y  L. H . T. w ere d is 

cussed . The f irs t  c rite rio n , w hich w as p ro p o sed  b y  P. D. C o o p e r , is th e  n a tu re  
o f  th e  nucleic ac id  hence tw o d iv isions: deoxyvira  an d  ribovira. The second 
c rite r io n  is th e  ty p e  o f sy m m e try , w h e th e r cubical o r helica l. H ence fo u r 
classes: deoxyhelica , deoxycubica, ribohelica , ribocubica. A group of v iruses, 
b ac te rio p h ag es  possessing a ta il, e x h ib it a double ty p e  of sy m m etry , th a t  of 
th e  h ead  and  o f th e  ta il, t h a t  is a b in a i sy m m etry . As th e y  are d eo x y v ira , a 
f if th  class is p roposed  deox y b in a la . I f  i t  is la te r  found  th a t  som e ribovira  h av e  
a ta i l  th e y  w ould be called  ribobinala. T hen , each class is d iv ided  in to  orders 
u ceo rd in g  to  w h e th e r th e  nucleocapsid  is n ak ed  or enveloped .

The nam es o f th e  orders w ill be fo u n d  in  T able I I .  A ll th e  v iruses p os
sessin g  an  envelope or peplos h av e  been  given a nam e w hich  includes a p re fix  
co rresp o n d in g  to  a greek or la tin  n am e m ean ing  so m eth in g  like m an tle .
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The orders are su b d iv id ed  in to  fam ilies acco rd ing  to  th e  n u m b er of cap- 
som ers and the  tr ia n g u la tio n  num ber (v iru ses w ith  cubical sy m m etry ) or acco rd 
ing to  th e  d iam ete r o f  th e  nucleocapsid  (v iruses w ith  helical sy m m etry ). As 
the fam ilies are n am ed  from  th e ir tv p e  genus, no problem  o f n o m en c la tu re  is 
posed by  the n am in g  o f fam ily.

An a lte ra tio n  o f th e  L. H. T. sy s tem  p ro p o sed  b y  H ir t h  was ad o p ted  by  
the P . C. N. V. The v iru ses  possessing R N A , helical sy m m e try  and  a naked  n u c 
leocapsid , th e  o rd er o f  Rhabdovirales, is su b d iv id ed  in to  tw o  suborders acco rd 
ing to  th e  rig id ity  or f le x ib ility  of th e  v irio n . E a c h  su b o rd er is th e n  subd iv ided  
in to  fam ilies acco rd ing  to  th e  d iam ete r o f th e  nucleocapsid . The reason for th is 
p rocedure have been  d iscussed  by H i r t h .

The code

The P. C. N. V. decided  th a t  i t  w ill p re p a re  a te n ta t iv e  code “ Code of th e  
n o m encla tu re  of v iru se s” . The code w ill be c ircu la ted  to  th e  m em bers of th e
I. C. N. Y. as soon as possible.

D uring  th e  I X th  Congress, th e  Ju d ic ia l C om m ission will have  to  s tu d y  th e  
te n ta tiv e  P . C. N. V. code, its  am en d m en ts  or o th e r  codes p roposed  b y  v iro lo 
gists. I t  is hoped  t h a t  an  agreem ent can  be reach ed  in  M oscow an d  th a t  a code 
will be availab le  d u rin g  th e  year 1966. T he council for th e  In te rn a tio n a l O rg an 
iza tio n  of M edical Sciences has a lre a d y  ag reed  to  s tu d y  th e  problem  of its  
p ub lica tion .

I t  w ould help  th e  P . C. N. V. a n d  th e  fu tu re  Ju d ic ia l Com m ission if  th e  
proposals concern ing  th e  code were c irc u la te d  as long in  ad v an ce  as possible.

In  order to  fa c il i ta te  the  w ork o f th e  P . C. N. V ., th e  N atio n a l Societies 
a re  asked to  send  th e  n am e of th e ir  n a tio n a l n o m in a tes , n o t only  to  th e  S ecre
ta ry  G eneral of I. A. M. S. b u t also to  th e  C h a irm an  and  to  th e  S ecre tary  G ener
al of th e  P. C. N . V.

A dditional rem ark s

(1) A few  b in o m in a l system s o f n o m en c la tu re  h av e  been proposed  in 
th e  p a s t. One o f th e  reaso n  for w hich th e y  w ere n o t a d o p te d  is th a t  th e y  in 
volved  a rad ica l ch an g e  o f un iv ersa lly  accep ted  nam es. T he P . C. N. Y. has ta k e n  
g rea t care n o t to  su p p ress  nam es w h ich  a re  in  com m on use.

(2) A n u m b e r o f nam es such as, for ex am p le , Echo , Reo  are n o t in  ag ree
m en t w ith  th e  ru les proposed  b y  th e  P . C. N . V .: th e y  are  sigla. N evertheless 
th e  P . C. N. V. p ro p o ses  them  as no m in a  conservanda  because  th e y  are in  co m 
mon use.

(3) Picorna  is now  com m only used  in  o rd er to  d esig n a te  a “ g ro u p ”  of 
v iruses. In  o rd e r to  be able to  m a in ta in  th is  n am e fo r a ta x o n  above th e  ra n k
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Type of genetic 
material

Sym m etry of the 
nucleocapsid 

И : helical 
C :cubical 
B : binai

H D eoxyhelica

D N A  D eoxyvira C D eoxycubica

B D eoxybinala

H R ibohelica

RNA R ibovira

C R ibocubica

See A nnex 1

Table  II

Orders Sub-orders Families

IMucleocapsids Rigid (R) or
For helical viruses diam eter of the nucleocapsid

Naked (N) or For cubical viruses: num ber of triangulation41 and
Lnveloped (E) num her of capsomers

IV' -

E  C hitovirales 100 À Poxviridae

1 12 M icroviridae
3 -  32 P arvoviridae
7 - 7 2 Papilloviridae

N H aplovirales 2 5 - 2 5 2 A denoviridae
8 1 - 8 1 2 Iridoviridae

l ? Inoviridae
E  Peplovirales 1 6 - 1 6 2 H erpesviridae
N U rovirales 

E

Phagoviridae

120 130 Á Dolicboviridae
R: R igidovirales 150 Â Pro tov iridae

20 0  A P achyviridae

N R habdovirales
I 1 0 0 - 1 1 0  A L eptov iridae

F: E lexivirales 1 2 0 -  130 A M esoviridae
[ 150 A A droviridae

90  A M yxoviridae
E  Sagovirales 180 A P aram yxov iridae

S tom atov iridae
N G ynm ovirales 1 3 -  32 N apoviridae

l 9 -  92 R eoviridae

E  T ogavirales ? A rboviridae
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of genus and  lower th a n  an  o rder, th a t  is a fam ily  or a su b -fam ily , it was neces
sa ry  th a t  a genus he nam ed  Picorna. This was done.

(4) Papova , w hich  is a h y b rid  of P a p illom a , Polyom a  an d  Vacuolating  
agent and  does no t co rrespond  to  a genus, could n o t be m a in ta in ed .

A nnex I

D efin ition  o f  the triangulation number. A po ly h ed ro n  whose faces a re  all e q u ila t
eral trian g les  is called  a d e ltah ed ro n . D e ltah ed ra  m odels can  be co n stru c ted  from - 
folded card b o ard  ne ts o f eq u ila te ra l trian g les . We have  e n u m era ted  all possib le d e ltah ed ra  
w hich h av e  icosahedral sy m m etry  (“ ico sad e ltah ed ra” ) [ C a s p a r  & K l u g ,  1962]. T he icosahe
d ro n  itse lf has 20 e q u ila te ra l tr ia n g u la r  faces, and  any  ico sad e ltah ed ro n  h as  20 T  face ts , w here 
T  is th e  triangulation num ber  given by th e  ru le : T P f 2 w here P  can be an y  nu m b er of th e  
series 1, 3, 7, 13, 19, 21, 31, 37 . . .  ( h2 -(- h k  +  k 2, fo r all p a irs  o f in teg ers  h an d  к hav ing  no 
com m on fac to r) and f is a n y  in teger. F o r a fix ed  value  of P , increases in  f  from  1 up w ard  co rre 
sp ond  to  successive su b trian g u la tio n s  of th e  p rim itiv e  d e ltah ed ro n  (T able  II I ) .

Table III

The classes o f  icosahedral deltahedra 

T ab u latio n  of th e  T rian g u la tio n  N um ber T

( C a s p a r . I). L. I)., an d  K l u g .  A.: Cold Spr. l la rh .  Sym p. q u a n t. Biol. 27. 15. 1962)

Class

P  =  1 1 4 9 16 25 .............
P  =  3 3 12 27 ..............

Skew classes 7 13 19 21 ..............

T rian g u la tio n  № T  P f 2 w here P  =  h2 -f- hk  -{- k2, h and  к any  pair of in tegers w ith  no com m on
fac to r and f =  1, 2, 3, 4, .....
No. o f s tru c tu re  un its  S --- 60 T

No. o f m orphological u n its  M =  10 T  2
=  10 (T — 1) hexam ers -f- 12 pen tam ers

Some established v irus exam ples

P hage Ф Х, T  =  1; T u rn ip  yellow m osaic v irus T 3; H erpes. V aricella  T  16; A denovirus 

In fec tious canine h e p a titis  T  25.

A nnex II

Glossary —glossaire

A dros  (gr.) T hick E p ais
A ndreios  (gr.) Male Máié
A p h ta i  (gr.) U lcera tin g  vesicles in  the 

m o u th
A ph tes

A v is  av is (lat.) Bird O iseau
Beta  b é táé  (lat.) B eet B e tte rav e
Bos bovis (la t.) Cow V ache
B rassica  b rassicae ( la t.) C abbage Chou
C avia  caviae  (lat.) G uinea pig Cobaye

7 Acta microbiol. Acad. Sei. hung. X I I ,  1965
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C hiton  (gr.)
Cricetus c riceti (la t.)
Crotalon (gr.)
Dolichos (gr.)
E quus  equ i (la t.)
F lavus  ( la t.)
Flecto , ere ( la t.)
Gallus galli ( la t.)
G ym no  (gr.)
Haploos (gr.)
Ir is  iridos (gr.)
Is  inos (gr.)
Leptos (gr.)
M esos (gr.)
N a p u s  n a p u s  (la t.)
O m is  o rn ith o s  (gr.)
Oura ou ras (gr.)
Ovis ovis (la t.)
Pachus  (gr.)
Parvus p a rv i (la t.)
Peplos (gr.)
P isu m  pisi ( la t.)
Protos (gr.)
R ana  ran ae  (la t.)
Rhabdos, dou (gr.)
R ig idus  ( la t.)
Sagum  sági (la t.)
S im ia  sim iae (la t.)
Solanum  so lani (la t.)
Stom a  s to m ato s  (gr.)
S us  suis (la t.)
Sylv ilagus  ( la t.)  (Zoological

nam e of th e  genus c o tto n ta il)

Toga togae  (la t.)
T rifo liu m  ii (la t.)

T un ic
H am ste r
R a ttle
Long
H orse
Yellow
To bend
Cock
N aked
Sim ple
Iris, R ainbow
Fiber, f ila m en t
N arrow
M iddle
T u rn ip
B ird
Tail
Sheep
T hick
Sm all
W om an m an tle
Pea
F irs t
Frog
Rod
R igid
M antle
M onkey
N ig h t shade
M outh
Pig
C o tto n ta il (W ild rab b it)

T oga (R o m an  m an tle) 
Clover

T u n iq u e
H a m ste r
G relo t
Long
C heval
J a u n e
C ourber
Coq
Nu
Sim ple
Iris , arc-en-ciel
F ib re , filam en t
E tro i t
M oyen
N av e t
O iseau
Q ueue
B reb is
E p ais
P e t i t
M an teau  de fem m e
Pois
P rem ier
G renouille
B a g u e tte
R igide
Saie
Singe
Solanée
B ouche
Porc
L ap in  sauvage du co n tin e n t 

am érica in

Toge 
T rèfle
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EPISOMIC ANTIBIOTIC RESISTANCE AMONG SHIGELLA 
STRAINS ISOLATED IN HUNGARY

By

I.  K É T Y i a n d  A d e l e  V e r t é n y i

Institu te  o f  Microbiology (D irector:  K . R a u s s ), U niversity  M edical School, Pécs
(R eceived  M ay 4, 1965)

Sum m ary. T he episom ic n a tu re  o f a n tib io tic  re sis tan ce  cou ld  be verified  for 102 o u t  o f 
103 Shigella s tra in s  w ith  d ifferen t an tib io g ram s, iso la ted  in  th e  p e rio d  1964—65.

T ran sfe r o f episom ic re sis tan ce  to  a  Serratia marcescens s t ra in  was successful w ith  61 
pe r cen t o f 83 Shigella stra ins . T re a tm e n t w ith  acrid ine  orange  of 62 s tra in s  gave p o sitiv e  
re su lts  in  93 p e r cen t. The success o r fa ilu re  o f tran s fe r  h a d  a d em o n strab le  re la tio n sh ip  w ith  
th e  an tigen ic  s tru c tu re .

T he m a jo rity  o f R -facto rs e x h ib ite d  segregation  in  b o th  tra n s fe r  an d  d rug  re s is tan c e  
e lim in a tio n  ex p erim en ts . The t re n d  a n d  freq u en cy  of seg reg a tio n  differed  in  th e  e lim in a tio n  
a n d  tran s fe r  ex p erim en ts  and w ith  th e  sp o n tan eo u s loss o f R -fac to r.

T h eo re tica lly , th e  inc idence  of b a c te riu m  s tra in s  re s is ta n t to  a single 
an tib io tic  shou ld  exceed th a t  o f  tho se  re s is ta n t to  tw o o r m ore an tib io tic s . W ith  
num erous species, how ever, th e  overw helm ing  m a jo rity  of s tra in s  p ro v ed  to  
be m u ltip le  re s is ta n t. B asically  th is  fa c t led Ja p a n e se  au th o rs  to  th e  d iscovery  
o f th e  episom e responsib le fo r m u ltip le  d rug  res is tan ce  (R -facto r).

In  a prev ious pap er one o f  us [1] re p o rte d  on m u ltip le  resistance  in a b o u t 
tw o th ird s  o f th e  1200 re s is ta n t Shigella s tra in s  iso la ted  from  1961 to  1964. 
This o b se rv a tio n  in itia te d  th e  s tu d y  of th e  occurrence  o f episom ic a n tib io tic  
res is tan ce  am ong th e  Shigella s tra in s  iso la ted  in  H u n g a ry .

Materials and methods

Strains. A to ta l  of 103 re s is tan t Shigella stra in s , iso la ted  an d  su b m itted  for id e n tif ic a tio n  
in  th e  period  1964— 65, was se lec ted  fo r th e  in v estig a tio n s. A fte r  biochem ical co n tro l, th e  
s tra in s  were ex am in ed  for an tigen ic  s tru c tu re ;  th e  Sh. f le x n e r i  s tra in s  were also ty p e d , u s in g  
fa c to r  sera.

A ssa y  o f antibiotic  resistance. F o r  th e  q u a lita tiv e  d e te rm in a tio n  of resistance  th e  p a p e r  
d isk  m eth o d  w as used . W ith  s tre p to m y c in  (Sm ), ch lo ram phen ico l (Cm ) and  te tracy c lin e s (T c), 
th e  an tib io tic  c o n te n t o f each  disk  w as a d ju s te d  to  30 /tg . Q u a n tita tiv e  d e te rm in a tio n  of 
re sis tan ce  was pe rfo rm ed  w ith  th e  d ilu tio n  tech n iq u e .

Transfer experim ents. T ran sm iss io n  of th e  R -fac to rs  fro m  Shigella s tra in s  w as ca rried  
o u t w ith  th e  co n ju g a tio n  tech n iq u e . As rec ip ien t a  sen sitiv e  s tra in  o f Serratia marcescens 
(No. 229) w as u sed . To 5 m l o f a  18-hour b ro th  cu ltu re  o f th e  re c ip ie n t 0.5 ml of a 18-hour b ro th  
cu ltu re  o f th e  do n o r (Shigella) s tra in  w as ad d ed  and  th e  m ix tu re  in cu b a ted  for 2 hours a t  37° C. 
T h en  0.5 m l of th e  m ix tu re  was p la te d  on  E n d o -ag a r co n ta in in g  50 /ig /m l of th e  e x a m in e d  
a n tib io tic .

C on traselec tion  of th e  donor s tra in  w as carried  o u t b y  p rev ious p la tin g  w ith  0.2 m l 
o f v iru le n t phage ly sa te . The phage s tra in s  F j, F 2, F „  F  9 an d  F l2 w ere iso la ted  and k in d ly  s u p 
plied  b y  P rof. St . Sl o p e k  (W roclaw ). T h e  p h age  sen sitiv ity  o f th e  Shigella stra in s  was te s te d  in  
p re lim in a ry  ex p erim en ts  b y  th e  m eth o d  of Mulczy k  a n d  L a chow icz  [2].

F req u en cy  of tran s fe r  was ca lcu la te d  pe r o rig inal do n o r cell.

1 Acta Microbiologica Academiae Scientiarum Hungaricae 12, 1965/66
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Treatm ent w ith  acrid ine dye. For th is  p u rp o se  acrid ine  orange w as u sed  th ro u g h o u t. As 
a  ru le  th e  stra in s  w ere c u ltu re d  for 18 hours in  b ro th  co n ta in in g  50 /ig /m l o f acrid in e  orange. 
Som e s tra in s  were carried  th ro u g h  ten  serial p assag es in  such m edium . S eria l d ilu tio n s  o f the  
c u ltu re  w ere fu r th e r  ex am in ed  b y  p la ting . F ro m  p la te s  ex h ib itin g  an  a p p ro p ria te  n u m b er of 
colonies (20  to  50), tra n s fe r  w ere m ade b y  L e d e r b e r g ’s rep lica  p la tin g  m eth o d  [3 ] to  p la tes 
co n ta in in g  50 /ig/m l o f th e  a p p ro p ria te  an tib io tic  a n d  to  p la in  agar p la tes as well. M issing colo
nies o f rep licas grow n on th e  an tib io tic  c o n ta in in g  ag ar were e s tim a ted  b y  com p ariso n  w ith  
p la in  rep licas.

I n  som e cases n o n -re s is ta n t colonies e n co u n te re d  on th e  p lain  ag ar w ere fu r th e r  exam ined  
b y  q u a lita tiv e  and q u a n ti ta t iv e  an tib io tic  re s is tan c e  tes ts .

Spontaneous loss o f  the R-factor. R e s is ta n t colonies of some re p ré se n ta n t s tra in s  were 
ca rried  th ro u g h  1 or 10 p assages in  b ro th  to  s tu d y  th e  sp on taneous loss o f th e  R -fac to r.

Results

Test material. T h e  an tigen ic  s tru c tu re s  an d  an tib iog ram s o f th e  exam ined  
s tra in s  are show n in T ab le  I.

T he an tigen ic  s tru c tu re s  observed  w ere p a r tly  congruen t w ith  th e  re la tiv e  
freq u en cy  of ty p es , n am e ly  of Shigella fle x n e r i  2a, 3 and  lb .  B y  a im ed  selection

Table I

A n tigen ic  structure and antibiogram o f Shigella stra ins examined fo r  nature o f  antibiotic resistance

j Sm, Cm, 

TC
Sm, Cm Sm, Tc Cm, Tc Tc Sm Cm

Total
(strains)

Sh . f le x n e r i  l a 12 2 — l — l 16

„  2 b 14 5 3 — 2 3 l 2 8

„  2 b 2 — - — — — 2

„  3 a 9 1 — 8 3 — 21

„  4 a 2 — — — — — 2

„  v a r .  X — — — — l 1

Sh. sonnei 10 8 l 3 8 — 2 3 2

Sh. boydii 1 - — - — — 1

T  o t a l

1
CO 18 4 3 19 6 5 1 0 3

Sm  — S trep to m y cin -resis tan t; Cm =  ch loram phenico l-resis tan t, T c =  te tracycline- 
re s is ta n t

of th e  s tra in s  only  a b o u t 50 per cen t o f  th e m  were of th e  ’’classic”  m u ltip le  
re s is ta n t  ty p e  (Sm , Cm, Tc), while th e  r e s t  included  o th e r m u ltip le  re s is ta n t 
ty p e s  — Sm , Cm — a n d  s tra in s re s is ta n t to  a single an tib io tic . A m ong th ese , 
in  accordance  w ith  o u r te s t m a te ria l, th e  m a jo rity  w ere te tra c y c lin e  (Tc) 
re s is ta n t.

2. Transfer experim ents. T ransm ission  of resistance  to  a sen sitiv e  s tra in  
of Serratia  marcescens designated  ” 229”  w as a tte m p te d  w ith  m ost Shigella 
s tra in s , a to ta l  o f 83. W ith  th e  re s t, co n trase lec tio n  was excluded  by  phage
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resis tan ce . O u t o f th e  83 Shigella s tra in s  belonging to  v a rious se ro types, t r a n s 
fer was successful in  51 cases. R esu lts o f tra n s fe r  experim en ts in  re la tio n  to  
an tigen ic  s tru c tu re  a n d  an tib iog ram  o f th e  s tra in s  are  show n in T ab le  I I .

I t  appears th a t  th e  success of tra n s fe r  has a re la tio n sh ip  w ith  th e  an tig en ic  
s tru c tu re , as 23 successfu l transfe rs w ere reg is te red  am ong 24 Shigella sonnei

Table II

Transm issib ility  o f  R-factor in relation to antigenic structure and antibiogram

A ntibiogram Transfer
S h . f exneri

Sh . sonnei
Total

lb 2a 3 4a
(strains)

Sm, Cm, Tc
P ositiv e и 3 4 6 24

N eg ativ e 1 9 3 0 13

P ositiv e 1 1 0 2 6 10
Sm, Cm

N eg ativ e 1 3 1 l 6

Sm, T c
P ositiv e 0 i 1

N eg a tiv e 2 0 2

Cm, Tc
P ositiv e 2 2

N eg ativ e 0 0

P o sitiv e 0 )) 0
Sm

N eg ativ e 3 3 6

P ositiv e 1 1 2
Cm

N eg ativ e 0 0 0

P ositiv e 2 4 7 13
Tc

N eg ativ e 2 2 0 4

T o ta l

(S tra ins) 15 25 17 2 24 83

stra in s  irre sp ec tiv e  o f  th e ir  an tib iog ram . In  c o n tra s t , o f 25 Sh. f le x n e r i  2a 
s tra in s tra n s fe r  w as p o s itiv e  in only 6 an d  of 17 Sh. fle x n e r i  3 stra in s in  o n ly  8. 
(In b o th  cases th e  y 2 m e th o d  in d ica ted  sign ifican t differences.)

As a ru le  th e  freq u en cy  of tran sfe r v a ried  from  105 to  107 and , considering  
th e  m ost fre q u e n t R  -g roups no n o tab le  d ifference w as d em onstrab le  for a n y  of 
th e  sero types (T able I I I ) .

3. Treatm ent w ith  acridine dye. A n o th e r crite rio n  o f th e  episom ic n a tu re  
of an tib io tic  re s is ta n c e  is th e  deletion by  tre a tm e n t w ith  acrid ine dyes. S ix ty -  
tw o o f our r e s is ta n t  S h igella  s tra in s w ere carried  th ro u g h  one passage in  b ro th  
con ta in ing  50 ^ g /m l o f  acrid ine  orange. F o u rty -fo u r o f th e se  stra in s w ere p re-
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Table III

Distribution o f  transfer frequency o f  some R  groups in  relation to antigenic structure

T ransfer frequency  =  successful transfer/o rig ina l donor cell; Sm =  strep to m y cin -resis tan t; 
Cm =  ch loram phenico l-resis tan t; Tc == te tracy c lin e -resis tan t.

** No. o f stra in s

v io u s ly  su b jec ted  to  tra n s fe r  (con jugation ) experim en ts. T w elve o f th em  w ere 
a n d  32 were n o t ab le to  tra n sm it th e ir  re s is tan ce  fac to r. T he rem ain in g  18 
s tra in s  w ere p h a g e -re s is ta n t Shigellae u n su ita b le  for tra n sfe r  ex p erim en ts . In  
o n ly  4 o u t o f th e  ex am in ed  62 Shigella s tra in s  d id  th e  elim ination  o f d ru g  re s is t
ance  fail. O ut o f th e se  4 s tra in s , one Т с-re s is ta n t Sh. fle xn er i  3 s tra in  gave a 
n eg a tiv e  re su lt also in tra n s fe r  ex p erim en ts . T hus its res is tan ce  was n o t epi- 
so m e-m ed ia ted . T he o th e r  3 were all Sh. sonnei s tra in s , one Sm , Cm and  tw o Tc- 
re s is ta n t.

R esid ts of acrid in e  o range dele tion  in re la tio n  to  th e  an tig en ic  s tru c tu re  
a n d  an tib io g ram s o f th e  exam ined  s tra in s  a re  sum m arized  in  T ab le  IV .

Table IV

Acridine deletion o f R-factor in  relation to the antigenic structure and antibiogram

Sm, Cm ,Tc Sm, Cm S m ,T c C m ,Tc Sm Cm Tc

Sh. fle x n eri  lb 4 *(17% )** 1 ( 2% ) 1 ( 2 % )

„  2a 9 (21% ) 3 (61% ) 3 (17% ) . 3 (60% ) 1 (8 % )
„  2b 2 ( 7% )
„  3 5 (40% ) 1 ( 2 % ) 3 (41% ) 3 ( 3% )

„  4a 1 ( 1% )
,, v a r . X 1 ( 1% )

Sh. sonnei 7 (50% ) 7 (27% ) 1 (3% ) 2 ( 1 0 % )

Sh. boydii 12 1 ( 5% ) •

* stra ins
**T he p e rcen tu a l values rep resen t th e  av erag e  ra tio  of th e  e lim ination  of resistance  as 

re la te d  to the  n u m b er o f exam ined  colonies
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T he p re sen ted  d a ta  do n o t p e rm it conclusions as to  th e  possible re la t io n 
ship  b e tw een  th e  success o f e lim ina tion  a n d  th e  an tigen ic  s tru c tu re  or th e  ty p e  
o f R -fac to r. The w ide v a ria tio n  of th e  efficacy  of e lim in a tio n  (from  0.1 to  100 
p e r cen t) is, how ever, suggestive o f its  s tra in -d ep en d en ce .

4. Segregation. In  o u r m a te ria l seg rega tion  of th e  R -fac to rs  was fre q u e n tly  
en co u n te red  in  b o th  tra n s fe r  and  ac rid in e  orange e lim in a tio n  ex p erim en ts . 
T ab le  У shows th e  p a t te rn  of seg rega tion  o f Sm , Cm, T c-resis tan ce  in  ac rid in e  
ex p erim en ts.

Table V

Segregation o f  antibiotic resistance in  acridine elim ination experiments 
1. S eg regation  of Sm -, Cm -, Т с-res is tan t s tra in s

Designation 
of strain

S e g г e R a t i o n

Sm, Cm, (Tc) Tc Sm (Sm), Cm, Tc Sm, Tc, (Cm) Cm

9 8 /1 1 2 7/112

41 6/17 5/17

26 8/18 12/18

5 2/27 18/27

24 9/44 2/44

10 0/128 113/128

52 57/154 150/154

68 7/27 13/27

64 1/45 22/45

70 2/30 5/30

88 2 /1 1 1 8 /1 1 1

K P 1 /20 4/20

636 4/23 0/23

379 5/82 7/82

366 5/95 3/95

732 6/84 3/84

155 0/46 1/46

926 7/118 31/118

T he n u m era to r shows th e  num ber o f colonies losing resistance, th e  d enom inato r th e  n u m b er 
o f exam ined  colonies. A g ainst th e  an tib io tics p u t  in  b rack e ts , re sistan ce  w as in  m ost cases n o t 
verified  since colonies h av in g  lo st resistance w ere  n o t fu rth e r exam ined , observations being  
perform ed on  m edia co n ta in ing  th e  app ro p ria te  an tib io tic .

O f th e  exam ined  28 Sm -, Cm-, T c -re s is ta n t s tra in s  18 ex h ib ited  seg reg a
tio n  o f R -fac to rs u p o n  t re a tm e n t w ith  acrid ine  orange. T h e  p ro p o rtio n  o f 
s tra in s  losing only T c-, Sm - or C m -resistance was ro u g h ly  sim ilar ( 7 : 6 : 5 ) .  
Also th e  e x te n t o f seg rega tion  was v a r ia b le , being obv iously  d ep en d en t on  th e
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s tra in  respective ly  th e  R -fac to r. F or ex am p le , th e  Sh. f le x n e r i  3 s tra in  desig
n a te d  “ 10”  seg reg a ted  exclusively  in  loss o f  T c-resistance.

O u t of th e  13 S m -, C m -resistan t S h igella  s tra in s  7 e x h ib ite d  segregation . 
In  4 o f th em , e lim in a tio n  o f th e  R -fac to r w as n ev er com p le te  as only loss o f 
S m -resistance  could  be  observed .

In  tran sfe r e x p e rim e n ts  segregation  w as m ore o ften  d e tec tab le  on th e  
basis  o f differences in  tra n s fe r  frequency . F ro m  21 ex am in ed  Sm -, Cm-, Tc- 
re s is ta n t  Shigella s tra in s  20 p roduced  a R -tra n s fe r  suggestive  o f segregation . 
A  po sitiv e  or n e g a tiv e  t r e n d  of seg rega tion  o f Te-, Sm -, a n d  C m -resistance 
fa c to rs  was observed  w ith  7, 9 and 3 s tra in s , re sp ec tiv e ly  (T able  V II).

Table VI

Segregation o f  antibiotic resistance in  acridine elim ination experiments 
2. Segregation  of Sm-, C m -res is tan t s tra in s

Designation 
of strain

S e g г e R a t i o n

Sm Cm (Sm)

14 55/134 0/270

27 20/72 0/163

33 18/63 2/63

63 78/201 0/398

32 118/125 122/125

58 54/58 56/58

421 6/87 0/87

The nu m era to r show s th e  num ber of colonies losing resistance, th e  d enom inato r th e  n u m b er 
o f  exam ined colonies. A g a in s t th e  antib io tics p u t  in  b rack e ts , re sistan ce  w as in  m ost cases n o t 
v e rified  since colonies h a v in g  lo st resistance w ere n o t fu r th e r  exam ined , observations being m ad e  
o n  m edia  containing th e  ap p ro p ria te  antib io tic .

T c-resistance seg reg a ted  exclusively  in  positive  d irec tio n , C m -resistance 
exclusively  in n e g a tiv e  d irec tion , w hereas S m -resistance  in  1 case in po sitiv e  
a n d  in  8 cases in  n e g a tiv e  d irection.

O f te n  Sm -, C m -resis tan t Shigella s tra in s  analysed  b y  tran sm iss ib ility  
te s ts  all exh ib ited  seg reg a tio n  of re s is tan ce  fac to rs (T able V III) .

In  every  case, th e  ten d en cy  of seg rega tion  was d e te rm in e d  by  th e  g re a te r  
in d ep en d en t tra n s fe r  o f  C m -resistance. T ran sm iss ib ility  o f  Sm -resistance w as 
o ften  n o t d em o n strab le  [8].

5. Detailed s tu d y  o f  some représentant Shigella stra ins. D eta iled  e x a m in a 
tio n s  w ere ca rried  o u t  w ith  tw o Sm-, Cm-, Т с-re s is tan t, fo u r  Sm -, C m -resistan t 
a n d  five  Т с-re s is ta n t Shigella s tra in s. T h e  effect of th e  e lim ina tion  of drug- 
re s is tan ce  w ith  ac rid in e  dye, including seg reg a tio n , w as com pared  in  1 an d  10 
passages. The effect o f  serial cu ltiv a tio n  in  b ro th  (1 an d  10 passages) on sp o n 
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tan eo u s  loss of th e  R -fac to r  was ex am in ed  an d  th e  tra n s fe ra b ility  of R -fac to rs  
was te s te d . Ry rep lica  p la tin g  from  p la in  ag ar we iso la ted  som e colonies t h a t  
h a d  lo st resistance; th e  R + Serratia marcescens colonies w ere o b ta in e d  in  t r a n s 
fer ex p erim en ts. The a n tib io tic  re s is tan ce  o f  th e  R + and cu red  lines was te s te d  
b y  q u a lita tiv e  and  q u a n tita tiv e  assay.

Tabic VII

Segregation o f  antibiotic resistance in  transfer experiments 
1. S egregation  of Sm-, C m -, Т с-res is tan t s tra in s

Designation 
of strain

Sm, Cm 
(To)

T  r i n s f e r  f r e q u e n c y

Tc S m Cm ,Tc (Sm) S m ,T c (Cm) Cm

9 1 0 7 1 0 «

41 1 0 « 1 0 7

157 — 1 0 7

P — 10«

932 — 105

Bö 1 0 7 1 0 «

30 — 1 0 7

53 1 0 « —

56 — 1 0 7

57 1 0 ’ 1 0 «

59 - 1 0 «

71 1 0 7 10s

75 1 0 7 1 0 ’

76 1 0 7 10 ’

77 — 1 0 7

78 — 1 0 7

79 1 0 « —

82 — 1 0 «

967 — 1 0 «

Segregation  was e s tim a te d  on the  basis o f  d ifference in transfer frequency .
R esistance to an tib io tic s  in  brackets has n o t  been  verified in  m o st cases.
— =  tran sfer freq u en cy  <  10 7

T he effect of ac rid ine  tre a tm e n t, a n d  b ro th  passages on ce rta in  rep re se n 
ta tiv e s  are  show n in T ab le  IX .

A fte r  one passage in  acridine o ra n g e  con ta in ing  m ed ium  th e  Sm -, Cm-, 
Т с-re s is ta n t s tra in  “ 9 ”  p roduced  a g re a te r  ra tio  of segregation  in  loss of Sm - 
res is tan ce  alone th a n  in  loss of Sm-, C m -, T c-resistance (R ~ ). Ten passages in  
th e  sam e m edium  re su lte d  in  com plete loss of Sm -, C m -resistance. E lim in a tio n  
o f th e  com plete  R -fac to r occurred  in  a b o u t 37 per cen t. T h e  freq u en cy  of th e
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sp o n tan eo u s loss o f  R -fac to r  was n o ta b le , i t  being com plete ly  e lim inated  a f te r  
10 passages. T he Sm -, Cm-, Тс-re s is ta n t s tra in  “ 14” ex h ib ited  a sim ilar b e h a 
v io u r. In  th e  case o f th e  four Sm-, C m -resis tan t s tra in s  acrid ine  elim ination  o f  
d ru g  resistance  re s u lte d  in  th e  loss o f  S m -resistance alone, in b o th  1 an d  10 
passages. O nly  one o f  these  s tra in s  p ro d u ced  tw o colonies w hich lo st th e  
com plete  R -fac to r. T h e  spon taneous loss o f th e  R -fac to r occurred  in th e  o p p o 
s ite  d irection . In  tw o  cases only C m -resistance w as lo st, b u t  th is  one co m p le te ly ,

Table VIII

Segregation o f antibiotic resistance in  transfer experiments 
2. Segregation  of Sm -, Cm re s is ta n t s tra in s

Designation 
of strain

T r a n s f e r  f r e q u e n c y

Sm. (Cm) Cm

14 1 0 7 1 0 °

2 7 1 0 7 1 0 s

3 3 1 0 °

6 3 — 10*

9 0 — 1 0 '

13 — 1 0 7

3 4 — 1 0 r'

45 — 1 0 ß

6 0 — 1 0 7

7 3 — 1 0 7

Segregation w as e s tim a te d  on the  basis o f difference in  tran sfer frequency.
R esistance to  th e  an tib io tic  in  b rackets has no t been  verified  in  the  m ajo rity  o f cases
— =  T ransfer freq u en cy  <  10"

in  an o th e r case (s tra in  33) th ere  was a su b s ta n tia l loss in  C m -resistance, w hereas 
w ith  s tra in  27 co m p le te  loss of S m -resistance  and a lesser b u t  su b s ta n tia l loss 
o f C m -resistance w as observed.

Two of th e  ex am in ed  Т с-res is tan t s tra in s  (35 an d  18) lo st drug resis tan ce  
b u t  only p a r tly  a f te r  one passage b u t com plete ly  a fte r te n  passages, in acrid in e  
o range  con ta in in g  m ed ium . In  these s tra in s  no spon tan eo u s loss of th e  R -fac to r 
w as dem onstrab le . In  c o n tra s t, the  Т с-re s is ta n t s tra in  N o. 42 re ta in ed  its  d rug - 
res is tan ce  du ring  ac rid in e  orange t re a tm e n t, b u t  p roduced  spon taneously  som e 
R ~  colonies a fte r  10 passages in b ro th .

The level o f re s is ta n c e  de term ined  b y  th e  R -fac to r w as estim ated  b y  th e  
q u a n tita tiv e  an tib io tic -se n s itiv ity  te s t  (T able X ).

As show n in  T ab le  X , tran sfe r of th e  R -fac to r b e tw een  Shigella an d  S e rra 
t ia  resu lted  — irre sp ec tiv e  of segregation  in  th e  sam e level of resistance  in  
th e  rec ip ien t as h a d  b een  carried  b y  th e  donor.
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Table IX

Loss and segregation oj R-factor in  Shigella strains passaged in  broth and treated with 
acridine on one and more occasions

Designation 
of strain

A cridine-treatm ent Cultivation in  bro th

1 passage 10 passages 1 passage 10 passages

9

Sm . Cm. Tc

Sm

8/115* 

Sm . Cm. Tc 

3/115

Sm. Cm 

80/80

Sm . Cm. Tc 

30/80

Sm

12/92
Sm . Cm. Tc

70/70

41

Sm . Cm. Tc

Sm

18/51

Sm . Cm. Tc 

15/15

Sm . Cm. Tc 

29/29

Sm

2/79

Sm . Cm 

27/63

Sm. Cm. Tc 

22/63

14

Sm. Cm

Sm

55/134

Sm

6/32
Sm

30/79

Cm

250/250

27

Sm. Cm

Sm

20/72

Sm

2/13 -

Cm

88/93

Sm

93/93

33

Sm. Cm

Sm 

16/33 

Sm . Cm 

2/63

Sm

36/36

Sm

11/105

Cm

123/123 

Sm. Cm 

2 /1 2 2

63

Sm. Cm

Sm

73/201 _ _
Cm

125/125

35

Tc
1 /21 94/94 0 /1 2 0 0/154

18

Tc
1/104 45/45 0/142 0 /1 1 2

42

Tc
0 /2 1 0 0/95 0/85 9/123

* T he num erator is th e  num ber of colonies hav ing  lost resistance, th e  denom inato r is th e  
n u m b er o f  th e  exam ined colonies. Segregation  is in d ica ted  by  th e  incongruence of th e  an tib iogram  
wit h th e  orig inal one.

A n o th e r o b se rv a tio n  has been m ad e  w ith  segregants u p o n  acrid ine elim i
n a tio n  o f  resistance. T he colonies of b o th  th e  S m -,C m -,T c-resis tan t s tra in s  9 an d  
14 w ere , upon  loss of th e  com plete R -fa c to r  re s is ta n t exclusively  to  15.62 /ig 
Sm , w hereas segregants h av in g  lost S m -resistance  alone to  62.5 [Лg o f Sm . The
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R ~  colonies o f Sm -, C m -resis tan t s tra in  33 w ere re s is ta n t  to  7.8 jug o f Sm , 
w hereas its S m "  seg reg an ts  to  62.5 /.ig  of Sm .

Tabic X

Q uantitative study o f  the antibiotic resistance (R -factor) o f  some representative Shigella strains
after acridine

R e s i s t a n c e

Designation 
of strain Original resistance After elimination Mediated by transfer*

Sm Cm Tc Sm Cm Tc Sm Cm Tc

9 2 5 0 * * 5 0 0 5 0 0 6 2 5 0 0 5 0 0

S m .  C m . T c 15 2 3 2 5 0 5 0 0 5 0 0

41 1 0 0 0 5 0 0 5 0 0 6 2 1 0 0 0

S m .  C m . T c 15 2 l 5 0 0 5 0 0

14 1 0 0 0 5 0 0 — 6 2 — 5 0 0 5 0 0 —

S m . C m

2 7 5 0 0 5 0 0 — 6 2 5 0 0 5 0 0 —

S m . C m

3 3 2 5 0 5 0 0 — 6 2 — 2 5 0 —

S m . C m 8 2 — 2 5 0 2 5 0 —

63 5 0 0 5 0 0 — 6 2 — 5 0 0 5 0 0 —

S m . C m

35 — — 2 5 0 — — 4 - — 2 5 0

T c

4 0 — — 2 5 0 — — — — — 5 0 0

T c

18 — 5 0 0 — — 8 — —

T c

42 — — 5 0 0 — — — — 5 0 0

T c

16 — — 2 5 0 — — 8 — -

T c

* =  Serratia marcescens 
** =  ,Mg/ml

Incidence o f  episom al resistance among Shigella stra ins. R esu lts o b ta in ed  
w ith  tw o m ethods ( tra n s fe r  an d  deletion  of R -fac to r) v e rified  th e  episom ic 
n a tu re  of d ru g -resis tan ce  in 102 of 103 Shigella s tra in s  rep resen tin g  d ifferen t 
se ro ty p es and v a rio u s ty p e s  o f single or m u ltip le  re s is tan ce . E vidence of th e  
ep isom ic n a tu re  of re s is ta n c e  was lack ing  in  one case o n ly , a Т с-resis tan t S h i
gella flexn eri 3 s tra in .
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Table X I

Sum m arized  results concerning episomic antibiotic resistance o f  Shigella strains

Antibiogram N um ber 
of strains*

Transfer experim ent Acridine
elimination

Resistance in  the two tests

Positive Negative Pos. Neg. Episomic N ot verified

Sm. Cm. Tc 48 24 13 28 0 48 0

Sm. Cm. 18 10 6 13 0 18 0

Sm. T c 4 1 2 3 0 4 0

Cm. Tc 3 2 0 1 0 3 0

Sm 6 0 6 6 0 6 0

Cm 5 2 0 2 1 5 0

Tc 19 12 5 5 3 18 1

T ota l 103 51 32 58 4 1 0 2 1

Sm =  S trep to m y c in -re sis tan t; Cm =  C hloram phenico l-resistan t; T c =  tetracycline- 
re sistan t.

D i s c u s s io n

As a lread y  m en tio n ed , th e  u n e x p e c te d ly  h igh incidence o f m u ltip le  re s is t
a n t Shigella s tra in s  in d u ced  Jap a n e se  a u th o rs  to  advance th e  th eo ry  o f th e  
n o n -m u ta tio n a l o rig in  o f resistance . T he f i r s t  classical Sm -, Cm-, Tc-, Sa-(sul- 
pho n am id e) re s is ta n t s tra in s  were iso la ted  b y  K ita m o to  [4 ]. S h o rtly  a fte rw ard s  
A k ib a  [5] p resen ted  ev idence for th e  tra n sm iss ib ility  o f a n tib io tic  re s is tan ce . 
M it s u h a s h i et al. [6] an d  s im u ltan eo u sly  W a t a n a b e  a n d  F u k Usa w a  [7] 
arriv ed  a t  th e  conclusion  th a t  be tw een  d iffe ren t genera o f E n te ro b a c te ria c e a e  
an tib io tic  re s is tan ce  is tran sm issib le  b y  con ju g a tio n  m echan ism . M it s u h a s h i  
et al. [8, 9] observed  sp o n tan eo u s loss o f  resistance  an d  its  e lim ination  b y  
t re a tm e n t w ith  acrid ine  dyes. On th e  basis  o f th e  above o b serv a tio n s th e  d e te r 
m in a n t o f  tran sm issib le  res is tan ce  has b een  considered to  be  episom ic [7]. T he 
genetic  in fo rm atio n  responsib le  for ep isom ic resistance  w as te rm ed  R -fac to r  
b y  I s e k i  [7]. The re s is tan ce  d e te rm in a n ts  ca rried  b y  th e  R -fac to r allow ed th e  
d iffe ren tia tio n  of sev era l “ R ” -fac to rs; M it s u h a s h i [11] fo r exam ple re p o r te d  
on th e  iso la tion  of th e  follow ing R -fac to rs : (1) Sa. Sm. Cm. T c; (2) Sa. Sm . Cm ;
(3) Sa. Sm ; (4) Sa. Cm ; (5) Cm. Т е; (6) S m ; (7) Tc and  (8) Cm , iso la ted  as segreg- 
a n t o f a (R ) Sm -, C m -resis tan t s tra in .

T he p resen t s tu d ies  h a d  been p ro m p te d  by  th e  re m a rk a b ly  h igh inc idence  
of m u ltip le  re s is ta n t Shigella s tra in s  in  H u n g a ry . T he occurrence of ep isom ic 
resis tan ce  am ong th e se  s tra in s  was s tu d ie d  b y  exam ing ab o u t 100 Shigella  
s tra in s  o f  v a rious serological ty p es  a n d  an tib iog ram s.

T ran sfe r ex p erim en ts  w ere p e rfo rm ed  using  as rec ip ien t th e  sen sitiv e  
Serratia  marcescens s tra in  229, iso la ted  in  th e  course o f  ro u tin e  ex am in a tio n s.
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Successful tra n sm iss io n  of th e  R -fa c to r  betw een Shigella  and  S e rra tia  w as 
a lready  show n b y  F a l k o w  et al. [12]. In  our ex p erim en ts  th e  inc idence  o f 
tran sm iss ib ility  a m o u n te d  to  61 p e r cen t. O ur o b se rv a tio n  of th e  a p p a re n t 
re la tionsh ip  o f a n tig en ic  s tru c tu re  w ith  tra n sfe r  freq u en cy  w arran ts  fu r th e r  
stud ies. W ith  Sh. sonnei s tra in s, re s is ta n c e  was tran sm issib le  in n ea rly  every  
case (23 ou t o f 24), w hereas w ith  Sh. f le x n e r i  2a and  3 s tra in s  tran sfe r freq u en cy  
w as s ign ifican tly  low er, 6/25 and 8/17, re spec tive ly . T h e  fac t, how ever, t h a t  
s tra in s  unab le  to  tra n s fe r  resistance  b y  co n juga tion  gave positive re su lts  in  
e lim ination  ex p e rim en ts  w ith  acrid ine o range , opposes th e  concept a t tr ib u tin g  
th e  phenom enon to  th e  chrom osom al f in e  s tru c tu re  of Sh. sonnei or in  o th e r  
w ords — to  its  a d ju v a n t  action  on th e  in teg ra tio n  o f th e  R -fac to r. H ence we 
are  inclined to  ac c e p t in  these  cases th e  ex istence  of m u ta n t  R -fac to rs ca rry in g  
defective R T F  [10].

