
ACTA
MICROBIOLOGICA

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

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

I. DÖMÖK, E. P A R K A S ,  G. P A R K A S ,  I .  H O R V Á T H ,  I. JOŐ,  
L. K E S Z T Y Ű S ,  I. NÁ SZ ,  K.  R A U S S ,  F .  B. S T R A U B ,  L. VÁCZI,

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

R E D I G I T

G. IVÁNOVICS

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

AKADÉMIAI KIADÓ, BUDAPEST

1 9 7 3

АМАНА 5 2o(i) 1 — 76 1973

A cta  microbiol. A cad. Sei. 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: 1054 BU D A PEST, ALKOTM ÁNY UTCA 21. 

Főszerkesztő

IV Ä N O V IC S G Y Ö R G Y
akadém ikus

Szerkesztő

L Á N Y I  B É L A

Az Acta M icrobiologica  Démet, angol, francia és orosz nyelven közöl értekezéseket 
a mikrobiológia tárgyköréből.

Az Acta M icrobiologica  vá ltozó  t e r jed e lm ű  füze tek b en  je len ik  m eg. Több  füzet  a lko t  
eg y  kö te te t .

A közlésre sz á n t  k é z i r a to k  a k öve tkező  c ím re  k ü ldendők :

Acta M icrobiologica, Országos Közegészségügyi Intézet, 1966 B udapest, Pf. 64.

Ugyanerre  a c ím re  k ü ld en d ő  m inden  szerkesztőségi levelezés.
Megrendelhető a belfö ld  szám ára  az A k a d ém ia i  K ia d ó n á l  (1363 B u d a p es t  P f .  24. 

B a n k sz á m la  215-11448), a  külfö ld  s zám ára  ped ig  a  „ K u l tú r a ”  K ö n y v  és H ír lap  K ü lk e re s ­
k e d e lm i  Válla latnál  (1389 B u d a p e s t  62, Pf.  149, B an k szám la :  218-10990) v agy  a n n a k  
k ü l fö ld i  képviseleteinél és b izom ányosa iná l.

The  Acta M icrobiologica  p ub l ish  p a p e rs  on  microbiological su b jec ts  in  English, G erm an ,  
F r e n c h  and  Russ ian .

T he  Acta M icrobiologica  a p p ea r  in p a r t s  o f  v a ry in g  size, m a k in g  u p  volumes.  
Manuscripts sh o u ld  be  addressed  to

A c ta  Microbiologica, N a tio n a l Institu te o f  P ublic H ealth, H -1966 B udapest, P .O .B . 64, H ungary

Correspondence w i t h  t h e  editors should  be  sen t  to  the  sam e address .
The  ra te  of su b s c r ip t io n  is $ 24.00 a volume.
Orders m ay  be  p la c e d  w i th  “ K u l tú r a ”  F o re ig n  T rad e  C o m p an y  for  Books and  N ew s­

p a p e r s  (H-1389 B u d a p e s t  62, P . O . B .  149, A c c o u n t  No. 218-10990) o r  w i th  rep resen ta t ives  
a b r o a d .



ACTA
MICROBIOLOGICA

AC A D  E M I  A E  S C I E N T I A R U M  
HUNG-ART C A E

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

I. DÜMÖK, E. F A R K A S ,  G. F A R K A S ,  I. H O R V Á T H , I. JOÓ.  
I,. K E S Z T Y Ű S ,  I. NÁSZ,  K. R A U S S ,  F. B, S T R A U B ,  E. VACZI,

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

R E D I G I T

G.  I V Á N O V I C S

T O MUS X X

-— 1828
11. II
 ̂ -T

AKADÉMIAI KIADÓ, BUDAPEST

'  9  7 3

A cta microbiol. Acad. Sei. hung





I N D E X

TOMUS X X  

Fasc icu lus  1

F itly , ./. M ., K arczag , yL, K la u s , S. ; O p t im u m  A pplica t ion  of L iqu id  T wo-Phase  Sys tem s
for the  C oncen tra t ion  of B acter iophages  .................................................................................  1

Fodor, T., T u sn á d y , G., Szabó, I . : C o m p ara t iv e  Analysis of In te r lab o ra to ry  V ar ia t ion  in
D rug Sensi t iv i ty  Test for M ycrobacterium  tu b e rc u lo s is .......................................................  7

S im o n , M . : Hom ologous Interference of L y m p h o c y t ic  Choriomeningitis  V i r u s .................  11

A n n u a l M eeting o f  the H ungarian Society o f  M icrobiologists, K őszeg, October 19 — 21 , 1972

A b s trac ts  of p ap ers  ..........................................................................................................................................  21
Bacterio logy ...........................................................................................................................................................  23
V i r o l o g y ..................................................................................................................................................................... 37
Im m unology  ...........................................................................................................................................................  49
Miscellaneous sub jec ts  .....................................................................................................................................  55
Food bacteriology ...............................................................................................................................................  60

Instruc tions to authors ............................................................................................................................  67

F asciculus 2

Rodler. M .,  fíé lteky , yL, Svidró , yl. : D i f fe ren t ia t ion  of Bacter ia  by  Indol  B u ty ra te  P a p e r
Str ip  M ethod  ..........................................................................................................................................  77

B . H orváth, L. : E ffec t  of Some Fac to rs  on the  Biological A ct iv i ty  of  Measles V i r u s ............  83
Hollós, / . ,  N eu m a rk , /?., N ovák , E .,  Szécsey, Gy., Р епке , Zs., K őszeghy , Zs., V illá n y i, P . :  

A us tra l ia  A ntigen Survey in H u n g a ry .  I I I .  Morphological S tu d y  of the  A n t ig en
before an d  af te r  T re a tm e n t  w i th  Tween 80   89

S tip ko v its , L .,  Varga , L., /lory, E . ,  Szabó , I . :  Iso la tion  of Mycoplasma pneum oniae  f rom
H u m a n  P r im a ry  Atypical  P n e u m o n ia  ....................................................................................... 103

Fedorcsák , L ,  H arm s-R ingdahl. M .,  Ehrenberg, L .:  A Bacter ia l  System  Useful in th e  
Iso la tion  of R N A  Synthesis S t im u la t in g  Substances from P h y to h a em a g g lu t in in
or from Sera  ............................................................................................................................................  109

Géder, L .,  Váczi, L .,  Boldogh , : D evelopm en t  of Cell Lines af te r  Exposure  of Chicken
E m b ry o n ic  F ibrob las ts  to H erpes  s im plex Virus T ype  2 a t  Su p rao p t im a l  T e m ­
p e ra tu re  ........................................................................................................................................................  119

Boldogh, / . ,  Géder, L., Váczi. L .:  H erpes  s implex Virus L atency  in S V 10 H a m ste r  T u m o u r
Cells ...............................................................................................................................................................  127

G. László, V ., M ilch , / / . ,  H ajna l, yL : P h ag e  T y p in g  of Shigella fle x n eri. I. Classification 
of T y p e  Phages on the  Basis of  th e i r  Serological Propert ies ,  Lysogenizing A b i l i ty
a n d  L y t ic  A ctiv i ty  ............................................................................................................................... 135

G. László , F.,  M ilch , H ., R u d n a i , O., K u b in y i , L. : Phage  Typ ing  of Shigella fle x n er i.  I I .  E p i ­
demiological Observations ................................................................................................................. 147

Berencsi, Gy., N a g y , G.: Inh ib i t ion  of Virus Mult ip l icat ion  by Pa r t ia l ly  H ydro lysed  R N A :
a Possible M e m b r a n e - E f f e c t ..............................................................................................................  159

F asc icu lus  3

S ip k a , S., A ra d i , J . ,  Szilágyi, T. : Effect  of Cyclic AM P and  Po lyadenylic  Acid T r e a tm e n t
on th e  Delayed H y pe rsens i t iv i ty  of Guinea P i g s ...................................................................  167

M olnár , P rágai. В .:  Repression of Alkaline P hosphata se  Synthesis  by  Adenine,  A d e n ­
osine a n d  Adenine Nucleotides in an  Adenine A u x o t ro p h  of Bacillus anthracis  171 

1). T ó th , E .,  Váczi, L .,  Balogh , M .:  In h e r i tan c e  of Susceptib i l i ty  a n d  Resis tance to R a u ­
scher L eukaem ia  V i r u s ........................................................................................................................ 183

N ász, / . ,  K ulcsár, G., D án, P ., Sa llay , К .,  Vértes, L ., Geck, P ., K eskeny, S ., H orváth, J . :  
Aetiological Significance of Viruses and  Role of L y m p h o cy tes  in Certa in  G a s t ro ­
in tes t ina l  D i s e a s e s .................................................................................................................................  191

Szabó, / . ,  B ory, Y . :  M ycobacterium tuberculosis S tra ins  Showing Posit ive I ron  U p ta k e  205 
Gad/, F.,  Ivánovics, G.: A Cryptic  P ro p h ag e  Carried by B acillus cereus ..................................  209



K á v a i , M ., Csongor, J . ,  Csaba, В. : D is t r ibu tion  of l3lI Antibodies and  125I Antigens in
A n aphy lac t ic  S hock  of Guinea Pigs ......................................................................................... 221

H ollós, I . ,  Szécsey, Су.,  N o va k , E ., László, В .,  K iss ,  S., Р епке, Zs., K őszeghy , Zs., K endrey ,
G.: A us tra l ia  A n t ig en  Survey in H u n g a ry .  IV. Antibod ies  to  Tween-80-Treated  
Austra l ia  A n t ig en  a n d  to  Allogeneic L iver  F ra c t io n s  in P a t ie n ts  w i th  H e p a t i t is  227 

Deseő, Gy ., Csaba, В., S ip k a , S., Csongor, J . :  W hole  B ody  Counting of :j2P -E n d o to x in
E lim ina t ion  in  E n d o to x in -T o le ran t  an d  Contro l  Mice ....................................................  237

V á cz i , L., H . H a n ko vszky , 0 . ,  H ideg , К . ,  H adházy , G. : A n t iv ira l  E ffec t  of 1 -A m inoadam an-
tan e  D er iv a t iv e s  in  v i t r o ................................................................................................................... 241

L á n y i , В .,  Vörös, S.,  M . A dárn , M. : Serological  R ela t ionsh ip  be tw een  Pseudomonas 
aeruginosa a n d  E nter ob acteriaceae. II .  R e la t io n sh ip  of Pseudom onas aeruginosa  
О Antigens to  Escherichia , Shigella, P ro teus, M organella, Rettgerella and  P rovi­
dencia ............................................................................................................................................................ 249

Fasc icu lus 4

M o ln á r , J .,  Prágai, В. : Possible Role of A denosine  Deam inase  in Subopti ina l  Grow th
of the  B acillus anthracis  Adenine A u x o t ro p h  M u t a n t .........................................................  255

R ed e i , ^4.: Macrophage M igra t ion  Inhibit ion  as an  in vitro  Correlate  of  C utaneous Delayed
Skin R eac tion  I. M ethodical  Considerations ......................................................................... 267

Bédei, Л . ,  K eserű , G.. F rig y  esi, A . : Macrophage M igra t ion  Inh ib it ion  as an in vitro Correlate  
of  Cutaneous D e lay e d  Skin  Reaction. I I .  In v e s t ig a t io n s  on BCG V acc ina ted  Guinea
Pigs ..............................................................................................................................................................  275

K o sa , Zs. , F üst, G y.: S tu d ies  on C4 In a c t iv a to r  In d u c e d  by  Adenoviruses in K B  Cell
Cultures ..................................................................................................................................................  283

N yerges, G. : Resis tance  to  L isteria  monocytogenes of  G uinea  Pigs Sensitized w i th  a Simple
P r o t e i n .........................................................................................................................................................  291

Tschäpe, IL ,  M a y , M ., K ü h n , IL ,  K ieh l, IF., R ische , ВТ.: Colonization of Specific R + E nte­
robacter iaceae in t h e  In tes t in e s  of H osp ita lized  N ew borns  and  B a b i e s ............................  297

E rn e , H ., S tipkovits, L . : C u l tu ra l  and  Biochemical P ro p e r t ie s  of Acholeplasm a  an d  M yco­
p lasm a  S tra ins  o f  C att le  O r i g i n ........................................................................................................ 305

K erekes, L . : Virulence a n d  Acid A gglu tina t ion  of S h ig e l la ..............................................................  317
K erekes, L ., Szöllősy, E .:  V iru lence  and  A lum in ium  H y d r o x y d e  Gel A dsorp tion  of Shigella  325 
S ch la m m adinger, J ., Szabó . G .:  Is  i t  Possible to  D ilu te  o u t  th e  Inducer  f rom  Escherichia

coli Cells? ........................................................................................................................   329
F ű z i, M .:  Metronidazole  R esis tance ,  a Genus-Specific  F e a tu re  of Leptospires  .................  333
L á n y i , В .,  M . Adóim, M .:  Double  Gel Diffusion S tud ies  on Pseudomonas aeruginosa

О Antigens ................................................................................................................................................  337
B ooks r e c e i v e d .......................................................................................................................................................  347



Acta microbiol. Acad. Sei. hung. 20, 1 5, 1973

OPTIMUM APPLICATION OF LIQUIO TWO-PHASE 
SYSTEMS FOR THE CONCENTRATION 

OF BACTERIOPHAGES

J u d it  M. F i d y , A d r i e n n e  K arczag and S. K l a u s

In stitu te  o f  B iophysics, Sem m elw eis U niversity  M edical School, B udapest and  Central In s titu te  
o f  M icrobiology and E xperim enta l T herapy, German A cadem y o f  Sciences, Jena , German

Democratic Republic

(R ece ived  M arch  1. 1972)

Su m m ary .  L iquid  tw o-phase  sy s tem s  su i tab le  for the  co n ce n tra t io n  of phages Ф Х 174,  A, 
a n d  MS2 were app lied  and  th e  m easured  phage  d is t r ib u t io n s  are p resen ted .  A simple semi- 
em pir ica l  m e th o d  is described for th e  d e te rm in a t io n  of phase  d iag ram s necessary for th e  o p ­
t im u m  applica t ion  of the  sys tem s stud ied .  T h is  m e th o d  has  m ade  it  possible to describe th e

phase  curves  of the  P E G 6000-N aD S a n d  P E G 2 0  000-NaDS sys tem s in the  form of y = --------=— (-
X  ; I)

+  c for  an  ionic e n v iro n m en t  like th e  sy n th e t ic  m ed ium  M9 su p p le m e n ted  w ith  0.25 m ole/li tre  
NaCI.

Th e  use of  l iqu id  tw o -p h ase  sys tem s for th e  co n cen tra t io n  of  m a c ro ­
molecules has becom e w ide-sp read  since the  middle of th e  p re sen t  c e n tu ry  [1]. 
T h is  m e th o d  which allows c o n cen tra t io n  w ith  s im u ltaneous  purif ica t ion  w i th o u t  
d é n a tu ra t io n  [2], is m ostly  app lied  as one o f  the  n u m e ro u s  s teps in the  c o n ­
c e n tra t io n  process [3, 4]. Less s teps  are , however, needed  if th e  phase  d iag ram s 
o f  these  sys tem s are know n since in th is  case th e  given pa r t ic le s  can he c o n ­
c e n t r a te d  in a n y  volum e.

Fig. 1 shows th e  phase  d iag ram s of tw o-phase  sys tem s used by  us. There  are 
some com m on fea tu res  of such  d iag ram s: th e  ra tio  of  th e  phase  vo lum es 
for p o ly m er  concen tra t ions  be long ing  to  p o in t  P  is equa l  to  th e  length  ra t io  o f  
sections CP an d  P D  of th e  line ru n n in g  over p o in t  P  (tie line). The points  C a n d  
D, th e  po in ts  of in te rsec tion  be tw een  th e  tie  line a n d  p h ase  curve, in d ica te  
th e  p o lym er  concen tra t ions  of  th e  tw o phases in th e  so lu tion  of  com position  P . 
T h e  slope of the  lines is c o n s ta n t  for a given sys tem , in d e p e n d e n t  of th e  choice 
o f  p o in t  P.

In  th e  l i te ra tu re  [5], th e  phase  d iag ram  is d e te rm in e d  b y  m easuring  th e  
p o ly m er  concen tra t ions  b y  chem ical analysis  in the  d ifferen t phases a f te r  th e  
e s ta b l ish m e n t  of  th e  tw o-phase  cond it ion  using a series o f  d ifferen t c o n c e n tra ­
tions  o f  so lutions p re p a re d  from  th e  sam e polym ers . O ur sem i-em pirica l m e th o d  
to  be p re sen ted  in th is  p a p e r  facil i ta tes  th e  rap id  d e te rm in a t io n  of p h ase  
d iag ram s.

T he  phase  d iag ram s h ave  been de te rm in ed  for such k inds of sys tem s 
which show d is tr ibu tions  fav o u rab le  for th e  c o n cen tra t io n  of  th e  phages used , 
viz. th e  phage concen tra t io n  was found  ex trem ely  h igh in one of the  phases  or 
a t  th e  phase  b o u n d a ry .

1 A d a  M icrobiologica A cadvm iae S c ien tia ru in  H unguricae 20, 1973
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F ig . 1. Phase  d iag ram s as d e te rm in ed  by  the  sem i-em pirical  m eth o d .  S y s tem  A: PE G 2 0  000 
N a D S ,  M9 +  0.25 m ole / li t re  NaCl. Sys tem  B: P E G 6 0 0 0 — N aD S, M9 -f- 0.25 m ole/li tre  NaCl

M aterials and  m ethods

Reagents. P E G  (R e an a l) ,  of 6000 a n d  20 000 mol w t  and  N a D S  (P h a rm ac ia )  of 500 000 
m o l  w t  were used.

For the determ ination  o f  the phase d iagram s, 30 solutions d iffe ren t  in po lym er  c o n ce n tra ­
t io n  a n d  stable in th e  tw o -p h a se  stage, were p re p a re d  for b o th  sys tem s.  E ac h  solu t ion  was 
s im ultaneous ly  m ade  u p  to  a f inal  vo lum e of 10 m l in g ra d u a te  cylinders .  Afte r  24 h r  a t  
20°C, the  volume r a t io  of  the  phases developed  was read.

The phage lysates to  be  c o n ce n tra ted  were o b ta in e d  from  c u l tu res  in  sy n th e t ic  m ed iu m  
M9 [6]. In i t ia l  phage  c o n c e n t r a t io n  was of the  o rd e r  of 10 ,0/ml.

Phage d istribu tion  was de te rm in ed  by  a d r ip p in g  m eth o d  using sys tem s w ith  a to ta l  
v o lu m e  of 10 ml, where  th e  vo lu m e  of the  lower ph ase  was 1 ml. Besides t h e  lower phase ,  the  
low er  1 ml of th e  u p p e r  phase  w as  also d r ip p ed  a n d  the  phage  n u m b e r  was e s t im a te d  in each 
o f  th e  drops (one drop  w as  a b o u t  0.05 ml in size).

CL * J. J R esu lts

P hase  curves ava i lab le  in th e  l i te ra tu re  [5] for sy s tem s s im ilar to  those  
u se d  b y  us and  also o f  ce r ta in  o the r  ty p e s  (PE G 20 000 — D17, N aD S —m ethyl-

a
cellulose) could be a p p ro a c h e d  b y  the  fo rm u la  y  =  ------- — -j~ c. This f ind ing

X  +  b

y ie ld ed  the basis o f  th e  sem i-em pirical d e te rm in a t io n  o f  th e  phase  d iag ram s 
deve loped  by  us, since th e  sam e a p p ro a c h  has been a c c e p te d  for th e  phase  
c u rv e s  of the  sys tem s P E G 2 0  000 — N a D S  a n d  P E G 6 0 0 0 — N aD S M9 -j- 0.25 
m o le / l i t re  NaCl. In  th is  case, for given va lues  of a, 6, c p a ra m e te rs  a n d  w hen 
th e  slope of the  tie lines is equa l  to  a ce r ta in  m  value, such  a C P /P D  value can he

A c ia  M icrobiologica A ca d em ia e  S c ien tia ru in  H ungaricae 20 , 1973



CONCENTRATION OF BACTERIOPHAGES 3

read  for any  P  p o in ts  from  th e  p h ase  d iag ram  d raw n  on th e  hasis o f  the  
theo re t ica l  func tion  curve, which is equa l  to  th e  ra t io  of th e  vo lum es o f  phases 
developing  u n d e r  ex p e r im en ta l  cond it ions  in a com position  co rrespond ing  to  
p o in t  P .

I t  follows, t h a t  if th e  m a th e m a t ic a l  fo rm ula  of th e  C P /P D  q u o t ie n t  
(referring  to  th e  given concen tra t io n s  as p o in t  P  an d  where p o in ts  C a n d  D

a
rep resen t  th e  po in ts  o f  in tersection  b e tw een  th e  y  = -----------(- c fu n c t io n  an d

X  b

the  tie line ru n n in g  over point P  w ith  a slope equal to  m) is p u t  dow n for a 
so lution of  know n com position  (see Fig. 1, p o in t  P ) and  if th is  express ion  is 
com pared  to  th e  va lue  for the  vo lum e  ra t io  m easu red  a t  c o n cen tra t io n  P , th en  
th e  dev ia t ion  be tw een  the  tw o  va lues  m u s t  he zero for certa in  va lues  o f  the  
p a ra m e te rs  a, 6, c and  m. C onsequen tly ,  th e  desired values of a, b, c, a n d  m  
are given by  th e  m in im um  condition  o f  an  expression o b ta ined  if th e  differences 
be tw een  th e  m easu red  vo lum e ra t io s  a n d  th e  m a th e m a t ic a l  expressions of  the  
ap p ro p r ia te  C P /D P  quo t ien ts  found  are  com posed  for all of th e  p re p a re d  
solutions of  th e  sys tem  (30 solu tions for b o th  system s) and  the  squares  o f  these  
expressions are su m m ed  for all so lu tions.

T h e  ap p ro x im a te  function  fo rm u la  of th e  phase  curve was d e te rm in e d  
by a H  ew le tt  — P a c k a rd  c o m p u te r  from  th e  above m in im u m  co n d it ion .  
T h e  following values  were found : a =  2.6, b =  0.22, c =  2.2, rn 0.4 for th e  
P E G 2 0  000 - N a D S  sys tem ; a n d  a 10. b 0.53, г = 1.6, m 0.38 for  the
P E G 6 0 0 0 — N aD S system . Fig. 1 shows these  ve ry  phase  d iagram s. (The c a lc u la t ­
ed a n d  e s t im a ted  values of the  len g th  ra t io  o f  th e  section of  th e  tie  line were 
in good ag reem en t ,  showing a dev ia t io n  of less th a n  10%  for b o th  a p p ro x im a ­
tions.)

A t te m p ts  were m ade to  app ly  tw o -p h ase  system s for the  c o n c e n tra t io n  
of phages 0 X 1 7 4 ,  A, and  MS2. T he  s i tu a t io n  for 0 X 1 7 4  phages d iffered  from  
t h a t  described in th e  l i te ra tu re  [3] in t h a t  we used M9 p h ag e- ly sa te  as the  
solute  of th e  sys tem . The d iffe ren t  ionic en v iro n m e n t  af te r  th e  a d d i t io n  of
0.25 m ole/litre  NaCl was found  to  re su l t  in a favourab le  c o n cen tra t io n  s im ilar  
to  t h a t  described  b y  S e d a t  and  S i n s h e i m e r  [4].

Fig. 2 i l lus tra tes  phage  d is t r ib u t io n  as de te rm in ed  b y  th e  d r ip p in g  
m ethod .  D is tr ib u t io n  of th e  MS2 phages m a y  be seen in th e  sam e sys tem . 
In  the  la t t e r  case, however, the re  is no increase in the  c o n cen tra t io n  sine ' no 
en r ic h m e n t  occurs a t  the  phase  b o u n d a ry .  Using po lye thy lene  glyrcol of a 
su ffic ien tly  high m olecular  weight, a sy s tem  can be o b ta ined  w hich  allows the  
concen tra t io n  o f  the  MS2 phages. T h is  is i l lu s tra ted  by  Fig. 3, c o m p a r in g  th e  
d is t r ib u t io n  p a t t e r n  of MS2 o b ta in e d  in 8 %  P E G 2 0  000 — 1%  N a D S  sy s te m  
in M9 -| 0.25 mole/litre  NaCl to  t h a t  found  in PEG 6000. It m u s t  be  n o te d  
t h a t  th e  d is tr ibu tion  of /  phages in the  P E G 6 0 0 0 —NaD S sys tem  is th e  sam e 
as t h a t  o f  th e  0 X 1 7 4  phages.
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Figs 2 an d  3 seem  to  ind ica te  t h a t  p h a g e  co n cen tra t ion  is n o t  l im ited  
to  th e  phase  b o u n d a ry  or  to  its im m edia te  v ic in i ty ,  b u t  covers a w ider range  
w h e re  a high n u m b e r  of  par t ic les  has been  fo u n d .  The p h enom enon  m a y  be 
ex p la in ed  b y  an e x p a n s io n  o f  the highly v iscous p h ase  b o u n d a ry  during  d r ip ­
p in g ,  th e  effect of w h ich  p reva ils  th ro u g h  seve ra l  f rac tions.  The a c tu a l  n u m b e r  
o f  partic les  developing  a t  t h e  phase b o u n d a ry  can  he e s t im a ted  b y  order ing

F ig . 2. N u m b er  of p h a se s  MS2 ( o )  a n d  Ф Х174 ( x )  in  th e  d rop  frac t ions in the  N aD S —
PEG6000 sy s tem

F ig . 3. N u m b e r  of phag es  MS2 in  the  drop frac t ions us ing  the  N a D S — PEG6000 (o) a n d  the
N a D S — PEG 20 000 ( X )  sy s tem s
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th e  n u m b e r  of  partic les co rrespond ing  to  th e  shaded  areas of  the  figures to  
th e  b o u n d a ry .  In  practice , th e  u p p e r  phase  is usua lly  d e c a n te d  a n d  th e  lower 
phase  inc lud ing  th e  phase b o u n d a ry  is used for  th e  e s t im a tion .  In  t h e  above  
fav o u rab le  cases, the  ra tio  of  th e  par tic le  concen tra t ions  th u s  o b ta in e d  is 
a b o u t  100.

Discussion

T he resu lts  show th a t  for th e  given bac te riophages  tw o-phase  sy s tem s  
h ave  been found  which in th e  case of  an ad e q u a te  com position  resu lt  in a f a ­
vo u rab le  d is t r ib u t io n  of th e  phages .  T he  favourab le  fo rm a tio n  of th e  ph ag e  
c o n cen tra t io n s  in th e  phases does n o t  y e t  m ean th a t  as c o m p a re d  to  th e  in i t ia l  
c o n cen tra t io n ,  the  concen tra t ion  is s ign if ican t a n d  th e  phage  y ie ld  sa t is fac to ry .  
To th is  end , app ro p r ia te  phase  v o lum es  m u st  be chosen [4]. O u r  m e th o d  for 
th e  ra p id  de te rm in a t io n  of th e  p h ase  d iag ram  allows a p red ic t ion  of how  th e  
p o ly m e r  concen tra t io n  of a sy s tem  w ith  favourab le  d is t r ib u t io n  m a y  be ch an g ed  
to  reach  th e  favourab le  d is t r ib u t io n ,  an d  a t  th e  sam e t im e ,  th e  a p p ro p r ia te  
vo lum e ra t io .  (This new o p t im u m  concen tra t io n  is defined b y  t h a t  p o in t  of 
th e  tie line passing  over the  p o in t  corresponding  to  th e  com posit ion  g iving 
fav o u rab le  d is t r ib u t io n  which d iv ides  th e  tie line correspond ing  to  th e  desired  
vo lum e ra t io .)

Since tw o-phase  system s can  be used no t only for th e  pu r if ica t io n  a n d  
c o n cen tra t io n  of bac te r iophages ,  b u t  also for those  of o th e r  m acrom olecules ,  
v iruses , cells, cell com ponen ts ,  e tc . ,  a n d  since ou r  sem i-em pirica l m e th o d  for 
the  d e te rm in a t io n  of the  phase  d ia g ra m  is also of  general v a l id i ty ,  i t  m a y  help 
in th e  o p t im u m  utilization  of th e  possibilities  offered by  th e  tw o -p h ase  sy s tem s.
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COMPARATIVE ANALYSIS OF INTERLABORATORY 
VARIATION IN DRUG SENSITIVITY TEST 

FOR MYCOBACTERIUM TUBERCULOSIS

T. F o d o r , G. T u s n á d y  and I .  S zabó

K orányi N ationa l In stitu te  o f  Tuberculosis and P ulm onology , B udapest and M athem atical 
Research Institu te  o f  the H ung a ria n  A cadem y o f  Sciences, Budapest

(Rece ived March 14, 1972)

S u m m ary .  Colony counting  on drug-free  m edia  seeded w i th  s tandard ized  inocula  show ed 
different  s t a n d a r d  d ev ia t ion  in th ree  different  labora to r ies  us ing  th e  p roport ion  m e th o d  of 
d rug  sensi t iv i ty  tes t .  The  finding m ay  exp la in  the well-known fac t  t h a t  th e  results  of  sen s i t iv i ty  
tes ts  f req u en t ly  differ in the  different  labora tor ies .  Since in one lab o ra to ry  the s t a n d a r d  d e ­
v ia t ions  show ed no significant difference from  the  P o isson  d is t r ib u t io n ,  i t  seems p ro b a b le  t h a t  
i t  can  be reached  n o t  only for lab o ra to ry  s t ra ins  b u t  also for f reshly  isolated cultures .  F i t t i u g  
the  d a ta  o b ta in e d  to the  Poisson d is t r ib u t io n  allows th e  check ing  of the  work of l ab o ra to r ie s  
and  the  c o ord ina t ion  of the  m ethods.

In  th e  p ropor t ion  m e th o d  for th e  d e te rm in a t io n  of  d rug  sen s i t iv i ty  of 
M ycobacterium  tuberculosis, co lony coun ting  is in fluenced  by  the  v a r ia n c e  
b e tw een  sam ples  [1]. To im prove th e  results  o f  d ru g  sens i t iv i ty  tes ts ,  G a l v e z - 
B k a n d o n  and  B a r t m a n n  perfo rm ed  ca lcu la tions  u s ing  s ta n d a rd  d ev ia t io n  
d a ta  [2]. T h e y  assum ed  t h a t  th e  coun ts  followed Po isson ’s law. The ca lc u la ted  
and  ex p e r im e n ta l  results  for s t ra in  H 37R v  were in ag reem ent.

F o r  th e  ev a lua tion  of d ru g  sens i t iv i ty  te s ts  ca rr ied  o u t  in our l a b o ra to ry ,  
an em pir ica l  m e th o d ,  ta k in g  in to  accoun t th e  s t a n d a r d  deviation  h a s  been  
applied  [3]. In o rder  to  in tro d u ce  th e  m e th o d  b ased  on calculations, t h e  s t a n d ­
a rd  d ev ia t ion  for colony co u n ts  on d rug-free  con tro l  m ed ia  was d e te rm in e d .  
These inves t ig a t io n s  showed t h a t  th e  s ta n d a rd  dev ia t io n  values o b se rv ed  
did  n o t  f i t  P o isson’s law [4]. T h e  f ind ing  m ig h t  p a r t l y  be associated w i th  th e  
te c h n iq u e  app lied  or, also w ith  th e  fac t  t h a t  s t r a in s  freshly  iso la ted  f rom  
p a t ie n ts  were te s ted .  One possib ili ty  of solving th e  p ro b lem  was to  c o m p are  
th e  re su lts  o f  several labo ra to r ie s  o b ta in ed  w ith  s tan d a rd ized  b a c te r iu m  
d ilu tions on drug-free media .

M ateria ls  and inctbods

Culture m edium . E v ery  l ab o ra to ry  was p ro v id ed  w i th  L öw ens te in—Je n se n  m e d iu m  
con cen tra te  p re p a re d  in the  cen tra l  labora to ry .

S ta tistica l method. I f  th e  n u m b er  of colonies g row n on  two drug-free m edia  is d e n o te d  
with  X  a n d  У, which  are supposed to  be in d ep en d en t  Po isson ian  r a n d o m  variables of  iden t ica l  
p a ra m e te r ,  th e  d is t r ib u t io n  of the  s ta tis t ics

V ( X - y p  
X — У
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co u ld  be  ap p ro x im a te d  b y  a  X2 d i s t r ibu t ion  d. f. 1, se rv ing  to check w h e th er  th e  d a ta  are fol­
lo w in g  Poisson’s law. A p p ly in g  th is  p rocedure  t h e  c u l tu res  were g rouped  accord ing  th e  to ta l  
n u m b e r  of colonies ( : X  —  Y:). T he  Z -values for each  p a i r  were sum m ed w ith in  groups.  In  Tab le  I 
f  d e n o te s  th e  n u m b e r  of pa ir s  a n d  Q s tan d s  for th e  su m  of Z  s ta tist ics .  T he  lower (0.05) and 
u p p e r  (0.95) significance l im its  fo r  the Q va lues a re  also presented. T he  s t a n d a r d  dev ia t ions

w ere  e s t im a te d  by  ^  .

Table I

Determ ination o f  drug sensitiv ity  tests o f  M . tuberculosis in  different laboratories 
D a ta  of paired n u m b ers  of colonies g rown on two parallel contro l m edia

Designation 
of Jaboratory No. of colonies / Q X20.05 *20.95 S 2

31-40 50 97.75 34.8 67.5 1.95
41—50 42 80.25 28.1 58.1 1.91
51—60 32 41.32 20.1 46.2 1.29

A
1969 61—70 38 72.40 24.9 53.4 1.91

71—80 38 145.26 24.9 53.4 3.82
81-90 29 109.94 17.7 42.6 3.79
91—100 34 88.45 21.7 48.6 2.60

31—40 26 41.99 15.4 38.9 1.62
41—50 41 75.39 27.3 56.9 1.84
51—60 35 70.78 22.5 49.8 2.02

A
1970 61—70 34 80.13 21.7 48.6 2.36

71—80 22 64.24 12.3 33.9 2.92
81—90 38 127.40 24.9 53.4 3.35
91—100 35 145.84 22.5 49.8 4.17

81—90 37 26.34 24.1 52.2 0.71

в
91—100 40 13.31 26.5 55.8 0.33

101—110 41 15.92 27.3 56.9 0.39
111—120 25 15.00 14.6 37.7 0.60

0—10 31 40.68 19.3 45.0 1.31
11—20 24 35.80 13.8 36.4 1,49
21—30 16 20.76 7.9 26.3 1.30
31—40 21 31.03 11.6 32.7 1.48

O rig in  o f  the material. D iagnost ic  L ab o ra to ry  of the  K orány i  N a t io n a l  I n s t i tu t e  of 
T ub ercu lo s is  and  Pu lm ono logy ;  S ta te  In s t i tu te  of Pu lm o n o lo g y ,  M átraháza  (Dr.  L. C z a b a f y ) 
a n d  C o u n ty  Pulmonological I n s t i tu te ,  Zalaegerszeg (Dr.  P .  H e g y i ) . Calculat ions were ac ­
co m p lish ed  w ith  the  O livet t i  P ro g ra m m a  101 a p p a r a tu s  in  the BCG L a b o ra to ry  of the  N a ­
t iona l  I n s t i t u t e  of Public  H e a l th ,  B u d a p es t  (A. N é m e t h , Dr. L u g o s i ).
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Results

The s t a n d a r d  dev ia tion  values  for L a b o r a to r y  В were s ig n if ican t ly  
lower th a n  ex p ec ted  for Poissonian va r iab les ,  p re s u m a b ly  because of su b je c t iv e  
errors c o m m it te d  in coun ting  th e  colonies. In  L a b o ra to ry  A th e  s t a n d a r d  
dev ia t ion  values  were s ign if ican tly  h igher  th a n  th e  Poissonian v a r ia b le s .  
In  L a b o ra to ry  C th e  tw o values show ed no s ign if ican t  difference.

Discussion

The p ro p o r t io n  m ethod  o f inves t ig a t in g  d ru g  sensitiv ity  d e p en d s  n o t  
only on th e  c o n cen tra t io n  of th e  drug , b u t  also on th e  ra t io  of r e s i s ta n t  a n d  
sensitive b ac te r ia .  To achieve reliable  ra t io s  th e  va r iance  for colony c o u n ts  
be tw een  sam ples  should  be considered  [1 — 3]. This  value differed b e tw een  
labo ra to r ie s .  Th is  find ing  m ay  expla in  th e  know n  fac t  t h a t  the  resu lts  o f  d ru g  
sen s i t iv i ty  te s ts  m ay  differ accord ing  to  labo ra to r ie s .  The presen t w o rk  has  
th ro w n  some ligh t on th e  reason for th e  difference a n d  m ay  serve to  e l im in a te  
th e  errors. T h u s ,  (a) th e  te s t in g  of Poissonian  d is t r ib u t io n  m ay  p ro m o te  th e  
checking of th e  w ork  of labo ra to r ie s ;  (b) th e  resu lts  m ay  help in se lec t ing  
im proved  m ethods .

D a ta  for L a b o ra to ry  C ind ica te  t h a t  a P o isson ian  d is tr ibu tion  m a y  also 
be o b ta in ed  in ex am in ing  s tra in s  iso la ted  from  p a t ien ts .
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HOMOLOGOUS INTERFERENCE OF LYMPHOCYTIC 
CHORIOMENINGITIS VIRUS

M. S imon

H u n g a ria n  A rm y  M edical Corps, B udapest 

(R ece iv ed  A ugus t  22, 1972)

Siiniinaiy. Monolayers of  R u z ic sk a ’s I I I / l  m onkey k id n ey  cell line were infected  w i th  
u n d i lu te d  suspensions of the W E 3 s t r a in  o f  LCM virus.  The  v irus  y ie ld  was low and  th e  h a r v e s t ­
ed m ed iu m  in terfered  with the  g ro w th  of the  homologous v irus.  Us ing  the  A rm st ro n g  E-350 
s t ra in  of LCM virus in I I I / l  cu l tu res  or  th e  W E 3 stra in in p r im a ry  m o n k ey  kidney  cell cu ltu res ,  
th e  in te rfering  ac t iv i ty  of the  h a rv e s te d  v irus  was less p ronounced .  In te r fe ro n  had  no role in 
th is  interference. Since the  in te r fe r ing  su b s tan ce  is sensitive to UV i r rad ia t io n  and,  accord ing  
to  o th e r  inves tiga tors ,  it  is of  p a r t i c u la te  n a tu re ,  the  in te rference  m ay  he a t t r ib u te d  to defec tive  
in te r fe r ing  (1)1) particles. In te r fe r in g  su b s ta n c e  is produced  s im u lta n eo u s ly  with  the  syn thes is  
of  the  infective virus and  its p ro d u c t io n  continues a f te r  the  m a x im u m  infec tiv i ty  has  been 
reached .  The  interference is ve ry  poor  if  the  interfering su b s ta n c e  is added  to cell cu l tu res  30 
m in u te s  or  more a f te r  infection w i th  th e  s ta n d a rd  virus.

A m ong the  in te rfe rence  p h en o m en a  described in th e  field of v iruses , th e  
hom ologous in terference induced  by  incom plete , or defec tive  in te rfe r ing  (D I) ,  
pa r t ic le s  f l ]  is o f  special pa tho log ica l  significance.

T he  existence of D I  pa r t ic le s  has been d e m o n s t r a te d  in the  case of 
n u m e ro u s  viruses inc lud ing  in f luenza  virus [2], v e s ic u la r  s to m a ti t is  v irus  
(VSY) [3], fowl plague v iru s  [4], polyom a v irus  [5], Sendai v irus [6] an d  
po liov irus  [7].

B ased  on th e i r  s tud ies  p u b lished  in 1972, W e l s h  a n d  P f a u  [8] have  
suggested  the  role of D I pa r t ic le s  in th e  homologous in terference  of th e  LCM 
virus . The p re sen t  inves t ig a t io n s  have  led us to  th e  sam e conclusion.

M ater ia ls  and methods

Viruses. The  A rm st ro n g  E-350  s t ra in  |9] and th e  W E 3 line of the  W E  stra in  |1()| were 
k ind ly  supplied in m ouse-b ra in  suspens ions  by  Professor F.  L e i i m a n n - G r u b e  (H a m b u rg ) .  
In  th is  labora to ry ,  the  s t ra ins  were m ain ta in ed  in cell cu l tu res  w i th o u t  any  fu r th e r  passage 
in mice.

Cell cultures. P r im ary  rhesus  m o n k ey  kidney (P M K ) cell cu l tu res  and  R u z i c s k a ’s [11] 
con tin u o u s  rhesus m onkey  k id n ey  cell line I I I / l  were e m ployed  as m onolayers  in tubes .  As 
m a in ten a n ce  m ed ium  P a rk e r ’s No. 199 enriched by bovine a lb u m in  was used. T he  v irus- in ­
fected  cell cu ltures  were in c u b a te d  a t  37°C without  ro ta t io n .

In fectiv ity  titrations  were car r ied  o u t  in I I I / l  cell c u l tu res  in tu b es  as described p re v i ­
ously |12 | .  Besides the  c y to p a th o g en ic i ty  of the virus, the  d e te c t io n  of viral  an t igens  by im ­
m unofluorescence was used for th e  d em o n s tra t io n  of v iral  m ult ip l ica t ion .

M easurem ent o f  interfering capacity. I I I / l  cell cu l tu res  were  inocu la ted  w ith  a twofold 
d i lu t ion  series of v irus  suspensions .  A f te r  an  in cuba t ion  for 2 h r  a t  37°C, each c u ltu re  was 
superin fec ted  with a p p ro x im a te ly  100 C P U 50 of the s t ra in  W E 3. T h e  in terfering  c ap ac i ty  was 
charac te rized  by the  h ighest  d i lu t io n  showing interference as ind ica ted  by a reduced  cyto-
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p a t h i c  effect. The decrease  in  t h e  ra t io  of f luo rescen t  cells was also t a k e n  in to  consideration 
in  e s t im a t in g  the  in te r fe r ing  cap ac i ty .

U V  inactivation. V iru s  suspens ions  were i r r a d ia te d  w ith  a germ icide  lam p  from  a dis­
t a n c e  of 20 cm for 5 or 10 m in .

Im m unofluorescence ( I F )  tests. F o r  p re p ar in g  con juga te ,  mice w ere  h y per im m unized  
w i t h  LCM virus and th e  se ru m  t h u s  ob ta ined  was co n ju g a ted  w i th  f luoresce in  iso th iocyanate  
( F I T C ,  Serva,  C om ponent  “ A ”  re in) by  in cu b a t io n  a t  room  te m p e ra tu r e  a n d  p H  9.5 a t  an 
F IT C -g lo b u lin  ra tio  of 1 : 150 fo r  1 hr. The  c o n ju g a te  was f i l te red  on S e p h a d e x  G-50 column 
to  r e m o v e  the  free F IT C  a n d  su b je c ted  to c h ro m a to g ra p h y  on D E A E -ce l lu lose  column. The 
o p t im a l ly  labelled f rac t io n  w as  used for direct I F  tes ts .  Conjugate  for in d ire c t  I F  tes ts  was 
p r e p a r e d  from  goat a n t i - h u m a n - I g G  serum. T he  cell p rep ara t io n s  s ta in e d  in th e  usua l  way 
w e re  coun te rs ta ined  w i th  1 : 50 ,000-dilu ted  E v a n s  b lue  for 1 m in u te  a n d  covered  w ith  b u f­
fe re d  glycerol.  The p r e p a r a t io n s  were exam ined  in d a r k  field w ith  a m o n o c u la r  microscope in 
t h e  b lu e  l ight of the H B O -5 0  bu lb .

The com plem ent-fixation  test was carried  o u t  u s in g  T aká tsy ’s m ic ro t i t r a to r  technique  
[1 3 1 a n d  cold fix a tio n  o v e rn ig h t.

Results

(a) Dose-dependence o f  the virus y ie ld . In  previous s tu d ie s  [12] we have 
s h o w n  th a t  the LCM v iru s  m ultip lies  a n d  causes c y to p a th ic  changes  in I I I / l  
cell cu ltu res .  In th e  course  of in fec t iv i ty  assays the  c y to p a th ic  effect often 
fa i le d  to  develop in c u l tu re s  inocu la ted  w i th  large doses of  t h e  W E 3 stra in . 
A l te rn a t iv e ly ,  the  ea r ly  ch an g es  d isappeared  b y  th e  5 th  d a y  following inocula­
t io n .  T o  clarify the b a c k g ro u n d s  of th is  phen o m en o n ,  I I I / l  cel] cu ltu res  were 
in o c u la te d  w ith  u n d i lu te d  o r  d ilu ted  inocula a n d  b o th  the  soluble  CF yield 
a n d  th e  infectious v irus  y ie ld  were d e te rm in e d  in th e  in fec ted  cu ltu res .  The 
C F  a n t ig e n  ti tres  were fo u n d  a p p ro x im a te ly  iden tica l  while t h e  infective t i ­
t r e s  were 100 to  1000 t im e s  lower in th e  cell cu ltu res  in o c u la te d  w ith  the 
u n d i lu t e d  virus.

T h e  u n d is tu rb ed  sy n th e s is  of th e  CF an t ig en  c o n cu rren t ly  w i th  a strongly  
in h ib i t e d  synthesis of th e  in fectious v irus  suggests t h a t  n o n in fec tious  virus 
wras p ro d u ced  in the  c u l tu re s  inocu la ted  w ith  u n d i lu ted  v irus .

T o  cheek th is  a s s u m p t io n ,  I I I / l  cell cu ltu res  were in fec ted  w ith  various 
d i lu t io n s  of the W E 3 s t r a in  a n d  th e  in fectious v irus in th e  m e d iu m  of several 
t u b e  cu ltu res  was t i t r a t e d  120 hours a f te r  inocu la tion . At th e  sam e  tim e , cells 
f r o m  th e  infected cu l tu re s  w ere  exam ined  b y  I F  and  th e  re m a in in g  cells were 
h o m o g en ized  in o rder  to  p re p a re  CF an tigen .

T ab le  I  shows t h a t  t h e  v irus  yield was considerab ly  less in th e  cell 
c u l tu r e s  infected w ith  u n d i lu te d  virus. A t  th e  same tim e , th e  frequency  
o f  f luo resc ing  cells was s t r ik in g ly  low. In  ex p e r im en ts  ca rr ied  o u t  w ith  the 
E -3 5 0  s t ra in ,  ne ither  th e  in fe c t iv i ty  nor th e  percen tage  of f luoresc ing  cells was 
s ig n i f ic a n t ly  d iminished in th e  cu ltu res  ino cu la ted  w ith  th e  u n d i lu te d  virus, 
a l t h o u g h  a similar t e n d e n c y  was observable . I t  has therefore  b een  concluded 
t h a t  t h e  phenom enon u n d e r  s tu d y  is s t ra in -d ep en d en t .

T h e  t i t re  of the  C F  a n t ig e n  on the  f i f th  d a y  appeared  n o t  to  depend  on 
th e  size of  the  inoculum . On th e  basis of ou r  earlier  s tudies  [12] th is  is because
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Table  I

In fec tiv ity , fluorescing  activity and C F  o f  litre o f I I I / l  cell cultures 
different d ilutions o f  L C M  virus

inoculated wit

D ilution of Infectivity* Fluorescent CF antigen**Strain inoculum* (CP1>6(|/0.1 ml) cells, per cent titre

0 1 3.75 1 2 8

LCM WE., 2nd passage 1 4.0 3— 5 16

2 5.0 20 —25 16

3 5.75 30— 40 16
4 6.25 40 50 16

0 4.5 30— 40 8
LCM Arm strong ,  E-350 1 5.0 50 8

2nd passage 2 5.0 50 8

3 5.5 75 8

4 5.5 75 8

5 4.0 20 4

* log 
** Reciprocals

th e  infec tious v irus  in the  cell c u l tu re  reaches its p e a k  b e tw een  th e  3 6 th  a n d  
48 th  h r  a f te r  inocula tion  w i th  u n d i lu te d  virus, w hereas  in cu ltu res  ino cu la ted  
w ith  d i lu ted  v iru s  th e  p eak  is re ach ed  on the  f if th  d ay .  T he  syn thes is  of infec­
tious v irus  a n d  t h a t  of th e  CF an t ig en  runs  parallel.

I t  was the re fo re  a ssum ed  t h a t  in cu ltu res  in o cu la ted  w i th  u n d i lu ted  v irus  
the p ro d u c t io n  of infectious v ir ions  d iscontinues a t  th e  4 8 th  h r  in spite  o f  th e  
g rea t  n u m b e r  of un in fec ted  cells; since the  in fec ted  cells d e ta c h  from  th e  
m ono layer ,  th e  IF -p o s i t iv e  cells d im in ish  in n u m b e r  a n d  in the  f lu id  m ed iu m  
an in te rfe r ing  su b s tan ce  a c cu m u la tes  besides th e  in fectious v ir ions a l re a d y  
p re sen t .

I t  m igh t ,  how ever,  be supposed  t h a t  it  is n o t  th e  p ro d u c t io n  of  infec tious 
v irus  t h a t  is in h ib i ted  by  an a c c u m u la t in g  in te rfe r ing  su b s tan ce ,  b u t  v ir ions 
are in a c t iv a te d  b y  h e a t  in th e  per iod  from  the  4 8 th  h r  to  th e  5 th  d ay .  We 
succeeded  in exclud ing  th is  ex p la n a t io n  by  th e  following exp e r im en t .  Cell 
cu ltu res  were inocu la ted  w ith  u n d i lu te d  WE., v iru s  a n d ,  a f te r  th e  ad so rp t io n  
period , th e  cu ltu res  were w ash ed  a t  in te rva ls  to  rem ove  a t  least  p a r t  of th e  
h y p o th e t ic  in te rfe r ing  su b s tan ce .  I n  such cu ltu res  th e  in fec t iv i ty  re ach ed  a 
t i t re  a t  least  100 tim es as h igh  as th e  t i t re  of th e  cu l tu re s  which h a d  n o t  been 
w ashed .

(b) D evelopm ent o f  the in terfering activity in  infected cultures. I I I / l  cell 
m ono layers  were in fected  w ith  u n d i lu te d  suspensions of  th e  W E 3 s tra in .
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D uring  incu b a t io n  severa l  tubes  were ta k e n  o u t  a t  in te rv a ls  to  de te rm ine  th e  
in fec t iv i ty  and  th e  in te rfe r ing  ac t iv i ty  of th e  cu ltu re  m ed iu m , th e  f requency  
o f  th e  f luorescent cells a n d  the  CF an tigen  t i t re s  of cell h o m o g en a tes  (Fig. 1).

In fec t iv i ty  of  th e  m edium  reach ed  its peak  48 h r  a f te r  inoculation , 
t h e n  gradua lly  dec lined ; th e  f requency  of f luorescent cells ran  paralle l with 
th e  in fec tiv ity .  T h e  C F an tigen ,  too, reach ed  its m a x im u m  a t  48 hours and

F ig . 1. In fec t iv i ty ,  p e rce n ta g e  of f luorescent  cells, CF an tigen  t i t r e  a n d  in te rfe r ing  ac t iv i ty  in 
I I I / 1 cell cu ltures  in fec ted  w i th  u n d i lu ted  W E 3 v i ru s  in func tion  of t im e ;  1 =  in fec tiv i ty ;

2 =  pe rcen tage  of f luorescen t  cells; 3 =  CF an tig en ;  4 =  in te rfe r ing  ac t iv i ty

r e m a in e d  a t  t h a t  level u n t i l  th e  en d  of th e  ex p e r im e n t  a t  120 h r .  The in te r ­
fe r ing  a c t iv i ty  inc reased  so m ew h a t  slower u n t i l  the  end  of th e  experim ent,  
th e  t i t r e s  being 1 : 40 a n d  1 : 160 in th e  4 8 th  a n d  120th  h o u r ,  respectively . 
A ccord ingly , syn thes is  o f  th e  in te rfe r ing  su b s tan ce  con tinues  even a f te r  infec­
t io u s  virions h ave  s to p p e d  being p roduced .

(c) Production o f  interfering substance in  d ifferent host cells. In  th e  follow­
ing  exp er im en ts  th e  W E 3 s tra in  was su b je c te d  to  serial passages w i th  und i lu ted  
a n d  1 0 -3 -dilu ted  ino cu la  in I I I / l  cell cu l tu re s  an d ,  in para lle l ,  in P M K  cell 
cu l tu re s .  In fe c t iv i ty  a n d  in te rfe r ing  a c t iv i ty  of the  m ed ium  were de te rm ined  
fo u r  days  a f te r  in o cu la t io n  (Table I I ) .

T he  p ro d u c t io n  of  b o th  factors was in f luenced  b y  chang ing  th e  host 
cell, a n d  the  in te r fe r in g  a c t iv i ty  was m ore in tens ive  in cu ltu res  in o cu la ted  w ith  
th e  u n d i lu te d  v irus t h a n  in those  in o cu la ted  w ith  th e  d i lu ted  v irus .  In  th e  first 
“ u n d i lu te d ”  passage  in  I I I / l  cell cu ltu res ,  th e  in fec t iv i ty  was m ore th a n  100
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Table  I I

In fectiv ity  and interfering activity o f  W E 3 strain at different “ diluted” and  “ undiluted” passage
levels in different cell cultures

Passage in 
II I 1 cell cultures

Passage in 
PMK cell cultures

Passage Dilution of
No. inoculum

Infectivity* Interfering
activity** Infectivity* Interfering

activity**

i u n d i l u t e d 2.25 160 4.75 40
10 3 4.75 20 4.5 <10

2 u n d i l u t e d 4.5 80 5.5 20
IO-3 4.75 20 5.75 <10

3 u n d i l u t e d 3.75 160 6.25 10
10 3 5.5 20 6.5 <10

4 u n d i l u t e d 4.5 80 4.5 40
I O ' 3 6.25 20 5.75 10

* bg 
** Reciprocals

t im es  lower in th e  cu ltu re  f lu id  t h a n  in th e  respective  “ d ilu ted ”  passage . 
T he  in terfering  ac t iv i ty  was con s id e rab ly  h igher in the  I I I / 1 line t h a n  in th e  
P M K  cultu res .  T he  f lu c tu a t io n  of  th e  infective t i t r e  o f  th e  W E 3 s tra in  as 
passaged  in I I I / l  cu ltu res  is o f  special in te res t .  A sim ilar f lu c tu a t io n  has  b een  
shown in cell cu ltu res  p e rs is ten tly  in fec ted  by  th e  ves icu la r  s to m a ti t is  v iru s  [1]. 
I t  can he conc luded  th a t ,  s im ilarly  to  o the r  v iruses, th e  p ro d u c t io n  of  D I  
par tic les  of th e  LCM virus depends  on the  h o s t  cell.