In  th e  course o f  th e  p resen t s tu d y , segregation  o f th e  R -fac to r was o b se r
v ed  n o t only in tra n s fe r  b u t  also in d e le titiv e  experim en ts. Segregant R -fac to rs  
occurred  m ore o ften  th a n  non-seg regan t ones; in th is  re p o r t  we have , how ever, 
re s tr ic te d  ourselves to  d a ta  on th e  seg reg a tio n  of th e  tw o  p red o m in an t ty p e s  
o f  m ultip le  re s is tan ce , Sm . Cm. Tc. an d  Sm . Cm (see T ab les Y and  V III).

In co n sis ten tly  w ith  th e  concept exclud ing  th e  incidence of seg regation  
d u rin g  acrid ine t r e a tm e n t  [13], we o b serv ed  th is  phenom enon  w ith  th e  g re a te r  
p a r t  of th e  ex am in ed  s tra in s . The te n d e n c y  of segregation  was found  to  be 
congruen t in tra n s fe r  a n d  e lim ination  ex p erim en ts . F o r exam ple , in e lim in a tio n  
experim en ts m o stly  th e  Sm -resistance o f Sm -, C .m -resistant s tra in s was lo s t, 
w hereas in tra n s fe r  ex perim en ts C m -resistance show ed a g rea te r tra n sm iss i
b ility .

W ith  th e  ap p lied  techn ique , d e fin ite  conclusions as to  segregation  could  
be  derived  only fro m  th e  frequency  o f tra n s fe r , differing  g rea tly  am ong in d i
v id u a l an tib io tics. S m alle r differences m ay  re su lt also from  m ethod ical e rro rs, 
b u t  differences a t ta in in g  tw o orders of m a g n itu d e  can safely  be in te rp re te d  as 
segregation .

A ccording to  l i te ra ry  d a ta  th e  m ech an ism  of seg regation  is non-un ifo rm . 
W a t a n a b e  an d  F u k u s a w a  [14] n o te d  t h a t  genetic  in fo rm a tio n  m ay be e x 
changed  several tim e s  betw een  R -fac to r an d  h ost cell chrom osom e. M i t s u - 
HASHI et al. [15] p re se n te d  exp erim en ta l evidence of th e  presence of severa l 
R -fac to rs  w ith in  one a n d  th e  sam e cell. This re la tiv e ly  u n s tab le  cond itio n  
re su lts  in a re la tiv e ly  h ig h y  frequency  o f segregation . T he d a ta  concerning th e  
q u a n tita tiv e  d e te rm in a tio n  of th e  re s is tan ce  of segregants (Table X) are s u p 
p o rtiv e  of th e  la t te r  m echanism .

In  th e  sam e series o f experim ents in c lu d in g  b u t  few  s tra in s  th e  sp o n ta n e 
ous loss of th e  R -fa c to r  w as also ex am in ed  an d  co rre la ted  w ith  th e  re su lts  o f 
acrid ine-induced  e lim in a tio n  of re s is tan ce  tran sfe r. Sm -segregants w ere d e 
m o n strab le  a fte r  one p assag e  in b ro th  a lread y . Upon acrid ine  tre a tm e n t, Sm -,
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C m -resistan t s tra in s  lo s t m ainly th e ir  C m -resistance . These find ings co rre la te  
well w ith  th e  o b se rv a tio n s  of Lebek  [16] concern ing  th e  re la tiv e  s ta b ili ty  o f 
T e-resistance.

O ur re su lts  in d ic a te  th a t th e  m a jo r ity  o f th e  Shigella s tra in s  iso la ted  in 
H u n g ary  are c a rry in g  episom ic re s is tan ce  irre sp ec tiv e  o f th e ir  an tig en ic  s t ru c 
tu re  or a n tib io g ram . T his would ex p la in  th e  ra p id ly  increasing  incidence of 
an tib io tic  re s is ta n t s tra in s , p a rtic u la rly  o f m u ltip le  re s is ta n t ones. O ur o b se r
v a tio n s have  y ie lded  ad d itio n a l p ro o f o f th e  w orld-w ide incidence of R -fac to rs .
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Sum m ary. T o ta l lip id  an d  p h o sp h a tid e  c o n te n t and f a t ty  acid  sp ec tru m  of 5 d iffe ren t 
P ro te u s  s tra in s  ( Proteus vu lgaris , P. m irab ilis , P . m organi, P. rettgeri an d  P . inconstans)  hav e  
been ex am ined .

(1) T o ta l lip id  c o n te n t of P ro teus s tra in s  v a ried  from  5.5 to  7.5 pe r cen t, th e ir  p h o sp h a 
tide  c o n te n t, from  4 to  4.9 pe r cent.

(2) All th e  ex am in ed  s tra in s  co n ta in ed  fo u r p h o sp h a tid e  co m p o n en ts  v iz . card io lip in , 
cephalin , lec ith in  and  ly so cep h a lin ; th e  q u a n ti ta t iv e  re la tio n sh ip s o f these  com ponents v a rie d  
w ith  th e  in d iv id u a l s tra in s .

(3) T he lip id  com p o n en ts  of th e  ex am in ed  P ro teu s  s tra in s  a re  b u ilt up  of e ssen tia lly  th e  
sam e f a t ty  acids. The b u lk  is c o n stitu ted  b y  m y ris tic  acid, b e ta -h y d ro x y -m y ris tic  acid, p a lm itic  
acid, a n d  f a t ty  acids C17 a n d  C19 con ta in ing  cy c lo p ro p an e  ring.

(4) T h ere  is a consp icuous prevalence of long-chain  f a t ty  acids an d  special f a t ty  acids, 
w hereas u n sa tu ra te d  f a t ty  acids are p re sen t in  low  q u an titie s .

(5) C onclusions a re  d raw n  concerning th e  re la tio n sh ip  of th e  q u a lity  and q u a n ti ty  o f 
b ac te ria l lip ids w ith  th e  b a c te ria l m em b ran e  p e rm eab ility , resp . resis tan ce .

T he biological ro le  of bacteria l lip id s , th e  lip id  c o n s titu e n ts  of th e  v a rio u s  
b a c te r ia  as well as th e ir  changes u n d e r  e x te rn a l in fluences are  n o t qu ite  c lear. 
A closer ap p ro ach  o f th e  prob lem  h as been  m ade possib le on ly  b y  recen t a n a ly 
tica l m e th o d s.

I  n  th e  p re se n t ex p erim en ts  th e  to ta l  lip id  and  p h o sp h o lip id  co n ten t an d  
f a t ty  acid  ran g e  w ere de te rm in ed  in  18-hour cu ltu res  o f one s tra in  each  of 
5 b io logically  d iffe ren t subgroups of P ro te u s , in  o rder to  e lu c id a te  w h e th e r th e  
com po sitio n  of b a c te r ia l lipids h ad  a re la tio n sh ip  w ith  ce rta in  biological p ro p 
e r tie s , e.g. resistance .

Materials and methods

S tra in s , P . vulgaris (61001), P . m irabilis  (60007), P . morgani (63001), P . rettgeri (65002), 
P . inconstans  (67001). F ig u re s  in b rack e ts  in d ic a te  reg is te r n u m b ers  o f th e  collection of th e  
S ta te  In s t i tu te  o f H ygiene, B u d ap est.

C ulturing  was carried  ou t in the  follow ing sem isy n th e tic  m ed ia . M edium  (g/1000 m l): 
L ip id-free  casein h y d ro ly sa te  — DIFCO 10; so d iu m  hydroch lo ride  5; d isod ium  h y d ro p h o sp h a te  
5: p o tassiu m  d ih y d ro p h o sp h a te  5; ferro a m m o n iu m  su lp h a te  0 .03; m agnesium  su lp h a te  0 .01; 
m anganese  su lp h a te  0.01; d istilled  w ater a d  1000 ml. T he m edium  w as precisely  a d ju s te d  to  
p H  7.2. All chem icals u sed  w ere of an a ly tic a l g rade.

C ulturing  conditions. T he bacteria  w ere cu ltiv a ted  for 18 h o u rs  in shaken  cu ltu res  at 
37° i  0.1° C in w a ter b a th ,  in  500 ml E rle n m ey e r flasks each  co n ta in in g  150 m l n u tr ie n t 
m edium . S haking  ra te  w as 120/min.

E x tra c tio n  of b a c te r ia l lipids, analysis o f p h o sp h a tid es an d  id en tif ic a tio n  of f a t ty  acids 
was carried  ou t as d escribed  previously  [1 ].
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Results

The lip id  c o n te n t of b a c te r ia  depends to  a ce rta in  e x te n t on th e  age of 
th e  cu ltu re . In  old cu ltu re s  lip id  c o n c e n tra tio n  is as a ru le  h igh , hence on ly  
cu ltu re s  of id en tica l age can  be co m p ared  as to  lip id  co n ten t.

In  th e  f irs t series o f ex p erim en ts  we exam ined  th e  p h ase  o f g row th  a fte r  
cu ltu rin g  for 18 h o u rs . M ultip lica tio n  w as reg is te red  b y  a b io p h o to m ete r
(F ig . 1).

F ig . 1 shows no n o ta b le  d ifference in  g row th  ra te  b e tw een  th e  exam ined  
5 s tra in s . All o f th em  w ere th ro u g h  th e  lag  phase by  th e  6 th  h o u r, th u s in th e  
1 8 th  ho u r th e y  w ere in  th e  la te  s tac . phase . Proteus rettgeri fo rm ed  rough colonies

.........P. vulgaris 61001
-------P. m irabilis 60007

........P.m organi 63001
----- P. re ttg e r i 65002

-----P. inconstans
67001

F ig . 1.G row th  of B . proteus  s tra in s  as m easu red  b y  th e  B onet-M aury  e t  Jo u a n  b io p h o to m e te r. 
T h e  g ro w th  curve w as d e te rm in ed  a t  37° C. In s te a d  of shak ing  an  e lec tro m ag n e tic  m ixer w as 

used . M ultip lica tio n  s ta r te d  a b o u t  2 h o u rs  earlie r th a n  in  sh ak en  cu ltu res

sc a tte re d  irreg u la rly  over th e  su rface  o f  th e  m edium . T hus its  g row th  curve 
w as f la t te r  th a n , b u t its  to ta l  germ  co u n t essen tia lly  sim ilar to , th a t  of th e  
o th e r  4 types.

T able I shows th e  to ta l  lip id  an d  p h o sp h a tid e  co n ten t p er d ry  m ateria l.

Table I

L ip id  content o f  d ifferen t B . proteus stra ins, in  per cent o f  the dry  m aterial content

O rgan ism
P u re  to ta l  lip id  

c o n te n t
P h o sp h a tid e

c o n ten t

P. vulgaris 5.5 4.9

P. m irabilis 6 .2 4.0

P. morgani 5.6 4.2

P. rettgeri 6 .6 4.1

P. inconstans 7.5 4.8
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T able I reveals t h a t  th e  to ta l lip id  c o n te n t o f th e  s tra in s  varied  from  5.5 
to  7.5 p er cen t, th e ir  p h o sp h a tid e  con ten t from  4.0 to  4.9 p er cen t. The p h o sp h a 
tid e  c o n te n t o f P . vulgaris  was conspicuously  h igh , am o u n tin g  to  m ore th a n  
80 per cen t o f th e  to ta l  lip id  co n ten t. W ith  less p a th o g en ic  s tra in s , ph o sp h a tid es  
am o u n ted  to  a p p ro x im a te ly  tw o th ird s of th e  to ta l  lip id  c o n ten t.

У  4

!' - - J 3

L J  2

Ü  1 0  1

0

a b

Fig. 2. T h in  lay e r ch ro m a to g ra m  of th e  p h o sphatides o f P . vulgaris. L ay er: Silicagel G, 500 /и. 
System : ch lo ro fo rm -m e th an o l-w a te r 65 : 25 : 4. P a r t(a )  o f th e  c h ro m a to g ram  was developed 
w ith  5 pe r cen t alcoholic phosphom olybdenic  acid , p a r t(b )  w ith  n y n h y d rin . C om ponents: (1) 

L yso cep h a lin e ; (2) L ecith ine; (3) C ephaline; (4) C ardio lip in

Fig. 2 p resen ts  th e  th in -lay e r ch ro m a to g ram  of th e  p hospha tides of P. 
vulgaris.

In  th e  ch ro m a to g ra m  th e  p hospha tides o f P . vulgaris w ere sep a ra ted  in to  
four c o n stitu en ts . T he f ir s t  spo t was p ro b a b ly  lysocephaline , as i t  gave a 
positive  reac tio n  w ith  phosphom olybden ic  ac id  an d  n y n h y d rin . The second 
sp o t, re ac tin g  p o sitiv e ly  w ith  phosphom olybden ic  ac id  an d  D rag en d o rff’s 
reag en t, was id en tified  as lec ith in . The th ird  sp o t re a c te d  w ith  p h osphom olyb
denic acid and  n y n h y d rin  an d  was iden tified  as cep h a lin e .T h e  fo u rth  spot gave 
a colour reac tio n  w ith  phosphom olybden ic  ac id  and  was th u s  considered c a r
diolipin.

Id en tif ic a tio n  o f th e  spo ts w ith  co n tro l also show ed th e  p hospha tides 
to  consist o f card io lip ine , cephaline as th e  m ain  com ponen ts an d  in lesser am o u n ts
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o f lec ith in  an d  lysocephaline. Fig. 3 show s th e  d en sitom étrie  ev a lu a tio n  o f th in  
la y e r  ch ro m ato g ram s.

T he fiv e  s tra in s  differed  only  in  th e  q u a n tity  of th e ir  p h o sp h a tid e  c o n s ti
tu e n ts .  All b a c te r ia  of th e  P ro teu s g ro u p  co n ta in  th e  sam e p h o sp h a tid es .

6 0 -  

5 0 -  

0 0 -  

3 0 -  

2 0 -  

10 H

I R vulgaris 61001 
I P. m irabilis 60007

в  R m o rg a n i 63001  
E2 P. re f f  g  é r i  65002

i f

□  R in con stan s 67001

Cardioiipin C epha/ine Lecithine Lysocephaline

F ig . 3. P e rc e n tu a l com position  of p h o sp h a tid e  co n stitu e n ts  o f P ro teu s  s tra in s . T o a  M od. 425 
P h o to v o lt  d e n sito m e te r a fram e su ited  to  h o ld  a  3 b y  30 cm glass slide w as f i t te d .  T h e  slides 
w ere fo rw ard ed  m echan ically . 500 p g sam ples, 500 /( la y e r , 2 .5per cen t phosp h o m o ly b d en ic  acid. 

Z ero p o in t w as a d ju s te d  w ith o u t f i lte r  in  th e  u n s ta in e d  area  be tw een  card io iip in  a n d  fro n t

In  th e  n e x t series th e  fa t ty  ac id  com ponen ts of th e  v a rio u s P ro teu s  s tra in s  
w ere d e te rm in ed .

A nalysis o f th e  f a t ty  acid sp e c tru m  o f th e  d ifferen t P ro teu s  s tra in s  re v e a l
ed  th a t  in  each  o f th e m  th e  lip id  p a r t  consisted  of essen tia lly  th e  sam e f a t ty  
ac ids, of w hich  th e  fiv e  m ain  co m p o n en ts  am oun ted  to  m ore th a n  90 p e r cen t 
o f th e  to ta l  f a t ty  acid com ponen t.

T he f a t ty  acid  sp ec tru m  of P . vulgaris  is p resen ted  in F ig . 4.

T able  II

Percentual distribution* o f  fa tly  acid  components in different B . proleus strains

F a t t y  a c i d s  
N a m e

A b b r e v i a t e d
s i g n

P .  vul
garis

P .  m i
rabilis

P .  mor
gani

P .  rett- 
geri

P .  in-
cons tans

M yristin ic  acid c 14 15 15 22 22

B eta -h y d ro x y m y ristin ic  acid d-O H  c
'  1 4

8 5 4 8 6

H exadecanoic  acid c 2 1 2 9 21

P a lm itic  acid c 39 36 35 34 38

M ethylenehexadecanoic  acid С,:Л 19 20 25 18 1

O ctadecanoic  acid C18:, 1 2 2 4 4

M ethyleneoctadecanoic  acid ЧэЛ 11 15 2 _ —

O th e r fa tty  acids to ta l: 6 6 15 5 8

* P e rc en tu a l d a ta  ob tained  by  b e ta - ra y  ionisation  detector, w ith o u t calib ra tio n  facto rs
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As show n in  F ig . 4 , th e  b u lk  o f  th e  f a t ty  acid of P . vulgaris consists of 
5 fa t ty  ac id s: m y ris tin ic  acid , b e ta -O H -m y ris tin ic  acid , p a lm itic  acid an d  C17 
and  C19 f a t ty  acids w ith  cyclop ropane ring .

Fig. 4. Gas c h ro m a to g ram  o f th e  f a t ty  ac id  com ponen ts o f P . vulgaris (61001). P y e  A rgon 
C h ro m ato g rap h ; flow  ra te ,  60 in l/m in .; T e m p e ra tu re , 60° C; D e tec to r v o ltag e , 1250 V . Sam ple , 
0.1 /«1 c o n ce n tra ted  f a t ty  acid  m eth y les te r . C olum n: 10 per c en t A pieson L  fa t,  Celite-545,

1 0 0 — 1 2 0  m esh
Peaks; 1 =  lau ric  acid ; 2 =  m y ris tin ic  acid ; 3 =  n -pen tad ecan o ic  acid ; 4 =  an te -iso -p en tad e- 
canoic ac id ; 5 =  b e ta -h y d ro x y m y ris tin ic  ac id ; 6 =  hexa-decanoic  acid ; 7 =  p a lm itic  acid ; 
8 =  m eth y len e-h ex ad ecan o ic  acid ; 9 =  o c tad ecan o ic  acid ; 10 =  s tearin ic  acid ; 11 =  m eth y -

lene-oc tad ecan o ic  acid

T he f a t ty  acid com p o n en ts  of th e  fiv e  d ifferen t P ro teu s  s tra in s  is show n 
in T able I I .
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T hus th e  above s tra in s  differ n o t so m uch in  th e  com position  as in  th e  
q u a n ti ta t iv e  re la tio n sh ip s  of th e ir  f a t ty  ac id  co n stitu en ts .

T he s im ila rity  o f th e  f a t ty  acid  sp e c tra  o f th e  ex am in ed  P ro teu s s tra in s  
is in d ic a tiv e  of th e ir  p h y logene tic  re la tio n s . P . vulgaris, P . m irabilis  an d  P. 
m organi s tra in s  co n ta in  a re m a rk a b ly  g re a t am o u n t of cyclopropane f a t ty  
ac id s . T heir q u a n ti ty  a tta in s  or ap p ro x im a te s  one th ird  of th e  to ta l  f a t ty  acid  
c o n te n t, while u n s a tu ra te d  f a t ty  acids w ere p resen t in  sm all am oun ts.

Discussion

A n obvious re la tio n sh ip  was d em o n strab le  betw een  the  to ta l lip id  co n ten t 
o f th e  d iffe ren t b a c te r iu m  species a n d  th e ir  m ain  bio logical p roperties. F o r 
ex am p le , species r ich  in  lip ids d isp lay ed  a h igher re s is tan ce  to  ce rta in  ex te rn a l 
in flu en ces, d is in fec tan ts  and  an tib io tic s  th a n  those  w ith  low er lip id  co n ten t
[2]. T he high lip id  c o n te n t o f th e  h ig h ly  re s is ta n t M ycobacteria  is w ell-know n. 
T h e  ro le  of lip ids in  th e  v iru lence , to x ic ity  and  p a th o g en ic  ac tion  of b ac te ria  
m u s t no t be d isregarded  e ither.

In  th e  p re sen t ex perim en ts a b ac te riu m  group o f m ed ium  v iru lence , th e  
P ro te u s  group w as exam ined  for to ta l  lip id  co n ten t, q u a n ti ty  an d  com position  
o f  p h o sp h a tid es  an d  f a t ty  acid sp ec tru m . T he exam in a tio n s w ere carried  o u t 
on one m em ber each  o f five P ro teu s  subgroups (P . vulgaris, P . m irabilis, P . 
m organi, P . rettgeri, P . inconstans).

A m ong th e  E n te ro b a c te ria c e a e  th e  P ro teu s group is th e  m ost re s is ta n t 
to  u n to w a rd  influences an d  least sen sitiv e  to  an tib io tic s ; th e ir  lip id  co n ten t, 
in c lu siv e  of p h o sp h a tid e  c o n s titu e n ts , is also ihe h ighest. W hile in b o th  ch lo r
am phen ico l sensitive  an d  re s is ta n t E . coli th e  to ta l  lip id  c o n te n t am oun ts to  
3.9  to  4.2 per cen t, inc lud ing  1.0 to  2.3 p e r cen t p h o sp h a tid es  [3], b a c te ria  of 
th e  P ro teu s  group con ta in  5.5 to  7.5 p e r cen t of th e  to ta l  lip id , includ ing  4 to  
5 p e r  cen t p h o sp h a tid es . The s till m ore  re s is ta n t species Ps. pyocyanea  was 
fo u n d  to  con ta in  m ore th a n  5 per c en t p h o sp h a tid es  and  ab o u t 8 per cen t to ta l  
lip id  [1].

P hospho lip ids are know n to  ta k e  p a r t  in th e  s tru c tu re  of th e  cell m em 
b ra n e ’s double lip id  lay e r. T hus, th e  ph o sp h o lip id  co n ten t o f th e  b ac te ria l cell 
m a y  be  considered an  in d ica to r  of th e  vo lum e and  d iffe ren tia tio n  of th e  cell 
m e m b ra n e ’s inner s tru c tu re .

The im p o rtan ce  o f phospho lip id s as s tru c tu ra l e lem ents of th e  cell is due 
to  th e ir  special ph y sica l and  chem ical p ro p ertie s , w hile, as dynam ic  cellu lar 
co m p o n en ts  th e y  h a v e  a decisive ro le  in  th e  tra n s p o r t  of ce rta in  m a te ria ls  
a n d  ions.

T he re la tio n sh ip  betw een  th e  b a c te r ia l m em b ran e ’s lec ith in  and  cephalin  
c o n te n t and  its p e rm eab ility  is obv iously  d e m o n s tra te d . T he h igh  phosph o lip id
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co n te n t o f the  P ro teu s  g roup  co rre la tes well w ith  th e  h igh  res is tan ce  o f th e se  
b a c te ria .

A nalysis of th e  f a t ty  aciil sp ec tru m  o f P ro teu s  b a c te r ia  rev ea led  th e  p re 
valence  of long-chain  an d  large  am o u n t of cy c lo p ro p an e  f a t ty  acids, an d  
also th e  low  am o u n t o f u n s a tu ra te d  f a t ty  acids. T h is c o n s titu tio n  is closely 
re la te d  w ith  th e  cell m e m b ra n e ’s s ta b ility  and  p e rm e a b ility  a n d  hence w ith  th e  
cell’s resistance . K ö g l  et al. [4 ]  a n d  W a l k e r  an d  K u m m e r o w  [5] have  show n 
th a t  on increasing th e  u n s a tu ra te d  fa t ty  acids in  th e  e ry th ro c y te  m em brane , 
th is  becom es m ore p e rm eab le  a n d  less stab le . G ly ce ro p h o sp h a tid es  con ta in ing  
u n s a tu ra te d  fa t ty  acids fo rm  a looser p a tte rn  in  th e  b io m o lecu la r m em brane 
lay e r, an d  are th u s  m ore  re a d ily  dissociable th a n  th o se  c o n ta in in g  sa tu ra te d  
f a t ty  acids. In  a d d itio n , th e  lo n g er th e  h y d ro ca rb o n  cha in , th e  h ig h er th e  ad h e 
sion re su ltin g  from  th e  in te ra c tio n  o f CH2 pa irs . As a re su lt , the  m em brane 
becom es rig id  an d  less p e rm eab le  b o th  s tru c tu ra lly  an d  fu n c tio n a lly . H ence, 
lip ids conta in ing  long -cha in  s a tu ra te d  or cyclopropane f a t ty  ac ids reduce  m em 
b ra n e  p erm eab ility  an d  th u s  in crease  th e  resistance  o f th e  b a c te r ia l  cell. A ccord
ing  to  ce rta in  a u th o rs ’ an d  o u r ow n observations, in  c e r ta in  b a c te r ia  th e  q u a n 
t i ty  o f cyclopropane f a t ty  acids increases para lle l w ith  th e  ageing  of th e  cu l
tu re  [1]. S im u ltan eo u sly , its  re s is ta n c e  ten d s to  increase . T h e  ac tu a l fu n c tio n  
of cyclop ropane-ring  f a t ty  acids is n o t y e t c lear, b u t  th e y  a p p ea r to  h av e  
fav o u rab le  physica l p ro p e rtie s , th e ir  m elting  p o in t ly in g  b e tw een  those  of th e  
s a tu ra te d  and  u n s a tu ra te d  f a t ty  acid pairs.

S u b s titu tio n  o f u n s a tu ra te d  by  cyclop ropane-ring  f a t ty  acids in  th e  
phosph o lip id  m olecule does n o t  a lte r  th e  la t te r ’s a b ility  to  fo rm  soluble lip id  
m ycelia , b u t  s tab ilizes th e  m e m b ra n e ’s s tru c tu re  an d  th u s  increases th e  cell’s 
re s is tan ce . O ur ex am in a tio n s  in d ic a te  th a t  th e  m ain  d ifference b e tw een  sensi
tiv e  an d  p o ly re s is tan t Staphylococcus aureus s tra in s  lies in  th e ir  cyclopropane 
f a t ty  acid  co n ten t w hich  is m u ch  h igher in th e  re s is ta n t  s tra in s . Such f a t ty  
acids are  ab sen t in  h ig h ly  an tib io tic -sen s itiv e  b a c te r ia l species, e.g . Streptococ
cus an d  Treponema pa llid u m . H ence  th e  d ev e lo p m en t o f  in c reas in g  resistance  
by  P ro teu s  b ac te ria  n ecessarily  in fers th e  role of long -cha in  f a t ty  acids as well 
as th e  absence of u n s a tu ra te d  f a t ty  acids.

T he id e n tity  of th e  f a t ty  ac id  co n stitu en ts  o f th e se  b a c te r ia  is suggestive 
o f th e ir  phy logenetic  re la tio n sh ip . C onsidering th a t  n o t  on ly  th e  f a t ty  acid 
sp ec tru m  b u t also th e  p h o sp h o lip id  com ponents o f P . inconstans  are  iden tica l 
w ith  th o se  of the  o th e r P ro te u s  ty p e s , its  c lassification  w ith  th e  P ro teu s  group 
seem s to  be su p p o rted  also b y  b iochem ical facts.
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EFFECT OF TANNIC ACID ON DIFFERENT VIRUSES
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(R eceived  J u ly  29, 1965)

Summary* T he ac tio n  on d iffe ren t v iruses o f an  aqueous so lu tio n  of com m ercial ta n n ic  
acid  h as been  exam ined . H erpesvirus h o m in is , H erpesvirus suis and  ty p e  3 p a ra in flu en za  v iru s  
w ere fo u n d  to  be sensitive  w hile po lio v iru s ty p es 2 a n d  3, and ad en o v iru s ty p es  3, 4 an d  6  to  
be re s is ta n t  to  tan n ic  acid. T he a c tio n  of tan n ic  acid  ap p eared  to  be  v iru c id a l. T an n ic  acid  
ad d ed  to  cells in fec ted  w ith  H erpesvirus hom inis  en h an ced  ra th e r  th a n  in h ib ite d  v ira l m u ltip li
c a tio n . Cells t re a te d  w ith  tan n ic  acid  p rio r to  in fec tio n  w ith  herpesv iruses ex h ib ited  a d ecreased  
se n s it iv ity  to  th e  ag en t. T he a n tiv ira l  a c tiv ity  of tan n ic  acid  is supposed  to  be re la te d  to  th e  
po ly an io n ic  n a tu re  of th e  com pound.

D urin g  recen t y ea rs  a n u m b er of p la n t  ex trac ts  has b een  exam ined  fo r 
v iru s  in h ib ito ry  su b stan ces an d  several of th e m  w ere fo u n d  to  in a c tiv a te  d if
fe re n t an im al, p la n t an d  b a c te r ia l v iruses [1 — 7]. In  th e  course of such s tu d ies  
ta n n ic  acid  was show n to  h av e  a ce rta in  a n tiv ira l effect [8 12].

In  th is  la b o ra to ry  th e  v iru c id a l effect on H erpesvirus hom in is  was d e m o n 
s tra te d  of aqueous e x tra c ts  o f d ry  oak  an d  beech leaves [13]. The fac t t h a t  
o ak -lea f ex trac ts  gave a ta n n ic  acid  specific reac tio n  w ith  FeC l3 p ro m p ted  us to  
ex am in e  th e  a n tiv ira l effects o f ta n n ic  acid.

Materials and methods

Tissue  cultures and media. H eL a  cells were grow n in Ge y ’s m ed iu m  co n ta in in g  5 p e r 
cen t ra b b it  serum  an d  0.25 pe r cen t lac ta lb u m in  h y d ro ly sa te .

C hicken cell cu ltu res  w ere p rep ared  from  11-day old chick em bryos. Cells were o b ta in e d  
b y  try p s in isa tio n . A fte r a p p ro p ria te  frac tio n a l cen trifu g a tio n  dishes 50 m m  in  d iam e te r w ere 
seeded  w ith  25 X 10G cells each . T he m edium  consisted  of Ge y ’s so lu tio n  w ith  4 per cen t T ris  
b u ffe r  (p H  7.6), 5 per cen t calf se rum  an d  0.25 p e r cen t lac ta lb u m in  h y d ro ly sa te .

V irus strains. H erpesvirus hom in is, ad en o v iru s ty p es  3, 4 and 6 , po liov irus ty p es 2 a n d  3 
w ere u sed , all grow n on H eL a  cells.

H erpesvirus su is  w as g row n on chick  em b ry o  fib ro b lasts  acco rd in g  to  a p rev io u s ly  
desc rib ed  m eth o d  [14].

V irus titration. V iruses g row n on H eL a  cells w ere t i t r a te d  in  H eL a  tu b e  cu ltu res  b y  
in fec tin g  3 paralle l tu b es  each  w ith  successive lOfold v ira l d ilu tions. T itre s  were expressed  as 
T C ID 50 accord ing  to  th e  fo rm u la  o f R e e d  and  Mu e n c h  [15]. R esu lts w ere re a d  on th e  6 th  d a y  
of in c u b a tio n  w ith  po liov irus an d  H erpesvirus hom in is. T itre s of ty p e  3 p a ra in flu en za  v iru s  
w ere d e te rm in ed  b y  th e  h a em ad so rp tio n  te s t  a f te r  6 days of in cu b a tio n  using  a  0.4 pe r c en t 
susp en sio n  of gu inea pig e ry th ro cy te s .

C ultu res in fec ted  w ith  ad en ov iruses w ere ex am in ed  on th e  2 4 th  d a y  of in cu b a tio n . T o 
m a in ta in  cells in  good co nd ition  th e  m ed ium  was changed  every  4 to  5 d ays.

T itra tio n  of H erpesvirus su is  w as perfo rm ed  b y  th e  p laque  m eth o d  in  chicken f ib ro b la s t  
m o n o lay ers  as described earlie r [16]. T h is m eth o d  w as a m od ification  o f P o r t e r f i e l d ’s [171 
tech n iq u e .
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T ann ic  acid solu tion . T h e  tan n ic  acid  p re p a ra tio n  used  h ad  a n  ab so rp tio n  m ax im u m  a t  
280 m fi w av elen g th  a t  20 ^g /m l c o n cen tra tio n . T he s to ck  was a 200 ^ g /m l tan n ic  acid  so lu tio n  
in  sa line . T he so lu tio n  w as s te rilized  by  f i lt ra tio n  th ro u g h  a f r i tte d  g lass f i ltre  G-5 (Jena).

E xa m in a tio n  o f  v irucida l effect. E q u a l a m o u n ts  o f an  a p p ro p ria te  tan n ic  acid  so lu tion  
w ere ad d ed  to  each  o f a  ten fo ld  d ilu tio n  series o r to  an  u n d ilu te d  sam ple  o f th e  v iru s te s te d . 
T h e  m ix tu re s  w ere in c u b a te d  a t  room  te m p e ra tu re  (2 0 —25° C) fo r 2 h o u rs . A t th e  end of th e  
ab ove  in cu b a tio n  p e rio d , m ix tu re s  w ith  serial v iru s  d ilu tio n s w ere in o cu la te d  in  0 .2  m l volum e 
each  in to  H eL a  cell cu ltu re s . M ix tu res w ith  u n d ilu te d  v iru s w ere, ho w ev er, serially  d ilu te d  in 
ten fo ld  step s p rio r to  in o cu la tio n . C ontro l cu ltu re s  w ere p rep ared  w ith  id en tica l a m o u n ts  of 
sa line .

H erpesvirus su is  w as d ilu te d  so as to c o n ta in  103 to 104 P F U /m l in  H a n k s’ b a lan ced  sa lt 
co n ta in in g  10 pe r cen t o f p H  7.6 T ris b u ffer. E q u a l am o u n ts  w ere m ix ed  of th e  above v iru s 
su spension  and  of th e  ta n n ic  acid  so lu tion . A fte r  a p p ro p ria te  in c u b a tio n  0.2 ml of th e  u n d ilu te d  
o r 1 to  10 d ilu ted  m ix tu re  w ere tran sfe rre d  to  ch ick en  f ib ro b la s t m o n o lay ers in  P e tr i  d ishes. 
A fte r  2 hours in cu b a tio n  a t  35° C th e  in fec ted  m o n o lay ers were o v e rla id  w ith  agar.

10 20 60
M i n u t e s

•o 2.

120

F ig . 1. In a c tiv a tio n  of H erpesvirus hom inis  by  ta n n ic  acid . 1 : co n tro l; 2 : tan n ic  acid  tre a te d

E xa m in a tio n  o f  v irucida l effect in  mice. Id e n tic a l am o u n ts  o f ta n n ic  acid so lu tion  w ere 
m ixed  w ith  a series o f ten fo ld  d ilu tio n  (10” 1 to  10” 6) of H erpesvirus hom in is  and  th e  m ix tu re s  
in cu b a te d  fo r 2 h o u rs  a t  room  te m p e ra tu re . T h e  m a te ria l was th e n  in o cu la ted  in tra ce re b ra lly  
in 0.03 m l doses to  a lb ino  m ice of 25 to 30 g b o d y  w eigh t. A nim als rece iv in g  a v irus p lus saline 
m ix tu re  served  as co n tro ls.

E xa m in a tio n  o f  virostatic effect. H eL a cell cu ltu res  were in fec te d  w ith  ap p ro p ria te  d ilu 
tio n s  o f H erpesvirus h om in is  an d  in cu b a ted  fo r 2 ho u rs  a t  35° C. T h e  v iru s  was th en  rem oved  
a n d  th e  cu ltu res  w ash ed  3 tim es w ith  H a n k s’ so lu tio n . T he w ashed cu ltu re s  received a 20 fig /m \ 
ta n n ic  acid  co n ta in in g  m ed iu m  an d  were fu r th e r  in cu b a ted  a t  35° C. C ontrol cu ltu res  were 
p re p a re d  w ith  saline in s te a d  of tan n ic  acid. T he T C ID 50 was d e te rm in ed  a f te r  6 days in cu b a tio n .

V iro s ta tic  effec t on  H erpesvirus su is  w as exam in ed  on ch icken  fib ro b la s t m onolayers 
in fec te d  w ith  th e  v iru s  an d  w ashed  3 tim es w ith  H a n k s ’ so lu tion  a n d  fin ally  overla id  w ith  
n u tr ie n t  agar c o n ta in in g  d iffe ren t co n cen tra tio n s  of tan n ic  acid.

Results

The in a c tiv a tin g  effect on H erpesvirus hom inis  is d e m o n s tra te d  in F ig . 1. 
In  these  ex p erim en ts  u n d ilu te d  v iru s  w as used.

In  th e  p resence o f ta n n ic  acid a 2 log t i tre  decrease was observed  in  10 
m in u tes . In  1 h o u r a fu r th e r  2 log d rop  occurred  an d  a t  th a t  level th e  t i t re  
ap p ea red  to  stab ilize .

In c u b a tio n  tim e  a t  room  te m p e ra tu re  was alw ays 2 hours in th e  fu r th e r  
in a c tiv a tio n  ex p erim en ts .
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In  add itio n  to  H erpesvirus hom inis, we exam ined  th e  effect of ta n n ic  acid  
also on ty p es 3 an d  6 o f ad enov irus, ty p es 2 and 3 of po liov irus and  on ty p e  3 
o f p a ra in flu en za  v iru s . In  all th ese  ex p erim en ts  u n d ilu te d  v irus suspensions 
were used . R esu lts are  given in T able  I.

Table I

Effect o f  tannic acid on different viruses grown on H eL a  cells

Titre (log TCID50/ml)

V i r u s
control tannic acid 

treated

Inhibition (log)

Poliovirus ty p e  2 5.74 5.24 0.5

Poliovirus ty p e  3 6.24 6.5 - 0 .2 6

A denovirus ty p e  3 7.5 7.5 0

A denovirus ty p e  6 7.24 7.74 - 0 .5
P ara in fluenza  ty p e  3 6.5 6.24 0.26

H erpesvirus hom inis 6.5 2.5 4.0

As show n b y  th e  re su lts , H erpesvirus hom inis  a p p e a re d  to  be sensitive , 
w hile polio-, p a ra in flu en za - an d  adenov iruses w ere re s is ta n t  to  tan n ic  ac id  a t  
th e  c o n cen tra tio n  used .

R esu lts  of ex p erim en ts  p erfo rm ed  b y  m eans of ad d in g  tan n ic  ac id  to  
d iffe ren t d ilu tions of th e  te s t  v iruses are p re sen ted  in  T ab le  I I .

Table II

Titre decreasing effect o f  tannic acid added to dilution series o f  different viruses

Titre (log TCID 50/ml)

V i r u s
control tannic acid 

treated

Inhib ition  (log)

Poliovirus ty p e  2 5.74 5.5 0.24
Poliovirus ty p e  3 6.5 5.74 0.76

A denovirus ty p e  3 6.24 6.5 — 0.26
A denovirus ty p e  4 5.24 4.74 0.5

Para influenza  ty p e  3 6.5 3.5 3.0

Herpesvirus hom inis 6.5 2.74 3.76

E v en  u n d e r th e se  co n d itions, no sig n ifican t effect o f  ta n n ic  acid w as 
observab le  on ty p es 3 an d  4 o f adenov irus a n d  on ty p e  2 po liov irus. The t i t r e  
difference observed  in th e  case o f ty p e  3 po liov irus was n o t  s ign ifican t e ith e r . 
P a ra in flu en za  v iru s w as, how ever, ju s t  as m uch  sen sitive  to  tan n ic  acid  as 
H erpesvirus hom inis.
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R esu lts  o f a co m p ara tiv e  e x a m in a tio n  o f tan n ic  acid  se n s itiv ity  of H er
p esv iru s  hom inis  and  ty p e  3 p a ra in flu e n za  v iru s  are given in  T ab le  I I I .  This 
e x p e rim e n t was p erfo rm ed  b y  add ing  eq u a l am ounts o f ta n n ic  acid so lu tion  
a t  d iffe ren t co n cen tra tio n s to  th e  ten fo ld  d ilu tions of th e  ab o v e  v iruses.

Table I I I

Effect o f  tannic acid at d ifferent concentrations on H erpesvirus hom inis 
and type 3 para in flu en za  virus

Tannic acid 
/ig/ml

T i t r e  (log TClns„/ml)

Herpesvirus
hominis

Parainfluenza 
type 3

0 6.50 6.74

0.5 5.50 6.50

1 5.74 6.74

5 4.50 6.24

10 3.50 4.24

50 3.50 3.74

100 2.50 3.50

T his ex p erim en t, to o , show ed th e  sen s itiv ity  o f ty p e  3 p a ra in flu en za  
v iru s  to  be sim ilar b u t  so m ew h at low er th a n  th a t  of H erpesvirus hom inis. N ex t, 
th e  in a c tiv a tin g  effect o f ta n n ic  acid  on H erpesvirus hom in is  w as exam ined  in 
m o u se  inocu la tio n  te s ts . R esu lts  are  p re se n te d  in T able  IV .

Table IV

M ouse pathogenicity o f  tannic acid treated Herpesvirus hom in is

Inoculum
Titre* 

(log LD 5b) Inhibition (log)

Saline v iru s 4.74
2

T annic  acid  -f~ v irus 2.74

* ev a luation  on 18th d ay  a fte r  infection.

R esu lts  g iven in  T ab le  IV  show  a 2 log  decrease of m ouse  L D S0 u n d e r  th e  
e ffec t of ta n n ic  acid t re a tm e n t.

T he effect o f ta n n ic  acid  so lu tions a t  d ifferent co n cen tra tio n s  on th e  
p la q u e  form ing  cap ac ity  o f H erpesvirus su is  was s tu d ie d  in  chicken em bryo  
f ib ro b la s t  m onolayers. R esu lts  are  p re se n te d  in  Table V.
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Table V

Effect o f  tannic acid at different concentrations on plaque fo rm in g  capacity 
o f  H erpesvirus suis

Tannic acid /лщ/m l
Plaque count* 

(per cent of 
control)

5 0

2.5 4

1 16

0.5 25

0.25 53

0.1 71

0.05 75

0 .01 77

0.005 100

* m ean of 4 parallels

T he plaque co u n t o f a given sam ple  of H erpesvirus su is  w as reduced  by  
a b o u t 50 p er cen t on t r e a tm e n t  w ith  a 0.25 pg /m l so lu tio n  o f ta n n ic  acid. The 
av erag e  p laque coun t o f th e  u n tre a te d  v irus was 178.

W e stud ied  fu r th e r  th e  possible v iro s ta tic  effect o f ta n n ic  acid  on H erpes
virus hom inis  in  H eL a a n d  on H erpesvirus su is  in  chicken f ib ro b la s t cell cu l
tu re s . R esu lts of th e  fo rm er ex p e rim en t are given in T ab le  V I

Tabic VI

Effect o f  tannic acid on adsorbed Herpesvirus hom in is

No. of 
experim ent

T itre (log T C ID Jm l)

Inhibition (log)
Control

Tannic acid 
treated

l . 6.50 7.24 - 0 .7 4

2 . 5.74 7.24 - 1 .5 0

3. 5.74 6.50 - 0 .7 6

As show n in T ab le  V I, a fte r th e  ad so rp tio n  of H erpesvirus hom inis  ta n n ic  
acid  fa iled  to  cause a t i t r e  re d u c tio n ; in s te a d , a m odera te  in crease  was observed 
in  all th e  th ree  p a ra lle l ex p erim en ts .

In  th e  case of H erpesvirus su is  a 20 to  50 /tg/m l ta n n ic  ac id  co n ten t of th e  
ag ar o v erlay  failed  to  cause  changes in  th e  p laque c o u n t. T h u s , none of th e  
ex am in ed  viruses was sen s itiv e  to  th e  effect o f tan n ic  ac id  once ad so rp tio n  h ad  
ta k e n  place.
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N ext i t  was ex am in ed  w h e th e r ta n n ic  acid t r e a tm e n t  o f th e  cells w ould 
a ffec t th e ir  sen s itiv ity  to  herp esv iru ses . R esults o b ta in e d  w ith  two d ifferen t 
v iru ses  and tw o d iffe ren t k in d s  o f cell are p resen ted  in  T ab le  V II.
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F ig . 2. E ffect of p ro tam in e  su lp h a te  on  th e  ad so rp tio n -in h ib itio n  of ta n n ic  acid  on H erpesvirus 
su is .  1 : V irus - f  H a n k s ; 2 : V irus +  p ro tam in e ; 3 : V irus +  ta n n ic  acid  +  p ro tam in e; 4 : V i

ru s  -f- tan n ic  acid

Table VII

Effect o f  tann ic  acid on the sensitiv ity  to viruses o f H eLa and chicken embryo cells

C e l l
V i r u s

H erpesvirus hom inis  
(log TCID50/ml)

H erp esv iru s  su is
PFU *

contro l
HeLa

6 .5 0
—

tan n ic  acid  trea te d 4 .7 4

contro l
-

2 7 7

tan n ic  acid  trea te d 1 3 1

* m ean of 4 paralle ls

T annic  acid  t r e a tm e n t w as found  to  reduce th e  s e n s itiv ity  o f bo th  typ es 
o f  cell against th e  re sp ec tiv e  herp esv iru s .

The re v e rs ib ility  o f th e  ta n n ic  acid effect by  p ro ta m in e  su lp h a te  was 
ex am in ed  using a H erpesvirus su is  an d  chicken em bryo  f ib ro b la s t system . 
M onolayers w ere in fec ted  w ith  a suspension  con ta in in g  100 P F U  of v iru s and  
10 /ug o f tan n ic  acid . C ontrols w ere p rep a red  w ith  v iru s  o n ly . A fte r 1 hour in cu 
b a tio n  a t  35° C, p ro ta m in e  su lp h a te  (50 ^g /p la te ) was ad d e d  to  h a lf  of th e  con
tro l  an d  te s t cu ltu res . To th e  o th e r  h a lf  o f th e  contro l a n d  te s t  cultures saline 
w as given only. A t d iffe ren t p o in ts  o f tim e  m edium  w as rem o v ed  from  2 dishes 
each  of contro l an d  te s t  c u ltu re s  an d  th e y  w ere w ashed  3 tim es w ith  H a n k s ’ 
a n d  overlaid  w ith  n u tr ie n t  ag a r. R esu lts  are p resen ted  in F ig . 2.
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In  th e  presence o f  ta n n ic  acid th e  p laq u e  coun t was re d u ced  b y  ab o u t 60 per 
cen t a t  every  po in t of tim e  exam ined . P ro tam in e  su lp h a te  a d d ed  a t  th e  first ho u r 
o f ad so rp tio n  ap p eared  to  in h ib it fu r th e r  adso rp tion . T he p laq u e -co u n t-red u c 
ing  e ffec t of tan n ic  ac id  w as slig h tly  in h ib ited  b y  p ro ta m in e  su lp h a te . In  th e  
4 th  h o u r  of incub a tio n  a 15 p er c e n t increase in p laq u e  co u n t w as observed in 
ta n n ic  acid and p ro ta m in e  su lp h a te  tre a te d  cu ltures as co m p ared  to  those 
t r e a te d  only w ith  ta n n ic  acid.