(d) Production o f  L C M  virus in  vivo. D I  par t ic les  h ave  never  been  d e m o n ­
s t r a te d  in th e  course of n a tu ra l  v iru s  infections of  anim als. The fo llow ing 
ex p e r im e n t  shows th a t  th e  D I  pa r t ic le s  and  th e  in terference  p h e n o m e n o n  
a t t r ib u ta b le  to  th e m  canno t be considered  a mere a r te fa c t .  A du lt  mice were  
in o cu la ted  in tra p e r i to n e a l ly  w ith  20 million cells o f  th e  S-37 m ouse sa rco m a  cell 
s t ra in  [12]. T w en ty -fou r  hours  la te r  ha lf  of th e  mice were inocu la ted  i n t r a ­
p e r i tonea lly  w ith  an  u n d i lu ted  suspension  of th e  W E 3 v irus  grown in I I I / 1 cell 
cu ltu res ,  while th e  o the r  h a lf  w i th  d i lu ted  inocula  (a p p ro x im a te ly  10 C P D i0/ 
mouse) o f  th e  sam e virus suspension. On the  2nd , 4 th  a n d  6 th  day  a f te r  in fec ­
t ion  th ree  mice each were killed a n d  th e i r  ascites fluids were pooled a n d  c e n t r i ­
fuged. In  th e  su p e rn a ta n ts ,  in fec t iv i ty  a n d  in te rfe r ing  ac t iv i ty  were d e te rm in ed ,  
th e  cells were cou n ted  an d  sm ears  w ere  p rep a red  for I F  te s t .  R esu lts  are  show n 
in Tab le  I I I .

W e have  shown [12] t h a t  th e  LCM v irus  m ultip lies  in S-37-sarcom a- 
bear ing  mice n o t  only in th e  n o rm a l  mouse tissues b u t  also in the  s a rc o m a  
cells. In  th e  p re se n t  experim en ts ,  in the  mice t h a t  h a d  been in o cu la ted  w i th
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t h e  larger dose o f  th e  v irus ,  the  s a rco m a  cells ceased m u lt ip ly in g  a f te r  th e  
LCM infection, h a l f  o f  th e m  contained f lu o re sc e n t  an tigen  a n d  th e  ascites fluid 
e l ic i ted  an u n u s u a l ly  h ig h  infec tiv ity  a n d  a h igh  in te rfe r ing  ac t iv i ty .  In  th e  
m ice  which h ad  b e e n  inocu la ted  w ith  t h e  sm alle r  dose o f  v irus ,  th e  v irus grew

Tabic  I I I

In fectiv ity , interfering a c tiv ity  and percentage o f  fluorescen t cells in ascites f lu id  o f  mice inoculated 
w ith  S -3 7  mouse sarcoma cells infected w ith  W E 3 virus

Time of 
harvest­

ing
ascites
fluid*

Infection with JO1 CPD50/mouse Infection with 10 CPD50/mouse

No. of 
ascites 
cells

(million)

log
infectivity 
per 0.1 ml

Interfering
activity**

Fluorescent 
cells, 

per cent

No. of 
ascites 
cells 

(million)

log
infectivity 
per 0.1 ml

Interfering
activity**

Fluorescent 
cells, 

per cent

2 80 4.75 100 2 — 5 80 3.50 <10 0
4 120 > 8 .5 0 1000 50 200 4.50 <10 0.5— 1

6 100 6.75 1000 50 800 4.25 <10 0.01

* Days after  v i ru s  infection
** Reciprocal d i lu t io n s
Sarcoma cell in o cu lu m :  2 0 x l 0 6 cells in traper i tonea l ly ,  virus inoculum from  the  16th 

passage  on I I I / l  cell cu l tu res ,  administered in traper i tonea l ly  24 hours  af te r  inoculation  with 
sa rcom a cells

m a in ly  in the  m ouse  tissues, the  in te r fe r in g  ac t iv i ty  of th e  ascites f lu id  was 
negligible and  th e  s a rc o m a  cells co n t in u e d  to  m ult ip ly .  I t  seems reasonable  
t o  suppose th a t  th e  in te r fe r in g  substance ,  p re su m a b ly  consisting  of D I  p a r ­
t ic les ,  was p ro d u ced  b y  th e  S-37 sa rco m a  cells.

(e) Iden tity  o f  the interfering substance w ith  D I  particles. T he  id e n t i ty  
o f  th e  interfering s u b s ta n c e  w ith  D I p a r t ic le s  is s u p p o r te d  b y  ind irec t  ev id ­
ence. The ab o v e -d esc r ib ed  experim ents  h a v e  suggested  t h a t  th e  substance  
responsib le  for th e  in te r fe ren ce  phen o m en o n  is n o t  iden tica l  w i th  th e  virion or 
w i th  the  soluble C F  an t ig en .

(1) The in terfering  substance is not in terferon. I I I / l  cell cu ltu res  were 
in o cu la ted  w ith  LCM v i ru s  suspensions o f  h ig h  in te rfe r ing  a c t iv i ty  a n d  super- 
in fe c te d  with 50 C P D 50 o f  VSV 24 h o u rs  la te r .  No in h ib it ion  occurred , 
w h ereas  the  in te r fe ro n o g en ic  agent poly I : C considerab ly  in h ib i ted  th e  g row th  
o f  th e  same VSV in I I I / l  cell cultures. W e l s h  a n d  P f a u  [8] h ave  show n th a t  
t h e  substance  re spons ib le  for the hom ologous in terference  of the  LCM virus 
m u s t  be of a p p ro x im a te ly  th e  same size as th e  v ir ion  itself.

(2) The in terfering  substance is sensitive  to U V  irradia tion . Assum ing  the  
p a r t ic u la te  ch a ra c te r  o f  th e  interfering s u b s ta n c e ,  we c a n n o t  exclude a priori 
t h a t  th e  in terference is o f  com petitive  n a t u r e  being  caused  b y  adso rp tion  of 
cell debris on the  su rface  o f  susceptible cells. T h e  fac t  t h a t  th e  su bs tance  is 
sens i t ive  to  UY i r r a d ia t io n  (Table IV) exc ludes  th is  objection .
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Table IV

V V -sensitivity  o f  the infectivity and interfering activity o f W E3 LC M  virus

Virus Infectivity*
Interfering
activity**

U n trea ted 4.5 160

I r rad ia ted  for 5 min < 0 .5 < 1 0

I r rad ia te d  for 10 min < 0 .5 < 1 0

* — log 
** Reciprocals

Л decrease in th e  infective t i t r e  o f  th e  v irus  was accom pan ied  b y  a decrease  
in its  in te rfe r ing  ac t iv i ty .  T he  UV sen s i t iv i ty  of  th e  in te rfe r ing  s u b s ta n c e  
suggests  t h a t  the  v ira l  nucleic acid  p lays  a role in th e  in te rfe rence  a n d  th u s  
offers a fu r th e r  ind irec t  evidence for th e  role of  D I  particles. N everthe less ,  th e  
u n d i lu te d  v irus  suspension re ta in e d  som e of th e  in terfering  ac t iv i ty  even  a f te r  
10 m in u te  UV irrad ia t ion . This m ig h t  he a t t r i b u t e d  to  reac t iv a t io n .

(f) T im e dependence o f  the interference. T h e  following e x p e r im e n t  was 
a im ed  a t  revealing  th e  m echan ism  o f  ac tion  o f  the  homologous in te rfe rence . 
T h e  t im e  o f  th e  a d m in is t ra t io n  of b o th  of th e  in terfering  a n d  supe r in fec t in g  
v irus  was varied . I I I / l  cell cu ltu res  were in fec ted  w ith  a tw ofo ld  d i lu t io n  
series o f  th e  in te rfe r ing  v irus  a n d  superin fec ted  w ith  100 C P D 50 of s t a n d a r d  
v irus .  T he  t im e  in te rva ls  were —24, — 1, th e n  0, 1/2, 1, 2 a n d  8 h r  as r e la te d  to  
th e  t im e  of th e  superinfection. T he  resu lts  are  shown in T able  V.

T he  in te rfe r ing  effect was th e  m o s t  in tens ive  when th e  in te r fe r in g  v irus  
h ave  been adm in is te red  before th e  superin fec tion  irrespective of  w h e th e r  th e

Table  V

Time-dependence o f the homologous interference o f L C M  virus in I I I / l  cell cultures

Time o f the inocu­
lation o f interfering 

virus before ( — ) 
or after (-(-) super- 

infection, hr

Interfering
activity*

— 24 160

— 1 160

0 80

+  1/2 2 0

+  1 2 0

+  2 10

+  8 1

* Reciprocals of  the highest virus d i lution causing interference ( inhibition of c y to p a th ie
effect)
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t im e  in te rva l  was 24 h o u rs  or 1 hour. T h is  suggests  t h a t  th e  in te rfe r ing  su b ­
s ta n c e  — p ro b a b ly  D I  partic les  — m u s t  r e a c h  some in trace llu la r  site(s) or 
a f fec t  some m etab o l ic  p rocess early enough  to  e x e r t  its  effect. I f  th e  in terfering 
v i ru s  was ad m in is te re d  s im ultaneously  w ith ,  o r  a fter ,  the  s ta n d a rd  v irus, th e  
in te rfe rence  was th e  w e a k e r  the  longer w as  th e  in te rv a l  be tw een  th e  two 
inocu la t ions .  A v e ry  s l ig h t  interference to o k  p lace  even if th e  in te rfe r ing  virus 
w as  added  8 h r  a f te r  inocu la t ion  w ith  th e  s t a n d a r d  virus.

D iscussion

The in  vitro  hom ologous  in terference of  th e  LCM virus  appears  to  he 
ana logous  to  th e  in te r fe re n ce  between D I  p a r t ic le s  a n d  infective v irus  d e m o n ­
s t r a t e d  for o the r  v iru ses .  According to  th e  h y p o th e s is  of H u a n g  a n d  B a l t i­
m o re  11 ] DI par t ic les  m a y  arise as n a tu ra l  m u t a n t s  of viruses. I f  such partic les  
h a v e  appeared  th e y  beg in  to  m ultip ly  a t  th e  expense  of th e  com plete  v irus; 
a t  las t ,  th ey  will p re v a i l  a n d  a well-defined in te rfe rence  ensues. T h u s ,  th e  
p rocess  of infection d iscon tinues .  This m ec h a n ism  besides specific im m u n i ty ,  
m a y  p lay  a role in th e  recovery  from v ira l  diseases.

The role of  D I  p a r t ic le s  m ay be of p a r t i c u la r  im p o r tan ce  in persisting  
v i ru s  infections. I t  is w ell-know n th a t  mice in fec ted  w ith  LCM virus  in the ir  
in t r a u te r in e  life or one d a y  after  b ir th , un like  those  in fec ted  in adu lt  age, do 
n o t  die, b u t  th e y  beco m e  to le ran t  to  th e  v iru s  a n d  th e  v irus m ay  persis t  in 
t h e m  lifelong [15]. I n te r f e ro n  plays no role in th is  persistence [16, 17], and 
th e  LCM virus does n o t  induce in terferon  p ro d u c t io n  in cell cu ltu res .  1)1 
p a r t ic le s  m ay  be a s s u m e d  to  have an im p o r ta n t  role in pers is ten t LCM virus 
in fec tion .

P e rs is ten t  LCM v iru s  infection has been  b r o u g h t  a b o u t  in L-cells as íveli 
[18]. A lthough  v i ru le n t  v iru s  was n o t  p ro d u c e d  a f te r  several passages, the  
in o c u la te d  cell cu l tu re s  con t in u ed  p ro d u c in g  an a g en t  of large molecular 
w e ig h t  which in te r fe red  w i th  the m u lt ip l ica t io n  o f  th e  s ta n d a rd  LCM virus.

W e have o b se rv ed  t h a t  LCM virus s t ra in s  m a y  differ in the ir  in terfering ,
i.e. D I-p a r t ic le -p ro d u c in g ,  capacity . F u r th e rm o re ,  th e  qu a l i ty  of th e  cell 
c u l tu re  plays a role in  t h e  deve lopm ent of v iru s  pers is tence: th e  homologous 
in te rfe rence  w ith  th e  W E 3 s t ra in  was alw ays less in tens ive  in P M K  cell cu ltu res  
th a n  in Ï I I /1  cells. T h e  g re a te s t  in terfering a c t iv i ty  and , consequently ,  th e  low ­
es t  in fec tive  t i tres  on th e  5 th  day  were o b ta in e d  in  cell cu ltu res  in o cu la ted  
w i th  large doses of  v iru s .  As to  the ap p ea ran ce  o f  th e  in te rfe r ing  a c t iv i ty  and 
its chronological re la t io n sh ip  to  virus m u lt ip l ica t io n ,  our results  are in acco rd ­
ance  w i th  those p u b l i s h e d  b y  W elsh  and  P f a u  [8],  th o u g h  we co u n te d  th e  
IF -p o s i t iv e  cells in s te a d  o f  th e  infection cen tres :  a f te r  th e  p eak  of the  in fec t iv i ty  
c u rv e  the  in terfering a c t iv i t y  increased fu r th e r ,  while the  IF -p o s i t iv e  cells 
w ere  a lready  declin ing in num ber .
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T he IF -p o s i t iv e  cells co rresponded  in n u m b e r  to  th e  cells in fec ted  b y  th e  
s ta n d a rd  v irus  alone or  by  b o th  th e  s ta n d a rd  v irus  an d  th e  D I  p a r t ic le s ;  th e  
cells w hich  h ave  ta k e n  up only D I  par t ic les  do n o t  fluoresce because  o f  th e  
lack o f  v irus  m u lt ip l ica t ion  in th e m . T h e  an tibod ies  ta k in g  p a r t  in th e  I F  re a c ­
tion  were found  to  he different from  th e  C F an tibodies  [14]. E x a m in in g  p a t i e n t s ’ 
sera, we h av e  d e m o n s t ra te d  t h a t  th e  f luorescen t an tibod ies  a p p e a re d  earlier  
th a n  th e  C F antibodies .

W e o b ta in e d  virus suspensions o f  high in terfering  a c t iv i ty  in  vivo  w hen  
mice were in fec ted  artif ic ia lly  w i th  b o th  mouse sa rcom a cells a n d  LCM v irus .  
T h o u g h  th is  sy s tem  is d ifferent f ro m  th e  n a tu ra l ly  in fec ted  an im al,  th e  re su lts  
su p p o r t  th e  view  t h a t  a v ira l  p ro d u c t  con ta in ing  D I par tic les  can  be fo rm ed  
in  vivo  as well.

T here  are several ind irec t p roofs of  th e  id e n t i ty  of th e  in te r fe r in g  a g e n t  
w ith  D I  partic les. O ur ex p e r im en ts  su p p o r t  th e  earlier conclusion t h a t  i n t e r ­
feron p lays no role in th is  in te rfe rence . I t  was found  to  be a p a r t ic u la te  s u b ­
s tance  w hich  sed im ents  to g e th e r  w i th  th e  infectious v irus ;  its  UY s e n s i t iv i ty  is 
suggestive of  a nucleic acid co m p o n en t .

As reg a rd s  th e  m echan ism  o f  th e  homologous in terference  o f  LCM v irus ,  
ou r  e x p e r im en ts  concerning th e  t im e-dependence  of  th e  in te rfe rence  offer 
some in fo rm atio n .  We suppose t h a t  th e  in terfering a g en t  m u s t  r e a c h  some 
in trace l lu la r  site  early  enough to  in terfere  w ith  th e  p ro d u c t iv e  cycle. I f  i t  is 
a d m in is te red  a f te r  the  s ta n d a rd  v irus ,  its effect is w eak, suggesting  t h a t  th e  
b locking of v irus  m ultip lica tion  ta k e s  place soon a f te r  th e  a t t a c h m e n t  a n d  the  
p e n e t ra t io n  of  th e  virion.
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Bacteriology

T H E  R O L E  O F  L - S E R I N E  IN  T H E  R E G U L A T IO N  O F R N A  S Y N T H E S I S  
OK E S C H E R I C H I A  COLI

Cs. K a r i , Gy . B a j s z á r , E n ik ő  K u t h y  and L. A l f ö l d i

Institu te  o f  Genetics, Biological Research Centre,
H ungarian  A cadem y o f  Sciences, Szeged

I t  is a lm os t  generally  a c cep ted  t h a t  each of the  biologically  im p o r ta n t  
am ino  acids p lays  an equa l  role in th e  regu la t ion  of R N A  syn thes is  in E sche­
richia  coli. T he  p resen t  e x p e r im en ts  are suggestive of th e  o u ts ta n d in g  role of 
L-serine in th is  regula tion  m echan ism . D uring  serine s ta rv a t io n  th e  re lax ed  
m u ta n t s  syn thes ized  a p p ro x im a te ly  as little  R N A  as th e  s t r in g e n t  m u ta n t s ,  
even w ith  adenine-less m u t a n t  in th e  presence of th e  five p u r in e -p y r im id in e  
bases a n d  all th e  o th e r  am ino  acids. T he  cause of  the  p h en o m en o n  has  n o t  y e t  
been  clarified.

ATTEM PTS AT P R O D U C IN G  T H E R M O S E N S I T I V E  E S C H E R I C H I A  C O LI M U TA N T S 
IN  T H E  R E G U L A T I O N  O F  R N A  S Y N T H E S IS

E n ik ő  K u t h y , Cs . K a r i , Gy . B a jsz ár  and L. A l fö ld i

Institu te  o f  Genetics, Biological Research Centre,
H ung a ria n  A cadem y o f  Sciences, Szeged

R N A  synthesis  of Escherichia coli is regu la ted  b y  am ino  ac ids  in an 
u n k n o w n  w ay. I t  has been a ssu m ed  t h a t  th e  m echanism  of r eg u la t io n  could 
be c larified  b y  experim en ts  w ith  the rm osens it ive  m u ta n ts  in th e  regu la t ion  
of R N A  synthesis .  A m e th o d  has been evolved  for a selective e n r ic h m e n t  of 
such  m u ta n ts .  T he  principle of  th e  m e th o d  is as follows. D u r in g  am in o  acid 
s ta rv a t io n  re laxed  m u ta n ts  can  se lectively  be killed w ith  s t r e p to m y c in  and /o r  
ac t in o m y c in  D, whereas s t r in g e n t  cells are selectively sensitive  to  penicillin 
a n d /o r  thym ine-less  dea th .  C om bin ing  these t r e a tm e n ts  w ith  cells o f  su itab le  
h e a t- se n s i t iv i ty  it  seems possible to  ob ta in  th e  desired m u ta n ts .
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STUDY O F  A S P E C IA L L Y  T R A N S D U C IN G  R H I Z O B I U M  P H A G E  

Z. S v á b , L. O rosz , Á. K o n d o r o s i  and T. S ik

In s ti tu te  o f  Genetics, B iological Research Centre,
H u n g a r ia n  A cadem y o f  Sciences, Szeged

The 16 — 3 t e m p e r a t e  phage  specially t r a n sd u c e s  th e  cysteine gene of 
R h izo b iu m . The gene locus o f  bacteria l  D N A  in c o rp o ra t io n  in to  th e  t r a n s ­
d u c in g  16—3 phage  w as  inves t iga ted . I t  has  b een  ex am in ed  which of th e  
genes of cysteine b io sy n th e s is  are co n ta ined  in  th e  in co rp o ra ted  bac te r ia l  
D N A . The genes of  t h e  t r a n s d u c in g  phage were d e m o n s t r a te d  b y  com plem en ting  
t h e  defective p ro p h a g e ,  b e in g  p resen t  in th e  c is + t r a n s d u c ta n ts ,  w ith  h e a t  
sen s i t iv e  m u ta n ts  ( lo ca ted  a t  7 d ifferent loci o f  th e  phage  chrom osom e 
w h ic h  charac terized  i t  in  i ts  whole length). T h e  e x p e r im e n ts  revealed  t h a t  th e  
i m m u n i ty  region a n d  th e  l a te  genes are m issing  f ro m  th e  tran sd u c in g  phage. 
A m o n g  four b ac te r ia l  m u t a n t s  defective in d if fe ren t  genes of  cysteine b io sy n th e ­
sis, th e  16—3 phage  co u ld  t ran sd u ce  th e  b io sy n th es is  of cysteine in to  tw o  
b a c te r ia l  m u ta n ts .

G E N E T I C  AN ALYSIS O F  M U T A T IO N S  I N F L U E N C I N G  T H E  R E G U L A T O R  G E N E  
F U N C T I O N  O F  T E M P E R A T E  B A C T E R I O P H A G E S

L. O rosz and T. S ik

In s titu te  o f  Genetics, Biological Research Centre,
H u n g a r ia n  Academ y o f  Sciences , Szeged

F ro m  a h ea t- in d u c ib le  m u ta n t  of R hizob ium  m eliloti 16 — 3 b ac te r io p h ag e  
dou b le  m u ta n ts  have  b een  iso la ted  which could  be  in d u ced  only  a t  a h ig h er  
t e m p e r a tu r e  th an  th e  o r ig in a l  one. The aim  of t h e  in v es t ig a t io n s  was to  show 
w h e th e r  th e  th e rm o rc s is ta n c e  of the  repressor  o f  th e  double  m u ta n t s  was 
e le v a te d  or the  rep re sso r  molecules increased  in  n u m b e r  (super-repressive 
m u ta n t ) .  The double m u t a n t s  are cha rac te r ized  b y  (i) a sen s i t iv i ty  to  su p e r ­
in fec t io n  of bacteria  ly sogen ized  b y  the  m u ta n ts ,  us ing  a phage  defective in th e  
o p e ra to r  gene; (ii) th e  q u a n t i t y  of hea t  necessa ry  for  in d u c t io n ;  (iii) d e te rm i­
n a t io n  of  the  m u ta t io n  loci b y  two an d  th ree  p o in t  crossings. I t  was ren d e red  
p ro b a b le  b y  m apping  t h a t  th e re  are m u ta n ts  p ro d u c in g  a p ro te in  of h igher 
h e a t  resis tance  and  o th e r s  overp roduc ing  rep resso r  molecules (m u ta t io n  o f  
th e  p ro m o te r  gene). T h e  s y s te m  allows the  genetic  e x a m in a t io n  of the  p ro m o te r  
locus.
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L Y S O G E N IC  C O N V E R S IO N  O F B A C IL L U S  C E R E U S :  IS O L A T IO N  O F A P H A G E  
CA U SIN G  P H O S P H O L I P A S E  P R O D U C T IO N

V e r a  Ga á l  and G. I vánovics

In stitu te  o f  M icrobiology, U niversity  M edical School, Szeged

Some 15 years  ago, th e  a u th o rs  described m egacin , a bac te r ioc in  o( 
B acillus m egaterium . S u b seq u en t ly ,  J a p a n e se  a u th o rs  h ave  iden tif ied  the 
m egacin  p roduced  b y  th e  s t ra in  B . m egaterium  No. 216 as phosp h o l ip ase  A. 
R ecen t ly ,  th e  au th o rs  have no t iced  th a t  some s tra in s  of  B . cereus a re  lysed 
in th e  presence of m ito m y c in  a n d  a fac to r  iden tica l in its biological a c t iv i ty  
w ith  megacin  appears  in th e  ly sa te ;  th e  fac to r  p roved  to  be phospho lipase  A. 
F ro m  one of these  s tra in s  m egac in -m inus  ( c in ~ )  cells segrega ted  in th e  p re s ­
ence of  acridine orange a t  a f req u en cy  of 5 % . F ro m  th e  w ild  s t ra in ,  w hich  
was ca rry ing  several p rophages ,  an  u n k n o w n  phage has  been  isolated  w hich  did 
n o t  lyse th e  u sua l  ind ica to rs  a n d  fo rm ed  plaques on cu red ,  i. e. cin , s t ra in s  
exclusively. T he  p laques  were e x t ra o rd in a r i ly  tu rb id  in ap p earan ce .  I f  e x p o ­
n en t ia l ly  growing liqu id  cu ltu res  o f  th e  cin~  s tra in  were inocu la ted  w ith  th is  
phage ,  a n d  a t  th e  sam e t im e  m ito m y c in  (0.5 /tg/ml) was a d d e d  to  th e  cu ltu res ,  
th e y  were lysed a f te r  a res idua l  g row th ,  p roduc ing  a ly sa te  of high m egacin  
co n ten t .  F ro m  th e  sam e phage  a m u t a n t  form ing clear p laques  could be iso la ted  
w hich  lysed th e  inocu la ted  cells, p ro d u c in g  com plete  ph ag e  par t ic les ,  b u t  no 
m egacin . I t  is supposed  th a i  in th e  cells ca rry ing  th e  t e m p e ra te  p h ag e ,  v ir ion  
rep ro d u c t io n  is p re v e n te d  by  a rep ressor  a n d  th e  cells p roduce  phospho lipase  
A in s tead  of  virions. If ,  how ever, th e  repressor undergoes m u ta t io n ,  th e  no rm a l  
s t ru c tu ra l  e lem ents  of th e  phage  will be p roduced .

M E C H A N IS M  O F H E L P E R  P H A G E  T R A N S F E C T I O N  

Á. KONDOROSI and T. SlK

In stitu te  o f  Genetics, B iological Research Centre,
H ung a ria n  A cadem y o f  Sciences, Szeged

Our helper phage  t ran s fec t io n  sys tem  e lab o ra ted  for th e  b a c te r io p h ag es  
of  R hizob ium  m eliloti was used  for th e  inves t iga t ion  of  th e  role of th e  he lpe r  
p h a g e ’s p ro te in  a n d  D N A  a n d  for the  e x am in a t io n  o f  th e  process o f  he lp e r  
P ha  ge infection. A ccording to  our inves t iga t ions ,  th e  process  of  he lp e r  phage  
t ran s fec t io n  is as follows, (i) T he  he lper  phage  ab so rb ed  to  th e  b a c te r iu m  
induces D N A  u p ta k e  in it. (ii) T he  D N A  of th e  he lp e r  phage  in a c t iv a te s  th e  
res tr ic t ion  m echan ism  of th e  b a c te r iu m  aga ins t  th e  t ran s fec t in g  D N A . (iii) 
T ra n s fe c tan ts  occur in th e  cell; th is  can be the  re su l t  o f  several processes: 
— “ m ark e r  rescue” , th e  he lpe r  D N A  will be rep a ired  b y  th e  reco m b in a t io n  
o f  th e  t ransfec t ion  D N A  — th e  t ransfec t ion  D N A  becom es re a c t iv a te d  b y  th e
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gen es  of the he lpe r  p h a g e  — the  t ransfec t ion  D N A  becom es reac t iv a ted  
w i th o u t  the  coop era t io n  o f  th e  helper p h a g e ’s DNA. The t ra n s fe c t io n  system  
c a n  be applied for th e  ex a m in a t io n  o f  th e  fu nc tiona l  a n d  ph y s ica l  o rd e r  of 
b ac te r io p h ag e  genes.

E X P R E S S I O N  O F E P I S O M A L  C H L O R A M P H E N IC O L  R E S IS T A N C E  I N  E S C H E R I C H I A  
COLI A N D  S A L M O N E L L A  T Y P H I - M U R I U M  S T R A IN S

G. H e r m á n

N a tio n a l In s titu te  o f  Public H ealth , Budapest and  
J .  S . Gots U niversity  o f  P en n sy lva n ia , P hiladelphia

C hloram phenicol a c e ty l t ran s fe ra se  (CAT) p ro d u c t io n  has  been  s tu d ied  
in  b o t h  cyclic 3 ,5’-adenos ine  m o n o p h o sp h a te  (cAMP) a n d  c.AMP recep to r  
p ro te in  (CARP) de f ic ien t  m u ta n ts .  A ddition  of  cAMP in c reased  b o th  CAT 
p ro d u c t io n  and res is tan ce  to  ch lo ram phen ico l in the  cA M P defic ien t m u ta n ts .  
S im u ltan eo u s  ad d it ion  o f  cA M P and  ch lo ram phen ico l  caused  a fu r th e r  increase 
in  CAT production. C h lo ram phen ico l  alone caused  an increase  in th e  CAT 
p ro d u c t io n  of the  p a r e n t  s t r a in s  and  th e i r  cA M P and  C A R P  d efic ien t  m u ta n ts

T H E  R O L E  OF CYCLIC 3 ,5’-A D E N O S IN E  M O N O P H O S P H A T E  I N  T H E  C O L IC IN  
P R O D U C T I O N  O F E S C H E R I C H I A  COLI

G. H e r m á n

N a tio n a l In stitu te  o f Public H ea lth , B udapest

Colicin p ro duc tion  w as  m easured  in cyclic 3,5’-adenosine m o n o p h o sp h a te  
(cA M P ) deficient m u t a n t  s tra in  GP-1 grow n on casam ino  a c id s -y eas t  
e x t r a c t  medium. A d d it io n  o f  cAM P increased  colicin p ro d u c t io n .  Grown on 
g lucose  as carbon source , colicin p roduc tion  was h igher in th e  presence of 
c A M P .

C O M P A R A T IV E  S T U D IE S  O N  T H E  U L T R A S T R U C T U R E  O F  M E T H I C IL L IN -S E N S IT IV E  
A N D  M E T H IC I L L I N - R E S I S T A N T  M UTANTS O F  ST A PH Y L O C O C C U S A U R E U S

F . R ozgonyi , L. V á c z i , G y . L u s t y i k , D. J é k e l , J .  L aczkó ,
and I. RÉDAI

In s t i tu te  o f  Microbiology, In s ti tu te  o f  Pathology, In stitu te  o f  A n a to m y  and H isto logy, U n iv e rs iy  
M edical School, Debrecen a n d  C om puting Centre o f L .  K ossuth  U niversity , Debrecen

T h e  u l t ra s t ru c tu re  o f  cells of a m ethic il l in-sensitive  a n d  a methicillin- 
r e s i s t a n t  m u ta n t ,  b o th  d e r iv ed  from  th e  n a tu ra l ly  occurr ing  mcthicillin- 
r e s i s t a n t  Staphylococcus aureus  s t ra in  5814/1966 of m ixed  p o p u la t io n ,  was
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c o m p a ra tiv e ly  ex am in ed  by  electron  m icroscopy . M easurem ents of cells w ere 
q u a n t i ta te d  an d  an a ly sed  s ta tis tic a lly . T he cells o f th e  sam e stage  o f  b o th  
m u ta n ts  w ere u n ifo rm  in shape and  size, show ing  coccal or e llip tica l fo rm s. 
A ll th e  co rresp o n d in g  m easu rem en ts  o f th e  tw o  m u ta n ts  were v e ry  close to  
each  o th e r ex cep t fo r th e  side w all a p p ea rin g  to  be s ign ifican tly  th ic k e r  in th e  
m e th ic illin -re s is ta n t m u ta n t . T he th ic k e n in g  w as in  m ost p a r t  d u e  to  th e  
w idening  o f th e  m iddle dense lay e r of th e  Avail. T he ra tio  of side w all v o lu m e  
to  p ro to p la s t  vo lum e w as also s ig n ifican tly  h ig h e r  for the  m e th ic illin -re s is ta n t 
m u ta n t . A rra n g e m e n t of th e  nu c lea r m a te r ia l w as d iffe ren t in the  tw o  m u ta n ts .  
T here  w as no q u a lita tiv e  d ifference in cross w all fo rm a tio n  nor in cell s e p a ra tio n  
b e tw een  th e  tw o m u ta n ts .

C O M P A R A T IV E  S T U D IE S  ON T H E  E F F E C T S  O F  M E T H IC IL L IN  O N  T H E  
U L T R A S T R U C T U R E  O F  M E T H I C I L L I N - S E N S I T I V E  A N D  R E SIST A N T  M U T A N T S  

O F ST A PH Y L O C O C C U S A U R E U S

F . R o z g o n y i , L. Y áczi, Gy . L u s t y i k , P. J é k e l , Z. N a g y ,
and L. RÉDAI

In stitu te  o f  M icrobiology, In stitu te  o f  Pathology and Central Research Laboratory, U n iversity  
M edical School, Debrecen and Com puting Centre o f  L . K ossuth University, Debrecen

T h e cells o f th e  m cth ic illin -sen sitiv e  m u ta n t  5814S, c u ltu re d  in  th e  
p resence  o f  m eth ic illin  (0.5 pg/m l) v a rie d  m u c h  in size and  shape , a n d  were 
s ig n ifican tly  en la rg ed . Cross walls w ere w idened  an d  s tru c tu re less . In  a n u m b e r  
o f cells cross w all fo rm atio n  was u n c o n tro lle d  an d  cell division w as d iso rg a n ­
ized an d  im p e rfec t, re su ltin g  in g ia n t cells o f  v a rio u s  shapes. T he cells o f  th e  
m e th ic illin -re s is ta n t m u ta n t  5814R  c u ltu re d  in th e  presence of 800 p g  m e th i­
cillin  p er m l d id  n o t sig n ifican tly  d iffer in sh ap e  an d  size from  th e  co n tro ls . 
O n ly  th e  m ean  side-w all th ick n ess , side-w all vo lum e and  th e  ra tio  side  wall 
vo lum e to  p ro to p la s t  volum e increased  s ig n if ican tly . Cross w all fo rm a tio n  
a n d  cell s e p a ra tio n  w ere con tro lled . D iv ision  o f D N A  seem ed to  he u n a ffe c te d  
b y  m eth ic illin  in b o th  m u ta n ts .

T H E  P H A G E  R E S T R IC T IO N  E F F E C T  O F  T H E  R F A C T O R S IN  S H IG E L L A  F L E X N E R I
S T R A IN S

V e r a  G. László , H e d d a  M ilch  ami I. R imanóczy

N ational Institu te o f  P ublic  H ealth , Budapest

A s tu d y  was m ade on th e  re s is tan ce  to  a n tib io tic s  of 460 Sh igella  f le x n e r i  
s tra in s  o r ig in a tin g  from  p a tie n ts  d u rin g  th e  y e a r  1972. O f th e  s tra in s  27 .6%  
p ro v ed  re s is ta n t to  1 — 3 an tib io tic s ; 83 o u t  o f 106 re s is tan t s tra in s  (78 .3% )
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c a rr ie d  R  fac to r. T h e  ty p e  of the  R fa c to r  w as f i  + in 14 cases an d  f i ~  in 69 
cases. T he R  fa e to r  w as tra n sfe rre d  to  th e  sam e  Escherichia coli s tra in  (H frH ) 
se n s itiv e  to  a n tib io tic s  a n d  to  sensitive S . f le x n e r i  s tra in s. T he p h ag e  sensi­
t iv i ty  of E . coli s tra in s  w as exam ined w ith  28 phages used for p h ag e  ty p in g , 
t h a t  o f  S . fle x n e r i  s tra in s  w ith  19 S. f le x n e r i  ty p e  phages. A m ong th e  E . coli 
p h a g e s , th e  1, 2, a n d  6 p h ag es, am ong th e  S . f le x n e r i  phages, th e  1, 2, 3, 6, 7 
a n d  9 phages w ere re s tr ic te d . There was a c o rre la tio n  betw een re s tr ic tio n  an d  
th e  serological p ro p e rtie s  o f  phages. R e s tr ic tio n  occurred  b o th  a f te r  f i + an d  
f i ~  R  fa c to r  tra n s fe r . S tra in s  d ifferen t in re s is ta n c e  to  an tib io tics a n d  in  ph ag e  
s e n s it iv ity  w ere iso la ted  fro m  th e  sam e p a t ie n t  on  tw o  occasions. T ra n s fe r  o f th e  
R  fa c to r  from  th e  s tra in  re s is ta n t to  a n tib io tic s  in to  th e  sensitive  one cau sed  
th e  p h ag e  ty p e  to  ch an g e . T h e  in  vitro tra n s fo rm e d  s tra in  h ad  th e  sam e  p h ag e  
s e n s it iv i ty  and  was o f th e  sam e resistance to  a n tib io tic s  as th e  re s is ta n t  s tra in  
o c c u rrin g  in  vivo.

A N T IB A C T E R IA L  E F F E C T  OF O L E F I C I N  O N  STAPHYLOCOCCUS 
A U R E U S  S T R A IN S

Zs. N agy  and I. H o r v á t h

In stitu te  o f  Pharmacological Research a n d  In s ti tu te  o f  M edical Chemistry, 
Sem m elw eis U niversity M edical School, Budapest

T h e  m echan ism  o f ac tio n  of oleficin, a n ew  po lyene-type  a n tib io tic  was 
in v e s tig a te d . I t  w as e ffec tiv e  aga in st G ra m -p o s itiv e  b ac te ria  an d  h a d  a w eak  
c a n c e ro s ta tic  effect. G ro w th  o f Staphylococcus aureus  D uncan  b a c te r ia  in  th e  
log p h a se  w as s to p p e d  b y  oleficin  a t  0.7 /tg /m l c o n c e n tra tio n . [3H ] T h y m id in e , 
[14C] u rac il an d  [ 14C] leucine  in co rpo ra tion  in to  D N A , R N A  a n d  p ro te in  
m acro m o lecu les , re sp e c tiv e ly , was m easu red . In h ib itio n  o ccu rred  s im u l­
ta n e o u s ly  an d  was o f th e  sam e degree w hen th e  ab o v e  co n cen tra tio n  w as used . 
In  th e  course  of in v e s tig a tio n  in to  cell w all sy n th e s is  by  th e  m e th o d  o f P a r k  
an d  H a n c o c k  it w as fo u n d  th a t  [14C] g lycine  in co rp o ra tio n  in to  th e  m u re in  
s t ru c tu re  w as s to p p ed  im m ed ia te ly  while in c o rp o ra tio n  in to  th e  c y to p la sm ic  
p ro te in s  co n tin u ed . T he a n tib a c te r ia l  effect o f  o lefic in  is based  p ro b a b ly  on its  
in h ib ito ry  effect on th e  cell w all syn thesis o f b a c te r ia .

Q U A N T IT A T IV E  A S P E C T S  OF P R O T O P L A S T  F O R M A T IO N  AN D  
R E G E N E R A T I O N  I N  Y E A S T S

F. K e v e y , J .  Zsolt and L. F e r e n c z y

In stitu te  o f  P la n t Physiology, Jó zse f A tt i la  U niversity , Szeged

T h e  au th o rs  e x a m in e d  th e  cond itions o f  p ro to p la s t fo rm a tio n  a n d  
re g e n e ra tio n  in 40 y e a s t s tra in s  belonging to  th e  genera  Endom yces, Schizo- 
saccharom yces, D ebaryom yces, E ndom ycopsis, P ic h ia , H ansenula , D ekkerom yces,
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Geotrichum, C andida, Torulopsis, K loeckera, Cryptococcus an d  Rhodotorula. 
A lm ost 100%  o f th e  cells were c o n v e rte d  in to  p ro to p la s ts , in  th e  m a jo rity  o f 
s tra in s  w ith in  3 h r , if  log-phase cells w ere tre a te d  w ith  an  enzym e m ix tu re  from  
H elix  pom atia  in 0.6 м KCl so lu tion  a t  p H  7.0 a fte r p re tre a tm e n t w ith  1%  ß- 
m e rc a p to e th an o l. R eg en era tio n  to  n o rm a l cells and  colonies can be accom plished  
w ith  h igh  effic iency  on isoosm otic a g a r  m edia  a fte r  co v erin g  th e  p ro to p la s ts  
p la te d  on th e  su rface  w ith  a th in  ag a r-la y e r by  sp ray in g . D evelop ing  colonies 
cou ld  be tra n s fe rre d  b y  rep lica  p la tin g . W ith  th e  ab o v e  tech n iq u e , fusion  o f  
p ro to p la s ts  an d  reg en era tio n  of th e  fu sed  cells could  he ach ieved . T his is th e  
f ir s t  b iochem ically  p roven  case o f p ro to p la s t  fusion w ith  fungal cells.

L E T H A L  A N D  M U T A G E N IC  P H O T O S Y N T H E S I Z I N G  E F F E C T  O F  8 -M E T H O X Y  - 
P S O R A L E N  AN D  UV; L IG H T  (365 nm ) O N  E S C H E R I C H I A  C O LI D I F F E R E N T  IN

DN A  R E P A I R I N G  CAPACITY

S. I gali  and L. Gazsó

Frédéric Joliot-C urie Research Institu te  o f  Radiobiology and  
Radiation  H ygiene , Budapest

F u ro co u m arin  o f p la n t orig in  assum es a co v a len t b o n d  w ith  th e  p y r i­
m id ine  bases o f D N A  u n d er th e  e ffec t o f fluo rescen t lig h t. T he cells can  be 
p ro te c te d  from  m ost o f th e  le th a l a n d  m u tag en ic  consequences o f these  p h o to ­
a d d u c ts  b y  th e ir  rep a irin g  enzym e sy s tem . T here w as a difference o f  a lm o st 
one o rd e r o f m ag n itu d e  in su rv iv a l a n d  in m u ta tio n  freq u en cy  of Escherichia  
coli B /r W P2 trp~  h cr+ s tra in s  h a v in g  excision c a p a c ity  an d  hcr~ E . coli s tra in s  
dev o id  o f  th is  c a p a c ity  follow ing UV irra d ia tio n  o f 365 n m  w av elen g th  in th e  
p resen ce  o f 8-M O P (50 fig /m l). T h e  b io logical effect o f UV ligh t of 254 n m  
w av e len g th  was d im in ished  b y  8-M O P (100 pg/m l). T h e  p ro te c tiv e  effect w as 
o f  one o rd e r o f  m ag n itu d e  in th e  case o f le th a lity , o f m u ta tio n  of th e  /icr + 
s tra in , a n d  of th e  m u ta tio n  freq u en cy  o f th e  hcr~  s tra in , an d  it  w as o f tw o  
o rders o f m ag n itu d e  in th e  case o f le th a li ty  of th e  her s tra in .

C O M P A R A T IV E  I M M U N O D IF F U S IO N  A N A L Y S IS  O F  T H E  A N T IG E N IC  S T R U C T U R E  
O F  M Y C O B A C T E R IU M  AVIUM AN D  M Y C O B A C T E R IU M  I N T R A C E L L U L A R E  S T R A IN S  

IS O L A T E D  FR O M  D I F F E R E N T  S O U R C E S

E rika  K arczag  and J .  G. W e i s z f e i l e r

M icrobiological Research Group o f  the H ungarian  A cadem y o f  Sciences, B udapest

T h e an tig en ic  s tru c tu re  o f M ycobacterium  a v iu m  an d  M . intracellulare  
s tra in s  iso la ted  from  fowls an d  A sian  m onkeys was s tu d ie d  b y  im m unod iffu sion  
an d  im m u n o ab so rp tio n  tech n iq u es . S tra in  differences w ere d e m o n s tra te d , on
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th e  basis  of w hich  c e r ta in  s tra in s  w ith in  b o th  species are w ell d is tin g u ish ab le . 
O n com parison  w ith  o th e r  m y co b ac te ria l species, i t  w as fo u n d  th a t  M . avium  
a n d  M . intracelluläre  show  the  closest an tig en ic  re la tio n sh ip  to  M . sim iae, a 
species iso la ted  fro m  A sian m onkeys a n d  described  b y  th e  au th o rs .

R E L A T I O N S H I P  B E T W E E N  T H E  S P U T IJM -W A S II IN G  P R O C E D U R E  AN D  T H E
CYTOLOG ICAL F I N D I N G

T . F o d o r , E dit  V a n d r a  and I. Gy e n e i

K orányi N a tio n a l Institu te  fo r  Tuberculosis and P ulm onology , B udapest

Two p u ru le n t ex p ec to ra tes  w ere ta k e n  from  each o f 23 p a tie n ts  a t  an 
in te rv a l  o f 1 to  2 h o u rs . E ach  sp u tu m  w as d iv id ed  in to  th re e  p a r ts  an d  these  
w ere w ashed  se p a ra te ly . T he flocculi th u s  o b ta in e d  w ere ex am in ed  b y  b a c te r i­
o log ical an d  cy to lo g ica l m ethods. T he th re e  para lle l cu ltu res  y ie lded  in each 
case th e  sam e m icroo rgan ism s, w hereas th e  p a ra lle l cy to log ica l resu lts  w ere 
v a r ia b le  for th e  m a jo r i ty  o f the  sp u ta . M ou th  to ile t p rio r to  e x p ec to ra tio n  did 
n o t in fluence  th e  re su lts .

IN T R O D U C T IO N  O F  S T A N D A R D  T E C H N I Q U E S  IN T O  T H E  E P ID E M IO L O G IC A L  
B A C T E R IO L O G Y  L A B O R A T O R IE S  O F  T H E  P U B L IC  H E A L T H  S E R V IC E

J .  S z i t a

N a tio n a l Institu te o f  P ublic  H ealth , B udapest

T he a d v a n ta g e  o f  s ta n d a rd  tec h n iq u e s  in  m edical d iag n o stic  lab o ra to rie s  
a n d  in  p a r tic u la r  in epidem iological b ac te rio lo g y  is d iscussed. T he efforts o f th e  
D e p a r tm e n t of B ac te rio lo g y  of th e  N a tio n a l In s t i tu te  of P u b lic  H e a lth  were 
a c tiv e ly  su p p o rte d  b y  th e  Public  H e a lth  L ab o ra to rie s  a n d  received  m uch  
a t te n t io n  from  th e  M in is try  of H ea lth . As a re su lt, a G uide to  B ac terio log ica l 
M ethodo logy  has been  p u b lished , w hich p resc rib es  th e  use o f s ta n d a rd  m ethods. 
T he p la n n e d  a d d itio n s  a im ing  a t a fu r th e r  d ev e lo p m en t of s ta n d a rd iz a tio n  are 
o u tlin e d . These in c lu d e  th e  use of d e h y d ra te  m ed ia , th e  in tro d u c tio n  of in d u s­
tr ia lly  p rep a red  b io log ica ls (con juga ted  an tig lo b u lin s) m ee tin g  h igh  q u a lity  
d em an d s . The G uide sh o u ld  be m ade to  co v er th e  a c tiv ity  o f th e  lab o ra to rie s  of 
h o sp ita ls  an d  o u t-p a tie n t  clinics.
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Q U A L IT Y  C O N T R O L  T ES TS  I N  T H E  P U B L IC  H E A L T H  B A C T E R IO L O G Y  
L A B O R A T O R Y  N E T W O R K

E va  Cziró k  and B. L á n y i

Pest County P ublic  H ealth S ta tion , B u dapest and  
N ational In s titu te  o f  Public H ealth , B udapest

In  25 la b o ra to rie s  of th e  P u b lic  H e a lth  S erv ice 34 d iffe ren t te s t  m a te ria ls  
w ere exam ined  in th e  years 1964 — 1972: 10 d iffe re n t c lin ical m a te ria ls  an d  3 
faecal sam ples for c u ltu ra l e x a m in a tio n , 8 sera  fo r a n tib o d y  t i t r e  d e te rm in a tio n , 
7 s tra in s  for id en tif ic a tio n , an d  6 s tra in s  for a n tib io tic  se n s itiv ity  te s tin g . A fte r  
th e  com pu lso ry  in tro d u c tio n  o f s ta n d a rd  m e th o d s  in 1971, these  te s ts  h av e  
rev ea led  th a t  th e  re su lts  o f m ore  special e x a m in a tio n s  (id en tif ic a tio n  o f ra re  
p a th o g en s , an ae ro b ic  c u ltiv a tio n ) do n o t reach  th e  m ed iu m  level. In  th e  y e a r  
1971, id en tif ic a tio n  of p a th o g en s  y ielded  ex ce llen t re su lts  in 52 .3% , good 
resu lts  in 2 3 .3 % ; d e te rm in a tio n  o f  th e  s e n s itiv ity  to  a n tib io tic s  w as ex ce llen t 
in 22 .3%  and  good in 26 .3% . T h e  tim e  ta k e n  b y  th e  ex a m in a tio n s  y ie ld ed  fa ir ly  
good resu lts  in th a t  72 .9%  w ere excellen t an d  15 .6%  good.

P A T H O M E C H A N IS M  O F  IN F E C T IO N S  C A U SE D  BY 
F A C U L T  AT IV E P A T H O G E N S

1. S zabó

K orá n y i N ational In stitu te  fo r  Tuberculosis and  P ulm onology , Budapest

In  recen t y ea rs , m icroorgan ism s h av in g  been  considered  fa c u lta tiv e  
P a thogens h av e  h a d  an increasin g  aetio log ical im p o rta n c e  b o th  in H u n g a ry  a n d  
ab ro ad . This w as especia lly  so w ith  re sp ira to ry  d iseases such as a ty p ic a l m y ­
cob ac te ria , p u lm o n al m ycoses a n d  m ycop lasm oses, w hich  occu rred  in in c rea s­
ing n um bers. M icroorganism s fo rm erly  held  to  be sap ro p h y te s  w ere iso la te d  
from  m ore an d  m ore cases o f ch ron ic  b ro n ch itis  an d  o th e r  re sp ira to ry  d iseases. 
The aetio log ical ro le o f these m icroo rgan ism s has o ften  been  con firm ed  b y  p os­
itive  h aem o cu ltu res . The increasing  n u m b e r o f  such  cases can be a t t r i b ­
u te d  to  (i) u n n ecessa ry  a n tib io tic  tre a tm e n ts ;  (ii) f lu c tu a tio n  of the  b lood  iron 
level; (iii) f lu c tu a tio n  of th e  g am m a g lobulin  level, e tc . T he im p o rtan ce  of 
a close co llab o ra tio n  betw een  c lin icians, m icrob io log ists  and  of th e  use o f 
m odern  m icrobio logical p ro ced u res  is s tressed .
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S O M E  O B S E R V A T IO N S  W I T H  Y E R S I N I A  E N T E R O C O L IT IC A  S T R A I N S  A N D  
O N  T H E I R  R O L E  I N  H U M A N  IN F E C T IO N S

J . S zita , A n n a  S v i d r ó , I r é n  M i h á l y f i , I ldikó  N y o m á r k a y ,
B. R é d e y , В. O l áh  and Má r ia  Gacs

N a tio n a l In stitu te  o f  P ublic H ealth , B udapest, Pest County Public H ealth  S ta tion , Budapest, 
Public H ealth S ta tion , B udapest and  P ublic  H ealth S tation, Veszprém

I n  H u n g a ry  th e  f ir s t  b iochem ical co n firm atio n  an d  sero log ica l id e n ti­
f ic a tio n  o f a Y e rs in ia  enterocolitica  s tra in  o ccu rred  in  1969. F ro m  t h a t  tim e  till 
S e p te m b e r  1, 1972, 275 s tra in s  w ere iso la te d  and  id en tified  from  187 persons. 
T h re e  s tra in s  w ere se ro ty p e  0 9  (W in b la d ’s schem e) and  b io ty p e  3 (N ileh n ’s 
sch em e); 175 w ere o f se ro ty p e  0 3  a n d  b io ty p e  4. The b io ty p e  o f  9 s tra in s  
b e lo n g in g  to  se ro ty p e  0 3  needs re p e a te d  d e te rm in a tio n . H e a t re s is tan ce  s tud ies 
sh o w ed  th a t  Y . enter ocolitica  in  aq u eo u s m ed ium  w ith sto o d  t r e a tm e n t  a t  50°C 
fo r  7 h o u rs , b u t  w as k illed  a t  60°C in one h o u r an d  a t  70°C in 1 to  2 m in u tes . 
F o rm a ld e h y d e  e x e rte d  b ac te rio s ta s is  a t  a co n cen tra tio n  of 1 in  12 000; pheno l 
a t  1 in  800; M erfen a t  1 in 400 000; su b lim a te  a t  1 in 300 000; c e ty lp y rid in iu m  
b ro m id e  a t 1 in  140 000. F o r a com p le te  k ill o f Y .  enterocolitica  w ith  3 %  fo r­
m a lin , 7.5 m in u te s ; w ith  5 %  p heno l, 0.3 m in u te s ; w ith  0 .1 % c e ty lp y rid in iu m  
b ro m id e  2 m in u te s ; a n d  w ith  0 .1%  ch lo ram in e  В (in acid  so lu tio n ), 4 m in u tes  
w ere  n ecessary . All th e  s tra in s  w ere sen s itiv e  to  penicillin , oxacillin , n o vob ioc in , 
am p ic illin , sp iram y c in , o lean d o m y cin , lincom ycin ; 62%  to  e ry th ro m y c in . 
S e n s itiv ity  to  ch lo ram p h en ico l, n eo m y c in , po ly m y x in -B , s tre p to m y c in , t e t r a ­
cy c lin e s , g en tam ic in , co listin  an d  k a n a m y c in  v a ried  betw een  85 a n d  100% . 
O f th e  p a tie n ts , 110 h a d  d ia rrh o ea  as th e  m ain  sy m p to m , w hich  w as asso c ia ted  
w ith  fever, ab d o m in a l pa in  an d  o ccasio n a lly  w ith  gastric  signs. O nly  ab d o m in a l 
p a in  w as p re sen t in 3 cases. F o u r p a tie n ts  h a d  g as tr itis  w ith o u t d ia rrh o ea . 
S y m p to m s  suggestive  o f ap p en d ic itis  w ere d e te c te d  in 5 cases. O ne p a t ie n t  h a d  
e ry th e m a  nod o su m  a n d  a r th ra lg ia  w as re p o r te d  in one case. In  som e p a tie n ts , 
e n te r i t is  w as p receded  b y  re sp ira to ry  t r a c t  sy m p to m s and  in flu en za-lik e  signs. 
O th e r  sy m p to m s w ere reco rd ed  in  4 cases. In  17 cases no d a ta  on th e  clin ical 
fe a tu re s  w ere av a ilab le  a n d  42 persons e x c re tin g  У. enterocolitica w ere a sy m p to ­
m a tic .

E X P E R I M E N T A L  L I S T E R I O S I S  IN  O R A L L Y  IN F E C T E D  N E W B O R N  A N IM A L S

F . K e m e n e s

Institu te  o f  E pidem iology, U niversity  o f  Veterinary School, B udapest

T h e  fo e to p a th o g en ic  effect o f L isteria  monocytogenes is show n b y  th e  
f a c t  t h a t  1 — 2 -day -o ld  n ew born  pigs, r a b b i ts ,  ra ts  an d  m ice can  successfu lly  
be  in fe c te d  w ith  L . monocytogenes b y  th e  o ra l ro u te . These an im als  a re  th e n
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re ta rd e d  in g row th  a n d  som e o f th e m  — depend ing  on th e  in fec tiv e  dose — die 
w ith  sep ticaem ia  in 2 — 5 days. O ne-w eek-old  suckling  an im als  overcom e th e  
o ra l in fec tion , h u t L . monocytogenes can  he d e m o n s tra te d  fro m  th e ir  faeces for 
a few w eeks. S uperin fec tio n  o f th ese  an im als  revealed  o n ly  a sm all degree of 
im m u n ity  ag a in st L . monocytogenes.

F L A G E L L A T IO N  O F  H A E M O L Y S IN G  A \ U  N O N -H A E M O L Y S IN G  L I S T E R I A  
M O N O C Y T O G E N E S STR VINS

A. F o r r a y  and T. A ng yal

M eat Control Laboratory , Pécs and  
Laboratory o f  U nited M edical In stitu tio n s , Pécs

In th e  course of screen ing  te s ts  non-haem olysing  L isteria  monocytogenes 
s tra in s  were iso la ted  from  th e  faeces o f slaug h te r-h o u se  w orkers, from  th e  
u p p e r  re sp ira to ry  t r a c t  o f h e a lth y  pigs and  from  e m erg en cy -s lau g h te red  
an im als . These s tra in s  w ere a p a th o g en ic  to  ex p e rim en ta l an im als . F lag e lla tio n  
w as exam ined  in th ese  an d  in h aem olysing  path o g en ic  s tra in s , in a to ta l  o f 45. 
T h e  in v es tig a tio n  w as ca rried  o u t in sem isolid  s tab  c u ltu re s  a t  20, 37, a n d  40°C 
in p ara lle l. T here  w as a close co rre la tio n  betw een  flag e lla tio n  a n d  h aem olysing  
c a p a c ity  of th e  s tra in s . A t 20°C ev e ry  s tra in  p roduced  flag e lla , a t  37°C on ly  
th e  non -haem olysing  ones. A t 40°C all s tra in s  failed to  p ro d u ce  flagella . T h is 
p h enom enon  was m o st exp ressed  a f te r  a 24 h r  in cu b a tio n  period .