D iscussion

T he inh ib ito ry  ac tio n  o f ta n n ic  acid  on tobacco m osaic  v iru s  has been 
kn o w n  since 1935 [8]. L a te r  th e  ta n n ic  acid w as found  to  be ac tiv e  also against 
o th e r  p la n t viruses [18, 12], and  b ac te rio p h ag es  too [6, 7]. In  1948, Green  [9] 
re p o r te d  th a t  tan n ic  acid  in h ib ited  th e  g row th  of in fluenza  A v iru s  in  th e  a llan 
to ic  sac , b u t  F risch a n d  Carson [19] th e n  show ed th a t  th e  effect o f tan n ic  
acid  in vivo is tra n s ito ry  as in th e  4 2 n d  h o u r of in cu b a tio n  th e  ap p earan ce  of 
in flu en za  virus was d em o n strab le  in th e  a llan to ic  flu id . These a u th o rs  supposed  
th a t  in  v ivo tan n ic  ac id  in a c tiv a te d  exclusively  th e  e x tra c e llu la r  virions by  
d e n a tu r in g  th e ir p ro te in  shell. Ch e o a n d  Lin d n er  [12] re p o rte d  t h a t  ta n n ic  acid 
in a c tiv a te d  no t only th e  tobacco  m osaic  v iru s  itse lf b u t  also its  p u rified  RN A  
co m p o n en t, and th e y  suggested  t h a t  th e  in a c tiv a tin g  effect o f ta n n ic  acid 
m ig h t re su lt from  its re a c tio n  w ith  th e  p ro te in  as well as w ith  th e  nucleic acid 
of th e  v irus. Cohen et al. [20] d e m o n s tra te d  in  aqueous e x tra c ts  o f M elissa  
o ffic in a lis  an an tiv ira l p rinc ip le  ac tiv e  ag a in st Sem liki F o re s t-v iru s , N ew castle 
d isease v iru s , V accinia v iru s  and  H erpesvirus hom inis  grow n in  em b ry o n a ted  
eggs o r in  chicken f ib ro b la s t cells. I t  was supposed th a t  th e  ac tiv e  substance  
m ay  be tan n ic  acid o r som e o th e r po lypheno l d eriv a tiv e . In  ou r stud ies we 
succeeded  in d em o n stra tin g  the  a n tiv ira l  effect of com m ercial ta n n ic  acid 
a g a in s t Herpesvirus hom in is, H erpesvirus su is  an d  ty p e  3 p a ra in flu e n za  v irus. 
No e ffec t was dem o n strab le  on po liov irus ty p es 2 and  3 an d  ad en o v iru s  types 3, 
4 an d  6. D ifferences w ere observed  in  th e  grade of tan n ic  ac id  se n s itiv ity  of th e  
d iffe ren t viruses. This w as show n in th e  experim en ts using  u n d ilu te d  v irus 
sam p les . U nder such cond itions ta n n ic  acid was active a g a in s t herpesv iruses 
an d  fu lly  inactive a g a in s t p a ra in flu en za  v iru s. The d ifference in  ta n n ic  acid 
s e n s itiv ity  of these tw o v iruses was also dem onstrab le  in  re sp ec t o f  th e  active 
co n cen tra tio n  requ ired  fo r the in a c tiv a tio n  of th e  re spec tive  v iru s .

T he action of ta n n ic  acid  ap p ea red  to  be v iruc ida l in n a tu re . T ann ic  acid 
tr e a tm e n t  reduced th e  t i tre s  of ce rta in  v iruses b o th  in vivo an d  in  vitro.

S en sitiv ity  of th e  cells to  herpesv iruses was also in flu en ced  b y  ta n n ic  acid. 
T he re su lts  of our ex p erim en ts  d id  n o t  p e rm it to  decide w h e th e r cell-bound 
ta n n ic  acid  was in h ib itin g  the  a d so rp tio n  of v irus or in a c tiv a tin g  th e  adsorbed  
v irions in  situ.
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A v iro sta tic  ac tio n  of ta n n ic  ac id  w as n o t observed . T he ti tre s  of H erpes
v iru s  hom inis w ere even  so m ew h at e leva ted  if  ta n n ic  ac id  h a d  been added  
2 h o u rs  after th e  ad so rp tio n  o f v iru s . Cheo an d  L in d e r  [12] described  th e  
dev e lo p m en t of a sy s tem ic  d isease in  ta n n ic  acid  tr e a te d  cucum ber p lan ts  in 
fe c te d  w ith  tobacco  m osaic  v iru s  w hich  u su a lly  causes on ly  local d am ag e .T h ey  
su p p o sed  th a t  ta n n ic  acid  m ig h t r e a c t w ith  an in te rfe ro n -lik e  su b stan ce  p resen t 
in  th e  cells, th u s  in te rfe rin g  w ith  th e  h o s t’s p ro tec tiv e  m echan ism . O ur expe
r im e n ts  have failed  to  y ie ld  an  e x p lan a tio n  for th e  en h an c in g  effect o f ta n n ic  
ac id  on H erpesvirus hom inis  in  a g iven phase of th e  v ira l cycle.

The effect o f ta n n ic  acid  on H erpesvirus su is  w as m o d e ra te ly  in h ib ited  by  
p ro ta m in e  su lp h a te . Since th e  la t te r  com pound itse lf  has an  ad so rp tio n  in h ib 
i t in g  effect, a m ore  sig n ifican t ac tio n  could n o t be ex p ec ted . Vaheri [21] 
show ed  th a t  p ro ta m in e  su lp h a te  low ered  th e  in fe c tiv ity  o f H erpesvirus hom inis. 
Colter  et al. [22] re p o r te d  a b o u t th e  in h ib ito ry  effect o f p ro tam in e  su lp h a te  
in  th e  Mengo en cepha lom yelitis  v iru s  and  L-cell sy s tem , an d  p resen ted  ex p eri
m e n ta l evidence in  fa v o u r  o f th e  su p p o sition  th a t  th e  p r im a ry  effect of p ro ta 
m in e  su lpha te  co nsisted  o f its  f ix a tio n  by  th e  cellu lar recep to rs  w hich th u s  w ere 
b lo ck ed . A sim ilar ex p la n a tio n  m ig h t be v a lid  in th e  H erpesvirus suis  — chicken 
f ib ro b la s t  system  s tu d ie d  b y  us.

Tannic acid is a n a tu ra l  p o lyan ion ic  com pound p re se n t in  several p lan ts . 
P o ly an io n s of an im al origin are  know n to  in h ib it c e rta in  v iruses. T hus for 
in s ta n c e  h ep arin  in h ib its  H erpesvirus hom inis  [23, 24], H erpesvirus su is , m y- 
xov iru ses  and  W est N ile v iru s  [21]. Som e sy n th e tic  p o ly an io n s in h ib it H erpes
v iru s  hominis as show n b y  Vaheri  [25] as well as T akemoto an d  Fabisch [26]. 
T h e  sen sitiv ity  o f c e r ta in  v iru ses  an d  virus m u ta n ts  to  th e  po lyan ion ic  agar 
in h ib ito r  or d e x tra n e  su lp h a te  is w ell-know n [27, 28, 29, 30].

W e suppose t h a t  th e  o b se rv ed  a n tiv ira l effect o f ta n n ic  acid is som ehow  
re la te d  to  th e  po ly an io n ic  n a tu re  o f th e  su b stan ce . As to  its  m echanism  of 
a c tio n , it m ay resem ble  th a t  sugg ested  for th e  o th e r p o ly an io n s and consists o f 
i ts  f ix a tio n  by  th e  ca tio n ic  g roups of th e  v irion . This re a c tio n  p ro b ab ly  resu lts  
in  an  in ac tiv a tio n  of th e  v iru s . D ifferences o b serv ab le  in  th e  sen s itiv ity  to  
ta n n ic  acid of d iffe ren t v iru ses  seem  to  p o in t to  th e  ex is ten ce  of ce rta in  d iffer
ences in the  ca tion ic  su rface  g roups of th e  re sp ec tiv e  v irio n s.
Ф& .
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THE ANTIFUNGAL COMPOUNDS OF CYNANCHUM 
VINCETOXICUM (L.) PERS

I. T H E  Q U A N T IT A TIV E  A N T IF U N G A L  SPEC TR U M  O F SU B STA N C E C-l

B y

L. F erenczy , J .  Zsolt, A. H ázn a gy , L. Tóth and K . Szendrei

I n s t i t u t e  o f  P la n t  P h y s io lo g y  ( D ir e c to r  : I. Sza la 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  an d  I n s t i tu te  
o f  P h a rm a c o g n o s y  ( D ir e c to r  : I. N o v a k ), U n iv e r s i ty  M e d ic a l  S c h o o l, S ze g e d

(R eceived J u ly  31. 1965)

Summary. The an tifu n g a l a c tiv ity  of th e  co m pound  iso lated  from  C y n a n c h u m  v in c e to x i-  
c u m  (L .) P e rs  and term ed  S u b s ta n c e  C-l has b een  s tu d ied  ag a in st 40 y eas ts , 40 m oulds and 20 
d e rm a to p h y te s . W ith  the  e x ce p tio n  of some of th e  m oulds m ost o f th e  ex am in ed  species and 
s tra in s  inc lu d in g  all of the  h u m a n  pa thogenic  fu n g i te s ted  were fo u n d  to  be h igh ly  sensitive . 
T he m in im u m  inh ib ito ry  c o n c e n tra tio n  on g lucose-bou illon -pep tone  cu ltu re  m ed ium  a t pH  7 
is b e tw een  0.015 and 1 fig /m l.

O n exam ining m ore  th a n  2500 p la n t  species [ F e r e n c z y  an d  Z s o l t , 1] 
for new  sources of an tib io tic s  against b a c te r ia  (Staphylococcus aureus W alker, 
B acillus cereus var. m ycoides, Escherichia coli 0  111, Serratia  marcescens)  and 
fungi ( Procandida albicans, H ansenula  anom ala , A sperg illus niger, Syncephal- 
astrum  racemosum) i t  w as estab lished  th a t  ce rta in  p re p a ra tio n s  from  C ynan
chum vincetoxicum  e x e rt a sign ifican t an tifunga l effect b u t  do n o t inh ib it 
g ro w th  o f th e  bacteria  te s te d . In  c o n tra s t to  com pounds o f  id en tica l se lec tiv ity  
occu rrin g  in  o ther p lan ts , th e se  C ynanchum  p rep ara tio n s show ed no haem o ly tic  
effect. As a decrease o f th e  p H  of th e  cu ltu re  m edium  in v o lved  a sign ifican t 
decrease  in  an tifungal e ffec t, i t  seem ed lik e ly  th a t  a com pound  of basic  ch a rac 
te r  w as responsible for th e  in h ib ition . T h in -lay e r ch ro m a to g rap h y  revea led  th a t  
th e  a n tifu n g a l effect w as due  to  no t one b u t  th ree  com pounds [2].

In d ep en d en tly  of th e  above m en tio n ed  ex am in a tio n s, H á z n a g y , T ó th  
and  S z e n d r e i  [3] have succeeded in iso la tin g  a su b stan ce  from  th e  roo ts of 
C ynanchum  vincetoxicum. Q u a lita tiv e  te s ts  proved  th is  su b stan ce  to  be of 
a lk a lo id  ch arac ter, w ith  a m elting  p o in t o f 212 -2 1 4 °  C, giv ing D rag en d o rf- 
p o sitiv e  reaction  on th e  th in -la y e r c h ro m a to g ram  and  a po sitiv e  q u a lita tiv e  
N -te s t. T h e  com pound fo rm s adduc ts w ith  su lphonic  ac id  dyes (b ro m th y m o l 
b lue, brom cresol green) w ell soluble in o rgan ic  so lvents.

C om parative  th in - la y e r  ch ro m a to g rap h y  revealed  th a t  th e  iso la ted  su b 
stan ce  b rings about a zone o f fungal in h ib itio n  a t th e  sam e R t-valuc as th e  
m ost ap o la r an tifungal com p o u n d  of th e  p la n t. This com pound  has been term ed  
S u b stan ce  C -l.
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Materials and methods

The fungi u sed  in  th e  ex p erim e n ts  o rig in a ted  fro m  co llections o f th e  In s t i tu te  of P la n t  
P h y sio logy , A ttila  Jó z se f U n iv e rs ity , Szeged, S ta te  In s t i tu te  o f H yg iene, B u d ap es t and  fro m  
th e  A m pelological R esearch  In s t i tu te ,  B u d ap est.

S ubstance C -l w as d issolved in  0.01 N  HC1, m ixed  w ith  a n  a d e q u a te  q u a n ti ty  o f c u ltu re  
m ed iu m  to  o b ta in  tw o-fo ld  d ilu tio n  series in th e  range of 2— 0.004 fig /m l.

T he m edium  co n sisted  of b e e f-e x tra c t, 6 g; p ep to n e , 4 g; N aC l, 2 g; glucose, 10 g; a g a r , 
20 g ; an d  d istilled  w a te r  up  to  1000 m l an d  was a d ju s te d  w ith  N a 2C 0 3 to  p H  7.

To secure th e  m o st possib le  u n ifo rm ity  of cond itions, th e  large  p la te  techn ique  [4] w as 
u sed . T he m edium  w as 3 m m  th ic k . A fte r  so lid ification  th e  surface  w as in o cu la ted  as follow s.

Y easts. A suspension  of 10di5  m illion  cells pe r m l w as m ad e  fro m  24-hour m a lt a g a r  
c u ltu re s  of the  stra in s . F ro m  th e  suspensions a loopful (a b o u t 0.001 m l) w as app lied  to  a sp o t 
o f 5 m m  in d iam eter.

M oulds. C onidia or spores w ere in o cu la ted  on to  th e  cu ltu re  m ed iu m  in  P e tr i  dishes. 
A fte r  48-hour in c u b a tio n  2.5 m m  w ide colum ns w ere cu t o ff an d  lif te d  from  th e  o u te rm o st 
p a r t  o f th e  colonies b y  m eans of a special borer, and  so tra n s fe rre d  o n to  th e  te s t  m ed iu m  
co n ta in in g  th e  ac tiv e  a g en t as to  en su re  th e  m ycelium ’s close co n n ec tio n  w ith  th e  m ed iu m .

D erm ato p h y te s . M ats 3 m m  in  d iam e te r from  a tw o-w eek  old c u ltu re  grow n on S abou- 
r a u d ’s m edium  w as p laced  on th e  te s t  m edia  con ta in ing  th e  ac tiv e  com pound .

T he in o cu la ted  m ed ia  w ere in c u b a te d  a t  30°C. T he re su lts  in  th e  case of y eas ts  a n d  
m o u ld s were read  a f te r  48 ho u rs , w hile in  th e  case o f d e rm a to p h y te s , a f te r  2 weeks. In  th e  
y e a s ts  every  case w as considered  to  be p o sitiv e  w hen g ro w th  was n o te d  even  if  i t  was sp o rad ic  
a n d  h a rd ly  d iscernib le. In  m oulds each  case was considered  po sitiv e  w here hyp h ae  a p p ea red  
a ro u n d  th e  colum n, a n d  w ith  d e rm a to p h y te s  w hen m ycelium  beg an  to  fo rm  on th e  surface  of 
th e  cu ltu re  m edium .

The resu lts  hav e  been  a rra n g e d  on th e  basis of 3 p a ra lle l e x am in a tio n s . W henever g ro w th  
cou ld  be de tected , i t  w as in d ic a te d  as po sitiv e  in th e  T ables.

Results and discussion

R esults are show n in T ab les I , I I ,  an d  I I I .  m eans g row th  and  “  — ”
lack  of grow th.

The ex am in a tio n  has been  ex ten d ed  to  33 s tra in s  o f Procandida ( C andida)  
albicans recen tly  iso la te d  from  p a tie n ts  a t  th e  M ycological L ab o ra to ry  of th e  
S ta te  In s t i tu te  o f H ygiene  in  o rd e r to  de term ine  th e  ran g e  o f v a ria tio n  in sen si
t iv i ty . R esu lts are  assem bled  in  T ab le  IV.

In  yeasts  a n d  s till m ore in  filam en tous fung i a p a r t ia l  g row th  in h ib itio n  
w as show n in a fa irly  w ide co n cen tra tio n  range. In  F ig . 1 can  be seen th e  in h ib 
itin g  effect on th e  g row th  of som e species of m oulds com pared  w ith  th e  co n 
tro l. The d a ta  show  re su lts  o f 10 para lle l exam in a tio n s re a d  in  th e  48 th  h o u r o f 
in c u b a tio n . M axim al s ta n d a rd  e rro r was ^  1.8 p er cen t.

Cynanchum  vincetoxicum  h av e  p layed  a s ig n ifican t ro le in th e ra p y  in  
b y gone  days, as show n b y  th e  n am e  “ v in ce to x icu m ”  a n d  also som e old li te ra ry  
d a ta  [6, 7, 8].

O f th e  a n tifu n g a l su b stan ces  iso la ted  from  th e  p la n t, S u bstance  C -l is an  
a n tifu n g a l com pound  o f b ro a d  sp ec tru m  and  h igh a c tiv ity . A t low c o n c e n tra 
tio n  of 0.015 to  1 jitg/ml it  fu lly  in h ib ited  g row th  of n ea rly  all th e  species a n d  
s tra in s  exam ined . P a r tia l  in h ib itio n  was observed  even a t a co n cen tra tio n  o f
0.008 jMg/ml.
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W hereas som e A sperg illu s , P én ic illiu m  species an d  R hizopusa rh izu s  p roved  
re s is ta n t, o th e r species from  th e  sam e fam ilies w ere considerab ly  sensitive. 

T he m in im um  in h ib ito ry  c o n c e n tra tio n  was 0.03 to  0.25 /tg/m l for all th e

Fig. 1. E ffec t o f S u b s tan ce  C -l on g ro w th  r a te  of colonies o f som e m ould  species. 1 : A sperg il
lus niger, 2 : Aspergillus phoenicis, 3 : M ucor racemosus, 4 : M ucor sa turn inus, 5 : A sp erg il

lu s ochraceus, 6 : R h izo p u s  nigricans , 7 : A spergillus oryzae, 8 : A ctinom ucor repens

exam ined  s tra in s  o f Procandida (C a n d id a ) albicans, an d  0.03 ^g /m l for Crypto
coccus neoformans. D e rm a to p h y te s  w ere w ith o u t excep tion  sensitive  to  0.03 to
1 jMg/ml.

Acknowledgem ents. W e are in d eb te d  to  Dr. E . K . NovÁK (D e p a r tm e n t o f M ycology, 
S ta te  In s t i tu te  of H y g ien e) an d  to Me s . E . N y e r g e s  (A m pelological R esearch  In t i tu te )  fo r a 
co llection  of fungi, an d  to  M iss T. B ognár  fo r sk illed  techn ica l a ssistance .
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Tabic I

E ffe c t  o f  S u b s ta n c e  C - l  o n  y e a s ts  

(S ystem  of yeasts by  N ovak  and  Zsolt  [5])

Concentration, /jg/inl

S p e c i e s
1Л
© d

e-j ®
d

соо
d d 0.

00
8 оо

d

Lipom ycetaceae
N adson ia  slovaca + + +

S accharom ycetaceae
Saccharomyces terricolus + +

,, rouxii — - — — — + + -I- 4-
„ oviformis s tra in  X eres - - - - + + + + 4-
, ,  cerevisiae s tra in  R asse  X II — — — — — + + 4-
,, ,, s t ra in  M au thner - - - - - + + + 4 -
,, ,, s t r a in  Tokaj 22 - — - - - + + + 4-
, ,  ,, s t r a in  K ecskem et 5 - - - — - + + + 4-
,, pretoriensis - - — + + - f + + 4-
,, carlsbergensis - - — — — 4- 4- + 4-
,, diastaticus — — — — — — + + 4-

Zymodebaryomyces globosus — - + + + + + 4 - 4 -

H ansenulaceae
E ndom ycopsis fibuliger - - — — — + + 4 - 4 -

Zym opich ia  p ijperi - - - - + + + 4- 4 -

,,  saitoi — — — — — — + 4- +

H ansenula  anomala — — — — + + + 4 _1 4 -

Fabosporaceae
K luyverom yces polysporus — — + + + + + + - f

Dekkeromyces delphensis — - 4 ~ + + + + 4- 4-
„  fragilis - - - — + + + - L 4-

Sporobolom ycetaceae
Sporobolomyces pararoseus - - - — + + + 4 - 4 -

C ryptococcaceae
Geotrichum linkii - - + + + + + 4- Л -

,,  candidum - - + + + + + 4 -

, ,  matalense - — + + + + + 4- 4 -

Procandida stellaloidea — — — — + + + 4- 4 -

, ,  albicans s tra in  CBS — — — + + 1 + + - j -

A zym ocandida aaseri — — — — — ~ r + + +

, ,  corniculata — — — + + + 4- 4 -
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(Table I  continued)

C oncentration,

S p e c i e s
_ in inП4

О ©
©©
©

OO©
©

©
© 0.

00
8 ©©

©

C andida krusei — — — + + + ~r + +
,, fam ata - - - + + + + _L +
,,  parapsilosis - - - + + + + + +
,, pulcherrima - - - + + + + + +
,,  utilis — - - - - - + + +
,, guilliermondii - - - + + + + + +

Torulopsis vanzylii - - - - + + + + +
,,  stellata - - - + + + + + +
,, inconspicua — — - — + 11 + + +

Paratorulopsis pseudaeria — — - - + + + -j- +

Cryptococcus neoformans - - - - - — + + +
,, diffluens - - - + + + + - f +

JSigrococcus nigricans - - - + + + + +
Rhodotorula rubra — — + + + + + + +

Table II

Effect o f  Substance  C -l on moulds

Concentration, /<g/ml

S p e c ie s
in
©

inN
©

ni
©

©© on©
© 0.0

15 COо©
© 0.0

04

M ucorales
A b sid ia  orchidis + + + + +

1
+

Actinom ucor repens - — — — + + -1- + +
C ircinella minor — - + + + + + + +
Cunningham ella echinula — — — — + + + + +
M ucor fra g ilis - - + + + + + “Г +

,, hiemalis - + + + + + + + +
,,  racemosus - + + + + + + + +

,, ram annianus — - -1- + + + + + +
,, saturninus - - + + + + + + +

R h izo p u s arhizus + + + + + + + +
,, circinans — - + + + + + + +
,, nigricans — - + + + + + + +

Syncephalastrum  racemosum — - - _j_ + + + + +
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(Table I I  continued)

C oncentration, /Ug/ml

S p e c i e s
1Л in

ci.о
СЯ
о

vOо
о

«
о

IO
©
о 0,0

08

0.0
04

Fung i im perfecti
A sperg illus awamnri r 1

+ + + + +
1

,, elegáns + + + + + + + + +
,, fla vu s - - - + + + + + +
,, foetidus + + + + + + + + +
,, fum igatus - - - + + + + 4- +
,, japonicus + + + + + + + + +
,, nidulans - + + + + + + + +
,, niger + + + + + + + + +
,, ochraceus - - - + + + + + +
,, oryzae - - - + + - + + +
,, phoenicis + + + + + + + + +

proliferans + + + + + + + + +
,, repens - - + + + + + + +
,, wentii - - - + + + + + +
,, terrens + + + + + + + + +

P énicillium  candido-fulvum + + + + + + + + +
,, digitatum - - + + + + + + +
,, fascicula tum + + + + + + + + +
,, frequentans + + + + + + + + +
,, javanicum — — - - + + + + +
,, lanosum + + + + + + + + +
,, levitum - - - - + + + + +
,, martensii + + + + + + + + +

Scopulariopsis brevicaulis — + + + + + + + +
B otrytis  cinerea - — — — + + + + +
Gibberella fu jiku ro i — — — + + + + + +
Trichoderma glauca — — — + + + 4- +
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Effect o f Substance C -l on dermatophytes

Table III

Concentration, jMg/ml

S p e c i es
1П
О

ЮN
О

<M
Ö

о
d

o
d 0.

01
5

0.
00

8

0.
00

4

Achorion ferrugineum — — — — — + + + _i_

,, schoenleinii — — - - - + + + +
Epiderm ophyton folccosum - - + + + + + + +
K aufm annw olfia pedis - - - - + + + + +
Keratinomyces ajelloi — — - — + + + + _L_

,, longifusus — - - + + + + + +
M icrosporon audouini - - - — — + + + +

,, canis - - - — + + + + +
,, cookei — - - - - - + + +
,, fu lv u m - - - + + + + + +
,, gypseum - - - + + + + + Jr
,, nanum — — - + + + + + +
,, vanbreuseghemi — + + + + + + + +

Trichophyton gallinae - - + + + + + + +
,, megninii - - - — - + + + +
,, mentagrophytes - - - — - + + _L +
,, soudanense - - - — + + + + +
,, terrestre - - - + + + + - f

,, verrucosum — — — - - + 4 -
,, violaceum — — - — — 4- + +
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Table IV

Effect o f  Substance C -l on Procandida (C andida) albicans strains o f  hum an origin

C o n c e n tra tio n  //g / m l  I C o n cen tra tio n , f tg /m l

Strain Ю
©

C-l
©

©
©'

CO©
© 0.0

15

Strain
toC4
©

<N
©

•©
©

©

0.0
15

9 / 89 - - - H“ + 9/245 — — — + +
9/121 — — — — + 9/246 — — — + +
9/122 — — — -J- + 9/247 — — + + +
9/132 — — — + 4- 9/253 — — + + +
9/134 — — — + + 9/259 — — — — +
9/160 — — + + + 9/269 — — — + +
9/162 — — - + + 9/270 — — — + +
9/174 — + + + + 9/278 — — — + +
9/178 — + + + 9/293 — — — + +
9/204 — — — + 9/303 — — — + +
9/205 — - — + + 9/306 — — — + +
9/207 — — - + + 9/307 — — — + +
9/221 — — - H“ 9/316 — — + + +
9/233 — — — + + 9/318 — — — + +
9/237 — - - + + 9/319 — — + + +
9/238 — - - + + 9/320 — — — + +
9/242
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Sum m ary . T he p ro d u c tio n  of a v irus g ro w th  in h ib ito ry  princip le has been  exam ined  in 
secondary  h u m an  em bryonic  f ib ro b la s t  cell cu ltu res  in fec ted  w ith  H erpesvirus ho m in is , H erpes
virus varicellae and  C ytom egalov irus. All the th ree  v iru se s w ere found to  in d u ce  th e  p ro d u c tio n  
of a v iru s in h ib ito ry  su b stan ce . T he am ount of th is  w as th e  g rea tes t in  cu ltu res  in fec ted  w ith  
V aricella  v iru s, less in those  su p p o rtin g  the  g ro w th  o f C ytom egalov irus and  th e  least in cells 
in fec ted  w ith  H erpes sim plex  v iru s. The virus in h ib i to ry  substance  w as t i t r a te d  in  secondary  
h u m an  em b ry o n ic  f ib ro b la s t, H eL a  and I I I /1 p e rm a n e n t  m onkey k id n ey  cells. T he h ighest 
titre s  w ere o b ta in ed  in th e  la s t  g roup . The in h ib ito ry  su b s tan ce  is e ith e r in te rfe ro n  or an  in te r-  
feron-like princip le. T he re la tio n  betw een th e  a m o u n t o f in h ib ito ry  su b s tan ce  p roduced  and 
th e  p rogress o f v ira l in fec tion  o f th e  tissue c u ltu re  is discussed.

Since th e  d iscovery  o f in terferon b y  I saacs  and  L i n d e n m a n n  [1], m any  
w orkers h av e  stu d ied  its  p roduction  in a n u m b e r of v ira l in fections. I t  was 
found  th a t  in terferon  p ro d u c tio n  was in d u c e d  b y  a v a rie ty  of v iruses [2 11,
13- 18, 22] and  even b y  infection  w ith  p u rif ie d  v iral nucleic acid [19]. B a c te 
ria l in fec tions have  also been  shown to in i t ia te  the  form ation, o f in terferon  [26]. 
The in te rfe ro n  p ro d u c tio n  inducing c a p a c ity  o f th e  hum an  p a th o g en ic  group of 
H erpesv iruses is a less extensively  s tu d ie d  field. These v iruses being  
know n to  cause la te n t in fections it  seem ed in te re s tin g  to  exam ine w h e th e r th is  
c h a ra c te r  has any re la tio n  to  the ir c a p a c ity  to  induce in te rfe ro n  p ro d u c tio n .

M aterials a n d  m ethods

V irus strains. Herpes sim plex  v irus. T h e  s tra in  iso lated  in  th is  lab o ra to ry  [25] an d  
m ain ta in ed  b y  serial tran s fe rs  in  H eL a cells w as u sed . H erpesvirus varicellae w as iso la ted  from  
th e  co n te n ts  of a vesicle a n d  m ain ta in ed  in  h u m a n  em bryon ic  fib ro b la s t cell cu ltu res . Cyto
megalovirus. T he s tra in  w as k in d ly  supplied b y  D r. H . S t e r n  (St. G eorge’s H o sp ita l M edical 
School, U n iv e rsity  of L o ndon) and  m ain ta ined  in  cu ltu re s  of h u m an  em bryon ic  f ib ro b la sts .

Tissue culture. I f  n o t  s ta te d  otherw ise, h u m a n  em bryon ic  f ib ro b la s t (H E F ) cell cu ltu res  
w ere u sed  as described ea rlie r  [24].

F o r  th e  p ro d u c tio n  o f in te rfero n  seco n d ary  c u ltu re s  of H E F  w ere u sed  in  1 litre  R oux  
flasks. In te rfe ro n  titra tio n s  w ere perform ed in  tu b e  cu ltu re s  of H E F , I I I / 1 p e rm a n en t m onkey  
k id n ey  (PM K ) [23] or H eL a  cell cultures.

M edia . T issues used  fo r in te rferon  p ro d u c tio n  w ere fed w ith  a m ix tu re  of 50 pe r cent 
each  of P a rk e r’s 199 an d  H a n k s ’ m edia co n ta in in g  a final c o n cen tra tio n  of 2 pe r cen t ca lf 
serum . T he sam e m edium  w as used  for t i t r a tio n s  b u t  th e  calf serum  c o n te n t was e lev a ted  to  
5 pe r cen t.

Production o f interferon. H E F  cu ltu res in  one l itre  R oux  flasks w ere in fec ted  w ith  one 
of th e  th re e  H erpesv iruses in  5 to  6 X  Ю3 C P D 50 in d iv id u a l doses. In fec ted  cu ltu res  were in c u 
b a ted  a t  37° C and ex am ined  d a ily  under the  m icroscope. T he flu id  phase  w as h a rv este d  as soon
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as th e  c y to p a th ic  effect (C P) becam e m ark e d ly  p o sitive  ( +  +  + ) •  T h is was ach ieved  a f te r  4, 6 
to  8 , a n d  10 d ay s w ith  H erpes sim plex , C ytom egalo- a n d  V aricella-v iruses, re sp ec tiv e ly . A fte r  
c en trifu g a tio n  of th e  h a rv es te d  f lu id , i t  w as k e p t  a t  -f-4° C fo r 24 hours, and  s to red  a t  — 20° C 
u n t il  used . In fec ted  an d  co n tro l cu ltu res  w ere tre a te d  fu r th e r  as follow s. T haw ed m a te r ia l  w as 
tra n s fe rre d  to  d ialysis bags a n d  e v a p o ra te d  b y  v e n tila tio n  in  th e  cold room  ( +  4° C). W h en  
a b o u t a  20fold c o n ce n tra tio n  w as ach iev ed  th e  p H  was a d ju s te d  to  2.0 b y  ad d ing  5 M h y d ro 
ch loric  acid. T he acid ified  m a te ria l w as allow ed to  s ta n d  a t  + 4 °  C fo r 24 hours. T he p H  w as 
th e n  re a d ju s te d  to  7.2 b y  ad d in g  5 M sod ium  hy d ro x id e  a n d  d ia ly sed  ag a in st la c ta lb u m in  
h y d ro ly sa te  an d  in d ica to r-free  H a n k s ’ so lu tio n  fo r 4 days. T he m ate ria l th u s  o b ta in e d  w as 
te s te d  fo r s te r il i ty  an d  v iru s in h ib ito ry  a c tiv ity . T he absence of in fec tiv e  v iruses w as ch eck ed  
b y  in o cu la tio n  o f H E F  cell cu ltu res .

In fec tiv ity  titra tions  were carried  o u t in  H E F  cell cu ltu res  using  th e  flu id  ph ase  o f cu l
tu re s  in fec ted  w ith  H erpes sim plex  o^C ytom egalov irus an d  th e  in fec ted  cells them se lv es fro m  
cu ltu res  in o cu la ted  w ith  H e rp esv iru s v a ricellae . T itra tio n s  w ere pe rfo rm ed  in tu b e  c u ltu re s  b y  
in o cu la tin g  0.1 m l sam ples o f each  d ilu tio n  step  to each  of 4 tu b es . In fec tiv e  t itre s  w ere c a lcu 
la te d  b y  th e  K ä rb e r  m ethod .

T itra tion  o f  interferon. In te rfe ro n  p re p a ra tio n s  o b ta in ed  as described  were so d i lu te d  as 
to  re p re se n t a  fivefo ld  or id en tica l c o n ce n tra tio n  as re fe rred  to  th e  o rig inal s ta r tin g  m a te ria l.  
O ne ml o f each  w as used  for p re in c u b a tio n  of H E F , H eL a and  I I I / l  PM K  cells fo r 24 h o u rs  a t  
37° C. T he cu ltu res  w ere th e n  in fec ted  w ith  100 p laq u e  form ing  u n its  o f vacc in ia  v iru s a n d  in c u 
b a te d  fo r 44 h o u rs  a t  37° C. T he p laq u es fo rm ed  w ere co u n ted  a f te r  sta in in g  w ith  0.1 p e r  c en t 
aq u eo u s fu ch sin  so lu tion . T he in h ib ito ry  effec t w as ev a lu a te d  as re d u c tio n  of th e  p laq u e  c o u n t 
re fe rred  to  th e  co n tro l. F igu res g iven  in  th e  T ab le  are m ean  va lues o f 3 paralle l ex p erim e n ts . In  
e v e ry  ex p erim en t, 4 p a ralle l tu b es  w ere used  pe r d ilu tion .

Groivth curves. E ac h  of fo u r tu b e s  w ith  H E F  cell cu ltu res  w ere in o cu la ted  w ith  0.1 m l 
sam ples of a  ten fo ld  d ilu tio n  series of H erp es sim plex , V aricella  o r C ytom egalov iruses. T h e  
progress of CP effec t w as ex am in ed  d a ily  an d  th e  C P D 50 v a lues w ere calcu la ted . G ro w th  cu rv es  
w ere c o n s tru c ted  by  p lo ttin g  th e  d a ily  C P D 50 v a lu es ag a in st tim e.

R esults and  discussion

In  cu ltu res  of h u m an  em bryon ic  fib ro b la s t cells th e  grow th o f H erpes 
sim plex  v iru s  w as good, w hile th a t  o f C ytom egalovirus an d  V aricella v iru s  w as 
re la tiv e ly  slow , as e s tim a ted  on th e  basis o f th e  ap p earan ce  of the  c y to p a th o -  
genic effects. R esu lts are p re sen ted  in  F ig . 1.

I t  has long been know n th a t  in in fec ted  cu ltu res H erpes sim plex v iru s  is 
p re se n t in la rge  am o u n ts  in th e  ex trace llu la r  flu id . The am o u n t of e x tra c e llu la r  
v iru s  in C ytom egalov irus in fec ted  cu ltu res is re la tiv e ly  low, while V arice lla

F ig . 1. T itre s  o f H erpes sim p lex , H erpesvirus varicellae an d  C ytom egalov irus in  h u m an  f ib ro 
b la s t  cu ltu res  a fte r  inocu la tion

1 : H erpes sim plex  v iru s ; 2 : C ytom egalov irus; 3 : V aricella  v irus
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v iru s  is p resen t p ra c tic a lly  exclusively in th e  in tra c e llu la r  fo rm . Thus th e  th re e  
v iruses used  in  our experim en ts d iffered  n o t on ly  in  th e ir  g ro w th  ra te s  b u t  also 
in  th e  com pleteness o f th e ir  m a tu ra tio n  process. I t  seem ed there fo re  of in te re s t  
to  exam ine th e  possib le presence o f an in te rfe ro n -lik e  su b stan ce  in cu ltu res  
w hich h ad  been in fec ted  w ith  one of th e  above v iruses an d  reached  a given 
phase o f v irus m a tu ra tio n . F o r th is  p u rp o se , tissu e  cu ltu res  p rep ared  in  R o u x  
flasks w ere in fec ted  as described above. W h en  th e  in fec ted  cu ltu res ex h ib ited  a 
(-}--(-+ ) grade o f degenera tion , th e  c o n cen tra tio n  of g ro w th  in h ib ito ry  s u b 
stance  in  th e  m ed iu m  w as de te rm ined . These d e te rm in a tio n s  w ere perfo rm ed  on 
h u m an  em bryonic  f ib ro b la s t cu ltu res, H eL a  cells an d  I I I / l  p e rm an en t m onkey  
k id n ey  cells, each in fec ted  w ith  equal doses of v acc in ia  v iru s . R esults are  p re 
sen ted  in T able I.

Table I

Inhib ition  o f  the P F U  production o f  vaccinia virus in  per cents, in the presence 
o f  interferon induced by different viruses

C e l l
c u l t u r e

I n t e r f e r o n  p r o d u c e d  b y

Herpesvirus
vari^ellae C y t o m e g a l o v i r u s H e r p e s  s i m p l e x  v i r u s

O r i g i n a l 5 X  c o n e . O r i g i n a l 5 X  c o n e . O r i g i n a l 5 X  c o n e .

H u m an  fib rob last 40 60 25 48 2 0 2 0

HeLa 40 95 < 1 0 48 < 1 0 < 1 0

I I I / l  m onkey k idney 85 90 40 50 42 46

As show n b y  th e  d a ta  p resen ted  in  T ab le  I ,  a su b stan ce  capable of in h ib 
itin g  th e  g row th  of vaccin ia  v iru s  w as d e te c ta b le  in th e  flu id  of cu ltu res in fe c t
ed w ith  any  o f th e  th re e  v iruses used . T he h ig h est am o u n ts  of in h ib ito ry  s u b 
stan ce  were p ro d u ced  paralle l to  th e  rep lica tio n  of V aricella  v irus. P ro d u c tio n  
was low er in  C ytom egalovirus in fec ted  cu ltu res  an d  low est in  those su p p o rtin g  
th e  g row th  o f H erpes sim plex v iru s . T he f lu id  phases o f th e  la t te r  cu ltu res co n 
ta in e d  v e ry  l i t t le  in h ib ito ry  su b stan ce  even a fte r  fivefo ld  co n cen tra tion . T he 
am o u n t of in h ib ito ry  substance  p roduced  as a re su lt o f V aricella v irus re p lic a 
tio n  was a b o u t 3 tim es m ore th a n  th a t  p ro d u ced  b y  H erpes sim plex v iru s . T he 
in h ib ito ry  a c tiv ity  o f n u tr ie n t f lu id  o f C ytom egalov irus in fec ted  cu ltu res w as 
in te rm ed ia te . P e rm a n e n t m onkey  k id n ey  cells I I I / l  w ere found  to  be th e  m ost 
sensitive ty p e  o f cells for d em o n stra tio n  o f  th e  in h ib ito ry  substance.

As to  th e  n a tu re  of the  in h ib ito ry  su b stan ce , i t  p ro v ed  to  be a non -d ia ly s- 
able, acid  re s is ta n t p ro te inaceous m a te ria l s tab le  for several m onths a t - |-4 0 C. 
P rec ip ita ted  b y  acetone  accord ing  to  Zem la  an d  V il c e k  [22], th e  su b stan ce  
could be red isso lved  in  a fu lly  ac tive  fo rm . T he su b stan ce  was active a g a in s t
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v iru se s  o th e r th a n  v accin ia , too . T ak in g  a ll th is  in to  acco u n t, we suppose  th e  
m a te r ia l to  be in te rfe ro n -lik e .

The a m o u n t o f in fectious v iru s in  cu ltu re s  used fo r in te rfe ro n  p ro d u c tio n  
w as d e te rm in ed  as described  u n d e r “ M ateria ls  and  m e th o d s” . In  cu ltu res  in 
fe c te d  w ith  H erpes sim plex  v iru s , la rg e  am o u n ts  of ex trace llu la r  v iru s  w ere 
d e te c ta b le . T he a m o u n t of v irus in th e  f lu id  w as less in C y tom egalov irus in fe c t
ed  cu ltu res , w hile no ex trace llu la r v iru s  w as d e tec tab le  in V aricella  v iru s  in 
fe c te d  cu ltu res.

As to  th e  in te rfe ro n -p ro d u c in g  c a p a c ity  of hum an  p a th o g en ic  m em bers 
o f  th e  H erpesv irus g roup , we are on ly  aw are  o f one s tu d y  perfo rm ed  w ith  H er
p es  sim plex  v iru s  viz. t h a t  o f F r u it s t o n e  et al. [7] who d e m o n s tra te d  th e  a p 
p e a ra n c e  of in te rfe ro n  in th e  a llan to ic  f lu id  o f H erpesv irus in fec ted  em b ry o n a t-
ed eggs.

In  tissues in fec ted  w ith  H erpes sim p lex  v iru s , the  p ro d u c tio n  o f in te rfe ro n  
m a y  be of g rea t im p o rtan ce  in th e  d ev e lo p m en t of la te n t  in fec tions an d  p e r 
s is ten ce . This v iew  has been su p p o rted  b y  th e  stud ies of Glasgo w  an d  H a b e l  
[12] in  tissue cu ltu re s  p e rs is ten tly  in fec ted  w ith  polyom a an d  H erpes sim plex  
v iru s . U sing I I I / l  p e rm a n e n t m onkey  k id n e y  cells, Gé d e r  et al. [20] p ro d u ced  
p e rs is te n t in fec tion  w ith  H erpes s im p lex  an d  V aricella v iru s . In  p re lim in a ry  
ex p e rim en ts  th e  c o n cen tra ted  tissue  c u ltu re  flu id  of th e  V arice lla-v irus ca rry in g  
I I I / l  cell line h a d  an  in h ib ito ry  effect on th e  P F U  of v acc in ia  v iru s . A ccording 
to  W a d d e l  et al. [10], th e  d eve lopm en t o f a persisten t H erpes sim plex  v iru s  
in fec tio n  in tissu e  cu ltu res in  th e  absence o f  an tibodies shou ld  be ascribed  to  
th e  p roduction  of an  in terferon -like  su b stan ce .

A ccording to  our own resu lts , also o th e r  hum an  p a th o g en ic  m em bers o f 
th e  H erpesv irus g roup  (Cytom egalo an d  V aricella-zooster) p roduce  a v iru s  
g ro w th  in h ib ito ry  su b stan ce  during  th e ir  rep lica tio n .

Since th e  e x te n t of in te rfe ro n  p ro d u c tio n  and  th e  ap p earan ce  of free v iru s  
a re  inverse ly  re la te d , viz. w ith  H erpes s im p lex  large am o u n ts  o f v irus are lib e 
r a te d  and  little  in te rfe ro n  is p roduced , w ith  V aricella  v iru s th e  case is th e  o p p o 
s ite  a n d  C ytom egalovirus is in b o th  re sp ec ts  in te rm ed ia te  betw een  th e  tw o , th e  
ab o v e  p henom ena m igh t in d ica te  the  differences encoun tered  in th e  m u ltip li
c a tio n  ab ility  an d  m a tu ra tio n  process o f th e  th re e  k inds of v iruses. These c h a r
a c te ris tic s  m igh t be o f g rea t im p o rtan ce  in th e  p a thom echan ism  of th e  diseases 
p ro d u c e d  by  v iruses belonging to  th is  g roup  an d  in th e  d ev e lo p m en t of la te n t  
in fec tio n s ch a rac te ris tic  o f them .
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Sum m ary. A tte m p ts  hav e  been m ad e  to  rep ro d u ce  th e  e x p erim en ts  o f B e r t ó k  et al., 
i.e., to  ren d er ra ts  su scep tib le  to  hu m an  v ira l  h e p a titis  b y  ad d in g  0.3 p e r cen t e th ionine (da ily  
dose, 23— 25 mg) to  a m eth io n in e -d efic ien t d ie t. R a ts  k e p t on th is  d ie t (G roup  I) as well as 
th o se  k e p t on norm al d ie t  (G roup  III)  w ere t r e a te d  w ith  m a te ria l o b ta in e d  fro m  p a tie n ts  suffer
in g  fro m  acu te  h e p a titis . T h e  anim als a n d  a d e q u a te  n o n in fec ted  con tro ls (G roups I I  and IV) 
w ere k e p t under o b se rv a tio n  to record  jau n d ic e  an d  d e a th . Serum  sam ples w ere te s te d  for 
h aem ag g lu tin a tio n , a n d  tran sm iss io n  of th e  h a em ag g lu tin a tin g  fa c to r to  em b ry o n a ted  eggs 
w as a tte m p te d . The se ru m  p ro te in s of th e  an im als were an a ly zed  e lec tro p h o re tica lly . T here  
w ere sign ifican t differences be tw een  G roup I  a n d  th e  o th e r  g ro u p s in  th e  re la tiv e  level of gam m a 
g lobu lin , in  the  h aem ag g lu tin a tin g  cap ac ity  o f  th e  serum  an d  in  th e  re su lts  o f egg inocu lations. 
Since, on  th e  o ther h a n d , jau n d ic e  and even  d e a th s  occurred  in  th e  e th io n in e-fed  “ non in fec ted”  
g ro u p  (G roup II) too , a n d  th e  h a em ag g lu tin a tin g  ag en t w as recovered  from  th e  liver e x tra c t 
o f tw o  “ in fec ted” an im als  k e p t on th e  n o rm a l d ie t (G roup I I I )  conclusions o f B e r t ó k  et al. 
cou ld  be n e ither confirm ed  n o r refu ted .

In v e s t ig a t io n  i n to  th e  a e t io lo g y  o f  h u m a n  v i r a l  h e p a t i t i s  is g r e a t ly  i n h ib 
i t e d  b y  th e  lack  o f  a  su sc e p t ib le  e x p e r im e n t a l  h o s t .  B e r t ó k  [1, 2] a t t e m p t e d  
to  o v e rc o m e  th e  “ in d i f f e r e n c e ”  o f  e x p e r im e n t a l  a n im a ls  to  t h e  h e p a t i t i s  a g e n t  
b y  k e e p in g  th e m  on  a m e th io n in e -d e f ic ie n t  d ie t  to  w h ic h ,  as m e th io n in e - a n t a 
g o n is t ,  e th io n in e  w a s  a d d e d .  T h e  a n im a l s  t h u s  t r e a t e d  h a v e  b e e n  r e p o r t e d  to  
r e a c t  to  h u m a n  h e p a t i t i s  v i ru s  w i th  a n  illness r e s e m b l in g  h u m a n  h e p a t i t i s  in 
c l in ica l  s y m p to m s  a n d  h is to log ica l  le s io n s ,  m o s t  o f  t h e  a n im a ls  e v e n  died.