IN V E S T IG A T IO N  O F  B A C T E R O I D E S  F R A G IL IS  S T R A IN S .  IS O L A T IO N  AN D  
ID E N T I F I C A T I O N  O F  B A C T E R O ID E S  IN  C L IN IC A L  S A M P L E S

T . B artha

N ational Institu te  o f  Public Health, Budapest

D etailed  s tu d ies  h av e  been m ade of th e  c u ltu ra l, m orpho log ica l an d  
b iochem ical c h a rac te ris tic s  o f 19 Bacteroides fra g ilis  s tra in s  o f h u m an  orig in . 
In  th e  presence of h aem in  all s tra in s  grew well in f lu id  m ed ia  an d  a s ligh t 
c a ta la se  a c tiv ity  w as observed . B ile w as s tim u la tin g  g ro w th  in 2 0 % . A m ong 
th e  o th e r  p ro p ertie s  exam in ed , th e  follow ing were fo u n d  o f va lu e  in d iffe re n ti­
a tio n . B . fra g ilis  is a s tr ic t  an ae ro b ic  G ram -nega tive  ro d  w ith  m ore or less 
ro u n d ed  ends, show ing  m o d e ra te  p leom orph ism . T he o rg an ism  is n o t m o tile , 
haem olysis was n o t observed . A sm all am o u n t of gas a n d  s tro n g  acid  (p H  
5 .0 —5.4) is p roduced  a t th e  fe rm e n ta tio n  of glucose. C lo t reac tio n  is g iven on 
litm u s m ilk in 4 to  5 days. H y d ro g en  su lph ide  is fo rm ed . B . fra g ilis  does n o t 
liq u efy  g e la tin , does n o t reduce  n itra te s  and  is n o n -p ro teo ly tic . All th e  s tra in s  
in v es tig a ted  w ere in d o le -n eg a tiv e . G lucose, m altose, la c to se , sucrose, s ta rc h
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a n d  d ex trin  w ere fe rm e n te d , b u t  n o t a rab in o se , rh am n o se , ribose, sáliéin , 
tre h a lo se  and  g lycero l. T h e  ch ief p ro d u c ts  o f fe rm e n ta tio n  w ere acetic  an d  lactic  
ac id s , th e  a m o u n t o f  p ro p io n ic , valeric  a n d  succinic ac ids w as variab le . F ro m  
h u m a n  clinical m a te r ia l  31 bac te ro ides s tra in s  w ere iso la te d  o f w hich 18 corre­
sp o n d ed  to  th e  a b o v e  de fin itio n . F o u rte e n  s tra in s  o r ig in a te d  from  w ound 
in fe c tio n  and  11 fro m  gynaecological sam ples. A ll th e  s tra in s  w ere re s is ta n t to  
pen ic illin , 82%  o f th e  iso la tes w ere sen sitiv e  to  ch lo ram p h en ico l, 79%  to  
e ry th ro m y c in  an d  7 2 %  to  te tracy c lin es . T h e  m a jo rity  (89% ) o f th e  s tra in s  w as 
p o ly m y x in -B  re s is ta n t.

T H E  IM P O R T A N C E  O F  G R A M  N E G A T IV E  B A C T E R IA  
IN  T H E  O R I G I N  OF O T IT IS  M E D IA  O F P R E M A T U R E  

IN F A N T S  A N D  B A B IE S

M. B a k ó , D. K ollár  and M. V i n c e l l é r

D epartm ent o f  Paediatrics, U niversity  M edical School, Pécs

In  a to ta l  o f 40 p re m a tu re  in fa n ts  an d  160 bah ies  su ffering  from  o titis  
m e d ia  th e  ty m p a n ic  e x u d a te  w as ex am ined . T he e x te rn a l a u d ito ry  m eatu s  w as 
c lean ed , d isin fected , a n a e s th e tiz e d  an d  th e  ty m p a n ic  m em b ran e  was p u n c tu re d  
w ith  a sh o rt b evelled  c a n n u la . T his was co n n ec ted  w ith  a 2 m l syringe an d  a 
su c tio n  a p p a ra tu s . T h e  e x u d a te  o b ta in ed  wras im m e d ia te ly  in jec ted  in to  
H o lm a n ’s cu ltu re  m ed iu m  a n d  in c u b a te d  a t  37°C. T ra n sfe rs  w ere m ade a fte r  
24 h r  and , if  th is  sam p le  wras sterile , a n o th e r  su b cu ltu re  w as m ade a fte r  48 h r. 
T h e  procedure  seem ed  a p p ro p ria te  fo r cu ltu rin g  th e  p a th o g en ic  ag en t of 
o t i t is  m edia w ith o u t ia tro g en ic  co n ta m in a tio n . B esu lts  w ere reliable even if  
th e  p a t ie n t  was t r e a te d  w ith  an tib io tic s  or th e  e x u d a te  co n ta in ed  v e ry  few 
b a c te r ia . G ram -n eg a tiv e  b a c te r ia  could be iso la ted  from  8 0 %  o f th e  p rem a tu re s  
a n d  30%  of th e  in fa n ts .

I M M U N O F L U O R E S C E N T  T E C H N I Q U E  I N  T H E  D IA G N O S IS  
OF E S C H E R I C H I A  COLI S E R O T Y P E S  A S SO C IA T E D  

W I T H  I N F A N T I L E  D I A R R H O E A

E . M é r ő , Gy ö r g y i  T u s c h e k  and I lon a  B .  S zabó

N a tio n a l In stitu te  o f  P ublic  H ealth , B udapest

F rom  a n tise ra  p re p a re d  ag a in st alcoholized  a c e to n e -d ry  an tigen  of 
E scherich ia  coli 0 2 6 , 0 5 5 , 0 8 6  an d  0 1 1 1 , co n ju g a tes  fo r d irec t im m uno- 
f lu o re sc e n t sta in in g  w ere  p ro d u ced  accord ing  to  K a w a m u r a  a n d  Ce r d e r b e r g . 
C h em ica l c h a rac te ris tic s  (p ro te in  c o n c e n tra tio n , flu o ro ch ro m e co n ten t, fluoro- 
c h ro m e -p ro te in  ra t io , s ta in in g  a c tiv ity  o f th e  co n ju g a te ) a n d  im m unological
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p ro p e rtie s  (w ork ing  d ilu tio n , cross reactions, one-step  in h ib itio n  te s t)  w ere 
d e te rm in ed . F aeca l sam ples w ere m ixed  w ith  cu ltu re s  o f  E . coli s tra in s  o f  th e  
above se ro ty p es an d  of Salm onella  an d  Shigella  s tra in s . U sing Ce r d e r b e r g ’s 
in d ire c t im m unofluo rescen t te c h n iq u e , sm ears of th e  sam ples were s ta in ed  w ith  
p o ly v a le n t co n ju g a te  p re p a re d  from  th e  4 labelled a n tis e ra . F o r th e  o b se rv a tio n  
an O ly inpus-Y A N O X  ty p e  fluorescence  m icroscope w as used. F ro m  each  
sam ple  p a ra lle l cu ltiv a tio n  w as perfo rm ed . B o th  c u ltiv a tio n  an d  im m u n o ­
fluorescence  y ie lded  a p ositive  f in d in g  in 9 o f 60 sam p les . Im m unofluo rescence  
b y  itse lf  y ie lded  a positive  re su lt in 20 cases. T h ir ty  sam p les  were n eg a tiv e  b y  
b o th  cu ltiv a tio n  and  im m unofluo rescence  an d  in one case cu ltiv a tio n  p ro v ed  
m ore effective th a n  im m unofluorescence. The im m u n o flu o rescen t te c h n iq u e  
is reco m m en d ed  for use in d iag n o stic s , for screening  p u rp o ses  and  in th e  p re ­
v en tio n  o f in fan tile  e n te ritis  due  to  E . coli ty p es .

I N D I A - I N K  IM M U N E -R E A C T IO N  F O R  T H E  D E T E C T I O N  O F  E S C H E R I C H I A  
C O L I T Y P E S  A S S O C IA T E D  W IT H  I N F A N T I L E  D I A R R H O E A

E . Mé r ő , P . G e c k  ami Gy ö r g y i  T u s c h e k

N ational In stitu te  o f  Public Health, B udapest

A co m p ara tiv e  s tu d y  w ith  th e  In d ia -in k  im m u n o -reac tio n  an d  th e  co n ­
v e n tio n a l c u ltu ra l te ch n iq u e  h as  been carried  o u t to  d e te c t Escherichia coli 
ty p e s  asso c ia ted  w ith  in fa n tile  d ia rrh o ea  from  1000 faecal sam ples sen t for 
ro u tin e  ex am in a tio n . T he In d ia -in k  im m u n e-reactio n  w as found  to  he su ffi­
c ie n tly  sensitive  and in th e  h a n d s  o f a skilled d iag n o stic ian  su itab le  fo r th e  
ra p id  d iagnosis of E . coli ty p e s , an d  for screen ing  th e  co n tac ts  in o u tb re a k s  
p rev io u sly  verified  by  th e  c u ltiv a tio n  m ethod .

S T R O N T IU M  S E L E N I T E  E N R I C H M E N T  F O R  T H E  I D E N T I F I C A T I O N  
O F  S A I K C N E L 1 A  S T R A IN S  IN  B A C T E R IO L O G IC A L  E P I D E M IO L O G IC A L  W O R K

F .  KoLTA a n d  ER ZSÉB ET SZILAGYI 

P ublic H ealth S ta tion , Tatabánya

To fin d  th e  b est m e th o d  o f en rich m en t for t in 1 iso la tion  of d iffe ren t S a l­
m onella  se ro ty p es th ree  p ro ced u res  were ca rried  o u t w ith  250 te s t m a te ria ls  
s im u ltan eo u sly , viz. St o k e s  an d  Os b o r n ’s sod ium  se len ite  m eth o d , P r e i i s s ’s 
p o tassiu m  te tr a th io n a te  m e th o d  an d  th e  s tro n tiu m  selen ite  e n rich m en t p ro ­
cedure . T he resu lts  were as follow s. T hree o u t o f 5 S . typh i an d  27 o u t o f 34 
o th e r  Salm onella  s tra in s  could  he iso la ted  by  s tro n tiu m  selenite e n rich m en t. 
W ith  sodium  selen ite , 3 S . ty p h i  an d  21 o th e r Salm onella  s tra in s  w ere isolated^
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w h ile  4 S. typhi a n d  9 o th e r  Salm onella  s tra in s  were c u ltu re d  w hen  po tassium  
te tr a th io n a te  was u sed . A ll th e  5 S. ty p h i  s tra in s  could  be iso la te d  w hen po­
ta s s iu m  te tra th io n a te  w as used  in c o m b in a tio n  w ith  one o f th e  selen ite  p re p a ­
r a t io n s ,  b u t the  c o m b in a tio n  of sodium  a n d  s tro n tiu m  se len ite  fa iled  to  im ­
p ro v e  th e  resu lt. O f th e  o th e r  Salm onella  s tra in s , 31 were iso la te d  b y  th e  com ­
b in a t io n  of s tro n tiu m  se len ite  an d  p o ta ss iu m  te tra th io n a te , 27 b y  th e  com bi­
n a t io n  of the  tw o se le n ite  p rep a ra tio n s , a n d  25 b y  th e  c o m b in a tio n  of sodium  
s e le n ite  w ith  p o ta ss iu m  te tr a th io n a te .  A S . lexington  an d  a S . cholerae-suis var. 
k u n ze n d o r f  s tra in  co u ld  o n ly  be iso la ted  a f te r  s tro n tiu m  se len ite  en rich m en t

M O D I F I E D  KCN S E N S IT IV IT Y  R E A C T IO N  

M. R o d l e r  and Zs u z s a n n a  V esztergom bi  

P ublic  Health S ta tio n , Szekszárd

T h e essence o f th e  m o d ifica tio n  is t h a t  in s te a d  of m ix ing  in to  th e  cu ltu re  
m e d iu m , KCN is p la c e d  on  filte r p ap e r in to  th e  cover o f a P e tr i  dish. Thus 
th e  c u ltu re  m edium  can  h e  changed  acco rd in g  to  need  an d  th e  K C N  sen sitiv ­
i t y  o f  b ac te ria  d iffering  f ro m  en teric  b a c te r ia  in  th is  resp ec t can  he in v e s tig a t­
e d . W ith  an a p p ro p ria te  c u ltu re  m edium , th e  reac tio n  could  be  e v a lu a te d  a fte r 
18 — 20 h r. Ten to  12 d if fe re n t s tra in s cou ld  be in o cu la ted  o n to  th e  sam e p la te . 
1 n th e  case of en teric  b a c te r ia ,  th e  resu lts  d id  n o t  differ from  th o se  o f th e  clas­
s ic a l m ethod . Staphylococcus , Listeria monocytogenes, an d  Corynebacterium  
d ip h th eria e  also p ro v e d  to  be sensitive, Streptococcus an d  E rysip e lo th rix  in- 
s id io sa  s tra in s were n o t  sen s itiv e ; aerobic  spore-fo rm ing  s tra in s  differed  in 
s e n s i t iv i ty  to  KCN. B eside  o th e r  b iochem ical reac tio n s  th e  m o d ified  K C N  sen­
s i t i v i t y  reaction  m ay  be  a u sefu l too l in b a c te r ia l  d iagnostics.

S U B ST IT U T IO N  O F  T H E  C A R C IN O G E N IC  a -N A P H T H Y L A M IN E  
B Y  D IM E T H Y L  a - N A P H T H Y L A M I N E  I N  T H E  N I T R I T E  A N A L Y S IS  T E S T

E . N a g y  and K . Cs a t á r y

S ző n y i Tibor H o sp ita l , Vác

T h e  n itr ite  analy sis  is w idely  used in  bac te rio lo g ica l ro u tin e . In  view  of 
i ts  carc inogen ic  effect, a -n a p h th y la m in e  is n o t availab le  in  som e coun tries. 
F o r  th is  reason th e  c o m p o u n d  was s u b s ti tu te d  b y  d im eth y l a -n a p h th y la m in e . 
T h e  l a t t e r  non-carc inogen ic  com pound  can  a d e q u a te ly  be u sed  in s te a d  of 
a -n a p h th y la m in e  in th e  U osvay-G riess re a c tio n .

A d a  M icrobio logica  Acadcm iae S c ie n tia r u m  H ungaricae 20, 1973



ANNUAL MEETING 37

A N A E R O B IC  C H A M B E R  F O R  T H E  IS O L A T IO N  
O F  O B L IG A T E  A N A E R O B IC  B A C T E R IA

G y . S inkovics

Institu te  o f  A n im a l H ygiene , U niversity  o f  Veterinary Sc iences , B udapest

An anaerob ic  ch am b er o f 1 2 0 x 6 0 x 6 0  cm size, m ad e  of p o ly m e th y l­
m e th a c ry la te  w as used  fo r th e  iso la tion  of ob ligate  an a e ro b ic  rum en  a n d  e n ­
te ric  b ac te ria . T he ch am b er su p p lied  w ith  gloves w as filled  before w ork  w ith  
C 0 2 (6 litres/m in  flow  ra te ) , an d  its  con tinuous flow  w as en su red  b y  a sligh t 
overp ressu re  d u rin g  th e  w hole w ork ing  process. C 0 2, b e in g  1.5 tim es as dense 
as a ir, slow ly presses it  o u t o f th e  cham ber. T h erefo re , d ilu tio n  of th e  in tro ­
duced  sam ple an d  in o cu la tio n  o f m ed ia  can be done u n d e r  0 2 free cond itions. 
T h is can be co n tro lled  b y  m e th y len e  b lue in d ica to r  p laced  in  th e  u p p e r level 
of th e  cham ber. T h e  f irs t p h ase  o f th e  anaerobic  p re p a ra tio n  of th e  R ein fo rced  
C lostrid ia l M edium  (p rep a red  acco rd ing  to  th e  O xoid  fo rm u la  and  used  for 
c u ltu rin g  rum en  an d  en te ric  b a c te r ia , supp lied  b y  5 %  b o v in e  blood a n d  10%  
sterile  rum en  flu id) is m ade o u ts id e  th e  cham ber, w here  th e  m ed ium  is b u b b led  
w ith  C 0 2 gas a t  a ra te  of 6 litre s /m in  in 56°C w ate r b a th  u n til  th e  in itia l p H  8 
has decreased  to  p H  7.2. In  th is m an n er, o x id a tio n  o f cyste ine-H C l ad d ed  to  
th e  m edium  for th e  redu c tio n  of th e  redox  p o te n tia l m a y  be avo ided  in  th e  
superfic ia l lay er of th e  cu ltu re  m ed ium . A fter in o c u la tio n  th e  p la tes are in ­
cu b a ted  a t  39°C in 10%  C 0 2 and  9 0 %  N 2 a tm o sp h ere  for 3 days. The an ae ro b ic  
ch am b er used is essen tia lly  s im ila r to  th a t  o f L e a c h , b u t  it  has th e  g re a t a d ­
v a n ta g e  th a t  O., su c tio n  can be avo ided , w herefore its  use is sim ple an d  less 
expensive.

V irology

EBY A N T I B O D I E S  IN SY STEM IC L U P U S  E R Y T H E M A T O S U S  

L. Ge r g e l y , J u d i t h  Cz e g l é d y , Gy . Sz e g e d i  and É va  Gönczöl

In stitu te  o f  M icrobiology and F irst D epartm ent o f  M edicine,
U niversity  M edical School, Debrecen

Serum  sam ples from  70 p a tie n ts  w ith  sy s tem ic  lu p u s  e ry th e m a to su s  
(SL E ) an d  those  from  70 co n tro l su b jec ts  o f th e  sam e age an d  sex d is tr ib u tio n  
w ere te s ted  b y  im m u nofluo rescence  for EBV  an tib o d ie s . B o th  th e  n u m b e r o f 
su b jec ts  w ith  h ig h -titre  an ti-E B V  an tib o d ies  (17 vs. 7) a n d  the  geom etric  m ean  
of th e  t i tre s  (45.4 vs. 27.2) w ere h ig h er in the  S L E  g ro u p  th a n  in th e  co n tro l 
g roup , h u t th e  d ifferences w ere n o t s ign ifican t s ta tis t ic a lly . T he resp ec tiv e  
values for th e  anti-CM V  an tib o d ie s  w ere 10 vs. 9 a n d  27.1 vs. 24.3. In  som e 
SL E  sera  th e  IgG  c o n cen tra tio n  w as e levated , b u t  o n ly  p a r t  o f these h ad  h igh  
an ti-E B V  titre s  an d  vice versa. T h e  lite ra ry  d a ta  su g g estin g  th a t  th e  a n ti-  
EB V  titre  is c o n sis ten tly  h igh  in SL E  could n o t be con firm ed .
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T IM E  O F  IM P L A N T A T IO N  O F  M A R E K  D IS E A S E  V I R U S  
IN  Y O U N G  C H IC K E N S

B. T óth  and Sz. Masztis

P hylaxia  V eterinary B iologicals and  F eedstu ff,s In stitu te , B udapest

Six ty-one lay e rs  w ere in v e s tig a te d  in a stock  h ig h ly -in fec ted  by  th e  
M arek-d isease herpes v iru s  (M D H V ). A ll o f th em  gave a p o s itiv e  agar-gel 
p re c ip ita tio n  te s t ,  th e  geom etric  m ean  o f th e  t i tre s  be ing  1 : 32. S even ty -fou r 
p e r  c en t h ad  d e te c ta b le  v iraem ia  a t th e  tim e  of egg-lay ing . B lood  sam ples 
f ro m  96-day-old  ch ickens in  th is  b reed in g  w ere te s te d  fo r M D H V  w ith o u t 
a n y  success. M aterna l a n tib o d y  w as d e te c te d  in 76%  of th e  ch ickens. V irus 
c o u ld  n o t be iso la ted  from  32 1 — 3 -day -o ld  chickens ra ise d  in  th e  room  in 
w h ic h  th e  h igh ly -in fec ted  layers w ere k e p t. T he earliest tim e  w hen  th e  v irus 
c o u ld  be  iso lated  fro m  such  ch ickens w as 4 w eeks a fte r h a tc h in g . T he gel p re ­
c ip ita t io n  te s t becam e p o sitiv e  a f te r  th e  6 th  week. One h u n d re d  an d  tw en ty - 
e ig h t  chickens from  th e  sam e b reed  k e p t in iso la to r up to  10 w eeks of age re ­
m a in e d  negative b o th  for v iru s  a n d  for an tib o d ies  in th e  gel p re c ip ita tio n  te s t. 
O n e  g roup  of 1 -day -o ld  ch ickens w as in o cu la ted  in tra p e r ito n e a lly , an o th e r 
g ro u p  in tra m u sc u la rly , w ith  M D H V . In  th e se  chickens v ira e m ia  ap p ea red  from  
th e  8 th  day  on. I t  is conc luded  th a t  th e  s ite  o f th e  e n try  o f  th e  v iru s  is of im ­
p o r ta n c e  as regards th e  tim e  of im p la n ta tio n  of th e  M D H V . P a re n te ra l  infec­
tio n  is n o t, in fection  b y  th e  n a tu ra l  ro u te s  is, p re v e n te d  b y  m a te rn a l a n tib o ­
d ies. T h e  resu lts p re se n t fu r th e r  s tro n g  a rg u m en ts  aga in st th e  g e rm in a l tra n sfe r  
o f  M D H V .

D E L A Y E D  R E A P P E A R A N C E  O F  I N F E C T I O U S  C Y T O M E G A L O V IR U S  
A F T E R  M E T A B O L IC  I N H I B I T I O N  BY C Y T O SIN E  A R A B I N O S I D E

É v a  Gönczöl  and L. VÁczi

Institu te  o f  M icrobiology , U niversity  M edical School, Debrecen

H u m a n  em bryon ic  f ib ro b la s t cu ltu re s  w ere in o cu la ted  w ith  cy tom egalo ­
v iru s  (CMV) and  t r e a te d  w ith  cy to sin e  a rab in o sid e  (ara-C ). In  th e  4 — 5-day  
p e r io d  following th e  rem o v a l of ara-C , in fec tious CMV could  n o t  be recovered  
f ro m  d is in teg ra tes  of su ch  cu ltu re s . H o w ev er, if in ta c t  cells fro m  th e  sam e cu l­
tu r e s  w ere added  to  h u m a n  em b ry o n ic  f ib ro b la s t cu ltu res , im m e d ia te  v irus 
sy n th e s is  was in itia te d  b y  1 to  2 %  o f th e  cells, in d ica tin g  t h a t  th e  v iru s h ad  
b e e n  c a rrie d  by  these  cells. In  40 to  50 %  o f th e  cells, th e  im m unofluo rescence  
t e s t  re v e a le d  v irus-specific  an tig en  filling  u p  th e  nucleus d iffu se ly . F ro m  th e  
4 th  to  5 th  day  follow ing th e  rem o v a l o f th e  ara-C , in tra n u c le a r  a n d  cy top lasm ic  
a n tig e n s  w ere d em o n strab le  in  th e  cells a n d  in fectious v iru s  co u ld  be iso la ted  
f ro m  d is in teg ra ted  f ib ro b la s ts  as w ell. T h e  p e rio d  from  th e  in o c u la tio n  to  th e
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reap p ea ran ce  o f th e  v iru s is called  la te n t  period  o f  in fec tio n . T he cells in  th e  
la te n t  perio d  cou ld  he su p erin fec ted  b y  CMV o r ty p e -1  or type-2  h erp es  s im ­
plex  v iru s if  th e  cu ltu res  were in o cu la ted  w ith  th e se  v iru ses im m ed ia te ly  a f te r  
rem oval o f th e  ara-C .

A N T I G E N IC  A N A L Y S IS  O F  P R O T O T Y P E  I N F L U E N Z A /A /H 3 N 2  S T R A IN S  
BY T H E  IM M U N E  S E R U M  A B S O R P T IO N  M E T H O D

Gy . T a k á t s y  and K a t a l in  B a r b

N ational In stitu te  o f  Public Health, B udapest

P ro to ty p e  s tra in s  of th e  in fluenza /A /H 3N 2 v iru s  can he a rra n g e d  on 
a g ra d ie n t show ing  th e  degree of th e  an tigen ic  d r if t  w h ich  th e  h aem ag g lu tin in s  
o f th e  s tra in s  h av e  undergone. T he d e m o n s tra tio n  o f fine  an tigen ic  d ifferences 
is based  on an im m une  se rum  a b so rp tio n  m ic ro -te s t w hich allows a d e ta ile d  
an tig en ic  analy sis  of s tra in s . T he g ra d ie n t p ro v id es  in fo rm atio n  on v a r ia tio n s  
in th e  s tra in s  occu rring  in d iffe ren t geograph ica l a reas  an d  its use m ay be  h e lp ­
fu l in d iffe re n tia tin g  betw een  in tro d u c e d  s tra in s  a n d  locally  develop ing  v a r ­
ian ts .

SO M E I R R E G U L A R I T I E S  O F  T H E  1971 I N F L U E N Z A  E P ID E M IC  
IN  H U N G A R Y  A N D  A N T IG E N  A N A L Y SIS  O F  T H E  ISO LA TE S BY A 

S E R U M  A B S O R P T IO N  T E S T

K at a l in  B arb  and G y . T a k á t s y

N ational Institu te  o f  Public H ealth , B udapest

In  H u n g a ry , th e  1971 in flu en za  ep idem ic, u n lik e  th e  fo rm er in flu en za  
A2 ep idem ics, s ta r te d  in an u n u su a lly  early  season  an d  seem ingly in  tw o  foci. 
T h e  average  m o rb id ity  ra te  (19 .3% ) w as in th e  u su a l ran g e  h u t  th e  g e o g ra p h i­
cal d is tr ib u tio n  o f th e  cases w as irreg u la r. One h u n d re d  and  sev en ty -n in e  iso ­
la te s  w ere an a ly sed  an tig en ica lly  w ith  m onospecific  sera  p repared  b y  se ru m  
ab so rp tio n . T h ey  rep resen ted  tw o w ell-d is tin g u ish ab le  v a r ia n ts  of th e  in flu en - 
za/A /H 3N 2 v iru s : 126 s tra in s  w ere closely re la te d  to  th e  p ro to ty p e  s tra in  H o n g  
K ong/1/68, a n d  33 s tra in s  to  th e  s tra in  E ng land /878 /69 . I t  is suggested  th a t  
th e  v a r ia n ts  h a d  developed  locally  and  w ere n o t  in tro d u ced . A b so rbed  sera  
m onospecific  for closely re la te d  v a r ia n ts , like th o se  ap p lied  in th e  p re se n t w ork , 
a re  reco m m en d ed  fo r th e  ra p id  id e n tific a tio n  o f in flu en za  v irus iso lates.
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D IA G N O S IS  O F  L Y M P H O C Y T IC  C H O R IO M E N IN G IT IS  V I R U S  
IN F E C T IO N S  B Y  T H E  F L U O R E S C E N T  A N T IB O D Y  M E T H O D

M. S im o n

H u n g a r ia n  A rm y  M edical Corps, Budapest

T h e flu o rescen t a n tib o d y  m eth o d  h as  been  sim plified b y  u sin g  infected  
ce ll c u ltu re s  freeze-d ried  on slides. T his m e th o d  allows s ta n d a rd iz a tio n  of th e  
te s t .  T w o -h u n d red  p a t ie n t  sera have  been  te s te d  in para lle l w ith  th is  m ethod  
a n d  th e  com plem en t f ix a tio n  te s t . T he f lu o re scen t an tibod ies a p p e a r  ea rlie r 
t h a n  th e  CF an tib o d ie s , in  th e  n eu ra l p h ase  o f  th e  illness a lre a d y . T h e  p ro ­
c e d u re  is quick  an d  specific .