W e have m ade an  a tte m p t a t  rep ro d u c in g  th ese  ex p erim en ts . The h is to 
logical exam inations w ere carried  o u t in  th e  F irs t In s t i tu te  o f P a th o lo g y  and  
E x p e rim e n ta l Cancer R esearch , U n iv e rs ity  M edical School, B u d ap est. The 
re su lts  of these s tu d ies  are  pub lished  in  an accom pany ing  re p o rt. In  th e  p resen t 
p a p e r som e ad d itiona l lab o ra to ry  in v es tig a tio n s  will be d iscussed.

M aterials an d  m ethods

E xperim ental an im a ls. L ep tosp ira- a n d  B arto n e lla -free  a lb ino  ra ts  o f 200 g average body 
w e ig h t w ere used. G uinea pigs w ere also k e p t on  th e  e th ion ine  d ie t, b u t  m ost of these  anim als 
d ied  w ith o u t fu rth e r t r e a tm e n t.  The ra ts  w ere  d iv ided  in to  fo u r g roups. T h e  ex p erim en tal 
g ro u p  (G roup I) was k e p t on  th e  e th ionine d ie t  a n d  in o cu la ted  w ith  h e p a titis  m a te ria l. Am ong 
th re e  co n tro l groups, G roup  I I  w as k ep t on th e  e th io n in e  d ie t b u t  w as n o t in o cu la ted , G roup III 
w as k e p t on th e  norm al d ie t  a n d  inocu la ted  w ith  h e p a titis  m a te ria l, w hereas G roup IV was the  
n o rm al con tro l group.
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D iet. As a normal diet, the one recom m ended by Sós and Lődy [1, 3] was given. Compo
sition of this diet was 60 per cent starch, 5 per cent sugar, 20 per cent casein, 1 per cent brewer’s 
yeast, 4 per cent salt m ixture, 10 per cent fa t m ixture, 0.1 per cent v itam in  m ixture.

E th ion ine diet: 62 pe r cen t s ta r c h ,4.6 p e r cen t sugar, 8 p e r  c en t casein, 8 p e r  cen t size, 
3 p e r c en t brew er’s y eas t, 4 per cen t sa lt m ix tu re , 10 per cen t fa t  m ix tu re , 0.1 pe r cen t v ita m in  
m ix tu re , 0.3 per cen t e th io n in e.

Composition o f m ixtures. Salt m ix tu re :  63.44 g NaCl, 102 g K Cl, 342 g KHL.POj, 170 g 
M g S 0 4 • 7HoO, 0.24 g CuSO, • 5 H ,0 , 1.85 g M nCl2 • 4 H 20 ,  0.02 g K l, 1.5 g ZnCl2 • H 20 ,  0.05 g 
A s 20 3 ,  314 g Ca lac ta te , 4.9 g F e ( l l l )  c itra te  fo r every  1000 g .V itam in  m ix tu re : 2.0 m g aneurin- 
HC1, 3.0 m g ribo flav in , 2.0 m g p y rid o x in e , 15 mg p a n to th e n ic  acid , 15 mg n iac in -am ide , 
5.0 m g p-am ino-benzoic acid , 1.0 mg folic acid , 0.1 mg b io tin , 50 m g a -to co p h ero l, 4.0 mg 
v ita m in  K , 1500 U calcifero l, a n d s ta rc h  to  1 0 0 0 mg. F a t  m ix tu re : eq u al p a r ts  o f ta llow , olive 
oil a n d  m argarine .

T h e  ra ts  k ep t on th e  e th ion ine  d ie t con su m ed  a daily  dose of 23 — 25 m g of e th io n in e  over 
52 d ays.

H epatitis materials. Serum  and  faecal sam ples were co llected  from  p a tie n ts  as early  as 
possib le  a f te r  the  acu te  disease  h ad  been d iagnosed , i.e., w ith in  24 hours a f te r  adm ission  in to  
h o sp ita l. Faecal suspensions o b ta in ed  fro m  fo u r p a tie n ts  were m ixed  an d  filte red  th ro u g h  Seitz 
E K  p a d . W hen the  ino cu lu m  was serum , th is  w as a m ix tu re  o f sam ples ta k e n  from  tw o p a tie n ts . 
T he se ra  w ere sto red  in  th e  frozen s ta te  (a b o u t  —4° C) for a w eek an d  h e a ted  to  60° C for 30 
m in u te s  before used, w hereas th e  faecal f i l t r a te s  were ino cu la ted  im m ed ia te ly , w ith o u t any  
p re tre a tm e n t.  In  th e  p re se n t ex p erim en ts  tw o  faecal and  tw o se ru m  m ix tu re s  w ere used . T he 
fo rm er w ere adm in iste red  o ra lly , tw ice 0 .2  m l per anim al, th e  la t te r  p a ren te ra lly , tw ice  0 .1  ml 
p e r an im al. F u rth e r  an im a ls  were in o cu la ted  w ith  0.1 ml of a llan to ic  f lu id  from  th e  11 th  passage 
of a  h a em ag g lu tin a tin g  a g e n t o rig inally  o b ta in e d  by  a llan to ic  in o cu la tio n  of acu te -p h ase  h e p a 
t i t i s  serum .

Blood samples. B lood was ta k e n  fro m  th e  ta il vein  on th e  1 5 th  an d  22nd d ay s a fte r  th e  
f i r s t  ino cu la tio n  w ith  h e p a ti tis  m ate ria l. O ne r a t  in  each group w as e x san g u in a ted  on  th e  24 th  
d a y , th e  survivors on th e  4 0 th  day.

A n a ly sis  o f  serum  proteins. Serum  p ro te in s  were an a ly zed  b y  h o rizo n ta l, low -voltage 
p a p e r  e lectrophoresis [4].

H aem agglutination  (H A ). H u m an  R h -p o sitiv e , group О e ry th ro c y te s  were tre a te d  w ith  
0.5 p e r  cen t tan n in . W e h av e  show n [5] t h a t  acu te-phase  serum  sam ples o f h e p a titis  p a tie n ts  
a g g lu tin a te  ta n n in - tre a te d  e ry th ro c y te s .T h e  reac tio n  appeared  to  be specific for v ira l h ep a titis .

Inoculation o f  embryonated eggs. In  th e  course of our earlie r s tud ies [6 ], 11-day  p re in 
c u b a te d  h en ’s eggs w ere in o cu la ted  w ith  acu te-p h ase  h e p a titis  se ra  in to  th e  a llan to ic  cav ity . 
A fte r  th ree  days re in c u b a tio n  th e  a llan to ic  f lu id  of some in o cu la ted  eggs co n ta in ed  a h aem ag 
g lu tin a tin g  facto r w hich  seem ed to  be id e n tic a l w ith  the  serum  fac to r. T he h aem ag g lu tin a tin g  
fa c to r  w as m ain ta in ed  o ver 20 consecu tive  passages in  em b ry o n a ted  eggs. T he egg-passaged 
h a em ag g lu tin in  agreed  w ith  th e  serum  fa c to r  (i) in being e x tra o rd in a rily  re s is ta n t to  h e a t; (ii) 
in  i ts  h a em ag g lu tin a tio n  sp ec tru m  an d  (iii) in  being  n eu tra lizab le  b o th  w ith  convalescen t-phase  
se ra  o f p a tie n ts  suffering  fro m  h e p a titis  a n d  w ith  th e  sera of ra b b its  im m unized  w ith  h aem ag 
g lu tin a tin g  a llan to ic  f lu id . All serum  sam ples w ere heated  to  60° C for 30 m in u tes  before in o cu 
la tio n  in to  eggs.The p assag ed  a llan to ic  f lu id s  w ere sub jected  e ith e r to th e  sam e procedure  or 
w ere k e p t in a boiling w a te r  b a th  for 15 m in u te s . Such h ea t t r e a tm e n t  fa iled  to  in fluence  th e  
H A  titre s . D etailed  v iro log ical, b iochem ical a n d  physicochem ical e x am in a tio n  of th e  h aem ag 
g lu tin a tin g  agen t is in  progress.

In  th e  course o f th e  p re sen t e x p e rim e n ts  serum  sam ples, liv e r hom o g en a tes , and  liver 
e x tra c ts  p repared  b y  soak ing  livers in  sa line  were in o cu la ted  in to  th e  a llan to ic  cav ity  of 
em b ry o n a te d  eggs. T he h a rv ested  a lla n to ic  f lu id s were k e p t a t  100° C for 15 m in u te s  and  th en  
t i t r a te d  w ith  ta n n in - tre a te d  h u m an  R h -p o sitiv e  group 0  e ry th ro cy te s .

A n ti-H A  sera. R a b b its  were im m u n ized  w ith  h a em ag g lu tin a tin g  a llan to ic  f lu id  k e p t a t 
100° C for 15 m in u tes  before use. T he schedu le  of im m u n iza tio n  w as th a t  reco m m en d ed  by 
G e l l  and  C o o m b s  [ 7 ] .  On th e  f irs t d ay  1 m l was in jec ted  in to  each  of th e  fo u r th ig h s , on th e  
1 5 th  d ay  1 ml in to  each  o f th e  four sho u ld ers , in tram u scu la rly . F ro m  th e  21st to  th e  33rd d ay  
in creas in g  doses (from  0.2 ml to 1.6 m l) w ere in jec ted  in tra v en o u s ly  every  second day . T he 
ra b b its  were ex san g u in a ted  on th e  10 th  d a y  a fte r th e  la s t in jec tio n . To ab so rb  th e  an tib o d ies 
p ro d u ced  against th e  n o rm al p ro te in s o f th e  a llan to ic  flu id , th e  sera w ere m ix ed  w ith  equal 
v o lu m es of norm al a llan to ic  flu id  an d  in c u b a te d  a t 37° C fo r 60 m in u te s  an d , su b seq u en tly , 
a t  ro o m  tem p e ra tu re  fo r 60 m inu tes. T h e  H A -inh ib iting  (H I) t it re s  of th e  sera  th u s  o b ta in ed  
w er: (a) 1: 32, (b) 1 : 32 a n d  (c) 1 : 64 w hen  t i t r a te d  against 12 H A  doses in T a k á t s y ’s Micro- 
t i t r a to r  [8 ].
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R esults

In  th e  m ain  ex p e rim en t, o b se rva tions w ere ex ten d ed  to  (i) d e a th , (ii) 
ja u n d ic e , (iii) serum  g am m a g lobulin  in p er cen t o f to ta l  serum  p ro te in  an d  (iv) 
serum  haem ag g lu tin in s  to  tan n in ized  h u m an  e ry th ro c y te s .

N early  h a lf  o f th e  e th ion ine  con tro l group (G roup II), m ore th a n  h a lf  of 
th e  ora lly  in fected  g roup  (G roup I/a ), an d  n ea rly  th re e -q u a rte rs  o f th e  p a re n te r-

Fig. 1. R e la tiv e  serum  gam m a-globulin  level in  g roups I — IV 
1 - : E th ion ine-fed , h e p a titis  in fec ted ; 2 =  E th io n in e-fed , n o n in fec ted ; 3 =  N orm al d ie t, h e p a 

t i t i s  in fec ted ; 4 =  N o rm al d ie t, no n in fec ted

ally  in o cu la ted  group (G roup I/b ) d ied  in 40 days a fte r  th e  f irs t t r e a tm e n t w ith  
h e p a titis  m ateria l.

Jau n d ice  occurred  in  each of th e  eth ion ine-fed  g roups, viz. in  th re e  an im als 
in th e  eth ion ine  contro l g roup , som ew hat m ore fre q u e n tly  in  the  ora lly  in fec ted  
g roup , an d  in ap p ro x im a te ly  th re e -q u a rte rs  o f th e  an im als in fec ted  p a re n te ra lly .

T here was a m ark ed  rise in re la tiv e  serum  gam m a-g lobu lin  level in th e  
e th io n in e -trea ted  an im als. T he rise  w as m ore p ro n o u n ced  in  th e  in fec ted  th a n  
in  th e  contro l groups. If, a rb itra r ily , 20 p er cen t is accep ted  as th e  u p p e r lim it 
of n o rm al, th e  d ifference b e tw een  th e  ex p erim en ta l g roup  (G roup I) ( > 2 0  per 
cen t o f 31 anim als o u t o f 76) and  th e  con tro l groups (1 an im al o u t o f 40) is 
s ign ifican t s ta tis tic a lly . ( I t  shou ld  be n o te d  th a t  th e  to ta l  serum  p ro te in  level 
was n o t determ ined .)

A gg lu tina tion  o f ta n n in iz e d  e ry th ro cy te s  o ccu rred  only w ith  serum  
sam ples tak en  from  th e  ex p e rim en ta l g roup  (G roup I). In o cu la tio n  of em bryo- 
n a te d  eggs was also m ore  successful in  th is  group . In  19 cases, a llan to ic  flu id  
in o cu la ted  w ith  serum  sam ples gave a p o sitive  HA, w hereas in 7 cases inocula-

4 A d a  Microbiologica Academiae Scientiarum Hungaricae 12, 1965/ 66



3 5 4 S. NAGYLUCSKAY et al.

Tabic I

E xperim ents with

Group Diet Inoculum
Route of 

inoculation
No. of 

rats
Rats died

No. I %

I/a E thionine Faeces oral 2 0 12 60

I /b E thionine Serum  or allanto ic fluid p aren tera l 56 44 79

II E thionine — 2 0 9 45

II I Norm al Faeces oral 10 — —

IV Norm al — — 10

* N ot neu tra lizab le  w ith  an ti-H A  im m une serum

tio n  Avas successful w ith  liver e x tra c ts  (26 p ositive  re su lts  from  76 ra ts ) . In  th e  
c o n tro l groups, in o cu la tio n  of eggs was positive in  th ree  cases o u t o f the  30; in 
tw o  cases eggs in o cu la ted  w ith  liver e x tra c t o f in fec ted  ra ts  k e p t  on norm al 
d ie t (G roup III)  show ed  H A  (one of th e  positive ra ts  was e x san g u in a ted  on the  
2 4 th  d ay  after in fec tion ), th e  th ird  positive  an im al w as a n o n -in fec ted  ra t  w hich 
h a d  been k ep t on th e  eth ion ine  d ie t (G roup I I ) .  In  th is  case th e  positive  eggs 
h a d  been in ocu la ted  w ith  liver hom ogena te . This h a e m a g g lu tin a tin g  fac to r w as, 
how ever, d ifferen t from  th e  o th ers  in th a t  i t  w as less th e rm o sta b le  (it was 
in a c tiv a te d  a t 100° C w ith in  10 m inu tes) a n d  n e ith e r  in h ib ite d  no r n eu tra lized  
b y  an ti-H A  ra b b it se ra . All the  h a e m a g g lu tin a tin g  a llan to ic  flu id s  p roved  to  be 
s te rile  bacterio log ically .

In  add ition  to  th e  ex perim en ts sum m arized  in  T able I , an ex p erim en t was 
in it ia te d , w hich w as, how ever, d is tu rb ed  u n ex p ec ted ly . A bacterio log ically  
s te rile  allantoic f lu id  of th e  11th  passage of a h a e m a g g lu tin a tin g  agent was 
b o iled  for 15 m in u te s , and  0.1 m l of th e  f lu id  was in jec ted  p a re n te ra lly  in to  
each  of 60 ra ts  w hich  h a d  received  for 10 days an a lte rn a tin g  d ie t, viz., every  
o th e r  day  the  n o rm a l, an d  on th e  o th e r days th e  e th ion ine  d ie t. On th e  8 th , 9 th  
a n d  10th days a fte r  in fec tion , 25 ra ts  (42 per cen t) d ied; 9 of th ese  d isp layed  
p ronounced  ja u n d ic e . A t necropsy  all th e  an im als b u t  six y ie lded  no consider
ab le  gross lesions inc lud ing  tho se  ch a ra c te ris tic  of e th ion ine . T he liver of six 
r a ts  was sm aller th a n  usu a l an d  show ed pe tech iae . The u n e x p e c te d  d e a th  of 
an im als p rev en ted  us from  carry ing  o u t o th e r in v estig a tio n s.

The su rv ivo rs, d is tr ib u te d  in  fou r groups w ere k e p t on th e  n o rm al d ie t, 
G roup  I was tre a te d  w ith  a to ta l  dose of 0.75 m l p er an im al o f  a n ti-H A  ra b b it  
se ru m , G roup I I  w ith  0.5 m l per an im al of h u m an  gam m a g lobulin  (“ H u m a n ” 
In s t i tu te  for S erobacterio log ica l P ro d u c tio n  an d  R esearch , B u d ap est); and  
G roup I I I  w ith  p en ic illin  an d  s trep to m y c in . G roup IV  was n o t tre a te d .
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ethionine-fed rats

Jaundice Serum haem agglutinin
Successful

into
transm ission
<*ggs

Serum gam ma globu
lin > 20%

No. % No. % No. 0//0 No. %

5 25 5 25 8 40 6 30
41 73 26 46 18 31 25 45

3 15 — — 1 * 5 1 5

— — — — 2 20 - -

— — — — ~~ —

The experim en ts w ere b ro u g h t to  an  end  w hen all an im als in  G roup IV  
h ad  d ied  on th e  22nd d ay  a fte r  in fec tion . A t th a t  tim e  7 of th e  9 r a ts  o f G roup I ,  
an d  5 o f th e  10 ra ts  o f G roup I I  w ere still liv ing , w hereas all th e  an tib io tic -  
tre a te d  an im als h a d  d ied.

Tabic II

Transm ission o f haemagglutinating agent into embryonaled eggs

Successful transm ission w ith

Group
No. of 

rats incubation
serum

serum on the 
40th day  after 

infection

liver
extract

liver
homogenate

Successful tran s
mission t o t a l

I/a 20 l n .t. 7 8

I/b 56 l 17 n .t. n .t. 18
III 10 — — 2 — 2

D iscussion

T he p resen t s tud ies were a im ed  a t  rep ro d u c tio n  o f th e  ex p erim en ts  o f 
B e r t ó k  et al. concern ing  th e  tran sm iss io n  of h u m an  v ira l h e p a titis  to  e th io- 
n in e -tre a ted  ra ts . The m ost im p o r ta n t p ro o f adduced  b y  these  au th o rs  w as th e  
h isto log ical find ing .

A m ong th e  c rite ria  s tu d ied  b y  us we consider th e  tran sm iss io n  o f th e  
fac to r a g g lu tin a tin g  h u m an  R h -p o sitiv e , G roup 0  e ry th ro cy tes  to  be th e  m ost 
specific fo r v ira l h e p a titis . This fa c to r  w as ab sen t from  th e  serum  o f all th e  
30 con tro l an im als, b u t  w as d em o n strab le  in  41 p e r cen t o f th e  e th ion ine- 
tre a te d  ra ts  in o cu la ted  w ith  h e p a titis  m a te ria l. W ith  th e  serum  of th e se  an im als, 
b u t  n ev er w ith  th e  con tro l serum  sam ples, th e  fac to r  p roved  to  be tran sm issib le  
to  e m b ry o n a te d  eggs. H ow ever, w ith  th e  liver e x tra c t th e  ag en t w as tra n s -
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m issib le to  c m b ry o n a te d  eggs no t only  from  these  an im als, b u t  even from  two 
a p p a re n tly  se ro n eg a tiv e  “ in fec ted ”  an im als th a t  h a d  been  k e p t on a n o r
m al d ie t.

Ja u n d ic e  an d  d e a th  occurred  in  all th e  e th io n in e -tre a ted  groups, a t  th e  
h ig h est ra te  in  G roup  I ,  th a t  was in fec ted  w ith  h e p a titis  m ateria l.

F ro m  th e  p ap er-e lec tro p h o re tic  analysis  o f th e  serum  p ro te in s , th e  d if
ferences in  th e  re la tiv e  gam m a-g lobu lin  level m ig h t be  em phasized , w hich was 
m ore or less in c reased  in  each of th e  g roups tre a te d  w ith  eth ion ine  and /o r 
h e p a titis  m ateria l (G roups I —III)  as co m p ared  to  th e  n o rm al contro l group 
(G roup IV ). C onsidering  th e  d ifferen t t r e a tm e n t  of th e  groups, th e  increase in 
th e  gam m a-g lobu lin  lev e l canno t be a t t r ib u te d  to  a com m on fac to r. In s te a d , 
accord ing  to  D i t t m e r ’s path o g en e tic  c lassifica tion  [4 ] ,  th e  presence of d iffer
e n t ty p es of seco n d ary  d y sp ro te in aem ia  m ig h t be supposed . In  th e  in fec ted  
ra ts  k e p t  on th e  n o rm a l d ie t (G roup I I I )  th e  s ta tis tic a lly  n o n sign ifican t increase 
o f th e  re la tiv e  g am m a-g lobu lin  level m ig h t be  a t t r ib u te d  to  an ac tiv a tio n  of th e  
R E S , re su ltin g  in  an  im m u n e  response to  an y  in fec tive  ag en t in tro d u ced  o rally  
w ith  th e  h e p a titis  m a te r ia l. The m ore s ig n ifican t d y sp ro te in aem ia  of th e  ethio- 
n ine-fed , n o n in fec ted  G roup I I  m ig h t h av e  been  due to  th e  h ep a tic  and  p a n 
crea tic  in juries in d u c e d  b y  eth ionine. T he s till h ig h er re la tiv e  level o f gam m a 
g lobu lin  in th e  e th io n in e -fed  in fec ted  g roups suggests th a t  on th e  effect of th e  
e th io n in e  d ie t som e in ju ry  was added  to  t h a t  caused  b y  th e  h e p a titis  m ateria l.

Some sim ilar conclusion  m igh t be d raw n  from  th e  ex perim en t w hich was 
in te r ru p te d  b y  th e  d e a th  of th e  an im als. T he u n ex p ec ted  course of th is  experi
m e n t p rev en ted  us fro m  study ing  ev en ts  m ore th o ro u g h ly . The exp erim en t will 
be re p e a te d  u n d e r w ell-con tro llab le  c ircu m stan ces .

On th e  basis o f  th e  above o b se rv a tio n s we can  n e ith e r  confirm  nor re fu te  
th e  conclusions o f B e r t ó k  et al.

Acknow ledgem ents. T h e  skillful a ssistan ce  of Mrs. M. M o l n á r , Mrs. C. M o l n á r , M iss 
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Sum m ary. A resea rch  tea m  in  th e  In s t i tu te  o f H ygiene, U n iv e rs ity  M edicalSchool, B u d a 
pest, has a tte m p te d  to  rep ro d u ce  th e  re su lts  of B e r t o k  et al. who d escribed  th e  ex p erim en ta l 
tran sm iss io n  of ep idem ic h e p a titis  v iru s in to  ra ts . I n  th is  p a p e r h isto log ical find ings in  th e  
liver of 34 r a ts  u sed  in  th e  re p ro d u c tio n  ex p erim en ts  are p resen ted .

T here  w as no p a tho log ica l change in  th e  liv e r o f in fec ted  an d  co n tro l ra ts  w hich rece iv ed  
a  norm al sy n th e tic  d ie t. Id e n tic a l changes w ere rev ea led  in  th e  liver o f in fec ted  an d  no n -in fec ted  
an im als fed  on  e th io n in e  d ie t. A com parison  of h isto log ical fin d in g s in  livers ob ta in ed  fro m  
h u m an  or can ine  in fec tious h e p a titis  w ith  those  in  livers of ra ts  t r e a te d  w ith  e th ion ine  an d  
su b seq u en tly  in fec ted  w ith  h u m an  h e p a titis  v iru s show ed sig n ifican t differences. I t  h as b een  
concluded t h a t  th e re  are  no such  differences be tw een  e th io n in e -trea ted  in fec ted  an d  o n ly  
e th io n in e -trea ted  r a t s ’ livers w hich  w ould ju s tify  th e  a ssu m p tio n  t h a t  th e  h e p a titis  v iru s is 
responsib le  fo r a n y  specific change.

H u m an  epidem ic h e p a titis  has n o t y e t  been  rep ro d u ced  in an im al e x p e ri
m ents. In  connection  w ith  th is  im p o rta n t p rob lem  B e r t ó k  [1], B e r t ó k , F á b e r  
an d  P i n t é r  [2] h av e  described  th a t ,  w hen  p re - tre a te d  w ith  e th ion ine , ra ts  an d  
guinea pigs becom e suscep tib le  to  in fec tion  w ith  h u m an  h e p a titis  v irus.

B e r t ó k  fed  fem ale ra ts  and  guinea pigs for 15 to  2 0  days on a d ie t co n 
ta in in g  0 .4  p e r cen t e th ion ine , th en  in fec ted  th e  an im als o ra lly  w ith  th e  f i l tra te  
o f th e  faeces o f p a tie n ts  suffering  from  ep idem ic h e p a titis . A nim als th a t  h a d  
n o t been given e th io n in e  developed no sy m p to m s. The m a jo rity  of e th ion ine- 
tre a te d  guinea  pigs and  ra ts  becam e ill, and  4 0  an d  50  p er cen t, re spec tive ly , 
d ied . A bou t 21 days a fte r  in fec tion  guinea pigs show ed su b feb rility  lastin g  2 to  
3 days. T w o-th ird s of th e  affected  an im als developed ja u n d ic e . Control ra ts  
and  guinea pigs th a t  received  e th ion ine  b u t  w ere n o t in fec ted  show ed no signs 
o f jau n d ice  d u rin g  life and  a fte r sacrifice.

The h isto log ica l exam ina tions of B e r t ó k  et al. rev ea led  f a t ty  v acu o la r 
degenera tion  in  th e  liv er of e th io n in e -trea ted , n o t in fec ted  an im als. The v a c u 
oles com pressed th e  nuclei of h ep a tic  cells w hich becam e th u s  sim ilar to  fa t cells. 
No in flam m ato ry  in f iltra tio n  was observed. In  th e  liver o f an im als tre a te d  w ith  
eth ion ine  an d  th e n  in fec ted  w ith  faecal f i l t ra te  from  p a tie n ts  w ith  h e p a titis , 
changes c h a ra c te ris tic  o f acu te  h u m an  h e p a titis  w ere found . F u r th e r  exam ina-

* P re se n ted  a t  th e  Section  of B acterio logy  an d  V irology of th e  H u n g a rian  A ssociation  of 
M icrobiologists, B u d a p es t, J a n u a ry  29, 1965.
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tio n s  excluded  the  p o ssib ility  th a t  e th io n in e  per se w ould be capab le  of giv ing 
rise  to  th e  observed a lte ra tio n s .

In  th e  In s t i tu te  o f H ygiene, U n iv e rs ity  M edical School, B u d ap est, ex p e
rim e n ts  h av e  been p e rfo rm ed  to  rep ro d u ce  th e  find ings of B e r t ó k  et al. P a th o 
log ical ex am in a tio n  of th e  liv e r of these  an im als was carried  o u t in ou r in s ti tu te .

A m ong 20 ra ts  p re - tre a te d  w ith  e th ion ine  th en  in fec ted  w ith  h e p a titis  
v iru s  5 developed ja u n d ic e . Ja u n d ice  w as observed  also in 3 o u t o f th e  20 co n 
tro l (only  e th io n in e -trea ted ) anim als.

W e received  livers o f  34 anim als o u t of w hich (1) 7 ra ts  w ere fed on no rm al 
sy n th e tic  d ie t; (2) 10 ra ts  w ere fed on n o rm al d iet th en  infec ted  w ith  h u m an  
h e p a tit is  v iru s; (3) 9 ra ts  received  e th io n in e  tre a tm e n t;  (4) 8 ra ts  w ere tre a te d  
w ith  e th ion ine  th en  in fec ted . The h isto log ica l find ings w ere as follows.

(1) and  (2). No path o lo g ica l changes w ere revealed  in  in fec ted  or non- 
in fec ted  ra ts  fed on n o rm a l sy n th e tic  d ie t.

(3) L ivers of r a ts  fed  on e th io n in e  con ta in ing  d ie t show ed w ell-defined 
changes appearing  m ain ly  in the  n e ighbourhood  of b ran ch es of th e  p o rta l vein . 
T h ere  w as nuclear sw elling in th e  ep ith e lia l cells of sm all bile d u c ts ; in  these  
cells ch ro m atin  was o b serv ed  only along th e  nuclear m em brane . In  th e  n e ig h 
b o u rh o o d  of bile duc ts  a p ro life ra tio n  o f cells was found , w hich, especially  in 
th e  ap p earan ce  of th e ir  nuclei, resem bled  ep ithe lia l cells lin ing  th e  bile ducts . 
Such  cells ch arac terized  b y  lig h tly  s ta in e d  nuclei w ere observed  am ong h ep a tic  
cells s itu a te d  a t d iffe ren t d istances from  th e  bile ducts  (F ig . 1). D eposit o f fa t 
g lobules was found  m ain ly  in  p e rip o rta l h ep a tic  cells and also in  phagocy tes 
a long  th e  p o rta l b ran ch es . The la t te r  cells con ta ined  also PA S positive m a te ria l 
an d  p ig m en t giving po sitiv e  P russian  b lue  reac tio n . In  th e  liver of an im als th a t  
developed  jau n d ice , deposits  of bile p ig m en t were also n o ted .

F indings in e th io n in e -tre a ted  an im als were ch a rac te ris tic . The h ep a tic  
cells, m ain ly  th e ir  n ucle i and  nucleoli, w ere considerab ly  enlarged . As show n 
b y  P o p p e r , d e  l a  H u e r g a  and  Y e s i x i c k  [7] and  F ä r b e r  [3] ,  th e  effect of 
e th io n in e  on h ep a tic  cells and  especially  on th e ir  nuclei is associa ted  w ith  
h cp a to ca rc in o g en ic ity . F o r th e  d eve lopm en t of a m a lig n an t tu m o u r, o f  course, 
a m uch  longer tim e  is needed  th an  th e  observation  period in th e  p resen t ex p e 
rim e n t. Necrosis o f som e h ep a tic  cells could  also be rev ea led . P o p p e r , d e  la  
H u e r g a  and  K o c h - W e s e r  [6] described  cen tro lo b u la r h ep a tic  necrosis as a 
re su lt o f eth ion ine tre a tm e n t. U nder o u r experim en ta l cond itions such grave 
changes were en co u n te red  b u t  occasionally .

(4) In  ra ts  p re - tre a te d  w ith  e th io n in e  th en  in fec ted  w ith  h e p a titis  v iru s a 
p ro life ra tio n  of th e  ep ith e liu m  of bile d u c ts  was observed . The above m entioned  
cells ch aracterized  by  lig h tly  s ta in ed  nucle i were also m e t w ith  (Fig. 2). In  th is 
g roup , as well as in  e th io n in e -tre a ted  n o t infected  an im als, th e  occurrence of 
f a t  in  hepa tic  cells, PA S positive m a te ria l and  P ru ssian  b lue reac tio n  along the  
p o r ta l  b ranches w ere d em o n stra ted . E n la rg em en t o f nuclei an d  nucleoli of
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Fig. 1. L iver o f e th io n in e -trea ted  w hite ra t.  A m ong h ep atic  cells th ere  is a p ro life ration  of oval 
cells w ith  l ig h tly  sta in ed  nuclei (bile d u c t ep ith e lia l cells). X 1120

Fig. 2. L iver o f r a ts  t r e a te d  w ith  e th ionine th e n  in fec ted  w i th  h e p a titis  v irus is sim ilar to  th o se  
d e m o n s tra ted  in  F ig. 1. M agnification , as in  F ig . 1
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h e p a tic  cells w as sim ilar in  b o th  groups. H ep a to ce llu la r or cen tro lo b u la r necrosis 
w as n o t  m ore d efin ite  in th e  in fec ted  th a n  in th e  contro l g ro u p .Ic te ric  changes, 
w h en  p resen t, w ere sim ilar in  th e  tw o groups.

A lth o u g h  an in fectious disease m ay b rin g  a b o u t d ifferen t changes in m an 
a n d  an im als , it  is o f in te re s t to  com pare th e  above findings w ith  tho se  o b ta in ed
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Fig. 3. In f la m m a to ry  h e p a tic  changes in  h u m an  h ep a titis . X 400

in h u m an  an d  an im al v irus h e p a titis . T he fu lm in a n t form  of h u m an  epidem ic 
h e p a tit is  m ay  be fa ta l in 3 to  4 days. In  th e  liver th ere  is cen tro lo b u la r  or 
m assive  necrosis. In  th e  in te rlo b u la r  connective  tissue , in filtra tio n  w ith  ly m p h o 
cy te s , p lasm a cells an d  h istiocy tes can be d em o n stra ted . In  su b a c u te  form s 
la s tin g  20 to  50 days th e  necroses are less ex tensive  an d  beside in fla m m a to ry  
changes (F ig. 3), reg en era tio n  of h ep a tic  cells an d  p ro d u c tio n  o f g ran u la tio n  
tis su e  can be show n. In  1947, R ubarth  [8] described epidem ic h e p a titis  in 
dogs.STÜNZi [9] found  th a t  changes in th is  disease were sim ilar to  th o se  rev ea led  
in  h u m an  h e p a titis  an d  yellow  fever.

C om parison of changes observed  in h u m an  and  canine h e p a titis  w ith  
th o se  revealed  in th e  p resen t ex perim en ts show ed im p o rta n t d ifferences. In  th e  
l iv e r  of e th io n in e -tre a ted  an d  in fec ted  ra ts  necroses w ere show n on ly  occasion
a lly  and  th e re  w ere signs o f in flam m atio n . B ertok et al. m en tio n ed  ro u n d  cell 
in filtra tio n  in th e  liv er o f th e ir  anim als tre a te d  w ith  eth ion ine an d  su b seq u en tly
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in fec ted  w ith  h e p a titis  v iru s . In  th e ir  m icro p h o to g rap h  a p ro life ra tio n  o f  cells 
w ith  lig h tly  s ta in ed  nuclei can  be seen, w hich are sim ilar to  th o se  rev ea led  in  
th e  p re sen t s tud ies in  anim als receiv ing  on ly  eth ionine. In  o u r opin ion , in  b o th  
e th io n in e - tre a te d  and  e th io n in e -tre a ted  infected  anim als th e  m ost s ig n ifican t 
changes w ere a p ro life ra tio n  of bile cap illa ries and  th e  en la rg em en t o f nucle i 
an d  nucleoli of hepa tic  cells.

F ig . 4. In tra n u c le a r  inclusion  bodies in  hu m an  h e p a titis .  X 600

N icolau [5] described  in tra n u c le a r  acidophilic inclusions in epidem ic 
h e p a tit is .  W e h av e  also d e m o n s tra te d  such  inclusions in  h u m a n  h e p a titis  
(F ig . 4). Stünzi [9] show ed in tra n u c le a r  inclusion bodies in  h ep a tic  cells of 
dogs w ith  ep idem ic canine h e p a titis . K app [4] also d e m o n s tra te d  such  inclusions 
in dogs. In  th e  liv er of ra ts  tre a te d  w ith  e th ion ine  and in fec ted  w ith  h e p a titis  
v iru s , no inclusion  bodies could be found .

In  conclusion, we have  been u n ab le  to  d em o n stra te  d ifferences betw een  
e th io n in e - tre a te d  and  e th io n in e -trea ted  in fec ted  ra ts  th a t  w ould  be in d ica tiv e  
o f a specific  effect ex e rted  by  h e p a titis  v iru s .
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Sum m ary. A sim ple se m i-q u a n tita tiv e  ag ar-d iffu sio n  m eth o d  su itab le  for m ass e x am i
n a tio n s  h as been e la b o ra te d  fo r th e  screening o f an tican cer su b s tan ces b y  phage in d u c tio n . 
T h e  m eth o d  is based  on th e  follow ing. A solid m ed iu m  is in fected  w ith  a n  ap p ro p ria te  m ix tu re  
o f th e  lysogenic a n d  in d ic a to r  s tra in s ; u n d e r th e  e ffec t of active co m p o u n d s, th e  n u m b er o f 
p laq u e s  is sig n ifican tly  in creased  in  th e  su rro u n d in g s  o f the  wells m ad e  in  th e  agar p la te .

L e i n , H e i n e m a n n  a n d  G o u r e v i t c h  [1] h a v e  sh o w n  t h a t  c e r ta in  a n t i t u 
m o u r  s u b s t a n c e s  in d u c e  p h a g e  p r o d u c t i o n  in  lysogenic s t r a in s .  H e i n e m a n n  
a n d  H o w a r d  [2] a n d  l a t e r  Sp e c h t  [3] p r e s e n te d  d a t a  o n  t h e  q u a n t i t a t i v e  
e f fec ts  o f  v a r io u s  a n t i t u m o u r  s u b s ta n c e s .  M a r j a i  a n d  I v a n o v ic s  [4] o b t a in e d  
s im i la r  r e su l t s  w i th  t h e  p h a g e -  a n d  m c g a c in - in d u c t io n  o f  B . m egatherium .T h e  
m a in  p o i n t  o f  b o t h  m e th o d s  is t h a t  a f t e r  in d u c t io n  in l iq u id  m e d iu m  t h e  i n 
c re a se  in  p h a g e  p r o d u c t i o n  a n d  m e g a c in - t i t r e  is e s t im a te d  on  a so lid  m e d iu m  w i th  
a s u i t a b l e  i n d ic a t o r  s t r a in .  P r ic e  et al. [5] h a v e  m o d i f ie d  H e i n e m a n n  a n d  
H o w a r d ’s m e th o d  [2]; th e y  a d a p t e d  a s t r e p t o m y c i n - d e p e n d e n t  s t r a in  as l y s o 
gen ic  b a c t e r i u m  a n d  s e p a r a t e d  t h e  i n d u c t io n  a n d  p h a g e - p ro d u c t io n  p rocess  b y  
s t r e p t o m y c i n  s t a r v a t io n .  EN DO efn/.  [6] e s t im a te d  th e  e x t e n t  o f  lysis fo llow ing  
i n d u c t io n  b y  t u r b id im e t r y .

I n  o u r  i n s t i t u t e  w e s e a rc h e d  for a n t i c a n c e r  s u b s ta n c e s  in  S t r e p to m y c e s  
f e r m e n t a t i o n  b r o th s  f i r s t  b y  th e  m e t h o d  o f  H e in e m a n n  a n d  H o w a r d  [2]; 
l a t e r  th i s  la b o r io u s  p r o c e d u re  has  b ee n  d e v e lo p e d  in to  a r a p i d ,  s e m i - q u a n t i t a 
t i v e  ag a r -d i f fu s io n  m e th o d .

M aterials an d  m ethods

M icroorganism s. Escherichia coli К  12 Л-28 (lysogenic) and E scherichia coli C 600 ( in d i
ca to r) .

N u trien t media. B ro th  co n ta in in g  0.5 pe r c e n t pep tone , w ith  2.0 p e r cen t ag ar w hen  
u sed  as base  lay er, or w ith  0.6 p e r cen t ag ar w hen  u sed  for th e  in fec ted  lay e r.

R esults and  discussion

F i r s t ,  t h e  c u l tu r e  o f  E . coli К  12 Д-28 w as  m ix e d  in  v a r io u s  p r o p o r t io n s  
w i th  t h a t  o f  th e  i n d ic a to r  s t r a in ,  a n d  w i th  th is  m ix e d  c u l tu r e ,  a d d e d  to  a m e 
d i u m  c o n ta in in g  0.6 p e r  ce n t  ag a r ,  w as t h e n  in fe c te d  th e  s u r fa c e  o f  P e t r i -d ish e s
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filled  w ith  20 m l o f 2.0  p e r  cen t agar; 3 m l o f th e  in fec ted  a g a r was used. I t  h as  
been  observed  th a t  w h en  an ap p ro p ria te  d ilu tio n  h ad  been  chosen sporad ica lly  
lo ca ted  p laques a p p ea red . I f  in these p la te s  wells 10 m m  in d iam e te r  were m ade 
a n d  0.1 ml of th e  so lu tio n  of th e  an tican cer su b stan ce  w as p laced  into th e m  as 
fo r an tib io tic  d e te rm in a tio n , th e  n u m b er o f  p laques a ro u n d  th e  wells consider-

F ig. 1. In d u c tiv e  effect o f 0.37, 0.75, 1.5, 3.0 an d  6.0 //g /m l o f m itom ycin  C

ab ly  increased. T he c learest p ic tu re  was o b ta in e d  w hen th e  in fec ted  a g a r-lay er 
co n ta in ed  2 —4 X 103 lysogenic and  2 X 107 in d ica to r cells p er ml. Fig. 1 show s 
such  an ex p erim en t, w here  0.1 m l of 0.37, 0.75, 1.5, 3.0 an d  6.0 ^g /m l m ito m y cin  
C so lu tion  was p u t  in to  th e  wells, th e  p la te s  were k e p t a t  room  te m p e ra tu re  
fo r 2 -3 hours, th e n  in c u b a te d  a t 37°C for 16 hours. A long w ith  the  increase  
in  m itom ycin  c o n c e n tra tio n  ex ten d ed  th e  a rea  w here th e  n u m b er of p laq u es  
sig n ifican tly  in c reased  as a resu lt of in d u c tio n . A precise read in g  was no t fe a s 
ible h u t, app ly ing  a p p ro p ria te  s ta n d a rd , the  am o u n t of th e  tested  su b s ta n c e  
could  be d e te rm in ed  w ith  50 per cen t accu racy .

The a d v a n ta g e  o f th is  d iffusion screen ing  m eth o d  is t h a t  it  is n o t la b o r i
ous an d  th u s well su ita b le  for mass ex am in a tio n s. A fu r th e r  advan tage  is t h a tо
a d e te rm in a tio n  o f  th e  non-tox ic  co n cen tra tio n  of the  ex am in ed  solution is n o t  
necessary , since in  all cases w here H e in em a n n  and  H o w a r d ’s m ethod y ie ld ed  
a positive  re su lt a f te r  d ilu tio n , th e  zone ex h ib itin g  d iffuse p laques was o u ts id e  
th e  inh ib ition  rin g s caused  by  th e  to x ic  sub stan ce . F o r th e  sam e reason , an d  
th is  is an im p o r ta n t  p o in t w ith  fe rm e n ta tio n  b ro th s  w here b ac te ric id a l
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substances are  also p re se n t, d ilu tion  of th e se  an tib io tic s  is u nnecessary  beside 
th e  inducing  su b stan ce .

The use o f a solid m ed iu m  and  m ixed in fec tio n  allow ed th e  b io au to g rap h y  
of p ap e rch ro m ato g ram s, w hich  rendered  possib le  th e  id en tif ic a tio n  an d  se p a ra 
tio n  o f a n titu m o u r su b stan ces  p roduced  b y  v a rio u s  s tra in s  in  th e  case o f crude 
fe rm en ta tio n  b ro th s . In  ad d itio n , th e  p a p e r  ch ro m ato g rap h ic  re su lts  y ie lded  
in fo rm atio n  as to  th e  chem ical b eh av io u r o f  th e  su b stan ce , w hich considerab ly  
fac ilita ted  th e  iso la tio n  p rocedure .

A  d isad v an tag e  o f  th e  m ethod  is th a t  th e  detec tio n  o f non-d iffusing  sub- 
slan ces , ra re ly  en co u n te red  in  fe rm en ta tio n  b ro th s  p ro d u ced  by  S trep tom yces 
s tra in s , is n o t feasib le.

The se n s itiv ity  o f  H einem ann  and  H ow ard’s m eth o d  is 0.01 /ig /m l of 
m ito m y cin  C; th e  low er lim it o f our m e th o d  is ten  tim es h igher, 0.1 /tg /m l. 
H ow ever, as in  th ese  m e th o d s one can s ta r t  only  from  5 10-fold d ilu tions 
because of th e  in te rfe rin g  effect o f crude fe rm e n ta tio n  b ro th s , th e  se n s itiv ity  
of th e  tw o m e th o d  is th e  sam e. I f  th e  tw o m eth o d s are  com pared  w ith  re g a rd  
to  th e  d is tu rb in g  effect o f organic so lven ts m ixing w ith  w ate r, our m e th o d  
p ro v ed  5 —10 tim es less sensitive  to  th e  p resence  of su b stan ces, so t h a t  th is  
d is tu rb an ce  ro u g h ly  eq u a lized  th e  difference in  sen s itiv ity .

O ur m e th o d  gives on ly  se m i-q u a n tita tiv e  re su lts , since th e  d iam e te r of 
th e  in d u c tio n  zone c a n n o t be read  prec ise ly , b u t  w ith  in d u c tio n  in  a liq u id  
m ed ium , ex ac t q u a n ti ta t iv e  resid ts  are ach ieved  only w ith  p u rified  su b stances. 
T herefore, th e  m e th o d  is especially  su itab le  fo r follow ing th e  p u rifica tio n  p ro 
cedure of th e  p roduced  su b stances.

T he tu rb id im e tr ic  m e th o d  of E ndo et al. [6] is m ore cum bersom e th a n  
th e  in d u c tio n  m eth o d  on p la te s . F u rth e rm o re , substances causing lysis, w hich 
can be found  in  fe rm e n ta tio n  b ro th s , m ay  give erroneous resu lts . P ara lle l 
ex am in a tio n s shou ld  th e re fo re  be m ade w ith  n o t lysogenic s tra in s .
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SHIGELLA FLEXNERI SEROYARIANTS CONTAINING 
COMBINATIONS OF TYPE ANTIGENS

B y

L. K e r e k e s

State In stitu te  o f  H ygiene (D irector : T .  B a k á c s ) ,  B udapest 

(R ece ived  A u g u st 26, 1965)

Sum m ary. T he serological, b iochem ical a n d  pa thogen ic  p ro p e rtie s  of n early  one h u n d re d  
S h .fle x n e r i  s tra in s  co n ta in ing  u n u su a l com b in a tio n s of ty p e  an tig en s are p resen ted . T he cu l
tu re s  co n ta in ed  also e an tig en  a n d  fell in to  tw o groups ch arac te rized  b y  an tigen ic  fo rm u lae  S ,I , 
( III) , (IV): 6 , (3, 4) an d  (S), ( III)  (IV) : 6 , (3, 4). T he m ajo rity  o f v a r ia n ts  fe rm en ted  m an n ito l 
an d  fa iled  to  p roduce indole. O ne s tra in  fe rm en ted  rham nose. R a re ly  occurring  so rb ito l-sp lit
t in g  s tra in s  alw ays produced  indole . No association  was found  b e tw een  serological an d  b io ch em 
ica l v a ria tio n s . In  colonial m orphology  th e  cu ltu res  resem bled  Sh . f le x n e r i  lb .  T h ey  gave 
rise  to  k e ra to co n ju n c tiv itis  shigellosa in  gu in ea  pigs.

In  ad d itio n  to  sporad ic  d y sen te ry , th e  new  v a ria n ts  w ere responsib le  fo r sm alle r o u t
b reak s. In  geographica l areas w here these  se ro v aria n ts  were e n co u n te red , th e  incidence  of Sh. 
fle xn eri  l b  in fec tio n s was tw ice h igher th a n  in  o th e r areas. The new  se ro v arian ts  o ccurred  a t 
a b o u t  th e  sam e freq u en cy  as ra re  Sh. f le x n e r i  ty p es ; a sy s te m a tic  su rv ey  in  Szolnok 
c o u n ty  revea led  th em  to com prise 2.7 pe r cen t o f  all Sh. fle x n eri  ty p es .

A m ong Sh. fle xn er i  s tra in s  o rig in a tin g  from  v a rio u s  p a r ts  o f H u n g a ry  
se ro v a rian ts  con ta in ing  u n u su a l com binations of ty p e  an tig en s  were com m only  
m et w ith . In  th e  p resen t p a p e r serological and  biochem ical in v estig a tio n s in to  
th e  new  v a r ia n ts  and  an epidem iological su rvey  carried  o u t in  Szolnok co u n ty , 
an  a rea  w ith  a p p ro x im a te ly  500 000 in h a b ita n ts , are described .

Materials and methods

Serological exam inations , in  view  of th e  larg e  nu m b er of cu ltu re s , w ere pe rfo rm ed  w ith  
th e  slide a g g lu tin a tio n  tech n iq u e . A bsorbed  se ra  w ere p rep ared  as desc rib ed  by  R a u s s  [1] and  
b y  E w i n g  [2]. One re p re se n ta tiv e  s tra in  of each  serological v a r ia n t  w as ex am ined  b y  cross a b 
so rp tio n  te s ts . P re p a ra tio n  an d  ab so rp tio n  of se ra  were perform ed in  our lab o ra to ry . Serum  
e [3] w as o b ta in ed  to g e th e r w ith  th e  hom ologous s tra in  W  6713 of M u l c z y k  an d  L a c h o w i t z  [4] 
fro m  th e  In s t i tu te  of M icrobiology, U n iv e rsity  M edical School, Pécs. A ll sera w ere p re p are d  
an d  ab so rb ed  w ith  an tigens h e a ted  a t  100° C fo r 2 hours.

Biochem ical exam inations  w ere p e rfo rm ed  b y  ro u tin e  m eth o d s described in  re ferences 
1 a n d  2. C a rb o h y d ra te  fe rm e n ta tio n  m edia w ere observed for 30 d ays. B e ta -g a lac to sid ase  
a c t iv ity  w as te s te d  in  a d d itio n  to  lac tose  fe rm e n ta tio n  in  O N PG  so lu tio n  [5, 6 ]. Colonial m o r
pho logy  w as exam ined  on y e as t e x tra c t  ag ar a t  oblique ligh t. V iru lence  of th e  cu ltu re s  was 
te s te d  b y  th e  k e ra to co n ju n c tiv itis  reac tio n  in  gu inea  pigs [7].

Acta Microbiologica Academiae Scientiarum  Hungaricae 12, 1965166



363 L. K E R E K E S

T ab le  I

Slide agglutination

R e p r e s e n t a 
t i v e  s t r a in

No. of
cases l i a

(b
I.b

( I  +  S)

97/65 2 + + + + +  +  +  +

498/64 73 +  + + +
486/65 15 +  +  +  +

E w in g ’s se ra

I I I
(H)

IV
( K  +  

IV, I V 2)

3, 4 
( V I I I )

6
( III )

+ + + + + + + + + + + + + + + +

+ + + + + + + + + + + + + + + +

+ + + + + + + + + + + + + + + +

Results

R esults o f slide ag g lu tin a tio n  are p re sen ted  in T ab le  I . B rack e ted  figures 
o r le tte rs  u n d er th e  sym bols rep resen tin g  an tig en s of E w in g ’s schem e s ta n d  
fo r th e  corresponding an tig en  of Raxjss’ schem e and , vice versa, those u n d e r 
th e  R auss  fac to rs m ean  th e  co rrespond ing  E w ing  an tig en s. As follows from  
differences in th e  m e th o d s  o f se ru m  p re p a ra tio n  and  ag g lu tin a tio n  reactions, 
th e  corresponding fa c to rs  in  th e  tw o schem es are n o t n ecessarily  id en tica l. 
A b so rb ed  sera I  p re p a re d  from  serum  l a  an d  lb  w ere d es ig n a ted  as I la an d  I u , 
re sp ec tiv e ly . Serum  I lfl co n ta in ed  Ma d s e n ’s S fac to r.

Slide ag g lu tin a tio n  rev ea led  several se ro v a rian ts . O n ly  tw o s tra in s  con
ta in e d  com plete an tig e n  I .  T hese cu ltu res w ere iso la ted  from  th e  sam e p a tie n t 
a t  a 1 m on th  in te rv a l. A bsorbed  serum  I p re p a re d  accord ing  to  E wing from  
se ru m  lb  a g g lu tin a te d  all s tra in s  because i t  co n ta in ed  agg lu tin in s  against th e  
S fac to r . Sera p re p a re d  b y  E w in g ’s and  R a u ss’ m ethods w ere d ifferen t as to  
th e  reac tio n  w ith  an tig en  IV . E w ing’s seru m  IV  a g g lu tin a ted  all s tra in s . N e ith e r 
o f th e se  stra ins co n ta in ed  th e  К  fac to r of R a u ss’ schem e w hich  is ch a rac te ris tic  
o f specific phase 4a s tra in s . R a u ss’ IVj IV 2  “ group  fa c to r”  se ru m  a g g lu tin a t
ed  th e  m a jo rity  of o u r s tra in s . D ifferent re su lts  w ere o b ta in e d  w ith  sera 3,4 
(E w in g ) and th e  co rrespond ing  sera  V II I2, V III ,, 2, 3  (R a u ss). O n th e  basis o f 
slide agg lu tin a tio n  n e ith e r  o f ou r s tra in s  w as id en tica l w ith  any  know n Sh. 
f le x n e r i  sero types. T he cu ltu res  w ere d esig n a ted  as ty p e  l b  -3 b .

A bsorp tion  te s ts  w ere carried  o u t w ith  s tra in  97/65 (positiv e  in serum  I) 
a n d  w ith  s tra in  498/64 (nega tive  in  serum  I). T h e  resu lts  a re  show n in  T ables 
I I  an d  I I I .  Of Sh. fle x n e r i  ty p e  s tra in s , th e  h ig h es t t i t re  ag g lu tin a tio n  in u n a b 
so rb ed  serum  97/65 w as observed  w ith  ty p e  lb ,  in  serum  498/64 w ith  ty p e  3a. 
A specific ag g lu tin a tio n s occu rring  w ith  ty p es  2b an d  6  cou ld  be  e lim inated  b y  
ab so rp tio n  w ith  E . coli 013.

The an tigen ic  s tru c tu re  revealed  b y  slide ag g lu tin a tio n  was confirm ed 
b y  absorp tion  te s ts . As ex p ec ted  from  th e ir  d iffe ren t ty p e  an tigen  co n ten t, 
se ra  p repared  w ith  o u r v a r ia n ts  were n o t com plete ly  ab so rb ed  by  any  ty p e
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o f  variants

R a u s s ’ s  s e r a

1 A(S) H
к I V ,  I V 2 V i l i , V I I I , , .2,.3

I I I

( I )
( II I )

(IV) (3,4) (6)

+ + + + +  +  +  +  

+ +  +  +

+ + + +

- + + + + - ( + )

- ( + )

- ( + )

- ( + ) + + +  +

stra in  per se. D eta ils  of these  ex perim en ts were o m itte d  from  th e  Tables. All 
th e  agg lu tin ins ag a in s t ty p e  s tra in s  w ere rem oved  only w hen absorp tion  w as 
carried  o u t w ith  tw o or m ore su itab le  sero types. Sera ab so rb ed  in th is m an n er 
still co n ta in ed  low  t i t r e  agg lu tin in s ag a in st s tra in s  498/64 a n d  97/65 (1 : 40 
1 : 80). H om ologous agg lu tin in s from  serum  498/64 an d  hom ologous and  som e 
hetero logous Sh . fle x n e r i  agg lu tin ins from  serum  97/65 teere ab so rbed  only b y  
living cu ltu res. W hen ab so rp tio n  was perfo rm ed  w ith  suspensions heated  a t 
100° C fo r 2 hou rs, th e  serum  did  n o t ag g lu tin a te  h e a te d  suspensions b u t r e ta in 
ed agglu tin ins ag a in s t liv ing hom ologous and  som e he tero logous Sh. fle x n e r i  
cu ltu res. A ccording to  T ab le  I I I ,  th e  la t te r  s tra in s  shared  an tigens 3 and  4. 
T he t i t re  v a ried  w ith  ty p es in th e  range  of 1 : 80 1 : 320.

The presence o f fac to rs  I and  S in serum  97/65 was con firm ed  by th e  a b 
so rp tion  te s t . T he re su lt o f a b so rp tio n  o f serum  498/64 d id  n o t, how ever, co r
respond to  th e  re su lt o f slide ag g lu tin a tio n . This serum  w as com plete ly  e x h a u s t
ed w ith o u t ty p e  l b ,  a m ix tu re  con ta in ing  s tra in s  3a, 4b and  Y. Therefore S 
agglu tin ins could n o t be rem oved w ith  s tra in  498/64 from  serum  lb .  Thus th e  
an tig en ic ity  of th e  S fa c to r  p resen t in  s tra in  498/64 w as lo st, a t  least in th e  
h ea ted  suspension . T he tw o s tra in s  d iffered  also in a g g lu tin a b ili ty : serum  S 
a g g lu tin a ted  s tra in  97/65 a t  1 : 160 an d  s tra in  498/64 a t  1 : 40 d ilu tion .

The presence o f fac to rs  I I I  and  6  was confirm ed b y  v a rio u s absorp tion  
te s ts . T ype serum  3a w as, how ever, n o t com pletely  abso rbed  b y  liv ing or h ea ted  
s tra in s  even w hen th e  lack ing  an tigens 7, 8 , 9 w ere su p p lem en ted  w ith  ty p e  
2b or v a r ia n t X . T he rem ain in g  t i t re  was no t h igher th a n  1 : 40.

A ccording to  th e ir  ag g lu tin ab ility  in sera  IV , 6  an d  3, 4, our s tra in s  
rem oved  all agg lu tin in s  from  sera  4b an d  Y. T hey  w ere u n a b le  to  absorb ag g lu 
tin in s 3, 4 from  sera  2a an d  4a an d  agg lu tin in  IV  (R a u ss’s K ) from  serum  spec i
fic  phase 4a. Y e t, s tra in  97/65 w hich  was in ag g lu tin ab le  in  serum  IV 1 5 IV 2  

(Rauss) rem oved  th ese  agg lu tin in s as well as s tra in  498/64, w hich gave a 
a g g lu tin a tio n  in  th is  serum .

O n th e  b as is  o f  a b s o rp tio n  te s ts ,  th e  a n t ig e n ic  fo rm u la e  o f  ou r s t r a in s  
can  b e  e x p re sse d  a c c o rd in g  to  th e  in te r n a t io n a l  (E w in g ) d e s ig n a tio n  as S, I ,
(III) , (IY ): 6 , (3, 4) ( s tra in  97/65) a n d  (S), (III) , (IY ): 6 , (3,4) (s tra in  498/64).
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Table II

A n tigen ic  analysis o f

Serum
A gglutination

Absorbed by
498/64 97/65 la lb 2aA 2aB

498/64 — 12800 2560 640 320 160 160
498/64 - — - — - —
97/65 +  + ( + ) - - - —
W Z 6713 +  + ( + ) - — — -
3a +  + + + +  +  +  + ( + ) + + - + +
3 a -j-la + + + +  +  + - ( + ) - -
3a- f - l a - f - 4b + + +  + - - - -

3 a + Y + 4 b + + +  + — ( + ) — -

97/65 — 640 3200 640 1280 320 160

498/64 - +  +  + + + +  + - X X - X X

97/65 - — X X - X X — X X — X X - X X

WZ 6713 - — X X - X X - X X — X X - X X

3a +  l a + Y + + + - X X + + + — - X X

З а+ l b + Y + + + - X X - X X - - X X

3 a + l b + Y + 4 h + + + - X X - X X — - X X

L iv in g  cultures

498/64 - + + + + + + + + + - -
97/65 - — — — — -
W Z 6213 — — — — — —

3a-f-lb-4-Y -|-4b — — — — — —

— X X :  ag g lu tin a tio n  w ith  liv ing  b a c te r ia  b u t  n o t w ith  cu ltu res  h e a te d  fo r 2 hours.

In  a serum  p re p a re d  aga in st th e rm o lab ile  an tigen  e, s tra in s  devoid  of 
an tig en  I  a g g lu tin a te d  m ore in ten s iv e ly  th a n  s tra in s of th e  97 /65-type .

B iochem ically  o u r s tra in s  co rresp o n d ed  in ch a rac te r to  th e  Shigella group . 
T h ey  failed  to  fe rm e n t sucrose, la c to se , du lc ito l, ad o n ito l, ino sito l a n d  salicin 
a n d  d id  n o t sp lit O N P G . All s tra in s  p ro d u ced  acid in  a rab in o se , glucose and  
m a n n ito l. Some so rb ito l positive s tra in s  and  one rh am n o se  po sitiv e  cu ltu re  
w ere  enco u n tered . S o rb ito l-sp littin g  s tra in s  alw ays p ro d u ced  indole . N either 
s tra in  p roduced  u rease  a n d  H 2 S. All s tra in s  were m ethy l re d  p o sitiv e  and  Voges- 
P ro sk a u e r , c itra te , m u c a te  and  p h en y la lan in e  deam inase n eg a tiv e . M 0 l l e r ’s 

d eca rb o x y la se  re a c tio n s , w ith  th e  ex cep tio n  of g lu tam ic  ac id  decarboxy lase, 
w ere  n eg a tiv e . T here  w as no g ro w th  in  K CN  m edium . T he s tra in s  w ere non- 
m o tile  in  sem isolid ag a r.

O ur fresh ly  iso la ted  se ro v arian ts  caused  ty p ica l k e ra to c o n ju n c tiv itis  shi- 
g e llo sa  in  guinea pigs. Y east e x tra c t ag a r p la te  cu ltu res a t  t ra n s m itte d  ligh t
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stra ins 498/64 and 97/65g

2b 3a 4a sp 4a gr 4b 5 6 c X Y

1280 1280 80 160 640 80 1280 320 320

-

( + )

( + ) - + + + +  +  +  +  

+

- — - +  +  +

320 320 80 640 640 160 640 160 320

- X X

: —

_
—

_
— - X X

- X X

— - - - + — - - - X X

- — - -
+

— - —

- X X  

-  X  X

- - -

—

-

—

-

—

-

often  show ed slig h tly  re frac tiv e  colonies w ith  concen tric  rings [8 ]. S ubcu ltu res 
o f these  colonies w ere m orpho log ically  s tab le  an d  a v iru le n t w ith  th e  k e ra to 
co n ju n c tiv itis  te s t .

In v es tig a tio n  in to  th e  epidem iological ch a rac te rs  o f th e  new  sero v arian ts  
w ere carried  o u t in  Szolnok co u n ty . I f  regions w here our v a r ia n ts  occurred are  
g rouped  se p a ra te ly  from  th o se  w here i t  was a b se n t (Table IV ), i t  is seen th a t  in  
th e  f irs t group th e  freq u en cy  o f Sh. f le x n e r i  l b  w as tw ice h ig h er th a n  in  th e  sec
ond group . As to  inc idence, ou r v a r ia n ts  w ere am ong th e  m ore com m only 
occurring  ra re  Sh. fle xn er i  se ro ty p es, even w hen  th e  tw o g roups are u n ited . As 
to  general m o rb id ity , th e re  w as no d ifference betw een  th e  tw o  groups.

T ab le  V show s th e  ab so lu te  n u m b er o f our se ro v arian ts  an d  sero type lb  
en co u n te red  in  v a rious com m unities. A p a ra lle lism  betw een  th e  incidence of 
v a r ia n ts  an d  ty p e  lb  was obvious, a lth o u g h  n o t qu ite  co n sis ten t. In  several 
com m unities th e  v a r ia n ts  o ccu rred  in  la rg e r n u m b ers  due to  sm aller o u tb reaks.
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Table III
A n t ig e n ic  a n a ly s is  o f  s t r a in s  4 8 9 /6 4  a n d  9 7 /6 5

Serum Absorbed by A gglutination * Result. Antigens 
sent, ()

in variants: -|- 
=  not complete

=  present, — =  ab- 
or doubtful

la 498/64 lb ,  4a gr la  -f~ I - 3, 4-f-
lb 498/64 97/5, la ,  lb  +  + I - 3, 4 4 - 6 +
lb 498/64 +  la 97/65, lb  +  + (S)

2a 498/64 97/65 - f ;  la ,  lb ,  4a gr, Y |—|-; 2a, 2b -Ы -  + (3, 4)

3a 498/64 498/64, 2b, 5 + ;  6, Y  +  +  ; 3a +  +  -f 6 +  7, 8 , 9 -

3a 498/64 +  X 3a +  ; 498/64 ( + ) ( n i ) 6 f
4a sp 498/64 la  -f-; 5 -j--}-; 4a sp, 4a gr, X , Y  —j—|— (IV) (3, 4)
4a sp 498/64 +  Y  +  X 4a sp +  +  -f + (IV) K -

4a gr 498/64 la ,  4b, 5 - f  ; X , Y ; 4a gr + (IV) (3, 4)

4a gr 498/64 - f  Y  +  X 4b ( + ) IV + 6 +
4b 498/64 4 b ( + ) I V + 6 +

Y 498/64 — 3, 4 +
la 97/65 la  ( И 1 + 3, 4 +
lb 97/65 - 1 + s  b 3, 4 + 6 +
2a 97/65 4a gr ( + ) ;  Y 4—f-; 2a, 2b -\— f - f - (3, 4)
3a 97/65 498/64, 2b, 5 - f  ; 6, X  +  +  ; 3a +  -|—f 64- 7, 8, 9 -

3a 97/65 +  X 3a f (III) 6 f

4a sp 97/65 5 -|—(~ ; 4a sp, 4a gr, X , Y-|— j—J- (IV) (3, 4)
4a sp 97/65 +  Y +  X 4a sp f f  4 ~ f (IV) K -

4a gr 97/65 4b -j-; 5, X , Y 4a gr j—J—f- (IV) (3,4)
4a gr 97/65 +  Y +  X 41, ( + ) IV + 6 +

4b 97/65 4 b ( + ) IV + 6 +
Y 97/65 — 3, 4 -f

* A gglu tinations were perform ed in all sera w ith  agar cu ltu res o f v a ria n ts  97/65 and  498/64 and all Sh. f le x n e r i  types. In  th e  T ab le  only 
positive resu lts  have  been included.
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Table IV

P ercen ta g e  d is t r ib u t io n  o f  se ro ty p e s  in  reg io n s  w h ere  v a r ia n t  l b  — 3b w a s  p re se n t ( I )
a n d  a b sen t ( I I )

Type I I I T otal

l b - 3 b 6.67 — 2.67
la 0.73 0.65 0 .6 8

lb 25.90 12.96 18.17
2aA 31.20 50.12 42.56
2 a 13 0.14 0.73 0.48
2 b — — —

3a 26.30 22.44 24.00
4aA 2.16 5.18 3.93
4aB 0.61 0.48 0.53
4b — — -

6 4.49 3.97 4.17
X 1 .20 2.83 2.18
Y 0.60 0.64 0.63

T o ta l 1 0 0 .0 0 1 0 0 .0 0 1 0 0 .0 0

Table V

N u m b e r  o f  cases a sso c ia te d  w ith  S h . f l e x n e r i  ty p e  l b  a n d  v a r ia n t  l b  — 3b

Com
m unity V ariant lb —3b Type lb

A 2 (3) 6

В 11C( . ,2 .3 ) 2

C 6 C(x, 2, 3) 5 7

D ^(2, 3) 11

E 9C0 ,2 ,3 > 15

F 2 C<3) -

G 2C(3) 2 2

H 9 (2, 3) 72

1 !(3) —

J 2С(з) 1

К 4  (2, 3) 27

L 1 <2 ) -

M 4(2) —

N 9 e
1  (i) 1

A bbreviations: C apita l le tte rs  in  colum n 1 rep resen t various com m unities; c ind ica tes 
sm aller o u tb reaks (c o n ta c t cases); indices (, 2j 3) m ean the  occurrence of cases in  th e  1st, 2nd and 
3rd y ear o f observation .
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Since th e  v a rian ts  w ere m e t w ith  th ro u g h o u t th e  th ree -y ear o b se rv a tio n  period , 
th e ir  occurrence w as endem ic . A sp re a d  o f th e  v a ria n ts  to  new  areas w as also 
n o te d .

Discussion

In  th e  serological schem e o f Sh . fle x n e r i,  co n stan t com b in a tio n s of group 
a n d  ty p e  an tigens d e te rm in e  th e  se ro ty p e  o f s tra in s. The o ccu rrence  of u n u su a l 
com b in a tio n s is in co n s is ten t w ith  th e  p rin c ip le  of the  sy stem . E x cep tio n s how 
ev er, seem  to  exist.

M cG u ir e  an d  F l o y d  [9] describ ed  th a t  w hen fed  to  m ice, Sh. fle x n e r i  3a 
or Y  s tra in s  d isap p ea red  from  th e  in te s tin e  an d  gave w ay  to  Sh. sonnei I I .  
O k a d a , Sa s a k i  an d  K a r a t o  [10] tra n s fo rm e d  Sh. fle x n e r i  lb  in to  3a b y  c u ltu r
in g  th e  s tra in  in th e  p resence  o f se ru m  I . G r z y b e c k - H r y n c e v i c z  [11] found  
t h a t  on in tra p e rito n e a l passages in m ice Sh. flexn er i lo s t its  ty p e  an tig en  IV  
a n d  gained  an tigen  I I I  in s tead . In  th is  tran sfo rm a tio n  g roup  an tigens w ere n o t 
a ffec ted . L a c h o w it z , M u l c z y k  et al. [12 —14] tran sfo rm ed  Sh. fle xn er i  lb  
b y  in tra p e rito n e a l passages in m ice in to  a s tra in  ch a rac te rized  b y  an tigen ic  
fo rm u la  I, I I I  : 3, 4, 6 , th e n  a fte r fu r th e r  passages in to  a s tra in  defined  as I I I  : 3, 
4 , 6 . T he  la t te r  v a r ia n t  co n ta in ed  M a d s e n ’s an tigen  S an d  a therm olab ile  
e a n tig e n . S im ilar m u ta n ts  w ere iso la ted  from  lb  cu ltu res a fte r  exposition  to  
p h ag e  F 2 and  from  th e  faeces o f p a tie n ts . Ca r p e n t e r  [15] n o te d  sim ilar s tra in s 
as ra re ly  occurring p a th o g en s . In  H u n g a ry , in add itio n  to  our observations, 
som e stra in s w ere iso la te d  by  V e r t é n y i  [16].

O ur stra ins 97/65 an d  498/64 seem  to  be iden tica l w ith  L a c h o w it z  and 
M u l c z y k ’s firs t an d  second  phases o f a rtif ic ia lly  induced  cu ltu res . In  an tigen ic  
s tru c tu re  s tra in  97/65 is obviously  re la te d  to  lb ;  as to  s tra in  498/64, th e  re la 
tio n sh ip  is in d ica ted  on ly  by  th e  a g g lu tin ab ility  in se ru m S . In  colonial m orpho
lo g y  [ 8 ] and  so rb ito l an d  indole n e g a tiv ity  m ost s tra in s also resem bled  sero type 
l b .  T he conditions necessary  fo r th e  ap p e a ra n ce  of fac to r IV  in  o u r v a r ia n ts  are 
n o t  know n. The ex perience  th a t  in  p re p a rin g  absorbed  sera  accord ing  to  E w i n g , 
side-agg lu tin in s fro m  seru m  I  can be rem oved  only w ith  s tra in  4b, from  serum  
IV  on ly  w ith  s tra in  l b ,  ind ica tes th a t  ty p e s  lb  and  4b are serologically  re la ted . 
T h e  com plete an tig en  IV  was n o t p re se n t in our v a ria n ts .

U sual an tigens en co u n te red  in  Sh . f le x n e r i  can be a lte re d . This is in d ica ted  
b y  th e  fac t th a t  som e m inor d ifferences m ay occur in  serologically  regu lar 
s tra in s . The th e rm o lab ile  e an tig en  can  be reg a rd ed  as such  a serological v a r ia 
tio n . The unknow n an tig en , in  the  v a r ia n ts , the  co rrespond ing  agg lu tin ins of 
w h ich  canno t be rem o v ed  w ith  an y  Sh . fle x n e r i  ty p e , m ay  be a sim ilar facto r. 
T h e  residual ag g lu tin in  in  serum  97/65, w hich reac ts  w ith  s tra in s  con ta in ing  
an tig en s  3, 4, m ay  h e  due to  a h e a t-s ta b le  an tigen  sim ilar to  an tigen  D show n 
b y  S l o p e k  et al. [17] in  Sh. fle x n e r i  lb .
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A lth o u g h  i t  seem s p robab le , we h av e  цо p ro o f t h a t  th e  ap p ea ran ce  o f  
v a r ia n ts  in  n a tu ra l  in fec tion  is a process sim ilar to  th a t  observed  u n d e r  e x p e ri
m e n ta l cond itions. A ssociation  of th e  v a r ia n ts  w ith  Sh . fle x n e r i  lb  c a n n o t be 
confirm ed  s ta tis tic a lly . In  th e  faeces o f  a p a tie n t ty p e  l b  an d  v a r ia n t  l b —3b 
o ccu rred  s im u ltan eo u sly . This find ing  w as cau tio u sly  ev a lu a ted , as th e  faecal 
sam ple  w as exam ined  in  an  o ther la b o ra to ry ; m oreover, s im ultaneous in fec
tions w ith  ty p e  lb  could n o t be excluded . The epidem iological role of th e  v a r i 
an ts  is s im ila r to  th a t  o f less com m on Sh. fle x n e r i  sero ty p es.

Acknoicledgement. T he a u th o r  is in d eb ted  to  Professor K . R a u s s  an d  Ur.A d e l e  V e r t é n y i  
fo r s tra in  W Z 6213 and  serum  e.

LIT ER A TU R E

1. R a u s s , K .: D y sen te ria . M űvelt N ép, B u d a p e s t 1954.
2. E d v a r d s , F . R ., E w i n g , W . H .: Id e n tif ic a tio n  of E n te ro b ac te riac e ae . B urgess, M in n eap o 

lis 1957.
3. M u l c z y k , M .: A rch . Im m u n o l. T er. dosw. 8 , 1 (1960).
4. M u l c z y k , М ., L a c h o w it z , T . M.: A rch. Im m u n o l. T er. dosw . 8 , 607 (1960).
5. B Ü L O W ,  P .: A c ta  p a th , m icrobiol. scand. 60, 376 (1964).
6 . BÜLow, P .: A c ta  p a th , m icrobiol. scand. 60, 387 (1964).
7. S e r é n y , В .: A c ta  m icrob io l. A cad. Sei. h u n g . 2, 293 (1964).
8 . K e r e k e s , L .: A c ta  m icrob io l. Acad. Sei. h u n g . 9, 123 (1962).
9. M c G u i r e , C. D ., F l o y d , T. M.: J .  B act. 76, 122 (1958).

10. O k a d a , S., S a s a k i , T ., K a r a t o , T .: Ja p . J .  M icrobiol. 2, 271 (1958).
11. G r z y b e c k - H r y n c e w ic z , K .: A rch. Im m u n o l. T er. dosw. 8 , 37 (Í960).
12. L a c h o w it z , T ., Mu lc zy k , M .: A rch. Im m u n o l. T er. dosw. 8 , 437 (1960).
13. M u l c z y k , M., L a c h o w it z , M.: A rch. Im m u n o l. T er. dosw. 8 , 423 (1960).
14. M u l c z y k , M., L a c h o w it z , T ., R o w i n s k i , S.: B ull. H yg. ( L o n d .)  38, 103 (1963); 39, 206

(1964).
15. Ca r p e n t e r , K . P .: P e rso n a l com m unication .
16. V e r t e n y i , A.: P e rso n a l com m unication .
17. S l o p e k , S., M u l c z y k , M., G r z y b e c k - H r y n c e w i c z , K .: A rch . Im m uno l. T er. dosw . 8 ,

191 (I960).

Address of the author:
L á s z l ó  K e r e k e s

State Institute of Hygiene, Gyáli ut 2 — 6, Budapest IX, Hungary

A d a  Microbiologica Academiae Scientiarurn Hungaricae 12, 1965/66





IMMUNOLOGICAL STUDIES ON SHIGELLOSIS BY THE 
MOUSE MODEL TECHNIQUE

I. A N T IIN F E C T IY E  IM M U N IT Y  O F  A C T IV E L Y  IM M U N IZ E D  M ICE

By

K . RA U SS a n d  I .  K É T Y I

In stitu te  o f  M icrobiology (D irector: K . R a u s s ), U niversity  M edical School, Pécs 

(R eceived A u g u s t 31, 1965)

Sum m ary . In  m ice dep le ted  of th e ir  coli flo ra  b y  s tre p to m y c in  t re a tm e n t, o ra l a d m in 
is tra tio n  of v iru le n t Sh. f le x n e r i  2a and  3 cells re su lted  in  th e  sym ptom less ex cre tio n  of these  
organ ism s. E x cre tio n  could  be p rev en ted  b y  oral or p a re n te ra l  ac tiv e  im m u n iza tio n . T he im 
m u n ity  w as type-spec ific  an d  depended  on th e  an tig en ic  v a lu e  o f th e  vaccine an d  n o t on th e  
v iru lence  of organism s in co rp o ra ted  in  th e  vaccine.

W h en  ad m in iste red  ora lly , th e  im m unizing  effect of liv ing  a v iru len t cells w as n o t su p e
rio r to  t h a t  of k illed  shigellae. T he m ost e ffec tive  oral v a cc in a tio n  w as o b ta in ed  w ith  colloidal 
an tigens.

P a re n te ra l  im m u n iza tio n  was m ore effec tive  th a n  oral vacc in a tio n . A dsorbed  an tigens 
ex erted  th e  b es t im m unizing  effect. Im m u n ity  could  be m a in ta in ed  w ith  sm all oral doses of 
an tigens.

Im m u n ity  m an ifes tin g  itse lf w ith  th e  p re v en tio n  of sh igella  excretion  b y  m ice seems 
v a lu ab le  fo r stu d y in g  n a tu ra l  an d  artific ia l im m u n ity  to  h u m an  d y sen tery  an d  conform s to 
im m unolog ical p rincip les rev ea led  by  o th e r m eth o d s.

In  prev ious s tu d ies  [1 ] it has been  show n th a t  in  mice dep le ted  of th e ir  
coli f lo ra  by  s trep to m y c in  tre a tm e n t, o ra l a d m in is tra tio n  of sh igellae resu lts  
in a ch ron ic  sym ptom less excre tion  o f th e  in fec tiv e  s tra in . E x cre tio n  can be 
in d u ced  w ith  a sm all n u m b e r of cells o rig in a tin g  fro m  Shigella colonies show ing 
h igh  re fra c tiv ity  u n d e r  ob lique lig h t. A ccording to  C o o p e r  [2] an d  K e r e 

k e s  [3], such  colonies con ta in  v iru le n t o rgan ism s. Clones of n o n -rc frac tiv e  
(av iru len t [2, 3]) colonies d id  no t give rise  to  ch ron ic  excretion  even a t doses 
co n ta in in g  several th o u sa n d  m illions o f  cells. T herefo re , th e  cap ac ity  of in d u c 
ing chron ic  excre tion  in  m ice as well as o f giving rise  to  h u m an  d y sen te ry  is a 
p ro p e rty  re s tr ic te d  to  v iru le n t s tra in s . I t  has also been  show n th a t  successful 
m ouse in fec tion  is associa ted  w ith  th e  p e n e tra tin g  pow er of th e  organ ism  
th ro u g h  th e  in te s tin a l ep ithe lium . T he invasion  by  shigellae is lim ited  to  th e  
ly m p h a tic  system  of th e  in te s tin a l w all an d  th e  organism s reach  th e  m esen te 
ria l ly m p h  g lands on ly  excep tionally .

T hese o b serv a tio n s in d ica ted  th a t  h u m an  an d  m ouse shigelloses h av e  
m any  com m on ch a rac te rs . I t  has th e re fo re  been  s tu d ie d  w heth er sym ptom less 
chronic Shigella ca rrie r m ice are su itab le  fo r im m unological ex perim en ts in 
w hich  th e  im m une re a c tio n  is expressed  b y  th e  p rev en tio n  of Shigella excre tion . 
The p re sen t p ap e r discusses th e  re su lts  o f ac tive  im m uniza tion .
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M aterial an d  m ethods

A n tig en s and vaccines. F o r ac tive  im m u n iza tio n  liv in g  cells or suspensions k illed  w ith  
0.3 p e r c en t fo rm alin  w ere  used . The suspensions were a d ju s te d  to  th e  d en sity  o f  th e  H u m an  
su b s ta n d a rd  of th e  N. I .  H . 10T s ta n d a rd . B oiv in  e x tra c ts  u sed  as colloidal an tig en s w ere s ta n d 
a rd ized  b y  th e  h a e m ag g lu tin a tio n  in h ib itio n  tech n iq u e  [4]. A dsorbed  vaccines w ere p rep ared  
b y  m ix in g  B oivin  an tig en s  w ith  p refo rm ed  W ills tä tte r  C -y-type A l(O H )3 gel as m odified  by  
R e t h y  [5]. T he a d so rb en t-a n tig e n  ra tio  w as 2.5 m g/m l.

E xperim en ta l an im a ls. A lbino m ice (s tra in  H u m an ) w eighing 20 to  25 g w ere used . Two 
d ay s b efo re  in fec tion  th e  an im als  were p laced  singly in  s te rile  glass ja rs  or in  g roups in  w ell
closing ste rile  boxes co n ta in in g  sterile  l it te r .  T he an im als rece ived  au to c lav ed  food. Two days 
before  in fec tio n  every  m ouse w as g iven a da ily  dose of 50 m g s trep to m y c in  b y  th e  o ral ro u te . 
E lim in a tio n  of th e  coli f lo ra  w as checked by  cu ltu rin g  re c ta l sc rap ings on E n d o  m edium . D uring  
th e  ex p erim e n ts  a d a ily  dose of a p p ro x im ate ly  1 m g stre p to m y c in  was m ixed  in to  th e  food. 
A sep tic  co nd itions w ere rig o rously  m ain ta in ed .

A ctive  im m uniza tion  w as carried  o u t w ith  su b cu tan eo u s  in jec tions o f single or g rad ed  
doses o f  th e  an tigen . T h e  la t te r  were g iven  a t  one w eek in te rv a ls . T he an im als w ere in fec ted  10 
d ay s a f te r  th e  la s t  in jec tio n . O ral im m u n iza tio n  was pe rfo rm ed  generally  w ith  5 g rad ed  doses 
a d m in is te re d  a t  3 d ay  in te rv a ls . O ral doses w ere 10 to  20 tim es larger th a n  p a re n te ra l  doses.

In fec tion  o f  mice. V iru len t m u ta n ts  se lec ted  on  th e  basis of re fra c tiv ity  w ere used . M ost 
e x p e rim e n ts  were p e rfo rm ed  w ith  v iru le n t S h .fle x n e r i  s tra in s  “ V ”  (ty p e  2a) an d  RVj (T ype 3). 
B o th  s tra in s  were re s is ta n t  to  1000 ^g /m l s tre p to m y c in . A fte r  checking th e  re fra c tiv ity , 18 h o u r 
ag ar p la te  colonies w ere su spended  and  d ilu te d  serially . In fec tio n  of th e  an im als w as carried  
o u t o ra lly  w ith  0.5 m l d ilu tio n  con ta in ing  a p p ro x im a te ly  5 cells. T his dose co rresp o n d ed  to  th e  
50 p e r c en t in fec tive  dose ( ID 30). The a c tu a l b ac te ria l co u n t was s im ultaneously  d e te rm in ed  by 
th e  p o u r  p la te  tech n iq u e .

Detection o f Shigella excretion. F ive  d ay s a f te r  in fec tio n  rec ta l sc rap ings w ere s treak ed  
o n to  eosin-m ethy lene  b lue  agar. C ultu ral ex am in a tio n  was occasionally  rep ea ted . Shigellaform  
colonies w ere exam ined  b y  slide a g g lu tin a tio n  w ith  ab so rb ed  sera.

Statistica l analysis. P rev en tio n  of Shigella ex cre tio n  in  im m unized  m ice w as alw ays 
co m p ared  w ith  re su lts  o b ta in e d  in  a n o n -v acc in a ted  con tro l g roup  of anim als. T he ra tio  o f excre- 
te rs  in  th e  im m unized  a n d  con tro l groups w as expressed  in pe r cen ts (ID n). W hen  g rad ed  doses 
w ere u sed  for im m u n iza tio n , th e  50 per cen t e ffective  dose (E D 50) was ca lcu la ted  as described 
by  K ä r b e r  [6 ]. S ignificance a t  5 per cen t lim its  w as e s tim a te d  by  th e  y 2 te s t.

R esults

Virulence o f  stra ins. In  selecting  th e  te s t  organism s, d e te rm in a tio n  of 
th e ir  v iru lence  was essen tia l for o b ta in in g  co n g ru en t and  rep ro d u c ib le  re su lts . 
In  som e ex p erim en ts  we succeeded in  d e m o n s tra tin g  im m u n ity  b y  use o f a 
he terogeneous p o p u la tio n ; from  th e  v a ria b le  re su lts , how ever, no  de fin ite  con
clusions could be d raw n . These p re lim in ary  ex perim en ts in d ica ted  th a t  in h ib i
tio n  o f  p e rs is ten t sh igella  excretion  in  m ice is ad eq u a te  for im m u n ity  stud ies 
a n d , on  th e  o th e r  h a n d , th a t  su p erin fec tio n  shou ld  be perfo rm ed  w ith  th e  
m in im a l in fecting  dose.

R esu lts  o b ta in e d  b y  selecting  s tra in s  on th e  basis o f v iru lence  revealed  
th a t  th e  incongruency  o f  prev ious find ings w as due to  th e  v a ria b le  ra tio  of 
v iru le n t an d  av iru len t cells in unse lec ted  cu ltu res . T hus, successful in fection  
d ep en d ed  on the n u m b e r o f v iru le n t cells in th e  hetero logous p o p u la tio n .

P relim inary  experim ent. T he re su lt o f one of ou r basic  ex p erim en ts  is 
p re se n te d  in T ab le  I .  G roups of m ice con ta in in g  9 - 1 0  anim als each  w ere im m u 
n ized  w ith  g rad ed  doses of adso rbed  vaccine an d  w ith  B oivin  e x tra c t. The
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Tabic I

Im m u n ity  o f  vaccinated mice 
(C hallenging dose: S h .fle x n e r i  3, “ RV[” 10 cells)

Relative num ber of excreters

Vaccine and mode 
of adm inistration

Dose
(ml)

5 и 18
Average

X2

d a y s after infection

A dsorbed B oivin, 2 su b cu ta- 0.5 ID ,, ID 1S i d I8 td 21 8.953
neous doses 0.1 i d 4„ TD30 i d 37 4.748

0 .02 ID 3, i d 5„ i d 37 TD41 3.517

Colloidal B oivin, 5 oral doses 5.0 ID .) i d 14 i d 14 ID 14 8.526

1.0 I D 63 ID 54 ID j5 ID.„ 1.190

0.2 ID 81 ID 72 i d 73 0.189

Control (non-im m unized) i d 8„ ID 93 ID s,

fo rm er was given in 2 su b cu tan eo u s in jec tio n s, th e  la t te r  in  5 oral doses a d m in 
is te red  a t  3 day  in te rv a ls . C hallenge was perform ed o ra lly  w ith  10 cells o f 
v iru le n t S h .fle x n e r i  3 s tra in  RVj. As show n by rep ea ted  c u ltu ra l ex am in a tio n s, 
an im als in  th e  con tro l (non-im m unized) group becam e excre te rs in  80 to  93 
(average 87) per cen t. A defin ite  an d  s ta tis tic a lly  s ig n ifican t im m u n ity  w as 
observed  in mice receiv ing  b o th  p a re n te ra l and  oral v ac c in a tio n . I t  is seen th a t  
th e re  w as an association  betw een  an tig en  dose and  im m u n e  response. A lthough  
th e  effectiveness of th e  tw o  v acc in a tio n  m ethods could n o t  be com pared  e x a c t
ly , i t  was ev id en t th a t  th e  adsorbed  vaccine was m ore effective th a n  oral im 
m u n iza tio n  w ith  collo idal an tigen .

S pecific ity  o f  im m u n ity . O ur p re lim in ary  ex p erim en ts  h av e  show n th a t  
th e  m ouse m odel is su ita b le  for s tu d y in g  im m unological p rob lem s. Before co n 
tin u in g  these  ex p erim en ts  i t  seem ed necessary  to  confirm  th e  specific ity  o f th e  
im m une response m an ifestin g  itse lf  w ith  the  in h ib ition  o f  Shigella ex cre tion . 
T herefore  groups o f m ice w ere im m unized  p a ren te ra lly  w ith  0.1 m l adso rbed  
and  ora lly  w ith  1.0 m l colloidal vaccines p repared  from  Sh . flexn er i ty p es  2a 
and 3 an d  from  Sh. sonnei. The an im als were th en  in fec ted  w ith  v iru len t cells 
of Sh. fle xn er i 2a s tra in  “ V ” . The re su lts  are p resen ted  in  T ab le  I I .

I t  can  be seen th a t  th e re  was a sign ifican t d ifference betw een  an im als 
im m unized  w ith  th e  hom ologous s tra in  an d  anim als of th e  con tro l g roups. As 
only th e  hom ologous vacc ine  gave rise  to  a s ign ifican t im m u n e  response, im 
m u n ity  ob tained  in th e  m ouse m odel was specific, or m ore ex ac tly , ty p e - 
specific.

Protective value o f  d ifferen t types o f  vaccines. In  fu r th e r  experim en ts th e  
im m unogenic  cap ac ity  o f  v a rious an tigens was com pared . The experim en ts 
w ere carried  ou t in  tw o  p a r ts ;  in th e  f irs t p a r t  (T able I I I )  colloidal B oivin
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Table II

Specific ity  o f  im m une response 
(C hallenging dose: Sh. f le x n e r i  2a “ V ” , 7 cells)

Vaccine and mode 
of administration

Dose
(ml)

Relative num ber of excreters immunized w ith

ControlS h .fle x n e r i  2a 
(homologous)

S h .fle x n e r i  3 
(heterologous)

S h . sonnei 
(heterologous)

A dsorbed Boivin, 2 0 . 1 m 2„ ID , , , П >бо
subcu taneous doses (3.333)* (0.800) (0 .0 0 0 )

Colloidal Boivin, 5 1 . 0 И ю ID 5„ I D 60 I D  G O

ora l doses (5.494) (0 .2 0 2 ) (0 .0 0 0 )

T he fram ed area in d ic a te s  significant im m u n ity  against th e  hom ologous strain  
* у 2 values

Table III

Protective effect o f  various vaccines 
(C hallenging dose: S h .flex n e ri  2a “ V ” , 6 cells)

Vaccine and mode 
of adm inistration

Dose (ml or 
No. of cells)

R elative num ber of 
excreters 6 days 

after infection

Colloidal B oivin, 5 0.04 ID ,,,
oral doses (0.266)*

0.2 ID .„
(1.700)

1.0 ID,,, 0 .2  m l
(7.200) (2.5 X 10s cells)

5.0 ID,,,
(9.898)

Form alinized cells, 4ХЮ " ID  55
5 oral doses (1.309)

2 X 10» I Du
(2.572)

101» ID 33 2 X 1 0 » cells
(4.231)

5X 10 '" ID .„
(7.200)

Living av iru len t 4X10« ID„„
cells, 5 oral doses (0.952)

2 X 109 i d 4„
(3.333)

101» ID ,,, 1.9X10» cells
(5.050)

5X101» ID,,,
(7.20Ő)

Control (non-im m unized) IDs,,

* y f  values
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e x tra c t, liv ing b a c te ria  and  fo rm alin ized  b a c te ria  w ere given b y  th e  
oral ro u te .

F ro m  T able I I I  it  is obvious t h a t  su itab le  an tig en  doses p roduced  a sign if
ican t im m u n ity . T h e  p ro tec tiv e  e ffec t o f th e  vacc ine  increased  para lle l w ith  
th e  dose of an tig en . W hen  th e  im m u n o g en ic ity  o f  v a rio u s  vaccines is com pared , 
it  is seen th a t  th e  im m uniz ing  effect o f liv ing  an d  fo rm alin ized  cells was sim ilar 
(E D 3 0  =  2 X 10 9  cells). The correspond ing  v a lu e  fo r th e  B oivin an tigen  was 
0.2 m l. As d e m o n s tra te d  in a p re lim in a ry  h a e m a g g lu tin a tio n  in h ib itio n  te s t , 
th is  a m o u n t co rresp o n d ed  to  2.5 X 10 8  cells. T herefo re , th e  p ro tec tiv e  effect 
of th e  colloidal a n tig e n  was a p p ro x im a te ly  1 0  tim es h igher th a n  th a t  of th e  
tw o o th e r  vaccines.

In  th e  second p a r t  o f ex perim en ts th e  effect of o ra l B oivin an tigen  was 
com pared  w ith  su b cu tan eo u sly  g iven ad so rb ed  B oivin  an tig en  and  form alin ized  
vaccine (Table IV).