IN V E S T IG A T IO N  O F A R B O V I R U S  N A T U R A L  FO C I 
I N  G Y Ő R - S O P R O N  C O U N T Y , H U N G A R Y

E r z s é b e t  Mo l n á r , M. S z t a n k a y , J .  N ő s e k , 0 .  K ozuch , E . É r n e k ,
and L. KUBINYI

N ational In s titu te  o f  P ublic H ealth , B u d a p est and Institu te  o f  Virology,
S lovak A ca d em y  o f  Sciences, B ra tis lava , Czechoslovakia

In v e s tig a tio n  o f n a tu ra l  foci of T B E  v iru s  in th e  M o so n m ag y aró v ár and 
S o p ro n  reg ions w as c o n tin u e d  betw een  O c to b e r, 1970 an d  O c to b er, 1971. I n ­
fo rm a tio n  has been co llec ted  on th e  re se rv o irs  a n d  vecto rs o f v iru s  as well as 
on th e  presence o f a n tib o d ie s  ag a in s t T B E  a n d  som e o th e r a rb o v iru s  s tra in s  
in  h u m a n  an d  in bo v in e  se ra  of d iffe ren t s tag es . More th a n  5000 tic k s  o f d if­
f e r e n t  s tag es  were co llec ted  in th e  w oods fo r v iru s  iso la tion ; 9 8 .7 %  o f th em  
p ro v e d  to  be Ixodes r ic in u s;  0 .4%  H aem aphysa lis  concinna; an d  0 .9 %  Derma- 
centor m arginatus. F ro m  th re e  pools of Ixodes ric inus nym phae , 3 T B E  v irus 
s t r a in s  h av e  been iso la ted : 2 in T óm alom , 1 in F ertő h ö z . In fe s ta tio n  o f Roden- 
tiae  b y  tick s  in th e  sam e reg ions was fre q u e n t. F rom  th e  blood o f  one Cleth- 
riononrys glareolus an u n id e n tif ie d  n o n -T B E  arb o v iru s  s tra in  w as iso la ted . 
S e ru m  sam ples from  11 o f 246 sm all m am m als  co n ta in ed  H I  an tib o d ie s  ag a in s t 
T B E . T w elve  of th e  246 p ro v ed  to  he p o sitiv e  in CF te s t ag a in s t U U K -P o tep li-  
63 a n d  2 of 97 ag a in s t T B E  v iru s . T he fre q u e n c y  of an tib o d ies  in  h u m a n  and  
b o v in e  se ra  was estab lish ed  w ith  d iffe ren t a rb o v iru s  an tigens in H I ,  C F an d /o r 
n e u tra l iz a t io n  te s ts . O f 366 h u m a n  sera 20 w ere found  positive  a g a in s t T B E , 
15 a g a in s t  W N  and  7 a g a in s t U U K -P o tep li-6 3  v iru s. The resp ec tiv e  d a ta  for 
100 b o v in e  sera  w ere 3, 9 a n d  1. F o rty -o n e  bov ine  sera co n ta in ed  anti-C L Y  
a n tib o d ie s .
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E X A M IN A T IO N  O F L Y M P H O C Y T E S  FR O M  C H I L D R E N  W IT H  A P P E N D I C I T I S

G izella  K u l c s á r , Ch . O k o n k w o , J . H o r v á t h , P . D á n , I . N ász

and S. K e s k e n y

Institu te  o f  M icrobiology, U niversity  M edical School, B udapest 
and Pál H eim  C hildren’s H ospita l, B udapest

L y m p h o cy te  tra n s fo rm a tio n  te s ts  an d  im m unofluorescence  in v e s tig a ­
tio n s  w ere carried  o u t w ith  ly m p h o cy te s  of ch ild ren  su ffering  from  ap p en d ic itis  
a sso c ia ted  w ith  m esen teric  ly m p h a d e n itis . P e rip h e ra l ly m p h o cy te s  from  39 
o u t o f 46 p a tie n ts  ap p ea red  to  be sensitized  by  ad en o v iru s  1 a n d /o r 6 a n tig en s  
o f th e  v iruses w hich h a d  been iso la ted  from  sim ilar cases. L y m p h o cy te s  fro m  
40 p a tie n ts  were ex am in ed  b y  im m unofluo rescence, too . F luorescence  su g g es­
tiv e  o f th e  presence of v ira l an tig en  w as d e m o n s tra te d  w ith  a n ti-a d e n o v iru s  1, 
a n ti-a d e n o v iru s  12, an d  an ti-h e rp es  sim plex  co n ju g a te  in 19, 16 an d  5 cases, 
re sp ec tiv e ly . C ytological p re p a ra tio n s  from  8 su rg ica lly  rem oved  ap p en d ices  
show ed fluorescence w ith  an ti-h e rp e s  sim plex  co n ju g a te  in  6 cases a n d  w ith  
an ti-ad en o v iru s  1 co n ju g a te  in 4 cases (3 specim ens p ro v ed  p ositive  w ith  b o th  
co n ju g a tes). Cases w ith  p u ru le n t, gang renous a p p en d ic itis  se rved  as co n tro ls . 
In  th ese  cases n e ith e r  sensitized  ly m p h o cy tes  n o r p o sitive  im m unofluo rescence  
cou ld  he d em o n stra ted . T he p re se n t d a ta  have  confirm ed  th e  p rev ious o b se rv a ­
tio n  suggesting  th a t  v iruses m a y  p la y  a role in n o n p u ru le n t a p p en d ic itis  as­
so c ia ted  w ith  ly m p h ad en itis .

I N T E R F E R O N  IN D U C T IO N  AN D  IM M U N O S U P P R E S S IO N  
RY A D E N O V I R U S E S  IN  C H IC K E N S

I lona  B é l á d i , R ozália  P usztai  and Má r t a  B a k a y

Institu te  o f  M icrobiology, U niversity  M edical School, Szeged

C hickens in ocu la ted  w ith  h u m a n  adenov iruses are  p ro d u c in g  in te rfe ro n , 
w hich ap p ears  in th e  blood 2 to  4 h r  a fte r  in tra v e n o u s  in o cu la tio n  a n d  d is­
ap p ea rs  by  th e  9 6 th  hr. T h e  p r im a ry  a n tib o d y  response  o f th e  in o cu la ted  
ch ickens to  sheep e ry th ro c y te s  w as found  to  h e  b locked  in th e  period  from  th e  
3rd  to  th e  16 th  d ay  a fte r  in o cu la tio n . In  th is  period  th e  ly m p h o cy te s  o b ta in e d  
from  th e  spleen of th e  ch ickens show ed a red u ced  tra n s fo rm a tio n  ra te  w hen  
tr e a te d  w ith  p h y to h a e m a g g lu tin in . I t  is supposed  th a t  th e  p ro d u c e d  in te rfe ro n  
has a role in th e  in d u c tio n  of im m unosuppression .
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R E G U L A T IO N  O F  I N T E R F E R O N  P R O D U C T I O N  IN  V IT R O  A N D  I N  VIVO 
BY I N F L U E N C I N G  T H E  A D E N Y L A T E  CYCLASE SYSTEM

I. M É C S

In s titu te  o f  M icrobiology, U niversity  M edical School, Szeged

I t  has been s tu d ie d  w h e th e r ce llu la r re s is tan ce  a n d  p ro d u c tio n  of IF  
can  be in fluenced  in  vitro  an d  in  vivo b y  (i) ad d itio n  o f exogenous cAM P or 
(ii) a c tiv a to rs  of a d e n y la te  cyclase, viz. iso p ro te ren o l, p ro s ta g la n d in  (P G E J , 
D E A E -d e x tra n ; (iii) s ta b iliz a tio n  of in tra c e llu la r  cA M P fo rm ed  b y  in h ib ito rs  
o f p h o sp h o d ieste rase  su ch  as th eo p h y llin , a n d  w h e th e r (iv) a d en y la te  cyclase 
can  be a c tiv a te d  b y  I F .  C ellu lar res is tan ce  w as en h an ced  in  vitro  a n d  th e  p ro ­
d u c tio n  of IF  w as in c re a se d  5 to  10 tim es a t  a p p ro p ria te  co n cen tra tio n s  o f th e  
d ru g s ; above an  o p tim u m  c o n cen tra tio n , a ll d rugs w ere in h ib ito ry . A p p ro p ri­
a te  co n cen tra tio n s  o f  P G E j increased  th e  level o f I F  5 to  10 tim es in  vivo, or 
p o te n tia te d  th e  e ffec t o f  inducers given in  su b o p tim a l a m o u n ts . H igher con­
c e n tra tio n s  of P G E X d ecreased  th e  IF  level. A c tiv a tio n  of th e  a d en y la te  cyclase 
sy s te m  in L cells b y  c ru d e  m ouse IF  p re p a ra tio n s  w as te s te d  b y  de te rm in in g  
th e  a m o u n t of ra d io a c tiv e  cAM P fo rm ed. I F  t r e a tm e n t  increased  th e  level of 
cA M P 1.8 to  2.2 tim e s . P o te n tia tio n  o f I F  p ro d u c tio n  in vitro  an d  in  vivo — 
e ith e r  w ith  I F  (p rim in g ), or b y  using d rugs in creasin g  th e  cA M P level (ac ti­
v a to r )  — is p ro b a b ly  b ro u g h t ab o u t b y  th e  sam e m echan ism , i.e. an  ac tiv a tio n  
o f  th e  ad en y la te  cy c lase  system .

I N T E R F E R O N ,  T O T A L  R N A  AND P R O T E I N  S Y N T H E S IS  IN  M O U SE  
S P L E E N  C E L L S  A F T E R  A C U TE  GAMMA I R R A D I A T I O N

I v a n a  Stög e r , Ma r g a r i t a  T á l a s , E r ik a  S z o l g a y , I r in a  V. K o n s t a n t in o v a , 
B . B . F u ies and E l e n a  M. A n t ro po va

M icrobiological Research Group o f  the H u n g a ria n  A cadem y o f  Sciences, Budapest, 
In s titu te  o f  M edico-Biological Problem s, M oscow and  

In s titu te  o f  H u m a n  M orphology, M oscow, U. S. S . R .

In te rfe ro n , n u c le ic  acid  an d  p ro te in  sy n th es is  w as in v e s tig a te d  in spleen 
cells o f B A LB /c m ice ir ra d ia te d  w ith  g am m a ray s  (400 R ). A fte r in d u c tio n  
b y  p o ly  I  : C th e  p ro d u c tio n  of in te rfe ro n  b y  sp leen  cells in creased  8 to  16 
tim e s  in  th e  ir ra d ia te d  an im als  as co m p ared  to  n o n -irra d ia te d  con tro ls . Such 
an  increase  o ccu rred  in  cell suspensions c o n ta in in g  70%  m acrophages as well 
as in  p u re  ly m p h o cy te  suspensions. U sing  N ew castle  d isease v iru s  (NDY) 
as in d u ce r, th e  p ro d u c tio n  o f in te rfe ro n  in n o n - ir ra d ia te d  an d  ir ra d ia te d  mice 
w as accom plished  m a in ly  b y  cell suspensions c o n ta in in g  m acrophages. Six 
a n d  18 h o u rs  a fte r  th e  in je c tio n  o f po ly  I  : C or N D Y , a 60 %  a c tiv a tio n  of 
R N A  syn thesis  ([14C] u r id in e  in co rpo ra tion ) w as observed  in th e  spleen cells
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o f  in ta c t  m ice, b u t  th e  sy n th es is  of to ta l  p ro te in  ( [14C] am ino  acid m ix tu re  in ­
co rp o ra tio n ) was n o t a c tiv a te d . In  th e  spleen cells o f  i r ra d ia te d  m ice, R N A  
an d  p ro te in  syn th esis  w as red u ced  w hich show ed a fu r th e r  decrease a fte r  in ­
je c tio n  o f poly  I  : C or N D Y , in  sp ite  o f th e  increasing  in te rfe ro n  p ro d u c tio n .

T H E  R O L E  O F  I N T E R F E R O N  IN  T H E  I N T E R F E R E N C E  
W I T H  V A R IO U S  V IR U S E S

B. L omniczi

Veterinary Research In s titu te  o f  the H ungarian  A cadem y o f  Sciences, B udapest

R ep ro d u c tio n  of a v iru le n t N D V  an d  S indbis v iru s  s tra in s  is in h ib ite d  
b y  b o th  liv ing  an d  in a c tiv a te d  a v iru le n t NDV s tra in s . T h e  in te rfe rence  w ith  
th e  S indbis v iru s , a v iru s  h ig h ly  sensitive  to  in te rfe ro n , can  be a t tr ib u te d  to  th e  
in te rfe ro n , w hereas in th e  in te rfe ren ce  betw een  th e  N D V  stra in s  th e  in te rfe ­
ron p lays no role. In te rfe ro n  can  on ly  be considered  a m e d ia to r  of in te rfe ren ce  
if  th e  in h ib ited  v iru s is h ig h ly  sensitive  to  it.

V I R U S  V I R U L E N C E  AN D  I N T E R F E R O N  

B. Lomniczi

Veterinary Research In s titu te  o f  the H ungarian A cadem y o f  Sciences, B udapest

T he in te rfe ro n o g en ic  c a p a c ity  o f NDV, in fec tio u s b ro n ch itis  v iru s  (IB V ) 
a n d  A ujeszky  v iru s  (AyV) s tra in s  teas s tu d ied  c o m p a ra tiv e ly  to  show  w h e th e r 
in te rfe ro n  h ad  a role in  v iru s  v iru lence . In  som e sy s tem s  (cell cu ltu res , ch icken  
em b ry o s  or chickens) in fec ted  w ith  N D V  or IB V , th e  m ore  in te rfe ro n  w as p ro ­
d u ced  th e  m ore in ten s iv e  w as th e  m u ltip lica tio n  o f  th e  g iven  v irus. T he a v iru ­
le n t AyV s tra in s  p ro v ed  to  be b e tte r  in te ife ro n -in d u cers  and  5 to  10 tim es m ore 
sen sitiv e  to  in te rfe ro n  th a n  th e  v iru le n t s tra in s . H ow ever, th e  la te  a p p e a r­
a n c e  o f in terferon  c o n tra d ic ts  its  role in th e  low v iru len ce  of th e  said  s tra in s .

A E T IO L O G IC A L  R O L E  O F  E N T E R O V I R U S E S  I N  IN F E C T IO U S  
D IS E A S E S  O F  C H I L D R E N

I r e n e  T ó t h , F . L e h e l  and Ma g d o l n a  H a r s á n y i

Public H ealth S ta tio n , Debrecen and D epartm ent o f  Paediatrics,
U niversity  M edical School, Debrecen

The occurrence o f en te ro v iru se s  was in v e s tig a te d  in ch ildren  from  0 to  
14 y ears  of age in H a jd u - B ih a r  co u n ty  in th e  y e a rs  1969 — 1971. E x c re tio n  
ra te  w as th e  h ig h est a t  2 to  3 y ea rs  of age; th e  seaso n a l p e a k  was in th e  m o n th s
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f ro m  Ju n e  to  A ugust. F ro m  p a tie n ts  w ith  a b a c te ria l m en in g itis , echov irus 6, 9 
a n d  30 s tra in s ; from  h e rp a n g in a  cases, coxsackie B3 and  B4 s tra in s ;  from  u p p er 
a n d  low er re sp ira to ry  illness, coxsackie  B3 an d  B4 s tra in s ; fro m  g rip p a l g as tro ­
e n te r i t is  cases, coxsackie B2 s tra in s , w ere iso la ted  th e  m o st fre q u e n tly .

E F F E C T  O F SO M E F A C T O R S ON  T H E  B IO L O G IC A L  A C T IV IT Y  
O F  M E A S L E S  V I R U S  (S T R A IN  L-16)

L i d i a  B . H orváth

Public H ealth S ta tion , B udapest and N ational In stitu te  
o f  P ublic  Health, B udapest

T h e d em o n strab ility  o f th e  L-16 vaccine  s tra in  of m easles v iru s  in cu l­
tu r e s  o f  th e  I I I / l  rhesus m o n k ey  cell line w as n o t in fluenced  b y  th e  age of th e  
ce lls, th e  n um ber of cells p e r  tu b e , th e  size of th e  inocu lum  b e tw een  0.1 an d
1.0 m l, an d  the  serum  c o n te n t o f th e  m a in ten an ce  flu id . If , h o w ever, p ro te in ­
less H a n k s ’ so lu tion  o f P a rk e r ’s N o. 199 en rich ed  w ith  b o v in e  am n io tic  flu id  
w as u se d  as m a in ten an ce  f lu id , or th e  tu b e s  w ere in c u b a te d  fo r 10 to  60 min 
b e tw e e n  th e  inocu la tion  a n d  th e  a d d itio n  of th e  m a in ten an ce  f lu id , th e  cell 
c u ltu re s  were sensitive. T he b est re su lts  w ere o b ta in ed  w hen  th e  in o cu la ted  
c u ltu re s  were in cu b a ted  a t 34°C, u sing  P a rk e r’s No. 199 as m a in te n a n c e  flu id .

R O L E  O F R I B O N U C L E I C  A C ID  A N D  C E L L  M E M B R A N E  
I N  T H E  IN C O R P O R A T IO N  O F  N E U T R A L  R E D  B Y  T IS S U E  C U L T U R E  C E LL S

G. N a g y  and Gy . B e r e n c s i

N a tio n a l In s titu te  o f  P ublic Health, B udapest

N e u tra l  red  (3.5 — 5.0 /ig /cm 2) w as show n to  he ta k e n  up  b y  p e rm a n e n t 
m o n k e y  k id n ey  cell m o n o lay ers  u n d e r  u su a l cond itions. In te n s iv e  s ta in in g  of 
th e  c y to p la sm  and  p h o to se n s itiz a tio n  of R N A  viruses su g g ested  th e  role o f 
s in g le -s tra n d e d  R N A  in  dye b in d in g . P ro n o u n ced  changes in th e  o p tica l a b ­
s o rp tio n  spec trum  of n e u tra l  red  w ere o bserved  in  vitro a t 530 n m  in th e  p res­
ence o f  com m ercial y e a s t R N A . Gel f i l tra tio n  ex perim en ts a n d  sp ec tro p h o to - 
m e tr ic  d a ta  suggested th a t  th e  ra tio  of b o u n d  dye an d  n u c leo tid es  w as alw ays 
less th a n  1 : 55 and  p o ly n u c leo tid e  chains consisting  of less th a n  30 n uc leo tides 
d id  n o t  b in d  m easurab le  a m o u n ts  o f n e u tra l  red . In h ib itio n  o f dye  u p ta k e  was 
fo u n d  in  th e  presence o f y e a s t R N A  so lu tio n s. N eu tra l red  w as re leased  from  
s ta in e d  cell m onolayers on D M SO, cy ste in e  or R N A  tre a tm e n t,  w ith o u t loss 
o f  c e ll-v ia b ility . On the  basis o f th ese  re su lts  th e  im p o r ta n t ro le o f th e  cell
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m em b ran e  a n d  a m inor im p o rta n c e  o f cell R N A  in n e u tra l  red  in co rp o ra tio n  
is suggested . T h e  observed p h e n o m e n a  m ay  p rov ide  a to o l for ex p erim en ts  on 
v iru s—cell m em b ran e  in te ra c tio n s .

E F F E C T  O F A D E N O V I R U S  IN F E C T IO N  O N  T H E  P R O D U C T IO N  
O F  C4 IN A C T IV A T O R  BY KB C E L L  C U L T U R E S

Z s u z s a n n a  K osa

N ational In s ti tu te  o f  Public H ealth, B udapest

I t  h ad  been  show n p re v io u s ly  th a t  in u n in fec ted  K B  cell c u ltu re s  an  
a n tic o m p le m e n ta ry  su b stan ce  id e n tic a l w ith  a c tiv a te d  C l esterase  is p ro d u ced , 
w hich  th e n  in a c tiv a te s  th e  C4 co m p o n en t of th e  co m p lem en t. The C 4 -in ac tiv a t-  
ing a c tiv i ty  o f  th e  m edium  o f K B  cell cu ltu res is increased  b y  infec tion  w ith  
th e  ad en o v iru s  3, 4, 11 or 13 p ro to ty p e  s tra in s , in fe c tio n  w ith  th e  ad en o v iru s  
1, 2, 5, 6, 7, 12 or 14 p ro to ty p e  s tra in s , on th e  o th e r  h a n d , causes h a rd ly  a n y  or 
no increase  in th is  a n tic o m p le m e n ta ry  a c tiv ity . S tra in s  iso la ted  from  p a tie n ts  
b e h a v e  s im ila rly  to  the  re sp e c tiv e  p ro to ty p e  s tra in . No re la tio n sh ip  cou ld  be 
d e m o n s tra te d  betw een  th e  C 4 -in ac tiv a to r-in d u c in g  c a p a c ity  of a d en o v iru s  
s tra in s  a n d  th e ir  cap ac ity  to  cause  early  c y to p a th ic  changes.

T H E  D Y N A M IC S OF T H E  S E R U M  IM M U N E  G L O B U L I N  C O N C E N T R A T IO N  
FR O M  L A T E N C Y  TO L A T E  C O N V A L E SC E N C E  IN  H E P A T I T I S  P A T IE N T S  

W I T H  OR W I T H O U T  H E P A T IT IS  B A N T IG E N A E M IA

S. N a g y l u c s k a y

In s titu te  o f H ygiene, Sem m elw eis U niversity M edical School, B udapest

B lood  w as tak en  fro m  219 p a tie n ts  su ffering  from  serum  h e p a tit is  soon 
a f te r  th e  su p p o sed  tim e o f in fec tio n  and  su b se q u e n tly  on 17 occasions. T he 
la s t sam p les  w ere taken  18 m o n th s  a f te r  clinical reco v ery . H e p a titis  В (A u s tra ­
lia) an tig e n a e m ia  was d e m o n s tra b le  in one or m ore sam ples of 187 p a tie n ts . 
T he se ru m  IgM  and  IgG  leve ls  of these  p a tie n ts  show ed a w ell-defined  p eak  
la te  in la te n c y  and  in co n v a lescen ce , re sp ec tiv e ly ; th e  IgA  values rem a in ed  
below  th e  n o rm a l level d u r in g  th e  w hole period . In  th e  b lood  of th e  32 h e p a tit is  
В -n eg a tiv e  p a tie n ts  each o f  th e  th ree  im m unog lobu lin s reach ed  an  e lev a ted  
va lu e  once d u rin g  the  o b se rv a tio n  period. T h u s , th e  b eh av io u r o f th e  se ru m  
IgA  level allow s to  d is tin g u ish  betw een  h e p a titis  В -positiv e  a n d  n e g a tiv e  cases 
o f  serum  h ep a titis .
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IN V E S T IG A T IO N  O F  T H E  R O L E  I N  A C U T E  A N D  C H R O N IC  H E P A T I T I S  
OF T H E  A N T IB O D Y  A G A IN ST  T H E  T W E E N - 8 0 - T R E A T E D  

H E P A T IT IS  В A N T I G E N

I . H ollós

N a tio n a l Institu te  o f  P ublic  H ealth, B udapest

P re p a ra tio n s  rich  in  D an e-p artic les  40 to  70 n m  in d ia m e te r  w ere tre a te d  
w ith  Tw een-80 as d e sc rib ed  b y  A l m e id a  et al. T he p re p a ra tio n  th u s  o b ta in ed  
w as exam ined  b y  e le c tro n  m icroscopy, a n d  used  in  CF te s ts  as a n tig en . A n ti­
b o d ies  to  th is a n tig e n  w ere d e m o n s tra te d  in  serial serum  sam ples o f 30%  o f 
136 p a tie n ts  w ith  a c u te  h e p a titis  d u rin g  th e  clin ical illness an d  in  on ly  10%  
o f  371 convalescen ts. In  c o n tra s t, a n tib o d y  w as found  in  th e  se ru m  o f n ea rly  
6 0 %  o f th e  74 p a tie n ts  w ith  chronic h e p a tit is .  T here  was no co rre la tio n  b e ­
tw e e n  th e  tim e o f re c o v e ry  an d  th e  a p p e a ra n ce  of serum  a n tib o d y . These re ­
su lts  call a tte n tio n  on th e  possible im p o r ta n t  role of D an e -p a rtic le s , p a r tic ­
u la r ly  of th e ir  in n e r s t ru c tu re  as an tig en , in  th e  p a th o m ech an ism  of v ira l h ep a ­
t i t i s .  T he assu m p tio n  o f  A l m e id a  et al. t h a t  th e  a n tib o d y  a g a in s t th e  inner 
s t ru c tu re  of th e  D a n e -p a rtic le s  h ad  a ro le in  th e  recovery  from  h e p a tit is  could 
n o t  be  confirm ed.

S C R E E N I N G  O F  M O T H E R S  A N D  H E A L T H Y  M A T U R E  
N E W B O R N S  F O R  H E P A T I T I S  В A N T IG E N

T eréz  J oó -S z a b a d o s , G. E l e k , G. P á l l , L. P au l o v ic s  
and E mőke S e r e s -T óth

P ál Heim  C hildren’’s H o sp ita l, Budapest, E m il W eil H ospita l, B udapest and  
M argit H ospita l, B udapest

B lood sam ples w ere ta k e n  from  228 m o th e rs  an d  from  th e ir  h e a lth y  
m a tu re  new born  b ab ies  (um bilica l cord  b lood). T he sam ples w ere te s te d  for 
h e p a t i t is  В (A u stra lia ) a n tig e n  b y  im m u n o elec tro p h o resis . A ll th e  new born  
sam p le s  p roved  to  be n e g a tiv e , w hereas tw o  m o th e rs  h a d  an tig en aem ia . These 
d a ta  are  com pared  to  re su lts  o b ta in ed  b y  th e  a u th o rs  from  screen ing  o f p re ­
m a tu re  children  an d  b lo o d  donors.
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H E P A T I T I S  B A N T IG E N A E M IA  IN  O U T P A T IE N T S  O F  C H I L D R E N ’S
H O S P IT A L S

T e réz  J oó-Sz a b a d o s , E mőke  S e r e s -Tóth and J u l i a n n a  Szilágyi

P ál H e im  C hildren4s H ospita l. Budapest and M u n ic ip a l Centre 
o f  Paediatric Cardiology, B udapest

B lood sam ples from  400 unselec ted  o u tp a tie n ts  3 to  17 years of age w ere  
te s te d  for h e p a titis  В an tig en  using  th e  im m u n o elec tro p h o resis  m ethod . F iv e  
ch ild ren  p ro v ed  to  he p o sitiv e . H a rd ly  any  co n n ec tio n  could  be supposed b e ­
tw een th e ir  h is to ry  and  th e  an tig en aem ia .

A T T E M P T S  TO IM M U N IZ E  SOW S A G A IN S T  T R A N S M IS S IV E  
G A S T R O E N T E R I T I S  W I T H  A L IV E  V A C C IN E

E . Mocsári  and J .  B e n y e d a

N ational Institu te  o f  Veterinary Public Health, B u d a p est and Institute  
o f  E pizoology, U niversity  o f  Veterinary Sciences, B udapest

T he re la tio n sh ip  b e tw een  th e  a n tib o d y  level in  th e  m ilk  of affected  sow s 
an d  th e  end  of th e  ep izoo tic  was in v es tig a ted , d u rin g  a n a tu ra l  tran sm iss iv e  
g a s tro e n te ritis  (T G E ) ep izoo tic . T he epizootic ceased  w hen th e  an tib o d y  h a d  
ap p ea red  in  th e  m ilk  a n d  in th e  co lostrum . S u b se q u e n tly  o ra l v acc ina tion  w ith  
an a t te n u a te d  live vaccine  w as ca rried  ou t in  la rg e  sw ine stocks su scep tib le  
to  T G E . N eu tra liz in g  a n tib o d ie s  w ere d e te rm in ed  in seria l b lood  and c o lo s tru m  
sam ples from  sows v a c c in a ted  once or tw ice. T he a n tib o d y  level in th e  co lo s­
tru m  w as a p p ro x im a te ly  eq u a l to  th e  ac tu a l b lo o d  level. The a n tib o d y  lev e l 
p ro d u ced  b y  tw o v ac c in a tio n s  a t  an  in te rv a l o f  six  w eeks ap p ro x im a ted  th e  
level fo u n d  d u rin g  th e  ep izoo tic . T he high ti t re s  co u ld  he re sto red  by  a sing le  
ro v acc in a tio n  6 m o n th s  a f te r  th e  v acc ina tion  e x p e rim e n t. The a n tib o d y  lev e ls  
in th e  co lo stru m  an d  in th e  m ilk  o f th e  v a c c in a te d  sows were su ffic ien t fo r 
ensu ring  a f irm  im m u n ity  to  suck ling  p ig lets in a n a tu ra l  epizootic.