D ue to  th e  low  in fective dose (4 cells), th e  in h ib itio n  of excre tion  was 
very  de fin ite  and  th e  p ro tec tiv e  effect o f even  th e  sm allest an tig en  doses w as 
w eaker th a n  th e  E D 30. T he su p e rio rity  o f p a re n te ra l adso rbed  vaccine is ob-

ТаЫ е IV

Protective effect o f  various vaccines 
(Challenging dose: Sh. fle x n eri  2a “ V ” , 4 cells)

Vaccine and mode of ad 
m inistration

Dose (ml and cell equi
valen t or No. of cells)

Relative num ber of 
excreters, average o f 6 

and 12 day  results after 
infection

Colloidal B oivin . 5 oral 0.2 (2.5 X 10s) ID ,,
doses (5.783)*

1.0 (1.25 X 109) ID „
(10.243)

5.0 (6.25 X 109) i d (I5
(13.081)

A dsorbed B oivin , 2 sub- 0.01 (1.25 X 1 0 7) ID ,.5
cu tan eo u s doses (6.857)

0.05 (6 .25X 1 0 ') ID 10
(11. 316)

0.25 (3.12x10я) ID,,,,
(12.030)

F orm alin ized  cells, 2 2 X 1 0 9 i d 15
sub cu tan eo u s doses (9.696)

1 0 '° ID jo
(11.316)

5 X 1010 ID,,
(15.000)

Control (non-im m unized) i d 75

* X1 values
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v io u s. As th is  an tig en  y ie lded  ab o u t th e  sam e effect as 20-fold am o u n ts  o f oral 
B o iv in  ex tra c t, i t  is ju s tif ie d  to  s ta te  t h a t  its  p ro tec tiv e  effect w as 20 tim es 
h ig h er. A ccording to  cell coun t eq u ivalence, th e  w eak est effect w as ex e rted  
b y  p a re n te ra l fo rm alin ized  vaccine.

Im m unogen ic ity  o f  virulent and  aviru len t m utants. I t  w as in te re s tin g  to  
co m p are  th e  im m u n o g en ic ity  of vaccines p re p a re d  from  se lec ted  v iru le n t an d  
a v iru le n t m u ta n ts . V iru len t (“ V ” ) an d  a v iru le n t (“ AV” ) m u ta n ts  of Sh . fle x n e r i  
2a w ere  used for th e  p re p a ra tio n  of fo rm alin ized  v acc ine  an d  B oivin  e x tra c t. 
T h e  an tigens w ere s ta n d a rd iz e d  b y  th e  h a e m a g g lu tin a tio n  in h ib itio n  te s t .  One 
m l o f  B oivin e x tra c t  p rep a red  from  th e  av iru len t cu ltu re  w as eq u iv a le n t to  
0.75 m l Boivin e x tra c t  o f v iru len t b a c te r ia . T he eq u iv a len t in h ib itin g  t i t r e  o f 
th e  co rpuscu lar v acc in es  was 109  cells. F ive  doses o f th e  above am o u n ts  of 
e x tra c ts  were g iven o ra lly . The co rp u scu la r vaccines w ere a d m in is te red  in  2 
su b cu tan eo u s  doses. T h e  resu lts  are show n in T ab le  V.

Table V
P ro tec tiv e  e ffe c t  o f  c o r p u sc u la r  v a c c in e s  a n d  a n tig e n  e x tra c ts  p r e p a r e d  f r o m  

v ir u le n t a n d  a v ir u le n t  s tr a in s  
(C hallenging dose: Sh. f l e x n e r i  2a “ V” , 5 cells)

Vaccine and mode of administration
Average relative 

number of 
excreters

X2 values between viru
lent and avirulent vaccines

Sh. f l e x n e r i  2a “ V ” * Boivin, 5 oral
doses o f 0.75 m l each ID  3 3

0.977
Sh. f l e x n e r i  2a “ AV” * Boivin, 5 oral ( 0 .5 > P > 0 .3 )

doses of 1 .0  m l each td,.5

Sh. f l e x n e r i  2a “ V ” form alinized cells,
2 su b cu tan eo u s doses ID*,

0.143
Sh. f le x n e r i 2a “ AV”  form alinized cells, (P ~ 0 .7 )

2 su b cu tan eo u s doses id l>5

Control (non-im m unized) id85

Vaccines p rep ared  fro m  av iru len t and  v iru len t stra in s  were stan d ard ized  by  th e  haem agglu
t in a tio n  inhib ition  te s t. Im m u n iza tio n  was perform ed w ith  equ iva len t am ounts.

* V =  v iru len t, AV =  av iru len t

All types o f vaccines p roduced  s ig n ifican t im m u n ity  as com pared  to  th e  
co n tro l. There w as no  difference in  th e  p ro tec tiv e  effect of suspensions or 
e x tra c ts  p rep a red  fro m  v iru len t an d  a v iru le n t m u ta n ts .

D uration o f  im m u n ity . R esid ts are  sum m arized  in  T ab le  V I. Two groups 
o f  m ice, each co n sis tin g  o f 80 an im als w ere im m unized  su b cu tan eo u sly  w ith  
ad so rb ed  Boivin a n tig en . A nim als in one o f these  groups received  ad d itio n a l
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w eekly  doses of 0.05 m l B oivin an tig en  o rally . A fter s tre p to m y c in  tre a tm e n t a t 
w eekly  in te rv a ls  1 0  m ice from  each im m unized  group  a n d  from  th e  con tro l 
(s tre p to m y c in -tre a te d , n o t im m unized) group  w ere in fec ted  o ra lly  w ith  4 to  9 
v iru le n t cells. As show n  in T able Y I, “ basa l im m u n ity ”  develop ing  a fte r im m u-

ТаЫ е VI

D u r a tio n  o f  im m u n i t y  i n  m ice  im m u n iz e d  s u b c u ta n e o u s ly  w i th  a d so rb ed  
v a cc in e  th e n  r e v a c c in a te d  o ra lly  

(Challenging dose: S h . f l e x n e r i  2a  “ V ” , 4 to  9 cells)

Days afte r  the 
second dose of 

precipitated 
vaccine

Average relative num ber of excreters

Im m unized subcuta
neously then revacci

nated orally

Immunized only 
subcutaneously (not 

revaccinated)

N ot
im m unized

7 1^*20 IDso
(7.200)*

14 IDro ID 10 ID 00

(5.494) (5.494)

21 IÜ 20 I D 30 ID 3„
(7.200) (5.050)

28 i d 20 1^20 ID ,о
(5.050) (5.050)

35 ID 20 I Ü 4 0 IDso
(7.200) (3.333)

42 ID 10 ID ..oO IDso
(9.898) (1.978)

49 IDeo ID,o
(5.050) (0.219)

F irs t im m unization  w as carried  o u t w ith  tw o doses o f 0.1 m l adso rbed  B oivin  ex tra c t a t  
a n  in te rv a l of one week. R ev accin a tio n  was perform ed orally  w ith  w eekly doses o f 0.05 ml B oivin 
e x tra c t.

* y f  V alues; □  =  sign ifican t, Г} =  n early  significant resu lts .

n iza tio n  w ith  th e  ad so rb ed  vaccine la s ted  ap p ro x im ate ly  for 4 w eeks. A fter 5 
w eeks th e  difference from  th e  con tro l was still close to  th e  level o f significance. 
E x am in a tio n s  ca rried  o u t on th e  42nd an d  4 9 th  days rev ea led  th a t  im m u n ity  
h a d  been lost. On th e  o th e r h a n d , by  w eekly o ra l v ac c in a tio n  w ith  sm all 
am o u n ts  of an tigen  (0.25 E D S0), im m u n ity  was m a in ta in ed  a t  a c o n s tan t level 
th ro u g h o u t th e  o b se rv a tio n  period.
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D iscussion

A ctive im m u n iza tio n  ex p erim en ts  h av e  show n th a t  o u r m ouse m odel 
b a sed  on th e  sy m ptom less excre tion  o f  sh igellae is su ita b le  fo r stu d y in g  a r t if i
cial im m u n ity  ag a in s t d y sen te ry . A c rité r iu m  of successful ex perim en ts is the  
se lec tion  of v iru le n t m u ta n ts , as congruency  an d  re p ro d u c ib ility  o f th e  resu lts  
can  be secured only  i f  in fec ting  doses consisting  of u n ifo rm ly  v iru le n t cells are 
u sed . A ctive im m u n iza tio n  p re v e n te d  th e  developm ent o f Shigella excretion , 
in  o th e r  w ords, i t  b ro u g h t ab o u t an  an tiin fec tiv e  im m u n ity . As Shigella excre
tio n  in  mice is sy m p to m less , th e  m odel exp erim en t does n o t allow  th e  obser
v a tio n  o f “ clinical im m u n ity ” . A ccord ing  to  d a ta  in th e  lite ra tu re , im m u n ity  
a g a in s t bacillary  d y se n te ry  is ch a rac te rized  by a “ clin ical im m u n ity ”  which 
in h ib its  th e  clinical m an ife s ta tio n  o f th e  disease. A classical exam ple of th is  is 
T r o i c k i j ’s [7] o b se rv a tio n  on m onkeys show ing clinical im m u n ity , b u t  becom 
ing Shigella  excre ters  a f te r  re in fec tio n . I n  our opinion th is  o b se rv a tio n  explains 
w h y  th e  m ouse, even  w hen  i t  has b een  given large am o u n ts  o f an tig en , is 
im m u n e  against sm all challenging  doses only . A h igher degree o f im m u n ity  is 
p ro b ab le  for p rev en tin g  excre tion  th a n  for p ro tec ting  a g a in s t th e  developm ent 
o f c lin ical sym ptom s. T here  is, how ever, no reason to  assum e th a t  a difference 
o th e r  th a n  q u a n tita tiv e  ex ists be tw een  th e  tw o ty p es o f im m u n ity . C onsequen t
ly , i t  is ju s tified  to  re g a rd  ou r m odel as a very  rigo rous te s t  o f im m u n ity . 
T r o i c k i j  [7] has c h a rac te rized  p ro te c tio n  against d y se n te ry  as a fa irly  in su b 
s ta n tia l  im m unity .

O ur in v estig a tio n s have  show n th a t  im m u n ity  can  be p roduced  by  b o th  
p a re n te ra l and oral v acc in a tio n . T he degree of im m u n ity  co rresponds, a lth o u g h  
n o t  according to  a lin e a r  re la tio n sh ip , to  th e  dosage o f  th e  vaccine. T he im m u 
n ity  is defin ite ly  type-specific .

In  com paring th e  im m unogen ic  effect o f v a rious vacc ine  ty p es , th e  r e 
su lts  w ere sim ilar to  those  o f p rev io u s experim en ts [9 12]. An im p o rta n t
o b se rv a tio n  is th a t  o ra l im m u n iza tio n  b y  living a v iru le n t b a c te ria  confers no 
h ig h er degree of im m u n ity  th a n  th a t  p roduced  by  fo rm alin -k illed  m icroorga
n ism s. The find ing  is d u e  to  th e  fac t th a t  av iru len t cells (S h . fle xn er i  2a “ AY” ) 
w ere incapable o f p e n e tra tin g  in to  th e  in tes tin a l m ucosa. T hus it follows th a t  
th is  find ing  can n o t be v a lid  for a v iru le n t m icroorganism s w hich m ain ta in ed  
th e ir  p en e tra tin g  (invasive) cap ac ity .

A fter com pletion  of th e  p re sen t s tu d y , F o r m a l  et al. [15]  h av e  pu b lish ed  
a p a p e r  confirm ing ex p erim en ta lly  th e  above co n sidera tion . In  m onkeys im m u 
n ized  w ith  an a v iru le n t m u ta n t  in cap ab le  of p e n e tra tio n , th ese  au th o rs  de
m o n s tra te d  an im m u n ity  e q u iv a len t to  th a t  o b ta in ed  w ith  k illed  b ac te ria . In  
c o n tra s t , an E . coli-Sh . fle x n e r i-h y b rid  th a t  had  re ta in e d  its ep ithe lia l p e n e tra t
in g  cap ac ity  an d  w as a v iru le n t o n ly  because it  fa iled  to  m u ltip ly  in  tissues, 
g av e  rise to  an  e ffec tive  clinical im m u n ity .
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As com pared  w ith  co rpuscu lar vaccines, orally ad m in is te red  colloidal Boi- 
v in  an tig en  was ap p ro x im a te ly  10 tim es m ore effective (T able I I I ) . This re su lt 
corresponds in  o rder o f m ag n itu d e  to  th e  3 to  4-fold difference o b ta in ed  w ith  
th e  m ucin  tech n iq u e  [9]. As show n in T ab le  IV , th e  effectiveness of p a re n te ra lly  
given adso rbed  vaccine  w as ab o u t 2 0  tim es h igher th a n  th a t  o f oral, u n ad so rb ed  
an tigen ic  e x tra c t. In  o u r previous ex p erim en ts  [9] perfo rm ed  w ith  th e  m ucin  
tech n iq u e , th e  d ifference in th e  effectiveness o f these  vaccines was s im ila r in 
o rder (30-fold). I t  sh o u ld  be no ted  th a t  ou r adsorbed  v accine , w hich h ad  p ro v ed  
m ost effective in  la b o ra to ry  ex perim en ts [1 0 , 1 1 ] an d  h u m an  tr ia ls  [1 2 ], 
w as also th e  m ost effective am ong all vaccines w hen exam ined  in th e  m odel te s t .

D a ta  in c lu d ed  in  T ab le  У  reveal th a t  th e re  is no association  b e tw een  
v iru lence  facto r(s) an d  p ro tec tiv e  LPS an tigens.

As regards th e  d u ra tio n  o f im m u n ity , th e re  are tw o  p rac tica l q u estio n s: 
is an  effective im m u n ity  o b ta in ed  w ith  adso rbed  vaccine p e rs is ten t, an d , can  
th e  im m u n ity  be m a in ta in e d  w ith  sm all o ra l an tigen  doses? As show n in T ab le  
V I, adso rbed  vaccine m a in ta in s  an  effective im m u n ity  fo r a period  of a p p ro x i
m ate ly  1 m o n th ; o ral rev acc in a tio n  w ith  0.05 m l (0.25 E D 30) am ounts of B oivin  
e x tra c t  prolongs th e  im m u n ity  for th e  w hole o b se rv a tio n  period  (50 days).

F ro m  our re su lts  i t  m ay  be concluded  th a t  th e  phenom enon  of im m u n ity  
is w ell d em o n stra ted  b y  our m eth o d  im ita tin g  n a tu ra l in fec tion . P rincip les of 
im m u n ity  observed  w ith  o th e r m ethods, such  as th e  association  of th e  effec
tiveness o f v acc in a tio n  w ith  typ e-sp ec ific ity , am o u n t a n d  n a tu re  o f th e  an tig en , 
ro u te  of dosage, an tig en ic  value b u t no t v iru lence , can  also be show n w ith  the 
m odel experim en t.

I t  rem ains to  be d iscussed  how  our re su lts  could be used  for e lucidating  
problem s o f h u m an  d y sen te ry . As m en tio n ed  in th e  in tro d u c tio n , th e  p a th o - 
m echan ism  o f m ouse shigellosis resem bles th a t  of th e  h u m an  disease [1 ].

F o r m a l  et al. who w orked  w ith  s ta rv e d  guinea pigs [8 , 15], concluded  as 
to  th e  p a th o m ech an ism  of d y sen te ry  th a t  th e  cau sa tiv e  agen t p en e tra ted  
th ro u g h  the  in te s tin a l ep ithe lium  and  m ultip lied  in th e  lam in a  propria . In  our 
opinion th e  sam e occurs in  th e  m ouse m odel. P e n e tra tio n  th ro u g h  th e  e p ith e 
lium  in to  th e  lam in a  p ro p ria  is confirm ed b y  th e  presence of shigellae in  th e  
in tes tin a l ly m p h a tic  sy s tem ; th e  ab ility  o f th e  organism  to  m u ltip ly  in tissues 
is in d ica ted  by  th e  persistence  of excretion .

T hus th e  ab ility  to  local invasion an d  m u ltip lica tio n  is a p red o m in a tin g  
fac to r  in  m odel shigellosis includ ing  k e ra to c o n ju n c tiv itis  shigellosa [13] and  
in trace llu la r  m u ltip lica tio n  in  tissue cu ltu res  [14]. T h u s, th e  analogy w ith  
h u m an  d y sen te ry  is obv ious an d  therefo re  b o th  in  h u m an s an d  an im als an  “ a n ti-  
in v asiv e”  im m u n ity  is p ro b a b ly  involved . I t  m ay  be assum ed  th a t  the  m ech a 
nism  o f im m u n ity  is id en tica l in n a tu ra l an d  in  m odel in fec tion  an d  th u s  ou r 
o b serv a tio n s can be ap p lied  cau tiously  to  artific ia l im m u n ity  of hum ans.
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IMMUNOLOGICAL STUDIES ON SHIGELLOSIS BY THE 
MOUSE MODEL TECHNIQUE

II. ANTIINFECTIYE IMMUNITY OF PASSIVELY IMMUNIZED MICE

By

K .  RÁÜ SS a n d  I . K É T Y I

I n s t i t u t e  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 ty  M e d ic a l  S c h o o l, P écs  

(Received August 31, 1965)

Summary. Symptomless shigella excretion can be prevented by subcutaneous or oral 
passive immunization of mice with serum or copro-antibodies. The humoral factor of immunity 
is decisive in the immune mechanism of mouse shigellosis.

Serum and copro-antibodies are equivalent in protective effect. Apart from their locali
zation, there is no qualitative difference between the two kinds of antibody.

The best effect is yielded by oral passive immunization; the importance in immunity of 
high antibody concentrations in the intestine is obvious from the pathomechanism of shigellosis.

In  p rev ious papers [1, 2] we h av e  show n th a t  oral in fec tion  w ith  v iru le n t 
m u ta n ts  o f shigella s tra in s  of mice d ep le ted  o f th e ir  coli flo ra  by  s trep to m y c in  
t re a tm e n t re su lts  in  a chronic sym ptom less excre tion  of th e  in fec tiv e  agen t. 
E x c e p t fo r p a tho log ica l changes, sh igella  in fec tio n  of mice show s m an y  a n a lo 
gous fea tu res  w ith  h u m an  d y sen te ry  as reg a rd s  ep ithelial p e n e tra tin g  ab ility , 
lim ited  lym phogen ic  invasiveness and  ex cre tio n  of shigellae, p ro d u c tio n  of 
cop ro -an tibod ies, etc. Thus our m odel has b een  te rm ed  “ m ouse shigellosis” .

W e have concluded  th a t  th e  m ouse m odel is su itab le  for s tu d y in g  ac tive  
im m u n ity  [2]. I t  has been show n th a t  th e  im m une  response ch a rac te rized  by  
th e  p rev en tio n  o f shigella excretion  is w ell defined  and conform s to  know n 
princip les o f d y sen te ry  im m u n ity . T he p re se n t p a p e r gives an acco u n t of passive 
im m u n iza tio n  s tud ies on hum oral im m u n ity .

M aterials and  m ethods

Care, streptomycin treatment, infection,'detection of shigella excretion of the animals, 
and statistical analyses were carried out as described in reference 2.

I m m u n e  se ra  a n d  in te s t in a l  e x tr a c ts . Passive immunization experiments were performed 
partly with hyperimmune rabbit sera, partly with sera of chronic carrier mice which had been 
bled through the retrobulbar venous plexus [3]. Intestinal extracts containing copro-antibodies 
were prepared from the intestinal tract of chronic carrier mice sacrificed by bleeding. The 
intestine was ground with quartz sand then suspended in saline at g/ml amounts and filtered 
through glass filter after storage at 4° C overnight.

Hyperimmune rabbit sera were preserved with 0.5 per cent phenol and stored at 5°C. 
Mouse sera and intestinal extracts were kept at —20° C.

P a s s iv e  i m m u n i z a t io n  was performed with immune sera and intestinal extracts diluted 
1:5 or 1:10. At different intervals, 2 to 7 subcutaneous injections were given. Oral immu
nization was carried out similarly; one oral dose was always given simultaneously with the 
infecting bacteria.
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R esults

T he im p o rtan ce  o f hum ora l im m u n ity  in  m ouse shigellosis was s tu d ie d  in 
passive  im m u n iza tio n  exp erim en ts . As th o se  o f ac tiv e  im m uniza tion , th e  
re su lts  o f passive im m u n iza tio n  w ere rep ro d u c ib le  on ly  w hen th e  an im als h a d  
been  in fec ted  w ith  se lec ted  v iru len t m u ta n ts . As show n in  p re lim inary  e x p e ri
m en ts , an  ap p rec iab le  im m u n ity  m an ifestin g  itse lf  in  th e  in h ib ition  o f sh i
gella excre tion  dev e lo p ed  only w hen th e  im m u n e  se ru m  was given in  la rg e  
doses an d  th e  n u m b e r o f  in fec ting  b a c te ria  w as less th a n  th e  1 0 0  per cen t in fe c t
ing dose. T he assoc ia tion  o f im m une effect an d  challeng ing  dose is p re sen ted  
in  T ab le  I.

Table I

I n f lu e n c e  o f  d i f fe r e n t  s e ru m  a n d  in fe c t iv e  d o se s o n  im m u n i ty  
(Homologous hyperimmune rabbit serum orally; challenging organism: S h .f l e x n e r i  2 a  “V”)

Serum 
doses (ml)*

Relative num ber of excreters among animals 
infected w ith

6 cells 9 cells 24 cells

0.1 ID.» I D 3 0 i ' > 5 0

(7.500)** (5.050) (3.809)**
0.02 "h„ ID40

(5.050) (3.333) (2.400)
0.004 ID.o I D 6 0 ID.,o

(1.818) (0.952) (0.392)
Control I' ho ID.„ Ю90

*The serum was administered in 5 doses, one dose on each of 2 consecutive days before 
and after infection and one dose on the day of infection

** X2 values.
□ significant, [j nearly significant, difference as related to the control.

In  th re e  ex p e rim en ts , g roups o f m ice co n ta in in g  10 anim als each w ere 
p ro te c te d  w ith  h y p e rim m u n e  ra b b it  serum . T he doses for th e  th ree  g roups 
w ere so chosen as to  fo rm  a 5-fold g eom etrica l p rogression : 0.1, 0.02 an d  0.004 
m l. T he f irs t  an d  second  doses o f se ru m  w ere g iven on each of two consecu tive  
days before in fec tio n , th e  th ird  sim u ltan eo u sly  w ith  th e  infecting b a c te ria , th e  
fo u r th  an d  f if th  on each  of tw o consecu tive days a fte r  infection . The ch a llen g 
ing doses as e s tim a te d  by  p la te  co u n ting  co n ta in ed  6 , 9 and 24 cells. T hese 
in fec ting  doses cau sed  excre tion  in  7, 8 , an d  9, o u t o f  10 mice inc luded  in  th e  
re sp ec tiv e  con tro l g roups (ID 70, ID gu an d  ID 90). T ab le  I shows th a t  0.1 and  
0.02 ml serum  doses sig n ifican tly  p ro te c te d  the  an im als against 6  cells. A sign if
ic a n t p ro tec tiv e  e ffec t against 9 cells was p ro d u ced  only  by 0.1 ml se rum . The 
im m u n e  response  y ie lded  by  0.02 ml se ru m  only  ap p roached  th e  5 per cen t

Acta Microbiologica Academiae Scientiarurn Hungaricae 12, 1965/66



IMMUNOLOGICAL STU DIES ON SHIGELLOSIS, I I . 3 8 9

lim it. Scrum  in 0.1 ml doses p ro d u ced  less s ign ifican t im m u n ity  ag a in s t an 
in fecting  dose o f 24 cells. T hus, v a lu ab le  im m u n ity  can  be o b ta ined  only w hen  
large im m uniz ing  doses an d  sm all challenging  doses are  used . The d a ta  also 
show th e  p a ra lle l decrease of th e  in te n s ity  o f im m une response  w ith  th e  g rad ed  
decrease of se ru m  doses.

I t  has been  show n p rev iously  [4] th a t  serum  an d  in te s tin a l e x tra c t  of 
chronic ex c re te r m ice con ta in  p ro tec tiv e  an tibod ies a g a in s t shigellae in je c te d  
in trap e rito n ea lly  in  m ucin . In  th e  p re sen t s tu d y  th e  p ro te c tiv e  effect o f se ru m  
and  in te s tin a l e x tra c t o f m ice ex cre tin g  shigellae fo r 3 weeks has th e re fo re  
been exam ined . T he an tiin fec tiv e  effect o f su b cu tan eo u sly  and  orally  given 
sera is p resen ted  in T ab le  I I .

I t  is seen th a t  th e  serum  of chronic ca rrie r mice d isp lay ed  im m u n ity  a f te r  
b o th  oral an d  su b cu tan eo u s ad m in is tra tio n .

In  T ab le  I I I  th e  passive im m unizing  effect of in te s tin a l e x tra c t is d em o n 
s tra te d . G roups o f m ice con ta in in g  10 an im als each w ere im m unized b y  th e  
su b cu taneous, o ra l an d  com bined  su b cu tan eo u s-o ra l ro u te s  w ith  7 large doses 
of in te s tin a l e x tra c t. T he d a ta  in d ica te  th a t  cop ro -an tibod ies ex ert a good p ro 
tec tiv e  effect. T he degree o f im m u n ity  w as sign ifican t w ith  any  of the  used  
im m unizing  m eth o d s.

Tables I I  an d  I I I  rev ea l th a t  o ral im m u n iza tio n  ten d s  to  be m ore effective. 
In  su b seq u en t ex p erim en ts  a com parison  w as m ade b e tw een  oral and  s u b c u 
taneous im m u n iza tio n . In  ad d itio n , th e  re la tiv e  p ro tec tiv e  effect of serum  an d  
copro-an tibod ies an d  th e  re su lt o f im m u n iza tio n  w ith  2 an d  5 doses of serum  
an d  in te s tin a l e x tra c t  was com pared . R esu lts  are sum m arized  in  Table IV .

C opro-an tibod ies w ere seem ingly  m ore effective th a n  serum  an tib o d ies , 
S ubcu taneous im m u n iza tio n  was som ew hat less effective th a n  oral im m uniza-

ТаЫе II

P ro te c tiv e  e ffe c t o f  s e r u m  o f  c h ro n ic  ca rr ie r  m ic e  
(Challenging dose, S h . f l e x n e r i  2a “V”, 4 cells)

Relative num ber of excreters

Mode of adm inistration 4 9
Average

X2

days after infection

3 subcutaneous doses of 0.1 ml each* ID,o ÍD.o IDjo 10.332
P<0.01

3 oral doses of 0.1 ml each ID1(, IR, ID, 11.025 
P< 0.001

Control ID77 id8S ID33

* Serum of mice which had been excreting shigellae for 3 weeks was given in 3 doses: one 
dose on each day before and after infection and one on the day of infection.
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Table III

P ro te c tiv e  e ffe c t o f  in te s t in a l  ex tra c t (c o p r o -a n tib o d ie s )  o f  ch ro n ic  ca rr ie r  m ice  
(Challenging dose, S h . f l e x n e r i  2a “V”, 5 cells)

Relative number of exereters

Mode of adm inistration 5 12
Average

X2

days after infection

7 subcutaneous doses of 0.1 ml each* ID2o id20 id2„ 5.050
7 oral doses of 0.1 ml each* ID,,, ID,,, ID,, 7.500
7 subcutaneous and oral doses of 0.1 ml 

each** ID,,, id2„ ID„ 5.625
Control IDJ0 ID,„ id7„

* Intestinal extract was given in 7 subcutaneous or oral doses: one dose on each of 2 
consecutive days before and on each of 3 consecutive days after infection, and two doses on the 
day of infection.

** Intestinal extract was given in 7 subcutaneous doses (one dose on each of 2 consecutive 
days before and on each of 3 consecutive days after infection ) and in 2 oral doses (one on the day 
of infection and one on the next day).

Table IV

O r ig in  a n d  m ode  o f  a d m in is tr a t io n  o f  a n t ib o d y , a n d  the e ffe c tiv e n e s s  o f  im m u n iz a t io n  
(Challenging dose, S h . f l e x n e r i  2a “V”, 6 cells)

Origin of 
antibody Mode of adm inistration

N um ber of
doses

Average relative 
num ber 

of exereters
X2

5 ID 8 .1 2 0Subcutaneous
Serum 2 id50 2 .6 6 6

Oral 5 id25 1 0 .0 0 0

Subcutaneous -f- oral 5 id20 12.130

5 ID.,. 1 0 .0 0 0Subcutaneous 5 ID,. 14.482Intestine
Oral 2 id50 2 .6 6 6

Subcutaneous -f- oraI 5 id25 1 0 .0 0 0

Control id75

When given in 5 doses, serum or intestinal extract was administered on two consecutive 
days before and on two consecutive days after infection and on the day of infection. When given 
in 2 doses, the antibody was administered on the day before infection and on the day of infection. 
When the same animals received both parenteral and oral immunization, one subcutaneous 
injection was given on each of two consecutive days before infection and on the second day after 
infection; oral doses were given on the day of infection and on the next day.

t io n .I t i s  also ev id en t t h a t  2 an tib o d y  doses were in ferior to  5 doses. U nder th e  
g iven exp erim en ta l cond itions 2  doses y ie ld ed  no sign ifican t im m une response 
on e ith e r sub cu tan eo u s o r oral a d m in is tra tio n .
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In  view  o f these  resu lts  i t  was desirable to  com pare th e  re la tiv e  p ro te c tiv e  
effect o f сорго an d  se rum  an tib o d ies  u n d er q u a n tita tiv e  cond itions. A ccord ing
ly , th e  follow ing ex p erim en t w as perform ed. G rad ed  (0.05, 0.005, 0.0005 m l) 
am o u n ts  of serum  an d  in te s tin a l e x tra c t were in jec ted  su b cu tan eo u sly  to  g roups 
o f mice. T he an im als w ere in fec ted  in tra p e rito n e a lly  w ith  a 5 per cen t m ucin  
suspension o f th e  hom ologous organ ism  rep resen tin g  500 L D 30. The serum  and  
in te s tin a l e x tra c t ex e rted  a p ro tec tiv e  effect o f E D 5 0  =  0.05 m l for serum  an d  
E D 5 0  =  0.016 m l for in te s tin a l e x tra c t.

T he tw o m ate ria ls  w ere b ro u g h t to  equ ivalence  b y  d ilu tin g  th e  in te s tin a l 
e x tra c t th e n  g roups of mice con ta in in g  1 0  an im als each were im m unized  w ith  6  

doses ad m in is te red  b y  th e  su b cu tan eo u s, oral an d  com bined  su b cu tan eo u s-o ra l 
ro u tes . R esu lts  are  sum m arized  in T ab le  V.

Table V

P ro te c tiv e  e ffe c t o f  s ta n d a r d iz e d  h y p e r im m u n e  rab b it s e r u m  a n d  in te s t in a l  e x tra c t o f  ch ro n ic  ca rr ie r
m ice

(Challenging dose, S h . f l e x n e r i  2a “V”, 7 cells)

Origin of 
antibody Mode of adm inistration

Number 
of doses

Average relative 
num ber of 
excreters

x2

Subcutaneous 6 Ю 3 0 3 . 3 3 3

Serum Oral 6 ID,,, 9 . 8 9 8

Subcutaneous -f- oral 3 +  3 id 2„ 7 . 2 0 0

Subcutaneous 6 ID3 0 5 . 0 5 0

Intestine Oral 6 ID,,, 9 . 8 9 8

Subcutaneous -f- oral 3 +  3 i d 20 7 . 2 0 0

Serum -f- 
Intestine

Subcutaneous -f~ 

Oral
3 +  

3
i d 2„ 7 . 2 0 0

Control IDS„

Rabbit serum and intestinal extract were previously brought to equivalence by passive 
mouse protection test performed with the mucin technique. Serum or copro-antibodies were 
administered in 6 subcutaneous or oral doses: one dose on each of 2 consecutive days before and 
after infection and two doses on the day of infection. When the same animals received both 
parenteral and oral immunization, one oral dose was given 2 days before infection, one subcutane
ous dose on the day before infection, one subcutaneous and one oral dose on the day of infection, 
one subcutaneous dose on the day after infection, and one oral dose 2 days after infection.

I t  is ev id en t th a t ,  w hen b ro u g h t to  equ ivalence, сорго and  serum  a n tib o 
dies ex e rted  th e  sam e degree of p ro tec tiv e  effect. D a ta  show n in T able У d e fi
n ite ly  confirm ed th e  previous o b se rv a tio n  th a t  oral ad m in is tra tio n  of b o th  serum  
an d  copro-an tibod ies w as su p erio r to  subcu taneous im m u n iza tio n . As i t  m igh t 
be expected  from  th is  find ing , com bined  su b cu tan eo u s-o ra l ad m in is tra tio n  
y ie lded  an im m une  response closer in  degree to  th a t  o f o ral im m uniza tion .
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D iscussion

B y m eans of th e  “ m ouse-sh igellosis”  m odel i t  has been show n th a t  shigella 
ex c re tio n  can be in h ib ite d  by  passive  im m u niza tion . T he m ain  pu rpose  of the  
p re se n t experim en ts w as to  rev ea l th e  c h a ra c te r  o f im m u n ity  ag a in st shigello
sis. T he find ings w ere c learly  in d ica tiv e  o f th e  considerab le  p a r t  p lay ed  by  
h u m o ra l factors in th e  im m u n e  m echan ism  of “ m ouse-shigellosis” . I t  shou ld  be 
considered  th a t  ac tiv e  im m u n iza tio n  p roduces no h igher p ro tec tiv e  effect th a n  
p assiv e  im m uniza tion ; in  o th e r  w ords, s im ilarly  to  passive im m u n iza tio n , vacci
n a tio n  w ith  large doses p roduces an tiin fec tiv e  im m u n ity  only ag a in s t a chal
leng ing  dose n o t exceed ing  th e  m in im al in fective dose. F ro m  th is  find ing  it 
follow s th a t  th e  h u m o ra l fac to r  p lays th e  decisive p a r t  in b o th  ac tiv e  an d  p as
sive im m u n ity . The p re se n t experim en ts  have  confirm ed our prev ious find ing  in 
t h a t  m ice excreting  sh igellae  p roduce  h igh  t i t re  p ro te c tiv e  se rum  an d  copro
an tib o d ies .

Com parison of th e  p ro te c tiv e  effect of serum  an d  cop ro -an tibod ies u n d er 
s ta n d a rd iz e d  cond itions has show n th a t  th e re  is no q u a lita tiv e  d ifference b e 
tw een  serum  and  cop ro -an tib o d ies . This re su lt is obvious and  m ay  be expected  
in  v iew  of th e  concep tion  o f th e  u n ity  o f body  func tions d istin g u ish in g  serum  
a n d  copro-an tibodies accord ing  to  th e ir  localization  only . I t  is p ro b ab le  th a t  
c o m p e ten t cells o f th e  in te s tin a l t r a c t  are p rim arily  responsib le  fo r th e  p ro d u c
tio n  o f an tibodies, a la rg e r a m o u n t of w hich acts as co p ro -an tibod ies, while 
th e  re s t  gains en tran ce  in to  th e  c ircu la tio n  and  appears as se ru m  an tibod ies. 
In  shigella  in fec tion , a m ob iliza tion  o f th e  to ta l  im m une  sy s tem  can n o t, of 
course, be excluded. T h a t  th is  h ap p en s, is in d ica ted  by  th e  la te  p eak  in  serum  
an tib o d ies  [4].

T he observ a tio n  th a t  b o th  serum  and  cop ro-an tibod ies are m ore effective 
o ra lly  th a n  su b cu tan eo u sly  also su p p o rts  our conception  as to  th e  p a thom echa- 
n ism  of shigella in fec tion . B y oral ad m in is tra tio n  p resu m ab ly  a h ig h er a n ti
b o d y  co n cen tra tio n  can  be a tta in e d  in th e  in tes tin es , a t  th e  v e ry  site  w here 
sh igellae  p e n e tra te  th e  ep ith e liu m  and in v ad e  th e  in te s tin a l ly m p h a tic  system . 
C o n cen tra ted  an tib o d ies  m ay  ex e rt a m ore effective p ro te c tio n  ag a in st a local 
in fec tion  such as d y se n te ry .

As d e m o n s tra te d  in  p rev ious ex p erim en ts , in  o rd er to  o b ta in  an effective 
im m u n ity , th e  an im als shou ld  be g iven large doses o f vaccines [2]. T he neces
s ity  fo r large doses is even m ore d e fin ite  in passive im m u n iza tio n . T he fav o u r
ab le  p ro tec tiv e  effect o f serum  given a fte r  in fection  is also s trik in g . Shigellae 
o f course m u ltip ly  free ly  in th e  in tes tin e  of m ice lack ing  th e  n o rm al coli flo ra  
d u e  to  s trep to m y c in  t re a tm e n t. In  th e  course of passive im m u n iza tio n , when 
th e  local an tib o d y  level decreases considerab ly , su rv iv ing  shigellae m ay  m u l
tip ly  again and  p e n e tra te  th ro u g h  th e  ep ithe lium . I t  m ay  be supposed  th a t  
p ro lo n g ed  a d m in is tra tio n  of serum  in h ib its  th is phenom enon.
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PROPERTIES OF PENICILLIN ACYLASE ISOLATED FROM
ESCHERICHIA COLI
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A .  S zE N T IR M A I

D epartm ent o f  M icrobiology ( C hief:  I . H o r v á t h ) ,  Research In stitu te  fo r  Pharmaceutical
Chem istry, B udapest

(R eceived  S ep tem b er 16, 1965)

Sum m ary. Pen icillin  acy lase, an  enzym e sp littin g  and  sy n th e tiz in g  penicillin-G , has 
been  e x tra c te d  b y  th e  usua l m eth o d s (am m o n iu m  su lp h a te  f rac tio n a tio n , calcium  p h o sp h a te  
gel ad so rp tio n  and  D E A E  cellulose c h ro m a to g rap h y ) from  E. coli, a n d  pu rified  fo rty fo ld . W ith  
th is  pu rified  enzym e p re p a ra tio n  th e  k in e tic  d a ta  o f sp littin g  an d  sy n th e tiz in g  of penicillin-G  
w ere d e te rm in ed , and  th e  su b s tra te  specificity  w as s tud ied . T he p u rif ied  enzym e w as fo u n d  to  
be cap ab le  o f sp littin g  ste reospecifically  and  a t  a  h ig h  ra te  th e  d e riv a tiv e s  o f N -phen y l-ace ty l- 
am ino  acids.

T hese  ex p erim en ta l re su lts  suggest th a t  th e  enzym e has a re g u la to ry  role in  th e  t r a n s 
a cy la tio n  process of cell m etabo lism . A t th e  sam e tim e, the  in h ib ito ry  ex p erim en ts  ex p la in  th e  
effec t o f pheny l- an d  p h en o x y ace tic  acid  d e riv a tiv e s  upo n  enzym e p ro d u c tio n ; th ese  acids 
cause derepression  by in h ib itio n  of enzym e a c tiv ity .

S a k a g u c h i  and  M u r a o  [1, 2] w ere th e  f irs t to show  sp littin g  of penicillin- 
G b y  penicillin  am idase. T en  years la te r  R o l in s o n  et al. [3] d e m o n s tra te d  th e  
p ra c tic a l im p o rtan ce  of th is  enzym ic reac tio n , in o th e r w ords, th a t  6 -am inope- 
n ic illan ic  acid, fo rm ed  th ro u g h  th e  h y d ro lysis  of penicillin-G , is an  e lem en ta ry  
s ta r tin g  substance  of severa l sem isy n th e tic  penicillins. In  v iew  o f th e  p ra c tic a l 
value o f th is  recogn ition , severa l research  groups have d e a lt w ith  th e  p ro d u c tio n  
an d  p ro p erties  of penicillin  am idase [4 —11]; it has been  iso la ted  from  v arious 
m icroorganism s [12 —14], an d  its  su b s tra te  specific ity  has been discussed in 
d e ta il [15 18].

In  a previous com m unica tion  a d e ta iled  repo rt has b een  given ab o u t th e  
p ro d u c tio n  of penicillin  acylase b y  E . coli [19]. I t  was d e m o n s tra te d  th a t  e n 
zym e p ro d u c tio n , s tim u la tio n , repression  an d  derepression w ere s trong ly  d ep en d 
e n t on th e  te m p e ra tu re  o f cu ltiv a tio n . In  th e  stud ies to  be p re sen ted  th e  p ro 
perties  o f the  p u rified  enzym e w ere s tu d ied  w ith  special reference  to  its  su b 
s tra te  specific ity , in  th e  hope th a t  in th e  possession of th ese  resu lts  it w ill be 
possible to  explain  th e  effect o f various inducers upon enzym e p ro d u c tio n  and  
to  d raw  conclusions concern ing  th e  m etab o lic  role of th e  enzym e.

M aterials and  m ethods

M icroorganism . T he organ ism  em ployed  w as E . coli s tra in  N y . 1/3, iso la ted  by  L . N y í r i . 
C ultivation. Screening of cu ltu res  fro m  pen ic illin  acylase a c t iv ity  w as carried  o u t as 

follow s. T he m edium  w as com posed of 1.0 pe r c en t B acto  casam ine acid s (D ifco) an d  0.1 pe r 
cen t p h en y lace tic  acid. B efore s te riliza tio n  th e  p H  was ad ju s ted  to  7.0. T he m edia were s te r i
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lized  a t  121° C for 30 m in u te s . C u ltiv a tio n  w as m a in ta in ed  in a series o f 10 litre  glass fe rm en to rs  
w ith  fiv e  litres of u sefu l v o lu m e, a t  24°C u n d e r 1 v /v /m in  a e ra tio n ; th e y  w ere inocu la ted  w ith  
100 m l of a  24-hour-old  b o u illo n  cu ltu re .

E nzym e assay . E n zy m e  a c t iv ity  was e s tim a te d  a t  40°C durin g  a 20 m in. reac tio n  p eriod . 
I n  th e  course of b e n zy lp en ic illin -sp littin g  th e  re a c tio n  m ix tu re  co n ta in ed  6 /liM  of penicillin-G  
in  0.05 M  p h o sp h a te  b u ffe r  p H  7.8. F o r e s tim a tio n  of enzym e sy n th esis 0.05 M ph o sp h a te  b u ffer 
p H  5.7 was used . T h e  re a c tio n  m ix tu re  co n ta in ed  6 /.iM  6 -am inopen ic illan ic  acid and  60 /iM  
p h en y lace tic  acid  o r som e o th e r  side chain  p recu rso r. T he reac tio n  w as s to p p ed  by  add in g  ten  
v o lum es of ab so lu te  a lcohol an d  cooling in  ice. T h e  p H  was m a in ta in e d  a t  th e  given v a lu es 
( ih  0.1 p H ) by  th e  a d d itio n  of a lk a li or acid. T he v a rio u s penic illin  p ro d u c ts  were e s tim a te d  
b io log ically  by  th e  a g a r  d iffusion  m ethod . T he 6-am inopenicillan ic  c o n te n t was assayed  biolog-

Reaction p e r io d  (min)

F ig . 1. E ffec t of p ro te in  co n ce n tra tio n  on reac tio n  ra te . One m l of th e  m ix tu re  con ta ined  6 p M  
penic illin-G  and  v a rio u s  a m o u n ts  of p ro te in  in  0.05 M ph o sp h a te  b u ffer, p H  7.8; 1 : 0.3 m g /m l 

p ro te in ; 2 : 0.6 m g/m l p ro te in ; 3 : 1.2 m g/m l p ro te in

ica lly  a fte r p rev io u s a cy la tio n  b y  p h e n y lace ty l chloride. T he u n it  o f specific a c tiv ity  w as 
d e fin ed  as 1 f iM  s u b s tra te  sp lit  or 1 / iM  end  p ro d u c t fo rm ed , per m g p ro te in  per hour.

Owing to  th e  re v e rs ib ility  o f th e  re ac tio n , th e  fo rm ed p ro d u c t s tro n g ly  in h ib ited  th e  
re a c tio n  ra te . C on seq u en tly , th e  progress cu rve  of enzym e reac tio n  in  tim e  considerab ly  d e v ia t
ed fro m  th e  s tra ig h t line  a t  p ro longed  in cu b a tio n  tim es (Fig. 1). To e lim in a te  th is source of 
e rro r, enzym e a c tiv itie s  w ere e s tim a te d  a t  sh o rt in te rv a ls  and  w ith  p ro te in  co n cen tra tio n s 
cau sin g  ten  su b s tra te  co n ce n tra tio n  to  change w ith  a t  m o st 25 to  30 p e r cent.

Low su b s tra te  c o n ce n tra tio n s  (6 [iM )  w ere app lied , to  ensure  fa v o u rab le  conditions for 
b io logical e stim a tio n .

Paper electrophoresis. P u rified  p ro te in  frac tio n s  were ru n  a t  180 V fo r 24 hours on M ache- 
ray -N ag e l No 214 f i lte r  p a p e r  im p reg n a ted  w ith  v e ro n al buffer (0.05 io n ic -stren g h t, p H  8.6) 
in  a  “ L ab o r”  e lec tro p h o re tic  a p p a ra tu s . F o r d ev elo p m en t, acidic fu ch sin  w as applied. C hrom a
to g ram s were b io a u to g ra p h e d  for id en tif ic a tio n  of active  p ro te in  sp o ts  b y  im m ersing p a p e r 
s tr ip s  equal in  size to  th e  e lectrophoresis s tr ip s  in to  a so lu tion  c o n ta in in g  0.05 u n it/m l o f 
benzy lpen ic illin  in  0.05 f iM  p h o sp h a te  b u ffer p H  7.0; th e  strip s  w ere th en  dried  a t room  te m 
p e ra tu re  and  s tre tc h e d  o n to  a w ooden fram e  p laced  in to  a f la t  glass t ro u g h  k ep t a t  40°C an d  
100 pe r cen t re la tiv e  h u m id ity . T h en  th e  e lec tro p h ero g ram s were p laced  o n to  th e  strip s im p re g 
n a te d  w ith  pen ic illin  a n d  w ere even ly  sp ray ed  w ith  0.05 f iM  p h o sp h a te  buffer p H  7.0. A fte r  
in cu b a tio n  for tw o h o u rs  th e  s tr ip s  were laid  o n to  ag ar p la tes in fec ted  w ith  B. subtilis. A fte r  
30 m in u tes  th e  s tr ip s  w ere rem o v ed , and  th e  p la te  w as k e p t a t 37°C fo r 18 hours. T he g ro w th  
o f b a c te ria  clearly  in d ic a te d  th e  site  of th e  enzym e.