V IR A L  P O L L U T I O N  O F  R E C R E A T I O N A L  F R E S H - W A T E R S  
IN H U N G A R Y

A g n e s  P ál fi

N a tio n a l Institu te  o f  Public H ealth , B udapest

A to ta l  o f 287 su rface  w a te r sam ples w ere e x a m in e d  v iro logically  in th e  
years 1969— 1971. T he L ak e  B a la to n , th e  L ake V elence an d  the  D an u b e  B e n d  
were reg u la rly  sam p led , i.e., d u rin g  th e  re c re a tio n a l season, from  M ay  to  
S ep tem b er. One sam ple  each  of th e  L ake B a la to n  an d  th e  D anube, a n d  six
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sam p les  from  th e  L ak e  Velence y ie ld e d  v iru s . Sam ples from  th e  D an u b e  and  
th e  T isza — ta k e n  fa r  from  b a th in g  a re a s  —- were found  m ore c o n ta m in a te d , 
re su ltin g  in  th e  iso la tio n  o f eleven v iru s  s tra in s . Of the  iso la te s , s ix  w ere id e n ti­
f ie d  as reov irus ty p e  1, th e  o thers p ro v e d  to  be echovirus ty p e s  1, 6, 7, 8, 11 
a n d  14, an d  p o liov irus ty p e  1.

S E N D A I  V IR U S  I N D U C E D  F U S I O N  OF H U M A N  A N D  
C H IN E S E  H A M S T E R  CELLS

A n i k ó  M a n n h e i m -Ve n e t i a n e r , I .  R a s k ó , К .  B urg  a n d  L .  D allman

In stitu te  o f Genetics, B io log ica l Research Centre 
o f  the H ungarian A ca d em y  o f  Sciences, Szeged

H u m an  fib ro b la s ts  and  Chinese h a m s te r  glyD m u ta n t  cells w ere fused 
in  th e  presence o f 300 H A U  UV in a c t iv a te d  Sendai v irus. T he h y b rid s  were 
se le c te d  in  H a m ’s F12 g ly -  m edium , c o n ta in in g  10%  fo e ta l c a lf  se ru m  m acro 
f ra c tio n . A fte r 10 g en era tio n s, ch ro m o so m al analysis show ed 8 h u m a n  chrom o­
so m es p e rs is tin g  in th e  h y b rid  cells. T h e  ap p lied  techn ique  is a rep ro d u c tio n  
o f  th e  p rev io u sly  describ ed  m ethods w h ic h  p roved  useful in m a p p in g  hum an  
ch ro m o so m es a n d  s tu d y in g  gene e x p re ss io n  in h y b rid  cells.

T R Y P S I N I Z A T I O N  OF O R G A N S  W I T H  T H E  AU TO M A TIC  
A P P A R A T U S  “ T R I P S Z I M A T ”

A n d r e a  M a r t o n

P ublic H ealth S ta tion , B udapest and N a tio n a l In stitu te  o f Public H ealth , B udapest

T rip sz im a t (L a b o r M IM , B u d a p e s t) , a closed system , can  b e  u sed  for 
th e  s e p a ra te  d isperg ing  o f cells, s im u lta n e o u s ly  from  th ree  o rg an s. E xperience  
w ith  try p s in iz a tio n  o f rhesus-m onkey , g u in e a  pig and S y rian  h a m s te r  k idney  
cells a n d  h u m an  a n d  ch icken  em bryos is p re se n te d . A t a flow  ra te  o f  80 drops/ 
m in  a n d  co n tin u o u s rem o v a l of th e  cell suspension , th e  cell re lease  curve 
re a c h e d  its  peak  b e tw een  th e  40th  an d  9 0 th  m in u te s  of try p s in iz a tio n ; th e  n u m ­
b e r  o f  d isperged  cells increased  w ith  in c re a s in g  te m p e ra tu re  — th e  te m p e ra ­
tu r e  o p tim u m  was 33° to  36°C, a t  h ig h e r te m p e ra tu re s  th e  cells w ere im p aired  
in  v ia b il i ty ;  cell v ia b ili ty  w as n o t in flu e n c e d  b y  th e  p resence o r absence  of 
d iv a le n t  ca tions in th e  try p s in  so lu tion  o r  in  th e  suspending  so lu tio n  o f cells; 
th e  o b ta in e d  cell n u m b e r/g  tissue w as, on  th e  average, 2 to  2.5 tim e s  as high 
as t h a t  o b ta in e d  b y  th e  co n ven tiona l (Y o u n g ) m ethod . These conclusions were 
d ra w n  from  53 try p s in iz a tio n  p rocedures a n d  h av e  been co n firm ed  b y  a 3-year 
ro u tin e .
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Im m unology

D E T E C T IO N  O F  S E N S I T I Z I N G  SU B STANC ES IN  V I K A L  VA CCINES 

L. E rdős  and Cs. L áng

N ational In s titu te  o f  P ublic Health, B udapest

The gu inea  pig sen s itiz a tio n  te s t  has been ap p lied  fo r th e  de tec tio n  of 
res id u a l serum  p ro te in  in v ira l vacc ines p roduced  in tissu e  cu ltu re . G uinea pigs 
o f  250 g b o d y  w eigh t w ere in je c te d  w ith  one h u m an  dose o f  vaccine each  an d  
ch a llenged  b y  an  in tra v e n o u s  in jec tio n  o f 1 m l bov ine  se ru m  one w eek la te r . 
In je c tin g  10 an im als w ith  each  p re p a ra tio n , se rum  d ilu tio n s  as h igh  as 
1 : 100, 000— 1 : 500, 000 could  be d e tec ted  by  th is  m e th o d . M easles, m u m p s, 
rab ies  a n d  ru b e lla  vaccines a n d  in a c tiv a te d  sm allp o x  an tig en s  p ro d u ced  in  
d iffe ren t co u n trie s , 36 b a tch es  a lto g e th e r, have been  te s te d  b y  th e  m e th o d ; 
23 b a tch es  p ro v ed  to  co n ta in  in th e  h u m an  dose an  a m o u n t of bovine serum  
su ffic ien t for sensitiz ing  a gu in ea  pig.

R E A C T IO N S  O F  I N F A N T S  TO LIVE M E A S L E S  V A C C IN E  

L . E r d ő s , F . F o r n o s i , É va  Cs o n k a , Z. P a l l in g e r  and G izella  S z e k e r e s  

N ational Institu te  o f  Public H ealth, B udapest

T he vaccines app lied  in th e  f irs t  p a r t  of th e  w ork  c o n ta in e d , on th e  a v e r­
age, 550 T C ID 50/dose o f th e  L en in g ra d  16 s tra in . T he v acc in a tio n s  w ere c a r ­
ried  o u t in a period  w hen  th e  e v a lu a tio n  of th e  reac tio n s  w as n o t d is tu rb e d  b y  
n a tu ra l  in fec tion . The reac tio n  o f 2572 in fan ts  9 to  12 m o n th s  of age w as o b ­
served  6 to  14 days a f te r  v acc in a tio n . Local reac tio n  w as observed  in 0 .2 3 % , 
fev e r in 18 .9%  (> 3 9 .5 °C  in 1 .5 6 % ); rash  in 6 .7 % ; c a th a r rh a l  sy m p to m s in 
1 .3 % ; m alaise  in 1 .1% . T h ree  w eeks a fte r v acc in a tio n  b lood  w as ta k e n  from  
605 in fa n ts  to  t i t r a te  m easles an tih a e m a g g lu tin in . T h e  geom etric  m ean  (g. m .) 
o f  th e  t i t re s  w as 1 : 97.5. A p o sitiv e  co rre la tion  w as fo u n d  betw een  th e  febrile  
reac tio n  an d  th e  H I a n tib o d y  response . Two y ea rs  a f te r  th e  v acc in a tio n  th e  
g. m . fo r 82 ch ildren  w as 1 : 36, an d  97.6%  of th e se  ch ild ren  h a d  an  H I  
t i tre  1 : 4 or h igher. T h ree  y ea rs  a f te r  the  v acc in a tio n  th e  re sp ec tiv e  va lu es  
fo r 50 ch ild ren  were 1 : 5.3 a n d  7 8 % . T w en ty -tw o  ch ild ren  9 to  21 m o n th s  
o f age w ere im m unized  w ith  a vacc in e  con ta in in g  350 T C ID 50 of v iru s . T hese 
ch ild ren  show ed w eaker reac tio n s  as m an ifested  in fev e r an d  e x a n th e m , an d  
a w eaker a n tib o d y  response  (g. m . 1 : 86 for 19 ch ild ren ) th a n  th e  38 ch ildren  
v a c c in a ted  w ith  700 TC1D-,, (g. m . 1 : 168 for 27 ch ild ren ).
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S E R O L O G I C A L  E V A L U A T IO N  O F  IM M U N IZ A T IO N S  
W I T H  IN A C T IV A T E D  M U M PS VA C C IN E

L . E r d ő s , E. Sc h u l e k  and É va  A d a m is

N a tio n a l Institu te  o f  P ublic H ealth , B udapest and  
Pest C ounty Public H ealth  S ta tio n , B udapest

A l(O H )3-g e l-ad so rb ed  fo rm a lin - in a c tiv a te d  vaccines w ere p rep a red  from  
m u m p s  v irus grow n in  e m b ry o n a te d  eggs. T he eggs used  in  th e  p ro d u c tio n  of 
v acc in es  No. 1 an d  N o. 2 h a d  been la id  b y  hens p rev io u sly  im m u n ized  and  non- 
im m u n ized , re sp e c tiv e ly , w ith  live N D V  vaccine . B o th  v acc in es  co n ta ined  
1000 H A U /m l. In  a n im a l ex p erim en ts  vacc ine  No. 2 in d u c e d  a s ig n ifican tly  
m o re  m arked  im m u n e  response  th a n  d id  v acc ine  No. 1. C h ild ren  2 to  5 years 
o f  age were im m u n ized  w ith  2 X 0.5 m l o f vaccine  N o. 2 a t  an  in te rv a l of 6 
w eeks. The p o s tv a c c in a tio n  H I t i tre s  w ere as h igh  (geom etric  m ean , 1 : 20.0) 
as th e  m um ps conva lescence  titre s  o f ch ild ren  of th e  sam e age (1 : 20.5).

E X P E R I M E N T S  W I T H  T H E  “ SA D -V N U K O V O ”  R A B I E S  V A C C IN E
V I R U S  S T R A I N

K. A l m á s s y , Mag da  J u h ász  and Z. F a l a t k a

P hyla x ia  V eterinary  Biologicals and Feedstu ffs L td ., B udapes t

E x p e rim en ta l v ac c in e  was p re p a re d  from  th e  “ S ad -V nukovo”  s tra in  
g ro w n  in tissue c u ltu re  a n d  te s te d  in a lb ino  m ice, gu inea  p igs, ra b b its , dogs 
a n d  sheep. The vacc in e  p ro v e d  to  be innocuous w hen in o cu la ted  in tracu tan e - 
o u s ly  an d  in tra m u sc u la rly . A fter in tra c e re b ra l in o cu la tio n  th e  m ice becam e ill 
f ro m  th e  5 th  d ay  on, a n d  all h ad  died b y  th e  16 th  to  1 8 th  d a y  d epend ing  on 
th e  vaccine dose. O f th e  in o cu la ted  ra b b its  50%  died , th e  o th e rs  su rv ived  
w ith o u t  an y  reac tio n ; th e  in tra c e reb ra lly  in o cu la ted  sheep re m a in e d  h ea lth y . 
T h e  p o ten cy  of th e  e x p e rim e n ta l vaccine w as co m p ara tiv e ly  ex am in ed  w ith  a 
co m m erc ia l p h en o l-g ly ce ro la ted  vaccine p re p a re d  from  sheep  b ra in s  in fec ted  
w ith  th e  H őgyes fix  v iru s . T h e  H abel te s t  an d  th e  v iru s  n e u tra liz a tio n  te s t  were 
u se d . T he ex p e rim en ta l vacc in e  p roved  to  be a t  leas t as effective as th e  com m er­
c ia l vaccine.

P A T H O G E N IC IT Y  O F  A M A R E K  D IS E A S E  H E R P E S  V I R U S  
ST R A IN  D U R I N G  S E R I A L  P A S S A G E S  IN  D U C K  E M B R Y O  

F I B R O B L A S T  C U L T U R E S

K. B a m b e r g e r  and Cs. D rén

Veterinary Research In s titu te  o f  the H ungarian  A cadem y o f  Sciences, B udapest

V irus iso lated  fro m  ch ickens w ith  acu te  M arek disease w as ca rried  over 
se r ia l passages in d u c k  em b ry o  f ib ro b la s t cu ltu re s . T he s tra in  v-as te s te d  for 
p a th o g e n ic ity  in h ig h ly  su scep tib le  ch ickens a fte r  13 an d  40 passages. All the
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ch ickens in fec ted  w ith  th e  1 3 th  passage-level v iru s  developed v iru s-in d u ced  
tu m o u rs  an d  died. O f th o se  in o cu la ted  w ith  th e  4 0 th  passage-level v iru s  one 
q u a r te r  su rv ived . In  one q u a r te r  of th e  d ied  ch ickens, tu m o u r co u ld  n o t  be 
d e tec ted  even h isto log ica lly . I t  is concluded  th a t  in th e  course o f  p a ssag e  in 
cell cu ltu res  th e  acu te  p a th o g e n ic ity  o f th e  v iru s  decreases a t  a slow er ra te  
th a n  does its  oncogenic cap ac ity .

IM M U N IT Y  TO S M A L L P O X

S. PÁCSA

In stitu te  o f  M icrobiology, U niversity  M edical School, Pécs

In  o rd e r to  d e te rm in e  th e  t i tre s  o f n e u tra liz in g  an tibod ies, b lo o d  sam ples 
ta k e n  from  347 in d iv id u a ls  w ere te s te d  b y  th e  v acc in ia  p laque re d u c tio n  te s t  in 
tissu e  cu ltu res . S m allpox  vaccine given a t  one y e a r of age p ro v o k ed  a s tro n g  
response. In  th e  1—4-y ear-ag e  g roup , 75%  o f th e  ch ildren  te s te d  h a d  de­
m o n strab le  an tib o d ies . In  th e  n e x t tw o g roups (5 — 7 years an d  8 — 11 years) 
th e  ra te  o f p o s itiv ity  w as 53 %  an d  4 0 % , resp ec tiv e ly . D espite  th e  co m p u lso ry  
v acc in a tio n  a t 12 y ea rs  o f age, in th e  12 — 14 y e a r  age group o n ly  5 4 %  o f the  
ch ild ren  h a d  p laq u e-red u c in g  an tib o d ies . T he p ercen tag e  was n o t m u c h  low er 
(42% ) above 40 years.

IM M U N O C H E M IC A L  A N A L Y SIS  O F  T H E  S E R U M  F R A C T IO N S 
O F  M IC E  W I T H  R A U S C H E R - L E U K A E M I A

F . D. T ó t h , T. K a r s a i  and L. VÁczi

Institu te  o f  M icrobiology, U niversity  M edical School, Debrecen

Soluble an tig en s  o f a 2 an d  ß 2 m o b ility  a re  dem o n strab le  b y  im m u n o - 
e lec trophoresis  in th e  se ra , m ade free of v iru s , o f  m ice w ith  R au sch er-leu k aem ia . 
I t  w as p roved  b y  in d ire c t m em b ran e  im m unofluorescence  th a t  th e  an tigens 
are  id en tica l in sp ec ific ity  w ith  th e  surface an tig en (s) ap p earin g  in  th e  course 
o f th e  cell tra n s fo rm a tio n . I t  is supposed  th a t  th e  soluble an tigen  is iden tica l 
w ith  th e  tu m o u r-sp ec ific  an tig en  o f th e  R au sch er-leu k aem ia  cells, fo r the  
w hole a n tib o d y  c o n ten ts  o f th e  sera of b o th  th e  m ice im m unized  w ith  in a c tiv a t­
ed R au sch er v iru s  an d  th o se  in rem ission  from  R au sch e r-leu k aem ia  are 
ab so rb ab le  w ith  it. In  th e  se ru m  of in fec ted  D B A /1 m ice (a s tra in  m o d e ra te ly  
su scep tib le  to  th e  R au sch e r v irus) a n tig e n -a n tib o d y  com plexes a re  p resen t 
from  w hich th e  a n tib o d y  can be se p a ra te d  a t  p H  2.4. As rem issio n  ensues, 
th e  ra tio  o f free an tib o d ies  to  b o u n d  an tib o d ie s  g rad u a lly  increases. T h e  soluble 
an tig en s , due to  b in d in g  o f cy to to x ic  an tib o d ie s , m ay  p rom ote  th e  p rog ression  
o f leukaem ia .
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COM BINED E F F E C T  O N  T H E  C E L L U L A R  I M M U N E  R E S P O N S E  TO 
LYM PHOCY TIC C H O R I O M E N I N G I T IS  V I R U S  O F  SU BSTANC ES 

A L T E R IN G  T H E  C E L L U L A R  IM M U N E  R E S P O N S E  O F  M ICE

H e l e n  Sz e r i , Z s u z s a n n a  B áno s  and P ir o s k a  A n d e r l i k

Institu te  o f  M icrobiology, Semmelweis U niversity  M edica l School, B udapest

Six-w eek-old Swiss m ice  (20 mice per g ro u p ) w ere in jec ted  in tra p e rito n e -  
a lly  w ith  p h y to h a e m a g g lu tin in  (PH A , 0.25 m g p e r  m ouse), p e rtu ss is  vaccine  
( 9 x l 0 9 live germs p e r  m o u se) and /o r in tra v e n o u s ly  w ith  d ia n h y d ro d u lc ite  
(D B D -ep o x id e , 1 1 x 0 .1  L D 50 p e r  m ouse). T he m ice w ere th e n  in fec ted  in tra -  
c e re b ra l ly  w ith  100 L D i0 o f  th e  W E s tra in  o f  LCM v irus. T he su b se q u e n t 
n e u ro lo g ic a l sym ptom s c h a ra c te r is tic  of th e  im m u n e  response to  LCM  v irus 
in fe c tio n , the  tim e o f d e a th  o f  th e  anim als as w ell as th e ir  spleen w eig h t were 
re g is te re d . R eisolation  o f  LCM  virus on th e  2 1 s t d a y  from  th e  b ra in s  o f th e  
s u rv iv in g  mice was su ccessfu l in  each case. T h e  im m u n o su p p ressiv e  e ffec t of 
D B D -ep o x id e  (causing ly m p h o id  atrophy) w as in flu en ced  in a d iffe ren t w ay  
b y  P H A  and  the  p e r tu s s is  vaccine: (i) D B D -ep o x id e  -|- p e rtu ssis  vaccine  
in d u c e d  a more p ro n o u n c e d  depression of th e  c e llu la r  im m une response  th a n  
e i th e r  o f  th e  two agen ts s e p a ra te ly ;  (ii) when D B D -ep o x id e  was co m b in ed  w ith  
P H A , no  im m unodepressive  e ffec t of the fo rm er co u ld  he observed.

T H E  R O L E  OF M A C R O P H A G E S  IN  A N T I B A C T E R I A L  IM M U N IT Y  

Ma r g a r e t  S u r já n  and I . J o ó

N ational Institu te  o f  P u b lic  Health, B udapest a n d  In s titu te  fo r  Serum  and  
Vaccine P ro d u c tio n  and Research “ H u m a n ” , Budapest

A nti-m acrophage  se ru m  (AMS) was p ro d u c e d  in  ra b b its  b y  im m u n iz in g  
th e m  w ith  m urine p e r ito n e a l cells. The serum  h a d  an  ag g lu tin in  t i t r e  o f 1 : 2187 
a n d  a cy to to x ic ity  t i t r e  o f 1 : 3645. Mice w ere in fe c te d  in tra p e rito n e a lly  w ith  
th is  A M S. In  the  s u b se q u e n t 24 h r  period th e  n u m b e r  of liv ing  m acro p h ag es 
in th e  p erito n ea l flu id  o f  th e  m ice fell to  0 or 4 — 5 %  of the  in itia l n u m b e r. 
W h e n  m ice im m unized b y  sh eep  e ry th ro cy tes  o r  in fec ted  b y  Vibrio cholerae 
w e re  t r e a te d  w ith  th e  A M S, no im m unosu p p ressiv e  effect ensued . O n th e  
c o n tr a r y ,  th e  im m une re sp o n se  to  the sheep e ry th ro c y te s  was slig h tly  s t im u la t­
ed , th e  resistance  to  V . cholerae was s ig n ifican tly  increased .
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T U B E R C U L I N  SE N S IT IV IT Y  OF S E N S I T I Z E D  L Y M PHOC Y TES

S. T u B O L Y  and M. R Á D Y -T Ó T H  

Central Veterinary In s titu te , B udapest

T he se n s itiv ity  of ly m p h o cy tes  of gu inea  p igs in o cu la ted  w ith  live M yco ­
bacterium bovis, M . avium , M . ulcerans or M . xenopei cu ltu res to  p ro te in  a n d  
po ly sacch arid e  an tig en s  of d iffe ren t m y c o b a c te ria  h as  been s tu d ie d . T h e  
ly m p h o cy tes  of gu in ea  pigs sensitized  w ith  M . bovis re ac ted  to  th e  b o v in e  an d  
av iu m  an tigens w ith  b las tic  tra n sfo rm a tio n  in  39 an d  27% , re sp ec tiv e ly . In  
th e  g roup  in fec ted  w ith  M . avium , th e  re sp ec tiv e  p ercen tag es were 22 a n d  4 8 % ; 
in th e  M . ulcerans an d  M . xenopei g roups so m ew h a t low er values w ere  o b ­
ta in e d . I t  w as on ly  in th e  g roup  in fec ted  w ith  M . bovis t h a t  th e  p o ly sa c c h a rid e  
an tig en  p ro d u ced  from  M . bovis A N 5 s tra in  in d u ced  b lastic  tr a n s fo rm a tio n ; 
th e  ly m p h o cy tes  o f th e  o th e r groups gave no  seco n d a ry  im m une re sp o n se  to  
th is  an tig en . T he ex p erim en ts  w ere co m p le ted  b y  im m unofluorescence. F ix e d  
sam ples of cell cu ltu re s  tre a te d  w ith  bov ine  p ro te in  an tig en  for 24, 48 o r  72 h r  
w ere in c u b a te d  w ith  F IT C  co n ju g a ted  im m un o g lo b u lin  produced  from  ra b b its  
im m u n ized  w ith  M . bovis. T he resu lts  w ere c o n s is te n t w ith  those p re s e n te d  
above.

AN A N A L Y S IS  BY M O D E R N  C O M P U T A T IO N  T E C H N IQ U E S  
O F  T H E  C O R R E L A T IO N  B E T W E E N  B L O O D  G R O L P  AND EGG Y I E L D

V e r a  P. J uhász  and M. P a pp

P hyla x ia  Veterinary Biologicals and F eed stu ffs  L td ., Budapest

T he co rre la tio n  betw een  p h en o ty p es  w ith in  th e  tw o m ost im p o r ta n t  
g roup  system s (A a n d  B), on th e  one h an d , an d  egg y ield  an d  egg w eig h t, on  th e  
o th e r, were a n a ly sed  for 1210 hens. T he p h e n o ty p e s  w ere d e te rm in ed  b y  th e  
h a e m a g g lu tin a tio n  te s t . T he q u a n ti ta t iv e  ch a ra c te ris tic s  of p ro d u c tio n  
(n u m b er of eggs la id  p er 3 1/2, 6 an d  11 m o n th s ; egg w eight) w ere g ro u p e d  
using  tw o-row ed  m arg in a l p u n ch ed  card s , acco rd in g  to  pheno type . T h e  d a ta  
th u s  o b ta in e d  w ere su b jec ted  to  m a th e m a tic a l-s ta tis t ic a l  analysis. S ig n ifi­
cance levels w ere d e te rm in ed  by  varian ce  an a ly s is  an d  the  p h e n o ty p e s  w ere 
ra n k e d  by  m eans o f D u n can ’s m u ltip le  ran g e  te s t .  T he resu lts  of th e  s ta t is t ic a l  
analysis  m ay  be su m m arized  as follows. As to  egg y ie ld  (i) th ere  a re  p o s itiv e  
(10/10, 5/5, 5/13, 2/5) an d  n eg a tiv e  co rre la tio n s  (2/13, 1/10, 1/1, 5 /10, 2/10) 
be tw een  som e p h e n o ty p e s  w ith in  th e  b lood  g ro u p  sy stem  В an d  th e  s t a i t  o f 
egg lay ing ; (ii) th e re  are positive  (H2/5 +  A2/2, B5/5 -J- A3/5, B2/5 +  A 1/2) 
an d  n eg a tiv e  co rre la tio n s (B5/10 -f- A2/3 B l/2  -|- A 1/1, B l/1  -f- A 1 / 1 ) be­
tw een  som e co m b in a tio n s  of system -A  an d  sy s tem -B  pheno types an d  th e  egg 
y ie ld . As to  egg w eig h t, som e positive  an d  n e g a tiv e  co rre la tions w ith in  s y s te m  A
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p ro v e d  to  be s ig n ificn a t. S im ilar c o rre la tio n s  could  n o t be d e m o n s tra te d  in 
s y s te m  B. T he d ire c tio n  o f th e  co rre la tio n s w as consisten t d u rin g  th e  period  
u n d e r  analysis . T h e  a u th o rs  suppose th a t  th e  re su lts  will be usefu l in th e  early  
se le c tio n  of b reed in g  stocks.

P R O D U C T I O N  O F  A N T IT O X IC  T E T A N U S  SE R U M  IN H O R S E S ,
U S I N G  C O N C E N T R A T E D  P U R I F I E D  A N TIG EN S

J. Ma r ó c z i , Ma g d o l n a  R á s k a i , Sarolta  S u l y o k ,
J u l i a n n a  K öcski , A. P á l f a l v i  and P. V arg a

In stitu te  fo r  S eru m  and Vaccine Production a n d  Research 44H u m a n ” , B udapest 
and  Pest County Veterinary S ta tio n , Budapest

T h e im m une  response  of horses has b een  s tu d ie d  during  h y p e rim m u n iz a ­
t io n  w ith  p u rified  c o n c e n tra te d  te ta n u s  a n tig e n  of d ifferen t ty p e s . T h e  p re p a ­
r a t io n  m e th o d  o f th e  an tig en s and  th e  c o rre la tio n  betw een th e ir  dose a n d  th e  
a n t i to x ic  response a re  p resen ted . F lu c tu a tio n  o f th e  serum  p ro te in  frac tio n s  
w as also  d e te rm in ed . O nly  purified  c o n c e n tra te d  an tigens p ro v ed  to  be  su it­
a b le  fo r th e  p ro d u c tio n  of te ta n u s  a n tito x ic  h y p erim m u n e  horse sera .