D e te rm in a tio n  of p ro te in  co n te n t w as carried  ou t according to  L o w ry  et al. [22].
M aterials. C om m ercia l p re p a ra tio n s  o f p u re  or an a ly tica l g rad e  w ere used.
P urifica tion  o f  enzym e. T he enzym ew as p u rified  b y  th e  u sua l p ro ced u res [4, 7. 12, 13, 14], 

in  th e  following m an n e r. A fte r  22 hours fe rm e n ta tio n  b ro th s w ere se p a ra te d  in a S harp les- 
cen trifu g e  and  w ash ed  tw ice  w ith  31 of 0.03 M  p h o sp h a te  b u ffer p H  7.0 b y  cen trifug ing  a t  
3.000 r.p .m . T h en  th e  cells w ere resu sp en d ed  in 80 ml p h o sp h a te  b u ffe r  (30 — 40 m g/m l) an d  
so n ica ted  for 8 m in  in  a M SE m ag n e to s tr ic tic  d is in te g ra te  (20.000 k c  50 W ) cooled b y  ice w a te r . 
T h e  rem ain ing  cell d eb ris  w as rem o v ed  by  cen trifu g in g  a t  16.000 g, th e  cell-free enzym e so lu tion
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th u s  o b ta in e d  was a d ju s te d  to  150 m l w ith  th e  above b u ffer; i t  rep re se n ted  the  s ta r tin g  crude  
e x tra c t.

To th e  crude e x tr a c t  40 g o f fin ely  pow dered  am m o n iu m  su lp h a te  was added . T h e  p H  
was a d ju s te d  to  6.5, an d  a f te r  s tan d in g  an d  occasional sh ak ing  for one hour in a re fr ig e ra to r 
th e  p re c ip ita te  w as rem o v ed  b y  cen trifug ing  a t  16.000 g. F iv e  g o f solid am m onium  su lp h a te  
w ere ad d ed  to  th e  s u p e rn a ta n t. A fter fu r th e r  tw o  h o u rs  s ta n d in g  in  th e  cold the  p re c ip ita te  was 
co llected  b y  cen trifug ing  fo r 15 m in  a t  16.000 g. T he p re c ip ita te  co n ta in ed  a p p ro x im ate ly  30 
pe r c en t o f th e  a c tiv ity  ( frac tio n  B ); th e  s u p e rn a ta n t  still co n ta in ed  h igh  enzym e a c tiv ity  w hich  
could  be p re c ip ita te d  by  fu r th e r  ad d itio n  of am m o n iu m  su lp h a te  b u t  th e  specific a c t iv ity  o f 
th is  frac tio n  w as low er th a n  th a t  o f frac tio n  B, an d  was th e re fo re  d iscarded .

Two frac tio n s w ere com p ared  b y  p a p e r e lectrophoresis. In  b o th  cases the  ac tive  fra c tio n  
m ig ra ted  a t  th e  sam e ra te .

F ra c tio n  В was fu r th e r  p u rified  as follow s. T he p H  w as a d ju s te d  to  7.0 w ith  d ilu te  
sod ium  h y d ro x id e  so lu tion . To o b ta in  an  ion-free frac tio n , th e  so lu tio n  was perco la ted  th ro u g h  
a S ep h ad ex  G 25 co lum n e q u ilib ra ted  w ith  0.01 M  p h o sp h a te  b u ffer p H  7.0. To th is  ion-free  
so lu tion  w ere ad d ed  10 m l o f calcium  p h o sp h a te  gel (10 pe r c en t'd ry  w eigh t). A fter c en trifu g a tio n  
th e  p re c ip ita te  was w ashed  tw ice w ith  15 ml o f d istilled  w a te r an d  e lu ted  b y  ph o sp h a te  b u ffer 
p H  7.8 a t  increasing  co n cen tra tio n s  (0.01, 0.04, 0.1, 0.5 M ) .  T he m ajo r p a r t  of the  a c t iv ity  w as 
fo u n d  in th e  0.1 M  e lu a te  w hich  u su a lly  co n ta in ed  15 to  25 pe r cen t o f th e  in itia l enzym e a c t iv 
ity . Specific a c tiv ity  w as a b o u t 10 to  14 u n its , w hich as com p ared  w ith  th e  s ta r tin g  a c t iv ity  
m ea n t a 20 to  25 fold p u rific a tio n . In  th e  ex p erim en ts  all m easu rem en ts  w ere carried  o u t w ith  e n 
zym e p u rified  as described  above.

C h ro m ato g rap h y  of ion-free frac tio n  В on D E A E  cellulose co lum n resu lted  in an  enzym e 
so lu tio n  of h igher specific a c tiv ity . A fte r t r e a tm e n t w ith  S ephadex  G 25 th e  frac tio n  w as passed  
th ro u g h  a W h a tm an  D E A E  cellulose colum n (1.3 X 23) equ ip p ed  w ith  a cooled ja c k e t. E lu tio n  
was p e rfo rm ed  a t in creas in g  buffer co n cen tra tio n s . T he m ixer co n ta in ed  65 ml of 0.001 M  
p h o sp h a te  buffer p H  7.8; th e  co n ta in er, 0.05 M  p h o sp h a te  b u ffe r  p H  8.0. F rac tio n s o f 3 m l 
were co llected , 16 m g p ro te in  was app lied  to  th e  colum n. F ra c tio n s  35 and  36 e x h ib ited  th e  
h ig h est a c tiv ity , co n ta in in g  10 pe r cen t of th e  to ta l  s ta r tin g  a c tiv ity . T he specific sy n th e tiz in g  
a c t iv ity  th u s  o b ta in ed  w as a p p ro x im a te ly  25 to  30 u n its .

Table I

Purification  o f p en ic illin  acylase

Specific ac tiv ity  
o f splitting

T otal ac tiv ity  
un it

Specific activ ity  
of synthesis

T o tal protein, 
mg

Production, 
per cent

Crude ex tra c t 0 .6 540 0.08 900 —

F rac tio n  В 2.1 243 0.32 120 45

0.1 M  e luate 13.1 97 1.60 7.4 18

F rac tio n  D E A E  35 29 29 3.50 1 .02 10

36 23 24 3.5.5 1.05

Results

S tab ility  o f  the enzym e. A fte r p u rific a tio n  w ith  p h o sp h a te  buffer (p H  5.0 
and  8.0) th e  enzym e w as k e p t for tw o hours in  a w a te r-b a th  a t  various te m p e ra 
tu res . S u b seq u en tly , th e  p H  o f th e  enzym e so lu tions w as ad ju s ted  to  7.0 an d  
5.2, re sp ec tiv e ly , and  th e  a c tiv ity  of sam ples w as d e te rm in ed . In  T able I I  th e  
rem ain ing  a c tiv ity  is in d ica ted . V alues o b ta in ed  w ith o u t sto rage  were consid 
ered  100 p er cen t. I t  is obvious from  th e  d a ta  th a t  th e  enzym e is more sensitiv e
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a t  a lk a lin e  th a n  acidic p H  an d  its sp littin g  an d  sy n th e tiz in g  a c tiv ity  decrease 
w ith  th e  decrease o f th e  p H .

Table II

Temperature sensitivity  o f  pen ic illin  acylase 
at alkaline and acid p H

Tem perature 
of storage

R e m a i n i n g  a c t i v i  t y

Storage a t  pH  5.0 Storage a t pH  8.0

splitting synthetizing splitting synthetizing

a c t i v i t y ,  per cent a c t i v i t é , per cent

o°c 92 95 92 84

30°C 82 89 78 76
40°C 72 70 66 95
55°C 52 48 30 20

P ro te in  co n cen tra tio n  during  h e a t tre a tm e n t w as 4.2 mg/ml.

The effect o f te m p e ra tu re  on th e  v e lo c ity  o f the  reac tio n  is seen in F igs. 2 
a n d  3. The m ax im um  sp littin g  an d  sy n th e tiz in g  ra te  w as ach ieved  a t 42°C. 
A bo v e  th is  te m p e ra tu re  th e  ra te  decreased  considerab ly . T he decrease can n o t

1 -

Ю To To W  50 c °

F ig . 2. E ffec t o f te m p e ra tu re  on sp lit
t in g  o f penicillin-G . One m l of reac tio n  
m ix tu re  con ta in ed  6 p M  b enzy l-pen i
c illin , an d  0.4 m g p ro te in  in  0.05 M  

p h o sp h a te  buffer, p H  7.8

10 20 30 W  50 C°

Fig. 3. E ffec t o f te m p e ra tu re  on p e n i
cillin G syn thesis. One m l of th e  re a c 
tio n  m ix tu re  co n ta in ed  6  p M  6 -am ino- 
penicillanic acid , 60 p M  p h en y lace tic  
acid , and  1.1 m g p ro te in  in  0.05 M  

p h o sp h a te  b u ffer, p H  5.2

h e  exp la ined  by  th e  te m p e ra tu re  se n s itiv ity  o f th e  enzym e alone . A bove 42°€  
th e  s ta b ility  of penicillin-G  an d  6 -am inopenicillan ic  acid ra p id ly  decreases an d  
th is  in fluences th e  values o b ta in ed  w hich  can n o t be co rrec ted  b y  spon taneous 
b reak d o w n  curves, due to  changes in  co n cen tra tio n  d u ring  th e  reac tio n . A t 
40°C , th e  te m p e ra tu re  a d o p ted  for enzym e a c tiv ity  m easu rem en ts , th e  b re a k 
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dow n of penicillin w as ab o u t 10 p er cen t, th u s w ith in  th e  lim its  o f erro r of 
enzym e ac tiv ity  d e te rm in a tio n .

As Fig. 4 show s p H  8.0 was fo u n d  to  be th e  o p tim u m  fo r sp littin g . A t 
h ig h er values a considerab le  decrease in  sp littin g  a c tiv ity  occurred . This can 
be  a ttr ib u te d  only in  p a r t  to  th e  p ro p ertie s  o f th e  enzym e, since above p H  8.0 
a s ign ifican t decrease in  th e  s ta b ility  o f penicillin-G  w as also observed . S y n th e 
sis w as op tim al be tw een  p H  4.5 an d  5.0. (Fig. 5) A bove th is  ran g e  synthesis 
decreased  rap id ly , to  s to p  com pletely  a t  p H  7.0. Below  p H  4.5 th e  estim ation  
o f sy n th e tiz in g  a c tiv ity  w as u n c e rta in  owing to  th e  poor so lu b ility  of 6-am ino-

F ig . 4. p H  dependence o f peuicillin-G  sp lit
tin g . One ml of th e  re a c tio n  m ix tu re  
c o n ta in ed  6 /xM  penicillin-G  a n d  2—0.8 mg 

p ro te in  in  0.05 M  p h o sp h a te  buffer

F ig . 5. p H  dependence  of sy n 
th e tiz in g  o f penicillin-G . One m l 
o f th e  re ac tio n  m ix tu re  co n 
ta in e d  6 /iM  6 -am inopenicillan ic 
acid , 60 f iM  p h en y lace tic  acid , 
a n d  1 m g p ro te in  in  0.05 M  

p h o sp h a te  buffer

penic illan ic  acid th e  iso -electric  p o in t o f w hich is a t p H  4.3. In  th e  m easu rem en t 
of penicillin  syn thesis  (as given u n d e r M ethods) th e  c o n c e n tra tio n  of p h en y l
ace tic  acid was ra ised  to  one o rder of m ag n itu d e  above th a t  o f 6 -am inopen icil
lan ic  acid , because th e  equ ilib rium  o f th e  reac tion  sh ifts to w ard s  sp littin g  even 
in  th e  acid p H  ran g e .

This is proved  b y  th e  equ ilib riu m  co n stan t a t p H  5.2. In  th e  com position 
o f th e  reac tio n  m ix tu re  no m easu rab le  change could be  d e te c te d  a fte r  several 
h o u rs  o f incubation  w hen  th e  com ponen ts h ad  been ap p lied  a t  th e  following 
c o n cen tra tio n s : 6 -am inopenicillan ic  acid , 4.2 /iM ; penicillin-G , 0.54 /uM ;p h en y l
ace tic  acid, 74 /iM. A ccord ing  to  th e  above d a ta  th e  e q u ilib riu m  c o n s tan t of 
th e  reac tio n  is

И ^ И 741  =  575
[0.54]
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W hen th e  co n c e n tra tio n  o f th e  above com ponents w as decreased  to  one h a lf 
or ra ised  tw ofold, no change in  e q u ilib riu m  could be observed .

W e exam ined  th e  effect o f th e  co n cen tra tio n  o f p h en y lace tic  acid on th e  
sy n th es is  and  sp littin g  o f pen ic illin -G  a t  p H  5.2, fav o u rab le  fo r enzym e sy n th e 
sis (F igs 6 and  7). On increasing  th e  co n cen tra tio n  of p h e n y la c e tic  acid th e  ra te  
o f  sp littin g  decreased  an d  th e  r a te  o f syn thesis  increased . T h e  in h ib ito ry  effect 
o f  p h eny lace tic  ac id  on th e  sp lit t in g  o f penicillin-G  cou ld  be  observed  also a t 
h ig h e r p H  values, b u t  a t  a lka line  p H  th e  ra te  of in h ib itio n  decreased .

4 -

~0J Ц2 ~0ß £)4 ~0£ ~0ß
M phenylacetic  acid

1, 0 -

~01 02 ~oj ~0ß
M phenylacetic acid

F ig . 6. E ffec t o f p h e n y lace tic  acid  co n cen 
t r a t io n  on sp littin g  o f penic illin-G  a t p H  
5 .2 . One m l of th e  re a c tio n  m ix tu re  con
ta in e d  6  p M  b en zy lpen ic illin , 2.1 m g 
p ro te in , phen y lace tic  acid  a t  v a rio u s 

c o n cen tra tio n s  in  0.05 M  p h o sp h a te  
buffer p H  5.2

Fig. 7. E ffec t o f phen y lace tic  acid con
c e n tra tio n  on  th e  syn thesis o f pen i
cillin-G . O ne m l o f th e  reac tion  m ix 
tu re  c o n ta in ed  6 p M  6 -am inopeni- 
cillanic acid , 2 .1  m g p ro te in , and  
p h e n y lace tic  acid  a t  various concen
tra tio n s  in  0.05 M  p h o sp h a te  buffer, 

p H  5.2

As to th e  effect o f  v a rio u s acy la tin g  agents (p h en y lace tic  acid, phen- 
o x y ace tic  acid, an d  p -m eth o x y -p h en v lace tic  acid) on th e  sp littin g  of penicil- 
lin -G , while th e  f ir s t  tw o com pounds in h ib ited  sp littin g  a lm o st to  th e  sam e 
e x te n t, th e  in h ib ito ry  effect o f p -m eth o x y -p h en y lace tic  ac id  w as considerably  
we ak er (Fig. 8).

I f  th e  ra te  o f syn th esis  w as m easu red  in th e  p resence  o f th e  above com 
p o u n d s (Table I I I ) ,  p h en o x y ace tic  acid in h ib ited  pen ic illin -G  synthesis and  
fo rm ed  100-tim es less penicillin  w ith in  th e  sam e period  th a n  pheny lacetic  
acid . The p -m eth o x y -p h en y lace tic  acid  in co rp o ra ted  slow er th a n  pheny lacetic  
ac id  b u t  considerab ly  fa s te r th a n  phenoxyacetic  acid.

O ur resu lts  ag reed  well w ith  th e  findings of K a u f m a n n  [16]. I f  in stead  of 
p h en y lace tic  acid  N -p h en y l-ace ty lam in o  acid or phen y lace ty lth io g ly co lic  acid 
w as used , th e  r a te  o f syn th esis  m ark ed ly  increased. T he enzym e is m ore active 
in th e  tra n sa c y la tio n  reac tio n s. I f  in s tead  of free p h en y lace tic  acid, phenyl- 
acety l-g lycine w as app lied , a fivefo ld  increase in the  r a te  o f reac tio n  occurred .
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T he syn thesis  b y  th is  tra n sa c y la se  is stereospecific . In  th e  presence o f p h en y l- 
ace ty l-L -a lan in e  th e  am o u n t o f pen icillin  form ed w as 15 tim es m ore th a n  in  
th e  presence o f p h en y lace ty l-D -a lan in e  (Table I I I ) .

F ig . 8. In h ib itio n  of penicillin-G  b y  v a rio u s  acetic  acid  hom ologoues. One m l o f th e  re ac tio n  
m ix tu re  co n ta in ed  60 f iM  penicillin-G , 1.8 m g p ro te in , a n d  in h ib ito ry  acids a t  various concen
tra t io n s  in 0.1 M  p h o sp h a te  b u ffer, p H  8.0. 1 : p h en y lace tic  acid ; 2 : p h en o x y acetic  acid ;

3 : p -m eth o x y p h en y lace tic  acid

Table III

A cylation o f 6-am inopenicillanic acid by various acids

Acid added to  the reaction m ixture
A m ount of penicillin m easurable 

after 1 h r reaction period

60 /лМ  phenylacetic  acid 300 /zg benzylpenicillin

60 /лМ  phenoxyacetic  acid 3 ^g  phenoxym ethylpenicillin

60 f iM  phenylacetic  acid -f~ 60 /лМ  phenoxy- 90 /zg benzylpenicillin

acetic  acid

60 f iM  p -m ethoxyphenylacetic  acid 79 /zg p -m ethoxy  benzylpenicillin

15 /лМ  N -pheny lacety l glycine 1600 fig benzylpenicillin

30 (лМ  phenylace ty l thioglycolic acid 1200  /zg benzylpenicillin

15 /лМ  N -phenylacety l-L -alanine 1550 fig benzylpenicillin

15 /лМ  N -phenylacety l-D -alanine 100  /zg benzylpenicillin

The reac tion  m ix tu re  contained 1.2 mg p ro te in , 6 f iM  6 -am inopenicillanic acid, and various 
acy l side-chain acids per ml, in 0.05 M  p h o sp h a te  buffer pH  5.2.

R esu lts fo r th e  ra te  of sp littin g  of various penicillin  de riv a tiv es  a t  p H  7.8 
are  sum m arized  in  T able IY . T h e  sp littin g  ra te  was alm ost th e  sam e w ith  
bcnzy lpen ic illin , phen o x y m eth y lp en ic illin , an d  am picillin , b u t  oxacillin  w as 
n o t sp lit. R esu lts  w ith  penicillin-V  w ere rem ark ab le  if  com pared  w ith th e  d a ta  
in F ig . 8 and  T ab le  I I I .  W hile sp lit t in g  of penicillin-V  d id  n o t differ s ign ifican tly
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from, t h a t  o f penicillin-G , a m ark ed  d ifference was n o te d  in  th e  ra te  o f sy n 
thesis .

F in a lly , since o u r a im  has been to  in v e s tig a te  th e  p h enom ena  concerning 
acy lase in d u c ib ility , we d e te rm in ed  u n d e r  cond itions described  in  a previous 
p a p e r  [19] th e  effect u p o n  enzym e in d u c tio n  of th e  p h en y lace tic  acid d e riv a 
tiv e s  sy n th e tiz e d  b y  us (T able V). In d u c tio n  b y  p h en y lace tic  a c id ,p h en y lace ty l-  
g lycine, an d  p h en y lace ty l-L -a lan in e  w ere n ea rly  sim ilar, w hile p h eny lace ty l-D - 
a lan in e  w as ineffective in  th is  respect.

Table IV

S p littin g  o f  various pen ic illin s o f  p H  7.8

S ubstrate
Form ation of 6-ami
nopenicillanic acid 

during 20 min

Penicillin-G 3.1 p M

Penicillin-V 1.9 p M

A m picillin 2.1 p M

O xacillin 0.0 p M

T he reac tion  m ix tu re  con tained  
0.5 m g p ro te in  and 6  p M  va rio u s p en i
cillins in  0.05 M  phosphate  b u ffer p H  7.8.

Table V

Effect on acylase synthesis o f  addition to 
the medium  o f  various phenylacetic acid 

derivative

Inducto r (0.02 M ) Acylase ac tiv ity

— l . i

Phenylacetic  acid 8 .2

P h eny lacety l glycine 8 .1

Pheny lacety l-L -a lan ine 7.6

P henylacety l-D -alan ine 1 .2

Discussion

T he nam e o f th e  enzym e in q u estio n  has form ed th e  su b je c t o f discussions. 
T he n am e  penicillin  am id ase  proposed  b y  th e  f irs t descrihers [1] w as favoured  
b y  sev era l au th o rs . O th e rs  p re fe rred  to  call th e  enzym e pen icillin  acylase [15]. 
R ecen t rep o rts  an d  o u r ow n d a ta  p rove  t h a t  b o th  nam es are  in co rrec t [16, 17], 
since th e  enzym e does n o t  seem  to  be  responsib le  for th e  in tra c e llu la r  cleavage 
o f pen ic illin  b u t ca ta lizes ce rta in  tra n sa c y la tio n  processes.

Ow ing to  th e  s im ila r ity  in  chem ical s tru c tu re , th e  enzym e is well su ited  
for th e  in d u str ia l p re p a ra tio n  of 6-am inopen ic illan ic  acid.

N um erous re sea rch  groups have d e a lt w ith  th e  p u rif ic a tio n  of penicillin  
acy lase . B a t c h e l o r  et al. [12] iso la ted  ex tra c e llu la r  acy lase from  Streptomyces 
lavendulae. They ach ieved  a fivefo ld  p u rif ic a tio n  b y  p re c ip ita tio n  w ith  am m o
n iu m  su lp h a te  an d  fra c tio n a tio n  w ith  acetone . The enzym e sp lit penicillin-V . 
In  c o n tra s t  to  our re su lts , these  au th o rs  fo u n d  th a t  p h en o x y -ace tic  acid  added 
to  th e  reac tio n  m ix tu re  does n o t affect th e  reac tio n  ra te , w hile 6 -am inopen icil
lan ic  ac id  considerab ly  decreases it.

M u r a o  et al. [7] is o la te d  a n d  p u r if ie d  th e  e x tra c e l lu la r  a c y la se  o f  B . mega- 
terium  in  a s im ila r  w a y . C l a r id g e  et al. [4] iso la te d  in tr a c e l lu la r  ac y la se  fro m
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Alcaligenes faecalis. T h ey  observed  a q u a n tita tiv e  d ifference in a c tiv ity  b e 
tw een  to lu e n e -tre a te d  cells an d  th e  cell-free e x tra c t o b ta in e d  b y  u ltra so n ic  
tre a tm e n t. The ra te  o f enzym ic sp littin g  o f penicillin -G  w as th e  sam e in  b o th  
cases, while th e  sp littin g  o f pcnicillin-Y  decreased  a fte r  d is in teg ra tio n . In  o u r 
experim en ts w ith  th e  em ployed  organism  such  a p h en o m en o n  was no t observed .

B o r k a r  et al. [13] iso la ted  an in trace llu la r pen icillin  acylase from  E . coli. 
A tw en tifivefo ld  p u rific a tio n  could be a tta in e d  w hen th e  enzym e was fra c tio n 
a ted  w ith  am m onium  su lp h a te  and  c h ro m a to g rap h ed  on D E A E  cellulose 
colum n.

W a l d s c h m i d t - L e i t z  et al. [14] iso la ted  from  th e  ace tone  dried  pow der 
o f F usarium  sem itectum  m ycelia  an in trace llu la r  enzym e capab le  of sp littin g  
penicillin-V . T hey  succeeded  in  a tta in in g  a th reeh u n d red fo ld  pu rifica tio n . M eas
u rin g  th e  m olecular w eigh t of th e  enzym e b y  m eans o f  u ltra c e n tr ifu g a tio n , it  
was fo u n d  to  be 65.000. T he enzym e proved  to  possess tw o Zn atom s per m ole
cule. In  our enzym e th e  a c tiv a tin g  effect o f m e ta l ions could n o t be d e m o n s tra t
ed an d  its  a c tiv ity  was n o t decreased  by 139 /ig /m l o f 8 -hydroxych ino line .

As to  th e  specific ity  o f th e  active cen tre  o f th e  enzym e, th e  m ost im p o r
t a n t  p o in t is th e  specific ity  tow ards L-am ino acids, p h en y lace tic  acid and  phe- 
nox y ace tic  acid. In  fung i an d  A ctinom ycètes penicillin-V , w hile in  b ac te ria  p en i
cillin-G  is sp lit b y  th e  enzym e a t  th e  h ighest ra te . T he enzym e read ily  h y d ro 
lysing  penicillin-G  is en tire ly  in trace llu la r; i t  hydro lyses p h en y lace ty l glycine 
even m ore read ily  b u t  has no effect upon N -ace ty l g lycine [17].

T he effect o f ph en o x y ace tic  acid on enzym e a c tiv ity  w as specially  re m a rk 
able. Penicillin-V  was sp lit a t  a sufficient ra te  b u t sy n th e tiz e d  only in trace s . 
T he s itu a tio n  was ren d e red  even m ore com plica ted  by  th e  fin d in g  th a t  p h e n 
ox y ace tic  acid, s im ilarly  to  phen y lace tic  acid, in h ib ited  b o th  th e  sp littin g  and  
th e  syn thesis  o f benzy lpen ic illin . T hus it is b o u n d  to  th e  ac tiv e  cen tre  b u t, due 
to  its  s teric  d ifference, it  in h ib its  th e  ac tiv ity  of th e  enzym e. On th e  o ther h a n d , 
if  pheny lace tic  acid is in tro d u c e d  in th e  form  o f p h en o x y ace ty l glycine, or th io - 
glycolic acid th io es te r  is ad d ed  to  th e  reac tio n  m ix tu re  [23, 24], th e  process of 
tra n sa c y la tio n  is m ore en h an ced  th a n  d irect acy la tio n .

T he configura tion  o f th e  acy la ted  am ino acid  is a su b s ta n tia l  criterion  o f 
a c tiv ity , th e  enzym e being  specific for acy la ted  L -am ino acids only, th u s  N- 
phen y lace ty l-D -a lan in e  w as n o t affected  by  th e  enzym e. T he a rran g em en t in 
th e  penicillin  m olecule o f the tw o carbon atom s a t  issue ex ac tly  corresponds 
to  th e  configura tion  o f L -am ino  acids. The su rface o f enzym e is presum ably  
specific only for these  tw o carbon  atom s, th e  a- an d  ca rb o n y l carbon a tom s, 
an d  a c tiv ity  differences due  to  differences in th e  size of th e  ac id  m olecule m ight 
also be d im inished, e.g. in th e  case of phen o x y ace tic  acid  one oxygen atom  
w hich is longer th a n  p h en y lace tic  acid. The presence o f th e  carbony l a tom  is 
essen tia l because th e  enzym e is unab le  to  in co rp o ra te  p h en y lace tic  acid esteri- 
fied b y  m ercap to e th an o l. I t  appears th a t  the  enzym e is n o t so sensitive to  su b 
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s t i tu e n ts  on th e  pheny l g roup , since i t  is capable  of d irec tly  in co rp o ra tin g  p- 
m e th o x y p h en y lace tic  acid . On th e  o th e r  h a n d , sen sitiv ity  is increased  to w ard s 
p h e n y la c e tic  acid d e riv a tiv e s  s u b s ti tu te d  a t  th e  a-carbon  a to m . T he in co rp o ra 
tio n  o f ph en y l glycine fo r exam ple  proceeds poorly w hile i t  is m ore read ily  
in c o rp o ra te d  from  glycolic ac id -th io es te r.

T he p rac tica l use o f th is  o b se rv a tio n  is h indered  b y  th e  poor w a te r-so lu 
b ili ty  o f th e  th ioeste r.

C oncerning th e  in d u c ib ility  o f  th e  enzym e, we h av e  fa iled  to  d e te c t d if
ferences betw een  p h en y lace tic  acid , p h en y lace ty l th ioglycolic acid , or N -phenyl- 
a c e ty l glycine an d  N -p h en y lace ty l-L -a lan in e . This is o n ly  n a tu ra l  since th e  
acy lase  being  p resen t ra p id ly  c leaved  th e  added  com pound. N -pheny lace ty l-D - 
a lan in e  w as of course ineffective n o t on ly  as su b s tra te  b u t  also as inducer.

No su b s ta n tia l d ifference in  in d u c tiv e  effect could be d e m o n s tra te d  b e 
tw e e n  pheny lace tic  acid a n d  p h en o x y ace tic  acid [19]. This show s th a t  in s tead  
o f  p h en y lace tic  acid, p h en o x ace tic  ac id  can be bound to  th e  su rface  essential 
fo r enzym e ind u c tio n . In h ib itio n  o f enzym e synthesis was s im ila r w ith  p h en y l
ace tic  and  phen o x y ace tic  acid. P -m e th o x y -p h en y l acetic  acid , w hich is a con
s id e ra b ly  w eaker in h ib ito r  o f th e  enzym e, is w eaker also as inducer.

I t  m ay  be concluded  th a t  u n d e r  ce rta in  conditions acy lase  m ig h t h av e  an 
im p o r ta n t  role in cell m e tab o lism  especially  on ca rb o h y d ra te -free  m ed ia  w ith  
a h igh  am inon itrogen  c o n te n t. On m ed ia  conta in ing  c a rb o h y d ra te s , especially  
a t  h ig h er tem p era tu res  (38 — 40°C), th e  ro le of the  enzym e is less im p o rta n t, 
a n d  i t  m ay  even cause rep ression  [19]. I f  to  th e  m ed ium  p h en y lace tic  acid or 
som e o th e r inducer is ad d ed , th is  is b o u n d  to  the  ac tive  cen tre  of th e  enzym e 
a n d  in h ib its  its norm al fu n c tio n . This inh ib itio n  resu lts in  a d is tu rb a n c e  o f cell 
m e tab o lism , and p ro d u c tio n  of th e  enzym e is derepressed.

Acknowledgement. T he a u th o r  is in d e b te d  to  D r . J .  B é r d y  fo r p re p a ra tio n  of th e  N -phe- 
n y la c e ty l de riv a tiv es.
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ТОМ XII 

Р Е З Ю М Е

ANTIGENIC STRUCTURE OF SAPROPHYTIC MYCOBACTERIA

F . G im pl

АНТИГЕННАЯ СТРУКТУРА САПРОФИТНЫХ МИКОБАКТЕРИЙ

Ф. Гимпл

Автором изучена антигенная структура сапрофитных микобактерий путем имму
нодиффузии и иммуноэлектрофореза. На основании сравнения антигенной структуры 
исследованные микобактерии были распределены в 3 иммунологические группы.

I группа: М . sm egm atis, М . friburgensis, М . bu tyricum ;  II группа: М . p h le i;  
III группа: М . pellegrino. Найдена основная разница между антигенными структурами 
сапрофитных штаммов микобактерий и М . tuberculosis, с одной стороны, а с другой — 
между антигенной структурой двух фотохромогенных штаммов.

SALICIN-FERMENTING VARIANT OF SHIGELLA FLEXNERI SEROTYPE 2A

L. K e r e k e s

СЕРОТИП 2A SHIGELLA FLEXNERI, ФЕРМЕНТИРУЮЩИЙ САЛИЦИН

Л. Керекеш

Автор знакомит со штаммом Shigella f le x n e r i  2а, который в различных биотиках 
параллельных субкультур представляет целый ряд переходных форм, начиная от сорбит- 
положительного биоварианта Sh . f le x n e r i  2а, через особи, разлагающие рамнозу, до са
лицино-положительного варианта, считаемого промежуточным членом в группе Shigella  — 
Е . coli. Штамм был изолирован от больного, имевшего дизентерийные явления, и после 
прививки в глаз морской свинки вызывал кератоконъюнктивит шигеллоза.

OBSERVATIONS ON BIOCHEMICAL CHANGES IN IRRADIATED SPORES 
OF BACILLUS CEREUS

J. F a r k a s , I. Kiss

ИССЛЕДОВАНИЕ БИОХИМИЧЕСКИХ ИЗМЕНЕНИЙ В ОБЛУЧЕННЫХ СПОРАХ
BACILLUS CEREUS

Й. Фаркаш, И. Кишш

После облучения концентрированных водных взвесей спор B acillus cereus в спо
койном состоянии изучено изменение содержания дипиколиновой кислоты спор. Спектро
фотометрическими и хроматографическими методами изучены вещества, изливающиеся 
из бактериальных клеток на действие летальных лучевых доз.

Установлено, что обнаруживаемое в спорах в спокойном состоянии «псевдо-про
растание», возникающее под воздействием больших лучевых доз, может зависеть от увели
чения проницаемости мембраны цитоплазмы. Повидимому, для повреждения мембраны 
цитоплазмы необходимы значительно более высокие дозы облучения, чем для дезорга
низации процессов, вызывающих деление клеток.

На действие облучения из спор изливаются в окружающую среду такие вещества, 
которыми характеризуется и экссудат физиологического прорастания.
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INDUCED LYSOGENESIS OF MYCOBACTERIA 

E . V a n d r a , Á . T a k á t s

ИНДУЦИРОВАННЫЙ ЛИЗОГЕНЕЗ У МИКОБАКТЕРИЙ 

E. Вандра, A. Такач

С помощью литических фагов сапрофитные микобактерии были искусственно пре
вращены в лизогенные штаммы. Из них изучены лизогенные комбинации М . friburgensis  
и М . rabinowitsch  и их гомологичных фагов.

В отношении морфологии колоний и биохимического поведения лизогенные штам
мы не отличались от исходных штаммов.

Лизогенное состояние прекратило литическое действие гомологичного и родст
венного фага. Чувствительность лизогенных культур к другим фагам или едва изменя
лась, или совершенно не изменялась.

Упомянутые 4 лизогенных штамма ультрафиолетовым облучением индуцировать 
не могли.

ADENOVIRUS TYPE 7 OUTBREAK IN A KINDERGARTEN 

M. T ó t h , P. O s v á t h

ВСПЫШКА ЗАБОЛЕВАНИЙ, ВЫЗВАННАЯ АДЕНОВИРУСОМ ТИПА 7,
В ДЕТСКОМ САДУ

М. Тот, И. Ошват

Авторы знакомят со вспышкой заболеваний дыхательных путей, протекавшей в 
детском саду одного из периферических районов Будапешта в январе 1964 года, где среди 
36 детей заболели 26 (72%). Попытки изолировать вирус из выделений носа и горла про
водились в 22 случаях, в результате чего удалось от 14 больных изолировать аденовирус 
типа 7. У одного больного из одновременно взятых выделений носа и горла были изоли
рованы 7-ой (выделения носа) и 3-ий (выделения горла) типы аденовируса. Изучены 19 
парных сывороток методом связывания комплемента и торможения гемагглютинации 
с 3 и 7 типами аденовируса. Реакция торможения гемагглютинации оказалась более 
чувствительной, с её помощью удалось подтвердить в 17 случаях связь заболевания с 
аденовирусом типа 7. При применении реакции связывания комплемента получили поло
жительный результат в 9 случаях.

STUDIES ON THE FERMENTATION OFSTEREUM PURPUREUM

Z. Cs e r i

ИЗУЧЕНИЕ ФЕРМЕНТАЦИИ STEREUM PURPUREUM 

3. Чери

Stereum  p u rp u reu m , с точки зрения культивируемости, соответствует требованиям 
ферментационной промышленности. При применении соответствующей технологии можно 
производить культуру гомогенной дисперсности. Образование комочков зависит от со
става питательной среды и от значения ее pH. Образование пигмента зависит от последо
вательности применяемых питательных сред в течение пассажей и от pH питательной 
среды.
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AMYLASE ACTIVITY OF SUBMERGED STEREUM PURPUREUM CULTURES

Z. Cs e r i

АМИЛАЗА-АКТИВНОСТЬ ПОГРУЖЕННОЙ КУЛЬТУРЫ STEREUM PURPUREUM

3. Чери

При изучении амилаза-активности погруженной, аэрированной, гомогенной куль
туры Stereum  p u rp u reu m  установлено:

1. Количество крахмала в питательной среде, содержащей крахмал и сою, а также 
pH при стерилизации изменяются.

2. Гомогенной погруженной культурой Stereum  p u rp u reu m  быстро разлагается 
крахмал питательной среды.

3. Активность амилазы Stereum, по мере её концентрации, задерживается про
дуктами распада, возникающими при стерилизации питательной среды.

4. Для изготовления ферментного сока с высокой амилаза-активностью наиболее 
пригодной является питательная среда, содержащая крахмал и сою, pH которой уста
новлен до стерилизации на 4,0.

5. Ферментный сок S te reu m , вероятно, содержит и энзим, разлагающий глюко- 
зидные связи 1,6.

E F F E C T  O F  p H  O N  T H E  G R O W T H  I N  S U B M E R G E D  C U L T U R E  

O F  S O M E  W O O D - R O T T I N G  F U N G I

Z. Cs e r i

ВЛИЯНИЕ pH НА РОСТ НЕКОТОРЫХ ГРИБОВ, ПОВРЕЖДАЮЩИХ 
ДЕРЕВЬЯ, В ПОГРУЖЕННОЙ КУЛЬТУРЕ

3. Чери

Установлено, что Stereum  p u rpureum , Trameles versicolor и P hellinus ig n ia r iu s  
в погруженной аэрированной, гомогенной культуре пользуюется глюкозой в качестве 
источника энергии. Эти виды продуктировали больше мицелиев на питательной среде, 
содержащей сою и крахмал, чем при использовании питательной среды с экстрактом сои 
и глюкозой. Оптимальное значение pH при применении питательной среды, содержащей 
сою и глюкозу, в зависимости от вида различно. Интенсивность роста у Trametes ver
sicolor и P hellinus ign iarius  показывает тенденцию к снижению в направлении более 
кислых значений pH. Кривая роста S te reu m  p u rp u reu m  отличается от этого, потому что 
при значениях pH 7,0 и 5,0 она показывает очень слабый рост.

AMINO ACID SENSITIVITY OF STRAINS DERIVED FROM ESCHERICHIA COLI K12

I. G a d ó , I. H o r v á t h

ЧУВСТВИТЕЛЬНОСТЬ К АМИНОКИСЛОТАМ ШТАММОВ, ПРОИСХОДЯЩИХ
ИЗ ESCHERICHIA COLI K12

И. Гадо, И. Хорват

Было показано и у штаммов стрингентов явление, подобное аминокислотному тор
можению, обнаруженному Alföldi и сотрудниками у ослабленных штаммов. Задержки 
эти отличались от валиновой задержки, созданной в результате влияния «feed-back». Лаг- 
фазу, вызванную « shift-dow n», можно было прекратить валином и изолейцином. Допу
стимо, что лейцином расстраивается депрессия энзимов, участвующих в синтезировании 
аминокислот, располагающих разветвлёнными углеродными цепочками.

A d a  Mierobiologica Academiae Scientiarum Hungaricae 12, 1965/ 66



4

TRANSDUCTION IN BACILLUS SUBTILIS 

К . Cs is z á r , G. I v á n o v i c s

ИССЛЕДОВАНИЕ ТРАНСДУКЦИИ BACILLUS SUBTILIS

К. Чисар, Г. Иванович

(1) Сравнительное изучение описанных до сих пор различных темперированных 
фагов В. subtilis показало, что они причисляемы к 2 группам. В качестве общего госта 
этих фагов штамм В .  s u b t i l i s  NRS 231 явился применяемым, так как он оказался одина
ково чувствительным в отношении всех изученных темперированных фагов. Упомя
нутый штамм является и из-за определенных технических преимуществ чрезвычайно 
пригодным для оценки темперированных фагов В. subtilis.

(2) Между ауксотрофными штаммами В. sub tilis  168 ind , сохраненными в раз
личных лабораториях, обнаружены культуральные разницы. Популяция одного из этих 
штаммов состояла из бактерий, ассимилирующих и не ассимилирующих аммиак. Выя
снилось, что способность ассимилировать аммиак трансдукцией может быть передана 
не ассимилирующим аммиак бактериям.

(3) Изученные штаммы В. subtilis высвобождали mitomycin С или же после у. ф. 
индукции начало, подобное «bacteriocin». Это явление является, вероятно, аналогичным 
дефективным образованиям фага PBSX, описанным Seaman и сотрудниками. На осно
вании «bacteriocin» изученные штаммы можно было разделить на 2 группы.

(4) Изолированные авторами темперированные бактериофаги, повидимому, были 
идентичными с фагом PBSI. На основании антигенной структуры и «host range» от них 
отчетливо можно было отличать фаг SPIO.

(5) Отдельные лизаты фагов типа PBSI трансдуцировали с частотой величины 
Ю-6. Возникали и значительно более или менее эффективные популяции фагов из от
дельных лизогенных трансдуцентов. На основании этого могли получить фаговые веще
ства, трансдуцирующие в величине 10-4.

(6) На частоту трансдукции, кроме фагового вещества, влияло и физиологическое 
состояние бактерий.

(7) Авторы изучали на his-  производных штамма 168 ind- трансдукцию, связан
ную с ind и his locus-ами.

/З-GALACTOSIDASE ACTIVITY OF SACCHAROMYCES FRAGILIS 
IL MODE OF ACTION

G. Sz a b ó , J .  R ózsa

АКТИВНОСТЬ ß - Г АЛАКТОЗИДАЗЫ SACCHAROMYCES FRAGILIS
II. ИЗУЧЕНИЕ МЕХАНИЗМА ДЕЙСТВИЯ

Г. Сабо, Й. Рожа

Установлено, что обработка клеток S accharom yces fragilis пирофосфатом натрия 
(N a  -Р -Р) увеличивает активность их /î-галактозидазы. Активность энзима увеличивалась 
и другими веществами, оказывающими влияние на обмен веществ, а также определенными 
энзимными ядами, как например, цианистым калием, фтористым натрием, азидом натрия, 
уранилнитратом. При одновременном применении N a -Р -Р и азида натрия воздействие 
на активность энзима суммировалось. Увеличение активности энзима, появляющееся 
после обработки N a -Р -Р, невозможно было задержать 20 различными, подавляющими 
энзим средствами. С этой точки зрения эффективным оказался только фенил-меркури- 
ацетат.

Найдена корреляция между активностью /3-галактозидазы и количеством раст
воряемого и экстрагируемого при температуре 0° С фосфата. Воздействия, которые по
вышали количество экстрагируемых водой фосфатов, увеличивали и активность /3-галак- 
тозидазы.
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POSSIBLE CAUSES OF LEUCINE INHIBITION IN ESCHERICHIA COLI K12 Л-28

I. H o r v á t h ,  I. G a d ó
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ВОЗМОЖНЫЕ ПРИЧИНЫ ЧУВСТВИТЕЛЬНОСТИ К ЛЕЙЦИНУ У ШТАММА
ESCHERICHIA COLI К 12 Л— 28

И. Хорват, И. Гадо

Лейцин, путем удлинения лаг-фазы, задерживает рост Е . coli К12 А — 28. Осно
вами пурина и пиримидина усиливается упомянутое влияние, и наоборот, антагонисты 
этих соединений — уменьшают. Если промытые клетки при наличии лейцина обрабаты
вать хлорамфениколом, чувствительность клеток к лейцину повышается. Эксперимен
тальные данные указывают на то, что при возникновении лейцин-торможения играет роль 
обмен веществ рибонуклеиновой кислоты.

A NEW COMPONENT FROM THE CELL WALL OF STREPTOMYCES GRISEUS.
I. THE ROLE OF STREPTOMYCIN IN THE LIFE OF STREPTOMYCES GRISEUS

G. S z a b ó ,  Gy . B a r a b á s ,  T . V á l y i - N a g y ,  Zs . M a g y a r

НОВЫЙ КОМПОНЕНТ, ПОЛУЧЕННЫЙ ИЗ СТЕНКИ КЛЕТКИ 
STREPTOMYCES GRISEUS

I. РОЛЬ СТРЕПТОМИЦИНА В ЖИЗНЕДЕЯТЕЛЬНОСТИ STREPTOMYCES
GRISEUS

Г. Сабо, Дь. Барабаш, Т. Вайи-Надь, Ж. Мадяр

Изучались мицели штамма-мутанта Streptom yces griseus, который потерял спо
собность выделять S tre p to m y c in . Изучены препараты из стенки клеток для установления 
того, можно ли обнаружить в них составные части молекулы стрептомицина. Удалось 
изолировать стрептидин, и из этого сделали вывод, что в качестве составной части клеточ
ной стенки таких штаммов фигурирует стрептомицин.

ISOLATION OF CYTOMEGALOVIRUS AND INCIDENCE OF COMPLEMENT-FIXING 
ANTIBODIES AGAINST CYTOMEGALOVIRUS IN DIFFERENT AGE GROUPS

L. VÁczi, É .  G ö n c z ö l ,  F. L e h e l ,  L .  G é d e r

ИССЛЕДОВАНИЯ ПО ВЫЯВЛЕНИЮ ВИРУСА ЦИТОМЕГАЛИИ И В ОТ
НОШЕНИИ ЧАСТОТЫ ВСТРЕЧАЕМОСТИ КОМПЛЕМЕНТСВЯЗЫВАЮЩИХ 

АНТИТЕЛ ПРОТИВ ВИРУСА ЦИТОМЕГАЛИИ В РАЗЛИЧНЫХ 
ВОЗРАСТНЫХ ГРУППАХ

Л. Ваци, Э. Гёнцёл, Ф. Лехел, Л. Гедер

(1) Исследуя мочу 16 — отчасти бессимптомных недоношенных, отчасти грудных 
детей, страдавших клинически явной формой цитомегалии или интерстициальным воспа
лением легких — изолировали в 4 случаях цитопатогенный агент.

Вирусы, на основании свойств культивирования, ими вызванных цитопатогенных 
изменений и проб нейтрализации, оказались возбудителями цитомегалии. Авторы зна
комят со свойствами штаммов.

(2) В крови лиц различных возрастных групп с течением времени комплемент- 
связывающие антитела против вируса цитомегалии могут быть выявлены во всё возрастаю
щем количестве. Из исследованных 442 сывороток сыворотки 2—24-месячных детей в
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18%, 4— 14-летних в 28%, 14—30-летних в 35%, а сыворотки лиц старше 30 лет в 51% 
содержали комплементсвязывающие антитела против вируса цитомегалии в титре 1:4 
или выше.

Титры комплементсвязывающих антител в сыворотке умственно отсталых детей 
были на том же уровне, как и в сыворотке здоровых детей соответствующих возрастных 
групп.

AETIOLOGY OF KERATOCONJUNCTIVITIS IN EPIDEMIC AND NON-EPIDEMIC
PERIODS

A. J a n c s ó ,  M. S i m o n

ИССЛЕДОВАНИЯ, КАСАЮЩИЕСЯ ЭТИОЛОГИИ ЗАБОЛЕВАНИЙ 
КЕРАТОКОНЪЮНКТИВИТОМ В ЭПИДЕМИЧЕСКОМ И 

МЕЖЭПИДЕМИЧЕСКОМ ПЕРИОДАХ

А. Янчо, М. Шимон

В течение эпидемии кератоконъюнктивита, протекавшей в Будапеште с декабря 
1961 года по декабрь 1962 года, а также в последующем межэпидемическом периоде, про
должавшемся полтора года, беспрерывно проводились попытки изолирования аденовируса 
и серологические исследования в связи с заболеваниями, клинически считающимися 
кератоконъюнктивитом. Выделение вируса проводилось из 51 мате риала, взятого в эпи
демическом периоде. Изолированы 1 штамм аденовируса третьего типа и 4 — восьмого 
типа. Результаты исследования проб крови больных (реакциями связывания комплемента 
и задержки гемагглютинации) показали, что во время эпидемии 63% слчуаев вызывались 
аденовирусом типа 8.

В этиологии спорадических случаев, по данным выделения вируса и серологиче
ских исследований, проведенных в межэпидемическом периоде в отношении 93 различных 
материалов, взятых от 81 больного, страдавшего эпидемическим кератоконъюнктивитом, 
играли роль и другие типы (3, 4, 7, 14, 16) аденовируса и вирус H erpes sim plex . Заболе
вания кератоконъюнктивитом, обнаруженные в межэпидемический период, только в 
15% случаев вызывались аденовирусом типа 8.

A NEW PHAGE TYPE OF STAPHYLOCOCCUS AUREUS ASSOCIATED 
WITH AN OUTBREAK OF PEMPHIGOID

É .  K e n d e ,  T. B a l l ó ,  E. F e b e n c z i

ИССЛЕДОВАНИЕ ШТАММА STAPHYLOCOCCUS AUREUS, ПРИНАДЛЕЖАЩЕГО 
К НОВОМУ ФАГОВОМУ ТИПУ И ВЫЗЫВАЮЩЕГО ЭПИДЕМИЮ ПЕМФИГОИДА

Е. Кенде, Т. Балло, Е. Ференци

Авторы сообщают о стафилококковом штамме, лизирующемся новым фагом. Новый 
фаг, который получился путем адаптации фага 42D к больничному, стандартными фагами 
не типируемому штамму, был назван ими 42 D/I. Распространение стафилококкового 
штамма с фаговым типом 42 D/I обнаружено в течение стафилококковой эпидемии, про
текавшей в отделении новорожденных; наблюдения проводились в течение 41 недели. 
В этот период было проведено 5689 исследований относительно культивирования из носо
вого отделяемого и пемфигоида, а также из кала новорожденных, из носового отделяе
мого и из молока матери, из носового отделяемого больничного персонала; стафилококки 
были выделены из 3088 материалов. Среди них фаговой тип 42 D/I был представлен в 
44,7%. Стафилококковый штамм с упомянутым фаговым типом оказался в течение эпи
демии опасным, патогенным штаммом, потому что он выделялся из 81,3% нагноений ко
жи новорожденных. Из носового отделяемого новорожденных, заболевших пемфигоидом, 
удалось выделить стафилококковый штамм фагового типа 42 D/I в 64,4% случаев, тогда 
как тот же штамм изолировался из носового отделяемого новорожденных, не имевших
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пемфигоид, только в 39,2% случаев. Частота выделения опасного штамма в течение 5- 
месячного периода исследований не была одинакова, в этом отношении обнаружились 
большие колебания. Число стафилококковых нагноений было наименьшим, когда число 
выделителей 42 D/I снизилось тоже до минимума, независимо от количества выделителей 
стафилококка. Среди 1238 изученных штаммов 42 D/I оказались резистентными к пени
циллину 99,8%, к стрептомицину 87,9%, к хлороциду 12,6%, к тетрациклину 21,3%, 
к неомицину 3,4% и к эритромицину 97,8%.

THE OCCURRENCE OF MICROSPORON COOKEI IN HUNGARY

J .  G a l g ó c z y

ВСТРЕЧАЕМОСТЬ MICROSPORON COOKEI В ВЕНГРИИ

Й. Галгоци

Автор показал встречаемость в Венгрии M icrosporon cookei Ajello 1959 в пробах 
почвы.

EFFECT OF HEPARIN ON THE GROWTH OF THE HERPES GROUP OF VIRUSES

E. H o r v á t h ,  G. H a d h á z y

ВЛИЯНИЕ ГЕПАРИНА НА РАЗМНОЖЕНИЕ ВИРУСОВ ГРУППЫ HERPES

Е. Хорват, Дь. Хадхази

Изучено влияние гепарина на размножение вирусов H erp es varicellae , C y tom e
galov irus и H erp es  sim plex во вторичных человеческих фибробластных, H eL a  и вто
ричных человеческих тиреоидных тканевых культурах. Добавление гепарина к тканевой 
культуре производилось — относительно момента инокуляции вируса — в различные 
сроки. Наибольшее снижение инфективного титра (H erp esv iru s), или наиболее выра
женная редукция очага (V aricella , C itom egalov irus) вызывались гепарином, когда он 
добавлялся к тканевой культуре одновременно с инокуляцией вируса. Величина пода
вления размножения вируса зависела от количества применяемого гепарина, а также от 
того, в какой тканевой культуре производилось исследование. В присутствии 10у/мл 
гепарина инфективный титр вируса H erpes sim p lex  на вторичных человеческих фибро
бластах на 101'5, а на H eL a на 103'4 оказался меньше, чем в контроле. По данным исследо
ваний, проведенных с вирусом цитомегалии, гепарином задерживается адсорбция вирио- 
нов.

RHODOTORULA ZSOLTII N. SP. A NEW SPECIES OF YEASTS, AND SOME NOTES 
ON THE TAXONOMY OF THE GENUS RHODOTORULA

J. G a l g ó c z y ,  E. K. N o v a k

ОПИСАНИЕ НОВОГО ВИДА ГРИБА RHODOTORULA ZSOLTII N. SP.
И НЕКОТОРЫЕ ЗАМЕЧАНИЯ К ТАКСОНОМИИ GENUS RHODOTORULA.

Й. Галгоци, Е. К. Новак

Авторы знакомят с новым видом гриба, который назвали R h . zsoltii п. sp .. Он об 
разует пигмент красного цвета, ассимилирует глюкозу, галактозу (слабо) и сахарозу 
(слабо), но не ассимилирует мальтозу, лактозу, раффинозу, нитрат и этиловый спирт. 
Гриб разлагает арбутин, но не образует вещества, подобного крахмалу.

Acta Microbiologica Academiae Scientiarum Hungaricae 12, 1965/66



8

ANTISTREPTOKINASE TITRE IN HEALTHS- ADULTS 

J .  B Ö S Z Ö R M É N Y I

ТИТР АНТИСТРЕПТОКИНАЗЫ У ЗДОРОВЫХ ВЗРОСЛЫХ 

Й. Бёсёрмени

Автор изучил модифицированным методом титр антистрептокиназы у 400 здоровых 
доноров. В качестве сравнительного стандарта применялся им гамма-глобулин, равно
ценный стандарту антистрептолизина-О. Титры 96,25% обследованных распределились 
по правилам случайного разделения, однако 3,75% показали более низкие величины, чем 
это можно было ожидать. Средний титр всех обследованных оказался равным 115,6 еди
ницы. На основании собственных исследований автор считает патологическими величины, 
превышающие 286 единиц. Средние титры по возрастным группам с течением времени 
снижались. Как общее среднее, так и среднее по возрастным группам, хорошо совпадали 
со средними титрами антистрептолизина-О у доноров.

COMPARISON OF ANTISTREPTOKINASE AND ANTISTREPTOLYSIN-O TITRE 
IN HOSPITALIZED CHILDREN

J. B ö s z ö r m é n y i ,  P. B a r a n y a i

СРАВНИТЕЛЬНОЕ ИЗУЧЕНИЕ ТИТРОВ АНТИСТРЕПТОКИНАЗЫ И 
АНТИСТРЕПТОЛИЗИНА-О У БОЛЬНЫХ ДЕТЕЙ

Й. Бёсёрмени, П. Бараняи

Исследованы титры антистрептолизина-О и антистрептокиназы у 500 больных 
детей и из полученных данных сделан вывод, что реакция антистрептокиназы до неко
торой степени более специфически показывает стрептококковую этиологию, чем реакция 
антистрептолизина-О. Параллельное проведение обоих реакций считается обоснован
ным, потому что в 26% случаев только одна реакция выявила стрептококковую инфек
цию. Титры, получаемые реакцией антистрептокиназы, появлялись в более широкой зоне, 
чем титры антистрептолизина-О, однако применённым методом титрования граница 
нормальных и патологических величин обнаруживалась в обоих реакциях между 240 и 
280 единицами.

STUDIES ON STAPHYLOCOCCUS AUREUS L FORMS BLOCKED AT DIFFERENT 
STAGES OF CELL WALL SYNTHESIS

M. F o d o r ,  В. T ó t h

ИЗУЧЕНИЕ ФОРМ L STAPHYLOCOCCUS AUREUS, ЗАТОРМОЖЕННОГО В 
РАЗЛИЧНЫХ СОСТОЯНИЯХ СИНТЕЗА КЛЕТОЧНОЙ СТЕНКИ

М. Фодор, Б. Тот

Авторы, путем обработки пенициллином, из штамма Staphylococcus aureus № 100 
получили 4 различных, в жидких питательных средах хорошо культивируемых штамма
L. 2 из штаммов L при наличии пенициллина продуцировали приблизительно в 5 раз 
больше по количеству нуклеотида, содержащего ацетиламинный сахар и растворяемого 
в кислоте, чем два другие штамма L. Накопленные нуклеотиды оказались уридин дифосфо- 
мураминкислотными пептидами. В питательной среде, не содержащей пенициллин, 
образование нуклеотидов P a rk  стабильной формой L осталось на том же уровне, тогда как 
при наличии пенициллина синтез нуклеотидов P a rk  у 2 штаммов L, образующих много 
нуклеотидов P ark , сильно снизился.
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STUDIES OF THE AEROBIC ENTERIC FLORA OF INFANTS

I. N É M E D I

ИССЛЕДОВАНИЕ АЭРОБНОЙ КИШЕЧНОЙ ФЛОРЫ ГРУДНЫХ ДЕТЕЙ

И. Немеди

При исследовании 6890 проб кала автором выявлено, что за исключением стафи
лококков встречаемость аэробных условно патогенных бактерий одинакова у здоровых 
и показывающих энтеральные симптомы грудных детей. При более подробной серологи
ческой и биохимической идентификации выделенных условно патогенных бактерий 
выяснилось, что внутри отдельных видов бактерий среди больных ни один тип не встре
чается чаще, чем среди лиц без всяких симптомов.

VIROLOGICAL INVESTIGATION OF HOSPITALIZED CASES OF PSEUDOCROUP 
AND ACUTE LARYNGOTRACHEOBRONCHITIS

M .  T ó t h ,  V. M a j o r

ВИРОЛОГИЧЕСКОЕ ОБСЛЕДОВАНИЕ БОЛЬНЫХ, СТРАДАВШИХ 
ПСЕВДОКРУПОМ И ОСТРЫМ ЛАРИНГОТРАХЕОБРОНХИТОМ

М. Тот, В. Майор

С конца ноября 1963 г. до конца ноября 1964 г. проводились опыты по выделению 
вируса из глоточного отделяемого 423 грудных и маленьких детей, принятых в ларинго
логическое отделение с диагнозом: псевдокруп — острый ларинготрахеобронхит, а с 
229 парными сыворотками были проведены различные серологические исследования.

Выделили всего 261 штамм вируса, среди них оказались вирусом параинфлюензы 
3-го типа 34,1%, вирусом RS 23%, аденовирусом 17,6%, вирусом параинфлюензы 2-го 
типа 16,1%, положительным гемадсорбирующим агентом5,7%, энтевирусом 1,9% и ви
русом параинфлюензы 1-го типа 1,1%.

Уточнение этиологии удалось при одновременном применении выделения и серо
логических методов в 128 случаях, с помощью одного метода изолирования вируса — 
в 133 случаях и только серологическим путем — в 58 случаях.

IN C ID E N C E  O F SV-40 V IR U S  N E U T R A L IZ IN G  A N T IB O D IE S  IN  S E R A  
O F  L A B O R A T O R Y  W O R K E R S

L . B . H o r v á t h

ВСТРЕЧАЕМОСТЬ S V -4 0  ВИРУС НЕЙТРАЛИЗУЮЩИХ АНТИТЕЛ В КРОВИ 
РАБОТНИКОВ ЛАБОРАТОРИИ

Л. Б. Хорват

(1) Среди 30 лиц, имеющих отношение к обезьянам R hesus и занимающихся по
чечными тканевыми культурами последних, вируснейтрализующие антитела были обна
ружены у 18 (60%).

(2) Среди лабораторных сотрудников, получивших 2 или больше Salk-вакциннкх 
дозы, антитела против вируса SV— 40 выявлялись чаще, чем у непривитых лиц.

(3) Геометрическое среднее титра антител, обнаруженное у лабораторных сотруд
ников, превышало 23-кратно максимальный титр, найденный в контрольной группе лиц, 
привитых вакционой Salk.

(4) Автор обсуждает и предполагает возможность возникновения заражения 
аэрогенного происхождения в лаборатории вирусом SV—40.
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H A E M A G G L U T IN A T IO N -IN H IB IT IN G  A N T IB O D IE S  TO  A D E N O V IR U S  T Y P E S  8, 9 
A N D  10 IN  P A IR E D  S E R A  O F  P A T IE N T S  W IT H  E P ID E M IC  K E R A T O C O N JU N C T IV IT IS

A. J a n c s ó

ИССЛЕДОВАНИЕ ЗАДЕРЖИВАЮЩИХ ГЕМАГГЛЮТИНАЦИЮ АНТИТЕЛ 
ПРОТИВ АДЕНОВИРУСОВ ТИПА 8, 9 И 10 В ПАРНЫХ 

СЫВОРОТКАХ БОЛЬНЫХ КЕРАТОКОНЪЮНКТИВИТОМ

А. Янчо

Изучены задерживающие гемагглютинацию антитела против аденовирусов типа 
8, 9 и 10 в парных сыворотках 122 больных во время эпидемии кератоконъюнктивита, 
вызванного аденовирусом типа 8. Соответственно другим авторам найдено, что в сыворот
ках больных были задерживающие гемагглютинацию антитела не только против гомо
логичного, но и против 9-го и в меньшей мере против 10-го типов.

При исследовании задерживающих гемагглютинацию антител в гипериммунных 
сыворотках кроликов обнаружена перекрестная реакция между типами 8 и 9, но такая 
реакция не выявилась, с одной стороны, между типами 8 и 10, а с другой — между типами 
9 и 10.

В сыворотках, взятых через 2 года после перенесения заболевания кератоконъюнк- 
тивитом, можно было еще выявить задерживающие гемагглютинацию антитела против 
аденовирусов типа 8, 9 и 10.

A N T IV IR A L  A C TIV ITY  O F  TW O  A M IN O -E T H Y L -G U A N ID IN E  AN D  A N  E U G E N O L
D E R IV A TIV ES

S. P á c s a ,  O .  H a n k o v s z k y ,  K . H i d e g

СВОЙСТВО ДВУХ ПРОИЗВОДНЫХ АМН HO-ЭТИ Л-ГУАНИ ДИН А И ОДНОГО
ПРОИЗВОДНОГО ЭВГЕНОЛА ЗАДЕРЖИВАТЬ РАЗМНОЖЕНИЕ ВИРУСОВ

Ш. Пача, О. Ханковски, К. Хидег

Изучено задерживающее действие двух производных амино-этил-гуанидина и од
ного производного эвгенола в отношении размножения вирусов в первичных клеточных 
культурах почки обезьян при применении метода бляшек. Производное эвгенола умеренно, 
тогда как два соединения, содержащие гуанидин [Q u an e tid in  2 -(p y rid y l-e th y l) — 
g u a n id in e  sulfate, PY G ], сильно задерживали образование бляшек у штамма полиови
руса LSc 2аЬ, содержащего РНК-у, у штамма вируса коксаки прототипа ВЗ и у штамма 
H erpesvirus hominis, содержащего ДНК. Особого внимания заслуживает действие PY G -a, 
проявляющееся в задержке образования бляшек у вышеупомянутых вирусов уже в кон
центрации К) дг/мл. Задерживающее действие PY G -a и Q u an e th id in -a  нельзя приписывать 
только гуанидинному компоненту этих соединений.

U N T E R SU C H U N G  D E R  K A T A L A SE A K T IV IT Ä T SÄ N D E R U N G  V O N  F U C ID IN - 
R E S IS T E N T E N  STA PH Y LO CO CCU S A U R E U S -K U L T U R E N

E . K o v á c s ,  К . K ó k a i ,  H . H . M a z a r e á n

ИССЛЕДОВАНИЕ ИЗМЕНЕНИЯ АКТИВНОСТИ КАТАЛАЗЫ КУЛЬТУРЫ 
STAPHYLOCOCCUS AUREUS, АДАПТИРОВАННОЙ К ФУЦИДИНУ

Е. Ковач, К. Кокай, X. X. Мазареан

При адаптации культуры Staphylococcus aureus к фуцидину активность каталазы 
постепенно снижается или прекращается. Энзимо-индукция культуры, оказывающейся 
резистентной к фуцидину, не обнаруживается потому, что при адаптации равновесие 
процессов смещается в направлении оксидационных механизмов, не зависящих от ката
лазы, поэтому фуцидин не влияет на интенсивность дыхания адаптированных микро
организмов.
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BACTERIOSTATIC EFFECT OF SALIVA OF CHILDREN WITH AND WITHOUT CARIES 

D. H a t t y a s y ,  I. S z a b ó ,  L. Z a l a i ,  T. B a b a n k a y

О БАКТЕРИО-ПОДАВЛЯЮЩЕМ СВОЙСТВЕ СЛЮНЫ ЛИЦ, ИМЕЮЩИХ И
НЕ ИМЕЮЩИХ КАРИЕС

Д. Хаттяши, И. Сабо, Л. Залай, Т. Баранкам

Изучены: бактериальная флора кариесрезистентной (KP) и кариесактивной (КА) 
слюны, бактериальная флора кариозной полости, а также бактериостатическое действие 
слюны.

Бактериальная флора состоит, главным образом, из стрептококков, которые у 
КА-лиц особенно при аэробных, а у KP-лиц при анаэробных условиях культиви
руемы.

Бактериостатическое действие слюны выражено, в основном, в отношении лакто
бактерий и проявляется особенно сильно при наличии KP-ой слюны. Рост стрептококков 
задерживается КА-ой и KP-ой слюной в одинаково незначительной степени.

STUDIES ON THE ANTIGENIC STRUCTURE OF MYCOBACTERIA.
I. COMPARISON OF THE ANTIGENIC STRUCTURE OF PATHOGENIC 

AND SAPROPHYTIC MYCOBACTERIA

S .  T u B O L Y

ИССЛЕДОВАНИЯ, КАСАЮЩИЕСЯ АНТИГЕННОЙ СТРУКТУРЫ 
МИКОБАКТЕРИЙ

I. СРАВНИТЕЛЬНОЕ ИЗУЧЕНИЕ АНТИГЕННОЙ СТРУКТУРЫ 
ПАТОГЕННЫХ И САПРОФИТНЫХ МИКРОБАКТЕРИЙ

Ш. Тубой

Автором изучена антигенная структура штаммов: одного — человеческого, 4 — 
бычьего, 4 — птичьего типа палочки туберкулеза, 2 — палочки паратуберкулеза и 3 
-  сапрофитных микобактериальных штаммов (М . ph lei, М . sm egm atis  и М . m inetli 

по одному). Бактериальные клетки раздроблялись ультразвуковыми лучами, иммунные 
сыворотки получались путем иммунизации кроликов раздробленными и эмульгирован
ными в адьюванте Фреунда антигенами. Гель-преципитационным методом Ouchterlony 
и иммуноэлектрофоретическим методом Grabar-Williams определено число антиген
ных компонентов и их электрофоретическая подвижность, а также выяснена встречае
мость отдельных компонентов в других типах и видах. В человеческом типе палочки ту
беркулеза 10, в штаммах бычьего типа 8— 10, в штаммах птичьего типа 8—9, а в сапро
фитных видах микобактерий 4—6 антигенных компонента изолировались. Сравнительные 
исследования, проведенные с иммунными сыворотками, полученными с помощью палочек 
туберкулеза человеческого и птичьего типов, подтвердили, что в каждом из изученных 
штаммов микобактерий имеется, по крайней мере, один общий антигенный компонент. 
Можно определить и антигенные компоненты, которые характерны только для данного 
вида микобактерий. В штаммах, принадлежащих к патогенным видам микобактерий, 
можно выявить также антигенный компонент, который в сапрофитных микобактериях 
отсутствует.
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ELECTRONMICROSCOPIC EXAMINATION OF KB CELL CULTURES INFECTED 
WITH ADENOVIRUS TYPE 12

K. L a p i s

ЭЛЕКТРОННО-МИКРОСКОПИЧЕСКОЕ ИССЛЕДОВАНИЕ КЛЕТОЧНЫХ 
КУЛЬТУР КБ, ЗАРАЖЕННЫХ АДЕНОВИРУСОМ ТИПА 12

К. Лапиш

В ядре клеток, зараженных аденовирусом типа 12, накопляется вещество, не со
держащее нуклеиновой кислоты, резистентное к пепсину, выраженно озмиофильное, 
электроннопоглощающее. Количество этого вещества быстро повышается, и через 36—48 
часов оно образует сеть, покрывающую все ядро, а местами — гексагональные, кристал
лоподобные образования.

В соседстве с этой ретикулярной сетью — вначале рассеянно, а потом по группам 
— появляются вирусные частицы, образуются вирусные кристаллы различной величины; 
бывает наоборот, когда вся ядерная субстанция заполняется вирусными частицами. По 
мере прогрессирования процесса разрушения клетки некоторые из вирусных частиц, 
формирующихся в ядре, а иногда и полные вирусные кристаллы могут появиться в цито
плазме.

Диаметр вирусных частиц, внедрившихся в Эпон клетки, был в среднем 70 ш ц. 
Центральная часть круглых или овоидных вирусных частиц является сильно озмиофиль- 
ной и электроннопоглощающей, окруженной кольцом меньшей плотности. Дезоксирибо
нуклеаза разлагает центральную часть, а пепсином переваривается капсид.

Автор редко наблюдал в цитоплазме зараженных клеток развитие в высокой сте
пени организованной, богатой мембранной системы.

Изменения в клетках, вызванные аденовирусом типа 12, скорее всего похожи на 
таковые, описанные при заражении аденовирусом типа 5.

PHAGE-TYPING OF ESCHERICHIA COLI 0124 : K72 (B17)BY THE 
EXAMINATION OF LYSOGENICITY

Zs. D e á k

КЛАССИФИКАЦИЯ ШТАММОВ E. COLI 0124:K72 (B17) Г10 ТИПАМ НА 
ОСНОВАНИИ ИССЛЕДОВАНИЯ ЛИЗОГЕННОСТИ

Ж. Деак

С помощью выявления темперированных фагов, несённых штаммом, разработан 
метод определения фагового типа штаммов Е .  co li 0124 : К72 (BI7). Штаммы их проис
ходят из эпидемий водного происхождения, из скопляющихся и спорадических случаев, 
от больных и носителей. Изолированные в различных областях Венгрии 1526 штаммов 
распределены на 11 типов, хорошо дифференцируемых. Фагоьые типы оказались стабиль
ными. Обнаружена взаимосвязь между отдельными фаговыми типами штаммов Е. coli 
0124:К72 (BÍ7) и их способностью разлагать лактозу. При изучении географического 
распределения штаммов установлено, что в западных и северных областях страны пре
валировал тип первый, а в юго-восточной части — тип третий. Метод с эпидемиологиче
ской точки зрения хорошо применяем, как это было доказано исследованиями, проведен
ными в течение эпидемий (в семьях и в коллективах).
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INVESTIGATIONS INTO THE OLIGOSACCHARIDE DECOMPOSITION BY CANDIDA 
BRUMPTII (LANGERON ET GUERRA) LANGERON ET GUERRA AND PROCANDIDA

GRUBYI NOVÁK ET VITÉZ

E. К . N o v a k , F . K e v e i , B. Olá h , J . Z s o l t

ИССЛЕДОВАНИЕ РАЗЛОЖЕНИЯ ОЛИГОСАХАРИДА ШТАММАМИ CANDIDA 
BRUMPTII (LANGERON ET GUERRA) LANGERON ET GUERRA AND PROCAN

DIDA GRUBYI NOVÁK ET VITÉZ

E. К. Новак, Ф. Кевеи, Б. Ола, Й. Жолт

При изучении разложения олигосахарида штаммами Candida b ru m p tii И  P ro
candida grubyi установлено, что оба вида дрожжевых грибков разлагают внутриклеточ
ными энзимами сахарозу и мальтозу. Энзим обоих видов, разлагающий мальтозу, и Р . 
gru b y i энзим, ферментирующий сахарозу, принадлежат к типам, уже выявленным и из 
других дрожжей, тогда как энзим С. brum ptii, разлагающий сахарозу, представляет 
собой новый, не чувствительный к ацетону тип. Выявить инвертазу не удалось ни из 
одного вида.

За расхождение у изученных видов спектров ассимиляции и ферментации сахара 
является ответственной разница, существующая между их системами, транспортирую
щими сахар.

OCCURRENCE OF ATYPICAL MYCOBACTERIA IN MACACUS RHESUS 

V. K a r a s s o v a ,  J. W e i s z f e i l e r , E. K r a s z n a y

ОБНАРУЖЕНИЕ АТИПИЧНЫХ МИКОБАКТЕРИЙ У ОБЕЗЬЯН 
MACACUS RHESUS

В. Карашшова, Й. Вейсфейлер, Е. Краснаи

Из 66 обезьян M acacus rhesus и 3 обезьян C ercopithecus у 33 выделены 50 штам
мов атипичных микобактерий. Из изолированных штаммов 46 показали дисгонический 
рост и размножались только при 37°, 4 росли быстро.

9 штаммов на основании фотохромогенного свойства, дисгонического роста, энзи
мной реакции и вирулентности для мышей определились как неизвестные до сих пор 
species. Для И Х  обозначения авторами предложено название M ycobacterium  sim iae.

Из 16 ахромогенных штаммов изучены 6. На основании энзимной реакции 5 штам
мов принадлежали к группе a v iu m . Амидазный спектр 4 скотохромогенных штаммов 
соответствовал скотохромогенным штаммам, выделенным от человека.

Из 4-х быстро развивающихся штаммов 2 явились сапрофитными, а 2 показали 
высокую вирулентность для мышей.

То обстоятельство, что упомянутые микобактерии могут в мышах размножаться, 
делает вероятным предположение, что они в состоянии вызвать продолжительное зара
жение и у обезьян. Однако их патологическую роль у обезьян не могли установить.
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B R E A K D O W N  O F AM IN O  A CID S B Y  E N T E R O B A C T E R IA C E A E  IV . G L Y C IN E
D E C O M PO SIT IO N  T E S T

B .  S e r é n y

Р А З Л О Ж Е Н И Е  E N T E R O B A C T E R IA C E A E  А М И Н О К И С Л О Т . IV. Т Е С Т  
Р А З Л О Ж Е Н И Я  Г Л И Ц И Н О М

Б. Шерень

Автором излагается простой, базирующийся на пробах подщелачивания и нин- 
гидрина, пригодный в практической работе метод для установления глициноразлагаю
щей способности бактерий. При применении метода микробы, причисленные в семейство 
E n te ro b ac te riac e ae  МОЖНО подразделить на глицино-отрицательную (Shigella, S. p a ra typ h i  
А )  И  ГЛИЦИНО-ПОЛОЖИТельную (Е . coli, K lebsiella, C itro b ac te r, E n te ro b ac te r , S e rra tia , 
A rizona, различные Salm onella , P ro teu s-P ro v id en c ia )  группы, однако среди членов 
глицино-положительных родов (species) обнаруживаются в различном количе
стве минус-варианты. Недельный срок наблюдения] макротеста, путем постановки 
микротеста, может быть сокращен на сутки.

SEROLOGICAL EVIDENCE OF THE INCIDENCE OF INFLUENZA EQUINE А-l VIRUS 
INFECTIONS AMONG HORSES IN HUNGARY

J .  R o m v á r y ,  Gy . T a k á t s y ,  E . F a r k a s

СЕРОЛОГИЧЕСКОЕ ДОКАЗАТЕЛЬСТВО ВСТРЕЧАЕМОСТИ ЗАРАЖЕНИЯ 
ВИРУСОМ INFLUENZA EQUI А— 1 ЛОШАДЕЙ В ВЕНГРИИ

Й. Ромвари, Дь. Такачи, Е. Фаркаш

Сыворотками, взятыми в 12 группах лошадей, проводились пробы задерживания 
гемагглютинации с целью возможного выявления антител против вируса лошадинного 
гриппа А— 1 и А—2. Исследования проводились и со штаммами вируса человеческого 
гриппа А—2 и вируса Shope. Из 835 обследованных лошадей 487 были гоночными. Анти
тела, задерживающие гемагглютинацию, были обнаружены только против подтипа equi 
А— 1. В сыворотке 4-летних и более старых лошадей — независимо от группы — антитела 
встречались в высоком проценте. Сыворотки 2 и 3-летних жеребят исследовались в 4 
группах, среди которых в двух, имевших друг с другом связи, антитела обнаруживались 
больше чем в одной трети сывороток, тогда как в двух других антитела практически не 
присутствовали. Исследования указывают на то, что v im s  equ i А— 1 4—5 лет тому на
зад был весьма распространенным среди лошадей, а в отдельных группах встречается 
и в настоящее время.

EPISOMIC ANTIBIOTIC RESISTANCE AMONG SHIGELLA STRAINS ISOLATED
IN HUNGARY

I. KÉTYI, A. Vertényi

ВСТРЕЧАЕМОСТЬ РЕЗИСТЕНТНОСТИ ЭПИСОМИЧЕСКОГО ХАРАКТЕРА 
К АНТИБИОТИКАМ СРЕДИ ШТАММОВ SHIGELLA, ИЗОЛИРОВАННЫХ

В ВЕНГРИИ

И. Кети, А. Вертени

Среди 103 штаммов Shigella, изолированных в течение 1964 и 1965 гг. и распола
гавших различными антибиограммами, у 102 можно было доказатьэписомический характер 
резистентности к антибиотикам.

Проведенный С 83 штаммами «Transfer» на штамм Serratia marcescens в 6 1 % , 
проведенная с 62 штаммами — с помощью окридин-оранжа — обработка в 93%  оказались
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еффективными. Результаты исследований «transfer» показал взаимосвязь с антигенной 
структурой штаммов.

Значительное большинство факторов R ,  одинаково в экспериментах « t r a n s f e r »  

и «стирания» показало сеггрегацию. Направление, частота сегрегации в экспериментах 
«стирания») и « t r a n s f e r »  или в связи со спонтанной потерей фактора R  не были идентич
ными.

STUDIES OF THE RELATIONSHIP BETWEEN LIPID CONSTITUENTS 
AND BIOLOGICAL PROPERTIES OF PROTEUS BACTERIA

L. Y Á c z i,  I. R é d a i , A. R é t h y , J. M. Kiss

ИССЛЕДОВАНИЯ В ОТНОШЕНИИ ВЗАИМОСВЯЗЕЙ МЕЖДУ ЛИПОИДНЫМ 
СОСТАВОМ И БИОЛОГИЧЕСКИМИ СВОЙСТВАМИ БАКТЕРИЙ ГРУППЫ

PROTEUS

Л. Ваци, И. Редаи, А. Рети, Й. М. Кишш

Изучены содержание общего липоида и фосфатида, а также состав жирных кислот 
18-часовой культуры 5 - И  различных штаммов P r o t e u s  (Р . vulgaris, P . m irab ilis , Р . тог- 

g a n i, P . rettgeri, P .'inconstans.)
Сделаны следующие выводы:
(1) В штаммах Proteus количество общего липоида колеблется между 5,5—7,5%, 

а количество фосфатида между — 4—4,9%.
(2) Все штаммы содержали 4 фосфатидных компонента (кардиалипин, кефалин, 

лецитин, лизокефалин), количественные отношения которых различаются между собой 
в различных штаммах.

(3) Липоиды штаммов, по существу, построены из идентичных жирных кислот. 
Среди жирных кислот в наибольшем количестве встречаются: миристиновая кислота, 
бета-гидрокси-миристиновая кислота, пальмитиновая кислота, а также жирные кислоты 
с циклопропановым кольцом, содержащие 17 и 19 углеродных атомов.

(4) Бросается в глаза большое количество жирных кислот с длинными углерод
ными цепочками, а также жирных кислот со специальной структурой и незначительное 
количество ненасыщенных жирных кислот.

EFFECTS OF TANNIC ACID ON DIFFERENT VIRUSES 
I. B É L Á D i ,  R. P u s z t a i ,  M. B a k a i ,  I. Mucsi

ВЛИЯНИЕ ТАННИНА НА РАЗЛИЧНЫЕ ВИРУСЫ 

И. Белади, Р. Пустаи, М. Бакаи, И. Мучи

Изучено влияние на различные вирусы водного раствора таннина, имеющегося в 
торговом обращении. H erpesvirus ho m in is , Herpesvirus su is  И  вирус p a r a i n f l u e n z a e  

типа 3 оказались чувствительными, а полиовирусы типа 2 и 3 и аденовирусы типа 3, 4 
и 6 — резистентными к действию таннина. Выглядит так, что действие таннина имеет 
вируцидный характер. Таннин, дозированный после заражения, не уменьшил, а наобо
рот, до некоторой степени повысил инфективный титр H erpesvirus hom in is. Чувствитель
ность клеток, предварительно обработанных таннином, снизилась в отношении герпе
тических вирусов. Вируцидное действие приписывается полианионной природе таннина.
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THE ANTIFUNGAL COMPOUNDS OF CYNANCHUM VINCETOXICUM (L.) PEES.
I. THE QUANTITATIVE ANTIFUNGAL SPECTRUM OF SUBSTANCE C-l

L. F e r e n c z y ,  J. Z s o l t ,  A. H á z n a g y ,  L. T ó t h ,  К. S z e n d b e i

АНТИФУНГАЛЬНЫЕ СОЕДИНЕНИЯ CYNANCHUM VINCETOXICUM (L) PERS.
I. АНТИФУНГАЛЬНЫЙ СПЕКТР СОЕДИНЕНИЯ «C-l»

Л. Ференци, Й. Жолт, А. Хазнадь, Л. Тот, К. Сендреи

Авторами изучено антифунгальное действие названного ими вещества«С-1», изоли
рованного из C ynanchum  vincetoxicum  (L) Pers, против 40 дрожжей, 40 плесеней и 20 
дерматофитонов. За исключением некоторых плесневых грибов, различные виды грибов 
оказались в большой степени чувствительными к действию этого вещества. Минимальная 
задерживающая концентрация оказалась 0,015—1 г/мл на среде бульона с глюкозой 
при pH 7,0.

STUDIES ON THE CONDITIONS OF INTERFERON PRODUCTION BY CELLS 
INFECTED WITH HERPESVIRUSES

L. VÁczi, E. H o r v á t h ,  G y . I I a d i i á z y

ИССЛЕДОВАНИЯ В СВЯЗИ С ИНТЕРФЕРОН-ОБРАЗУЮЩЕЙ 
СПОСОБНОСТЬЮ ГЕРПЕТИЧЕСКИХ ВИРУСОВ

Л. Ваци, Е. Хорват, Дь. Хадхази

Авторами изучено во вторичных человеческих фибробластных клеточных куль
турах образование вирусподавляющих веществ, возникающих при размножении Herpes
v iru s hom inis , H erpesvirus varicellae И  Cytomegalovirus. Образование задерживаю
щего размножение вируса вещества обнаруживалось при размножении всех трех видов 
вирусов. Задерживающее вещество обнаруживалось в наибольшем количестве в течение 
размножения Herpesvirus varicellae в меньшем — при размножении C ytom egalovirus и в на
именьшем количестве — при размножении H erpesvirus hom in is. Для титрования задер
живающего вещества применялись вторичные культуры человеческих фибробластов, 
H e ia  и  непрерывная культура почки обезьян Ш /1 . При применении последней культуры 
обнаруживалось наиболее выраженное задерживающее действие. Задерживающий 
фактор оказался интерфероном или же веществом, подобным интерферону. Была най
дена обратная взаимосвязь между количеством интерферона, образованного 3 вирусами, 
и количеством вируса, освобожденного из клеток в процессе размножения.

ANIMAL EXPERIMENTS CONCERNING THE AETIOLOGY OF VIRAL HEPATITIS 

S. N a g y l u c s k a y ,  L. S u j b e r t ,  Gy . S z é l ,  D. T a p f e r ,  I. V e d r e s

ОПЫТЫ НА ЖИВОТНЫХ В СВЯЗИ С ЭТИОЛОГИЕЙ ВИРУСНОГО
ГЕПАТИТА

Ш. Надьлучкаи, Л. Шуйберт, Дь. Сел, Д. Тапфер, И. Ведреш

Авторами сделаны попытки репродуцировать исследования Бертока и сотрудников, 
то есть сенсибилизировать крысы к заражению вирусом человеческого гепатита путем 
дачи метионин-дефицитной диэты, содержащей 0,3% (ежедневная доза 23— 25 мг) этио- 
нина. Содержавшиеся таким образом животные (первая группа), а также животные, 
содержавшиеся на нормальной диэте (третья группа), прививались материалами, полу
ченными от больных, страдавших острым гепатитом. Вышеупомянутые, а также не
привитые адекватные контрольные животные (вторая и четвертае группы) содержались
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под наблюдением. Пробы их сывороток исследовались с целью определения наличия 
гемагглютинирующего фактора против человеческих эритроцитов, обработанных тан- 
нином, и анализировались также содержание белка и состав.

Относительный уровень гаммаглобулинов в сыворотке животных первой группы 
и гемагглютинирующая активность значительно отличались от соответствующих данных 
остальных животных. С другой стороны, обнаруживались желтуха, а также падеж и 
среди непривитых и получавших этиониновую диэту животных (II группа), и удалось 
выявить гемагглютинирующий агент и из печени привитых, но содержавшихся на нор
мальной диэте животных (III группа). Таким образом, авторы не могли ни подтвердить, 
ни опровергнуть результаты Бертока и сотрудников.

HISTOPATHOLOGICAL FINDINGS IN ANIMAL EXPERIMENTS ON 
THE AETIOLOGY OF VIRAL HEPATITIS

J .  B a l ó ,  G. K e n d r e y ,  M. S e l l y e i ,  A. B a j t a i

ГИСТОПАТОЛОГИЧЕСКИЕ ИССЛЕДОВАНИЯ В ЭКСПЕРИМЕНТАХ НА 
ЖИВОТНЫХ ОТНОСИТЕЛЬНО ЭТИОЛОГИИ ВИРУСНОГО ГЕПАТИТА

Й. Бало, Г. Кендреи, М. Шейеи, А. Байтаи

Исследовательская группа Кафедры Гигиены Будапештского Медицинского Уни
верситета повторила исследования Бертока и сотрудников на крысах, относящиеся к 
переносу вируса эпидемического гепатита; из фигурирующих в опыте ж и е о т н ы х  пато
гистологически исследовались печени 34 крыс. В печени животных, содержавшихся на 
нормальной синтетической диэте и заражённых только «вирусом гепатита» патологические 
изменения не были обнаружены. Изменения, обнаруженные в печени крыс, кот рые 
содержались на этиониновой диэте и не заражались, и изменения в печени животных, 
которые при этиониновой диэте заражались, не отличались друг от друга. При сравнении 
изменений в печени, обнаруженных в связи с эпидемическим гепатитом человека и собак, 
с изменениями в печени крыс, найденными после дачи этионина и заражения «вирусом 
гепатита», существенной разницы не было. У животных, содержавшихся на этиониновой 
диэте, без зависимости от того, заражались они или нет, в печени не было обнаружено 
разницы, указывающей на какие-нибудь, будто бы вызванные «вирусом гепатита», спе
цифические патогистологические изменения.

AGAR-DIFFUSION METHOD FOR THE SCREENING OF ANTICANCER SUBSTANCES
BY PHAGE INDUCTION

I. Gadó , G. S a v t c h e n k o , I, H o r v á t h

АГАР-ДИФФУЗИОННЫЙ МЕТОД ДЛЯ «SCREENING» ВЕЩЕСТВ, 
ИМЕЮЩИХ ПРОТИВООПУХОЛЕВОЕ ДЕЙСТВИЕ, С ПОМОЩЬЮ 

ФАГОВОЙ ИНДУКЦИИ

И. Гадо, Г. Савченко, И. Хорват

Авторами разработан полуколичественный агар-диффузионный метод для «screen
ing»  антикарциногенных веществ с помощью фаговой индукции. Метод прост и приго
ден и для массовых исследований, основывается на следующих принципах: смесью, из
готовленной из соответствующего соотношения лизогенного и индикаторного штаммов, 
заражается плотная питательная среда, и в окружности отверстий, всверленных в агар, 
на действие активных веществ значительно повышается количество бляшек.
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SHIGELLA FLEXNERI SEROV ARIANTS CONTAINING COMBINATIONS
OF TYPE ANTIGENS

L. K e r e k e s

СЕРОВАРИАНТЫ SHIGELLA FLEXNERI, СОДЕРЖАЩИЕ НЕКОТОРЫЕ 
ТИПОВЫЕ АНТИГЕНЫ

Л. Керекеш

На основании изолирования почти 100 штаммов Shigella flexn eri, содержащих 
некоторые типовые антигены, автор знакомит с серологическими, биохимическими и 
эпидемиологическими свойствами вариантов. Антигенная структура их: S, 1, (III), (IV): 
6, (3, 4) или (S), (III), (IV): 6, (3, 4). Они содержат и термолабильный антиген Е. Боль
шинство из них ферментирует маннит и не образует индол. Один штамм сбраживает и 
рамнозу. Редко обнаруживаемые, разлагающие сорбит варианты в каждом случае образо
вывали индол. Серологические и биохимические вариации не зависят друг от друга. 
Морфология их колоний напоминает Shigella f le x n e r i  lb .  У морской свинки вызывают 
k e ra to c o n ju n c tiv itis  shigellosa.

Кроме спорадических заболеваний, варианты вызывали и незначительные эпи
демии. На территории их географической встречаемости частота заражений Shigella 

f le x n e r i  l b  была вдвое выше, чем в других местах. В области Солнок, где автором прово- 
дилис наблюдения, приблизительно 2,7% изолированных типов Sh. fle x n eri  составили 
эти штаммы, значит, они обнаруживаются в таком же проценте, как штаммы более редко 
наблюдаемых серотипов.

IMMUNOLOGICAL STUDIES ON SHIGELLOSIS BY THE MOUSE MODEL 
TECHNIQUE. I. ANTI INFECTIVE IMMUNITY OF ACTIVELY IMMUNIZED MICE

K. Ráüss, I. KÉTYI

ИММУНОЛОГИЧЕСКИЕ ИССЛЕДОВАНИЯ, ПРОВЕДЕННЫЕ НА 
ЭКСПЕРИМЕНТАЛЬНОЙ МОДЕЛИ «МЫШЬ-SHIGELLOSIS»

I. АНТИИНФЕКТИВНЫЙ ИММУНИТЕТ АКТИВНО ИММУНИЗИРОВАННЫХ
МЫШЕЙ

К. Раушш, И. Кети

Некоторые бактерии вирулентных мутантов штаммов Sh . fle xn eri  типа 2а и 3 
вызывают продолжительное, бессимптомное выделение у мышей, не имеющих флору 
Е . coli. С помощью перорально или парэнтерально проведенной активной иммунизации 
представляется возможным препятствовать развитию бессимптомного выделения. Имму
нитет является типо-специфичным и зависит от качества антигена, а не от фактора (фак
торов) вирулентности, содержавшихся в вакцине.

Иммуногенный эффект авирулентных живых бактерий при пероральном приме
нении не превышает антигенность убитых шигелл. Перорально наиболее эффективным 
оказался коллоидальный антиген.

Парэнтеральная иммунизация является более эффективной, чем пероральный 
метод. Наиболее эффективным оказался, и при применении нашей модели, адсорбирован
ный прививочный материал. Иммунитет можно поддерживать перорально введёнными 
небольшими дозами антигена.

Изученный на экспериментальной модели и проявляющийся в задержке выделе
ния иммунитет, повидимому, можно оценивать при изучении природного и искусствен
ного иммунитета против дизентерии, и он находится в соответствии с иммунологическими 
закономерностями, познанными с помощью других методов.
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IMMUNOLOGICAL STUDIES ON SHIGELLOSIS BY THE MOUSE MODEL 
TECHNIQUE. IL ANTIINFECTIYE IMMUNITY OF PASSIVELY IMMUNIZED MICE

K. R á ü s s , I. K É T Y I

ИММУНОЛОГИЧЕСКИЕ ИССЛЕДОВАНИЯ, ПРОВЕДЕННЫЕ НА 
ЭКСПЕРИМЕНТАЛЬНОЙ МОДЕЛИ «МЫШЬ-SHIGELLOSIS»

II. АНТИИНФЕКТИВНЫЙ ИММУНИТЕТ ПАССИВНО ИММУНИЗИРОВАННЫХ
МЫШЕЙ

К. Раушш, И. Кети

Пассивно (сывороточными или копро-антителами), путем подкожной и перораль
ной иммунизации одинаково можно препятствовать продолжительному, бессимптомному 
выделению у мышей. На основании этих исследований можно установить, что гумораль
ный фактор иммунитета имеет решающее значение в иммуномеханизме «мышь-ShigeI- 
losis».

Защищающий эффект сывороточных и копро-антител является равноценным. 
Между этими двумя типами антител качественной разницы нет, различать их можно только 
на основании локализации.

Перорально применяемая пассивная иммунизация является наиболее эффективной; 
значение местной концентрации антител вытекает из патомеханизма Shigellosis.

PROPERTIES OF PENICILLIN ACYLASE ISOLATED FROM E .  C O L I

A .  S Z E N T IR M A I

СВОЙСТВА ПЕНИЦИЛЛИНАЦИЛАЗЫ, ИЗОЛИРОВАННОЙ ИЗ E. COLI

A. Сентирмаи

Автор экстрагировал из Е. coli ацилазу, разлагающую и синтезирующую Г-пени- 
циллин, и с помощью обычных методов (фракционирование сернокислым аммонием, 
кальциумфосфат-гелевая адсорбция, хроматография через целлюлозную колонку DEAE) 
очищал сорокократно. Очищенным энзимом определены кинетические данные разло
жения и синтеза Г-пенициллина, далее изучена специфичность субстрата. Выявлено, 
что очищенный энзим стереоспецифически и с большой активностью разлагает производ
ные N-фенил-ацетил-кислоты.

Упомянутые экспериментальные данные указывают на то, что энзим играет роль 
процессах трансацилирования обмена веществ. Результаты исследований в отношении 

вадержки объясняют одновременно влияние производных фенил- и феноксиуксусной 
зислоты на образование энзима: эти кислоты, задерживая деятеьность энзима, вызывают 
кепрессию.
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