IS O L A T IO N  O F  A N T I-T E T A N U S A N T I B O D I E S  ON T H E  BA SIS  
O F  IM M U N O LO G IC A L  S P E C IF I C I T Y

R. V a rr ó

In stitu te  fo r  S eru m  and Vaccine Production a n d  Research “H u m a n ” , B udapest

T h e  specific an tib o d ie s  were iso la te d  fro m  hum an  a n ti- te ta n u s  h y p e r ­
im m u n e  p lasm a, as w ell as from  horse, c a t t le  an d  sheep a n ti- te ta n u s  se ra , 
u s in g  an  im m u n o a d so rb e n t p rep ared  fro m  te ta n u s  toxoid . T he iso la te d  im ­
m u n o g lo b u lin s  w ere ex am in ed  by  p h y sico ch em ica l and  im m u n o ch em ica l 
m e th o d s , an d  th e ir  sen sitiz in g  effects w ere  c o m p ared  to  tho se  o f c ru d e  sera.

S T A N D A R D IZ A T IO N  O F  T H E  T O X I C I T Y  T E S T S  F O R  P E R T U S S I S  
V A C C IN E S A N D  C O M B IN E D  V A C C IN E S  IN C L U D IN G  P E R T U S S I S

C O M P O N E N T

Z. CsiZÉR, J .  ZsiDAI and I. JoÓ

In s titu te  fo r  S eru m  and Vaccine Production a n d  Research  44H u m a n ” , B udapest

A ccord ing  to  th e  req u irem en ts  of W H O  a n d  th e  p resc rip tio n s o f sev e ra l 
P h a rm a c o p o e a s , p e rtu ss is  vaccines m u s t b e  su b je c te d  to  to x ic ity  te s ts . T he 
d e ta ile d  re q u ire m e n ts  are , how ever, d iffe re n t. T h e  resu lts  of th e  to x ic i ty  te s ts
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w ith  p e rtu ssis  vaccines are d e te rm in e d , f irs t o f all, b y  th e  m e th o d  o f th e ir  
p ro d u c tio n  an d  th e  sen s itiv ity  o f th e  m ouse s tra in  used. In  Bordetella pertussis  
s tra in s  th e re  are  several d iffe re n t an tigen ic  co m p o n en ts  ( th e rm o stab le  
le th a l to x in , en d o to x in  H S F  a n d  L S F ) w hich  m ay  cause changes in th e  bo d y  
w eigh t of m ice. D iffe ren t B . p er tu ss is  s tra in s  m ay  co n ta in  th ese  an tig en s  in 
d iffe ren t p ro p o rtio n s  an d  d iffe ren t m ouse s tra in s  v a ry  in  s e n s itiv ity  to  these  
an tig en s. I t  seem s n ecessary  to  s ta n d a rd iz e  b o th  th e  m ouse s tra in s  a n d  th e  
b a c te r ia l s tra in . U sing a p p ro p r ia te ly  selected  m ouse s tra in s , th e  m ost severe 
req u irem en ts  of P h arm aco p o eas can  be fulfilled. In  th e  a u th o rs ’ op in ion , th e  
to x ic ity  te s ts  offer little  in fo rm a tio n  on the  re a c tiv ity  of vaccines in  m an .

R E V IS IO N  O F  T H E  D I - P E R - T E  R E V A C C IN A T IO N  D O S E  IN  H U N G A R Y

L. E rdős

N ational In s titu te  o f  P ublic  Health, B udapest

In  H u n g a ry , th e  basic im m u n iz a tio n  of in fan ts  a g a in s t d ip h th e r ia , p e r­
tu ssis  an d  te ta n u s  as well as th e  rev acc in a tio n s  o f 3 -year-o ld  ch ild ren  is ca rried  
o u t w ith  a vaccine co n ta in in g  15 L f  d ip h th e ria  to x o id , 5 B U  te ta n u s  to x o id , 
a n d  15 X HF Bordetella pertussis  p e r  dose, all adso rbed  to  a lu m in iu m  p h o sp h a te  
gel. T he rev acc in a tio n  dose w as re p e a te d ly  rev ised : th e  p o s tv a c c in a tio n  a n t i ­
b o d y  ti t re s  w ere de te rm in ed  in  g roups consisting  of 41 to  51 ch ild ren  each. 
I t  w as fo u n d  th a t  th e  re sp ec tiv e  dose can be red u ced  to  7.5 L f, 2.5 B U  an d  
11.5 X UP w ith o u t an y  im m un o lo g ica l d isad v an tag e .

M iscellaneous subjects

P U R I F I C A T I O N  O F  ST A PH Y L O C O C C A L  E N T E R O T O X I N  

J .  D ó m j á n , A. Marton  and L. O r m ay

Public Health Station, Szom bathely and N ational Institu te  o f  N u tr itio n , B udapest

P u rif ic a tio n  of s tap h y lo co cca l en te ro to x in  A a n d  В w as ca rr ied  o u t by  
CM -cellulose ca tio n  exchange c h ro m a to g ra p h y . T he fra c tio n s  w ere co n tro lled  
b y  specific m o n o v a len t (B ergdo ll) sera  an d  b y  nonspecific  sera  o b ta in e d  from  
ra b b its  im m u n ized  w ith  th e  f i l t r a te  of d iffe ren t s tap h y lo co cca l s tra in s . The 
p resence  an d  th e  q u a n tity  o f th e  to x in  were te s te d  b y  th e  specific  se ru m  an d  
th e  p u r ity  of th e  frac tions b y  th e  nonspecific  serum . S e v e n ty  g ra d ie n t f i l t r a ­
tio n s, 435 im m une  e lec trophoreses a n d  3000 m ic ro -p rec ip ita tio n s  w ere carried  
o u t in  th e  course of th e  e x p e rim e n ts . S taphy lococca l s tra in  No. 262 w as th e  
m o st a p p ro p ria te  for e n te ro to x in  В p ro d u c tio n . T h is to x in  could  be pu rified
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o n  one colum n. T he c ru d e  en te ro to x in  A o f th e  F R I-1 0 0  s tra in  y ielded  a pu re  
f ra c t io n  only a fte r  a f u r th e r  CM -colum n p u rif ic a tio n  o f  th e  doub le-con tro lled  
f ra c tio n s  ob ta in ed  b y  g ra d ie n t f iltra tio n . T h e  c o n tro l re su lts  have  been de­
m o n s tra te d  on o rig in a l p re p a ra tio n s .

I D E N T I F I C A T I O N  O F  M Y C O PLA SM A  

E v a  B o r y  and I. S z a b ó

K orányi N a tio n a l In s ti tu te  o f  Tuberculosis and  Pulm onology, Budapest

T he p resen t s tu d ie s  w ere in itia te d  in com m on w ith  th e  V e te rin a ry  R e ­
s e a rc h  In s ti tu te  of th e  H u n g a r ia n  A cadem y o f Sciences. T h e  experiences are  
as follow s: (i) single a n d  g ro u p ed  h u m an  m y co p lasm a in fec tio n s  are n o t ra re  
in  H u n g a ry ; (ii) m y c o p la sm a  in fections w ere u su a lly  u n reco g n ized  an d  tre a te d  
ex ju v a n tib u s  w ith  a n tib io tic s ;  (iii) only p a tie n ts  in  a d an g ero u s  cond ition  were 
f u r th e r  exam ined  a n d  th e  d iagnosis  was estab lish ed  o n ly  in  th e se  cases; (iv) a lo­
c a l o u tb re a k  of m yco p lasm o sis  w ith  a fa ta l  a n d  a severe case was recognized. 
A cco rd in g  to  th e  ex p e rien ce  o b ta in ed , ex am in a tio n s  ca rr ied  o u t in due tim e  
e n s u re  th e  p roper d iagn o sis  a n d  ad eq u a te  t r e a tm e n t  o f m ycoplasm oses.

E X A M IN A T IO N  O F  A C H E L O P L A S M A  S T R A IN S  O R IG I N A T I N G
FR O M  PIG S

L .  S t i p k o v i t s , L  V a r g a , D. S c h i m m e l  and R. H. L e a c h

V eter in a ry  Research In stitu te  o f  the H ung a ria n  A cadem y o f  Sciences, B udapest, Research In stitu te  
o f Veterinary Bacteriology, Jena , German Democratic R epublic  and  

M ycoplasm a Reference Laboratory, Central Public H ealth  Laboratory, London, England

A fte r  selection, 10 A cheloplasm a  s tra in s  iso la ted  from  d iffe ren t organs 
o f  p ig s  w ere in v es tig a ted  in re sp ec t of th e ir  re s is tan ce  a n d  b iochem ical and  
se ro lo g ic a l p roperties, (i) T w o s tra in s  belonged  to  th e  A . axan thum  species. 
T h e  occurrence of th is  species in  anim als has been  e s ta b lish e d  for th e  first 
t im e , (ii) Seven s tra in s  co u ld  be ran g ed  in to  th e  A . la id la ivii species, b u t  th e y  
d if fe re d  from  reference s t r a in s  A . laidlaivii A. P G  8 an d  A . la idlaivii B . F -8  
in  sero log ica l p ro p ertie s  a n d  m etab o lica l reac tio n s , n am e ly  3 in fa iling  to  
h y d ro ly se  esculin, 2 in  b re a k in g  dow n cellobiose, 2 in b o th  o f th ese  ac tiv ities 
as w ell as in th e  degree o f  sero log ica l reac tio n s, (iii) One o f th e  10 s tra in s  d if­
f e re d  fro m  every know n  A cheloplasm a  s tra in  in  all th e  ap p lied  te s ts .
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P R O T O T H E C A ,  A P O T E N T IA L L Y  P A T H O G E N IC  G E N U S  O F  A C H L O R IC
A L G A E

Cs. D o b o l y i , J. Galgóczy  and E. K. N o v a k

N ational Institu te  o f  P ublic H ealth, Budapest

Y east-lik c , achloric alga s tra in s  w ere iso la ted  from  th e  s lim eflu x  of tre e s , 
sam ples of sew ag e-trea ted  p la n ts  a n d  h u m an  clinical m a te ria l. Som e o f th e  
s tra in s  could  be classified  in to  th e  species Prototheca trispora , P . zo p fii, P . 
m oriform is, P . u 'ickerham ii or P . u b rizsy i;  th e  o thers could  n o t  be id en tified  
w ith  a n y  v a lid  species of th e  genus Prototheca. A tte n tio n  is d raw n  to  th is  
g roup  o f  p o te n tia lly  pa th o g en ic  a lgae liv ing  in th e  e n v iro n m e n t o f m an  an d  
an im als .

C O R R E L A T IO N S  AM ONG R E S U L T S  OF B IO C H E M IC A L  T E S T S  
I N  M IC R O B IO L O G IC A L  I D E N T I F I C A T I O N ,  T H E I R  T A X O N O M IC A L  AN D  

P R A C T IC A L  S IG N IF IC A N C E

E . K . N o v a k , T . D e á k  and E . Z u k á l

N ational In stitu te  o f P ublic H ealth, B udapest, D epartment o f  M icrobiology,
U niversity  o f  H orticulture, B udapest and  Central Food Research In s titu te , B udapest

T he n u m b e r o f physio logical a n d  biochem ical te s ts  ap p lied  for th e  id e n ti­
f ic a tio n  of m icrobes is c o n tin u a lly  increasing . C on seq u en tly , s ta t is t ic a l  a n d  
o th e r  m a th e m a tic a l m ethods are  also fre q u e n tly  app lied . T h e  g re a t n u m b e r  
of te s ts  m ay  be superfluous if  th e y  y ie ld  co rre la tin g  re su lts . R esu lts  of c a rb o ­
h y d ra te  u tiliz a tio n  te s ts  app lied  in y e a s t  tax o n o m y  w ere a n a ly sed  fo r c o rre la ­
tio n s  in  th e  case o f th e  m ost im p o r ta n t  10 o u t of 40 carb o n  sources. T h e  s tu d y  
co v ered  th e  d a ta  o f ab o u t 2000 s tra in s  o f 350 species. D oub le  as well as m u ltip le  
co rre la tio n s  w ere d e m o n s tra te d  a n d  th e  biochem ical b a c k g ro u n d  h a s  been 
d iscussed .

T H E  IN D IA  I N K  IM M U N O -R E A C T IO N  IN M Y COLOGY

E. K. N o v a k , A n n a  P ó l a y , A .  Szűcs a n d  P .  G e c k

N ational Institu te  o f Public Health, B udapest, Department o f  D erm atology, and  
D epartm ent o f  Neurology and P sych ia try, U niversity M edical School, Szeged and  

H ungarian  A rm y  M edical Corps, B udapest

T he m orphological an d  physio log ica l-b iochem ical id e n tif ic a tio n  o f  y e a s t 
s tra in s  is labo rious and  tim e-co n su m in g . T he s tra in s ’ close an tig en ic  re la tio n ­
ship h in d ers  th e  effective use o f serological m ethods. F o r  overcom ing  th ese  
d ifficu lties  th e  In d ia  ink  im m u n o -reac tio n  was developed  from  th e  ea rlie r
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e la b o ra te d  ra p id  im m unofluo rescence  te s t .  T he p ro ced u re  allow s th e  diagnosis 
o f  Procandida albicans  ( th e  m ost fre q u e n t p a th o g en  am o n g  y eas ts  in H u n g ary ) 
in  10 m inu tes. T h e  sp ec ific ity  o f th e  re a c tio n  w as en su red  b y  seria l d ilu tions 
o f th e  sera in s te a d  o f  a b so rp tio n  w ith  re la te d  species. E v a lu a tio n  was im proved  
b y  c o u n te r-s ta in in g  o f sm ears b y  sa fran in e . T he m e th o d  w as fu r th e r  developed  
fo r  d irec t sero logical d iagnosis o f can d id iasis  caused  b y  P . albicans an d  for 
th e  h isto log ical d e m o n s tra tio n  o f th e  la t te r .

S IG N IF IC A N C E  O F  B E D S I D E  C U L T U R A L  E X A M IN A T IO N  I N  T H E  H O S P IT A L  
N U R S E R Y  F O R  T H E  R A P ID  D E M O N S T R A T IO N  O F  P R O C A N D ID A  
A L B IC A N S I N F E C T I O N S  A N D  O F C A N D ID IA S IS  E N D A N G E R M E N T

E . K . N o v a k , Cs . D o b o l y i , T . B a l l ó , L. Cs a b a i ,
G y . Gorácz and J .  N em es

N ational In s titu te  o f  P ublic  H ealth , B udapest, István  A p a th y  Children'1 s H ospital, 
B udapest, School fo r  M enta lly  Retarded C hildren, B udapest and  

B a jcsy -Z silin szky  H ospita l, B udapest

T he yeast f lo ra  an d , especially , th e  o ccu rrence  o f Procandida albicans 
w ere exam ined  in  sam p les  from  th e  v ag in a  an d  m ilk  of m o th e rs  an d  th e  ora l 
m ucous m em brane  a n d  faeces of new born  in fa n ts  a t  th e  o b ste tr ic  w ard  an d  
th e  m a te rn ity  u n it  o f  tw o  h o sp ita ls  in B u d a p e s t. P ag an o -L ev in e -T re jo  ty p e , 
tr ip h e n y lte tra z o liu m  ch lo rid e -co n ta in in g  c u ltu re  m ed iu m  w as used. The resu lts  
su g g est th e  im p o rta n c e  o f ia trogen ic  in fec tio n s (m an u a l a n d  in s tru m en ta l)  
r a th e r  th a n  th a t  o f th e  n a tu ra l  (vaginal) ro u te . T h is m akes i t  possible to  p re ­
v e n t  ea rly  in fec tions. T he m o th e rs ’ t r e a tm e n t  w ith  a n tib io tic s  also increased  
th e  occurrence of la te  can d id iasis  an d  th e  d ev e lo p m en t o f endem ics. The com ­
p u lso ry  in tro d u c tio n  o f th e  above in v es tig a tio n s  is suggested .

T R E P O N E M O C I D E  E F F E C T  O F C A T T LE  S E R U M  IN R E L A T I O N  TO AGE 

I .  H orváth  and J .  T u r á n y i

Research Institu te  fo r  Dermatology and Venerology, B udapest and In stitu te  fo r  A n im a l 
B reeding  o f  the U niversity  A gricu ltu ra l School, Gödöllő

A n earlier s tu d y  o f  tre p o n e m a -re s is ta n t an im a ls’ b lood  sera revealed  th e  
p resen ce  of trep o n em o c id e  su b stan ces in  c a ttle  se rum . T h e  treponem ocide  
e ffec t of ca ttle  se ru m  w as ex am in ed  fo llow ing b ir th , a f te r  suck ing  co lostrum , 
a t  th e  age of six w eeks a n d  six  m o n th s. A ccord ing  to  th e  re su lts  th e  tre p o n e ­
m ocide substance  a p p e a rs  a p p ro x im a te ly  a t  th e  age o f six  m o n th s.

A c ta  M icrobiologica Acadvrniae S c ie n tia ru m  H ungaricae 20, 1973
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R A P ID  A N T IS T R E P T O L Y S IN  L A T E X -A G G L U T IN A T IO N  S L ID E  TEST 

G. Szél and O lga V id á k

Institu te o f  H ygiene, Semmelweis U n iversity  M edical School, B udapest and 
Laboratory o f the 22nd D istric t Polyclinic , B udapest

D u rin g  th e  la s t 3 1/2 years th e  n u m b e r of a n tis tre p to ly s in  (ASL) t i t re  
d e te rm in a tio n s  reach ed  2072 in th e  L a b o ra to ry  of th e  22nd  D is tric t P o ly ­
clinic. T he n u m b e r o f ex am in a tio n s show ed  an increasin g  ten d en cy , th e  in d e x  
n u m b e rs  fo r th e  la s t fo u r years w ere 100, 127, 142 a n d  160, re spec tive ly . T h is 
w as th e  reason  fo r th e  in tro d u c tio n  o f  th e  rap id  ASL la te x -a g g lu tin a tio n  slide 
te s t .  I t s  resu lts  h av e  been co m p ared  to  B öszörmÉn y i ’s tu b e - te s t  an d  to  its  
m o d ifica tio n  e la b o ra te d  b y  B ozsoky  using  T a k á t s y ’s m ic ro titra to r . T h e  co m ­
m erc ia l reag en ts  w ere (i) ASL la te x -re a g e n t;  aqueous suspension  of p o ly s ty ro l 
p a r tic le s  ca rry in g  s trep to ly sin  O. (ii) S trep to ly sin  O : s ta n d a rd  ly o p h ilized  
haem o ly sin  p re p a re d  from  (J-haem olytic Streptococcus . As th e  firs t s tep , a g iven  
q u a n t i ty  o f s tre p to ly s in  0  is ad d ed  to  th e  serum  on a slide. A g g lu tin a tio n  oc­
cu rs on ly  if  th e  A SL c o n te n t o f th e  se ru m  is above 200 IU /m l. D ilu tio n  a n d  
in a c tiv a tio n  of th e  serum  can be a v o id ed . F ifteen  m in u te s  are needed  fo r th e  
co m p le tio n  of n e u tra liz a tio n  an d  4 — 6 m in u tes  for th e  ag g lu tin a tio n . T h e  te s t  
is specific.

E F F E C T  O F P H E N O X Y -A C E T IC  A C ID  D E R IV A T IV E S  ON D IF F E R E N T  
B A C T E R IA L  ST R A IN S

M. K e c s k é s , Zs . N a g y , É va  K e c s k é s  and J .  K ovács

In stitu te  fo r  So il Research and A grochem istry  o f  the H u ngarian  Academ y o f  Sciences, 
B udapest, Research Institu te  fo r  Pharm aceutical Chem istry, Budapest, In stitu te  o f  

M edical C hem istry, Semmelweis U n iversity  M edical School and  Central In stitu te  fo r  
Chemistry and Pood A na lysis, B udapest

C o m p ara tiv e  la b o ra to ry  e x a m in a tio n s  have been  carried  ou t in 66 b a c ­
te r ia l  s tra in s  b e long ing  to  28 species (soil b a c te ria  a n d  b a c te ria  p a th o g en ic  fo r 
p la n ts , an im als a n d  m an) w ith  h e rb ic id e  p re p a ra tio n s  (2 ,4 -d ich lo ro -phenoxy- 
ace tic  ac id ; 2 ,4 ,5 -trich lo ro -p h en o x y -ace tic  acid ; so d iu m  sa lt of 2,4 d ich lo ro - 
p h en o x y -ace tic  ac id ; 2,4,5 trich lo ro -p h en o x y -ace tic  acid  isoainyl es te r) o f 
a n a ly tic a l an d  tech n ica l grade. R e s is ta n c e  of th e  ex am in ed  s tra in s  to  th e  ab o v e  
p re p a ra tio n s  has been  de te rm in ed .
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G R O W T H  K IN E T IC S  O F SOM E C E L L U L O L Y T IC  M IC R O O R G A N ISM S 

G. N a g y  and  K . E . B á l i n t

Microbiological Research Group o f  the H u n g a r ia n  A cadem y o f  Sciences, B udapest

T he g row th  o f th e  s tra in s  Cellulomones sp . ATCC 21399, Torulopsis u tilis  
81 a n d  82, C andida u tilis  147 has been  s tu d ie d  on agar p la te s  co n ta in in g  1%. 
ca rb o x y -m eth y lce llu lo se  as a sole carb o n  source. All th e  s tra in s  fo rm ed  colonies 
w ith  th is  su b s tra te  a t  30°C w ith in  an in c u b a tio n  period  o f 7 d ay s. F e rm e n ta ­
t io n s  w ere carried  o u t  w ith  su b stra te s  p re p a re d  from  m illed  p a p e r , s traw  a n d  
co rn -co b , co m p le ted  w ith  n u tr ie n ts  p ro p o sed  b y  H a n . C ellu lose-con ta in ing  
m a te r ia ls  were p re tre a te d  w ith  1 .5%  N aO H  so lu tion  a t 100°C; 100 ml sam ples 
w ere  fe rm en ted  in an  eccen tric  shaker a t  30°C; 106/m l in itia l cell d en sity  was 
u se d  in  tr ip lica te . Cell d e n s ity  in  th e  fu n c tio n  of fe rm e n ta tio n  tim e  was d e ­
te rm in e d  b y  d irec t cell co u n tin g . The e x p o n e n tia l phase of g ro w th  was analysed  
b y  s ta tis t ic a l  m a th e m a tic a l m ethods. All th e  s tra in s  h ad  reach ed  a 108/m l cell 
c o u n t w ith in  a 2 4 -h o u r fe rm en ta tio n  p e rio d .

IS O L A T IO N  O F  M Y COPLASM A P N E U M O N IA E  IN  H U N G A R Y  

L. St i p k o v i c s , L ea  V a r g a , É va  B o ry  and I. S zabó

Veterinary Research In stitu te  o f the H ung a ria n  A cadem y o f  Sciences, B udapest and  
K orányi N a tio n a l In stitu te  o f  Tuberculosis and  Pulmonology, Budapest

M ycoplasm a p n eu m o n ia e  was iso la ted  fro m  th e  sp u tu m  o f th re e  h o sp ita l­
ized  p a tie n ts  su ffering  fro m  pneum onia  o f  p ro tra c te d  convalescence. G row th  
a n d  m etab o lism  of th e  s tra in s  was in h ib ite d  b y  th e  p a tie n ts ’ co n v a lescen t sera. 
T h e  p a tie n ts  lived in d iffe ren t areas o f H u n g a ry . In  th e  e n v iro n m e n t of one 
o f  th e  p a tie n ts , serum  sam ples from  16 su b je c ts  w ere ex am in ed ; 6 sera p ro v ed  
to  c o n ta in  an tib o d ies  to  M . pneum oniae. F o u r  of th e  p o sitiv e  su b jec ts  h a d  
b een  ill w ith  p leu ro p n eu m o n ia  before b lo o d  sam pling .

Food bacterio logy

D E M O N ST R A T IO N  O F  N O N P A T H O G E N IC  CON COM ITAN T M IC R O B E S  IN
F O O D S T U F F S

I l on a  Gál  and Ö. V a j d a

M un ic ip a l In s titu te  fo r  Food Control a n d  C hemical A n a lysis , B udapest

T h e  necessity  o f  th e  ex am in a tio n  fo r n o n p a th o g en ic  c o n co m itan ts  o f 
fo o d s tu ffs  is discussed f ir s t  o f all from  th e  p o in t of view  of th e ir  q u a lita tiv e  
d e te r io ra tio n  an d  th e  re d u c tio n  in th e ir  b io log ica l va lue , w ith  special regard

A c ta  M icrobiologica Academ iae S c ie n tia ru m  Hungaricae 20, 1973
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to  p re p a ra tio n s  o f p la n t  o rig in . In  ad d itio n  to  th e  u su a l g roup  m ethods ( to ta l  
germ  co u n t, y eas ts , m oulds, h e a t to lé ra n ts , e tc .) som e supp lem en ting  m eth o d s  
(e.g., d em o n stra tio n  o f lip o ly tic  b ac te ria  an d  m o u ld  to x ins) are m en tio n ed , 
w hich m ig h t be in tro d u c e d  la te r. S everal specific  te s ts  (e.g., d e m o n s tra tio n  
o f  B acillus m esentericus spores in flo u r an d  o f  Leuconostoc mesenteroides in  
sugar) an d  severa l ra p id  a n d  m icro -m ethods fo r sc reen ing  te s ts  or id e n tif ic a ­
tio n  o f m icroorgan ism s are  review ed.

D E T E R M IN A T IO N  O F  TO T A L  V IA B L E  B A C T E R IA L  COUNTS 

I. K iss  and J .  F a r k a s

Central Food Research Institu te , B udapest

D iffe ren t m e th o d s o f to ta l  v iab le  b a c te r ia l c o u n t es tim atio n  h av e  b een  
co m p a re d  along w ith  th e  effect on th e  e s tim a tio n  o f  d iffe ren t n u tr ie n ts . T h e  
m ost a p p ro p ria te  d ilu tio n s  o f th e  te s t  m a te r ia l in  th e  suspending  m ed iu m  
seem ed to  be 1 : 4 a n d  1 : 19. B est ho m o g en iza tio n  w as ach ieved  by  th e  r o t a t ­
ing  knife  m e th o d , b e t te r  th a n  b y  th e  use of a m o r ta r  or a shaker. A m ong th e  
p re fe rab le  s ta n d a rd  com m ercial n u tr ie n ts , “ O xoid  N u tr ie n t A gar” , “ P la te  
C oun t A g ar”  an d  th e  H u n g a rian  p ro d u c t “ H u m a n  U n iv ersa l”  are su ita b le  
fo r v iab le  b a c te r ia l c o u n t e s tim a tio n  b u t c u ltu r in g  on “ O xoid N u tr ie n t A g a r”  
y ie ld ed  h igher co u n ts . In  ro u tin e  w ork  the  less tim e-consum ing  an d  less la ­
borious M PN  m e th o d  m ay  be used for o r ie n ta tio n . M ore ex ac t e s tim a tio n s  
req u ire  one o f th e  p la te  m eth o d s. On th e  basis  o f  v a rian ce  analysis th e y  a re  
e q u a lly  su itab le  for to ta l  v iab le  b ac te ria l c o u n t e s tim a tio n .

M IC R O B IO L O G IC A L  Q U A L IF IC A T IO N  M E T H O D S  O F  D R IE D  
V E G E T A  BL E P  R E P A R VITO NS

I lona  F á b r i , G y . H o r v á t h , E r z séb e t  M u r á n y i  and E. Z u k á l

Central In stitu te  fo r  Food Control and Chemical A n a ly s is , B udapest, County In stitu te  
fo r  Food Control and Chemical A n a lysis, Kecskemét, Research Institu te  o f  T inned  Food 

and P aprika  In d u stry , B udapest and Central Research In s ti tu te  o f  Food Industry , B udapest

D ried  v eg e tab le  p re p a ra tio n s  rep re sen t an  im p o r ta n t  item  of H u n g a ria n  
food e x p o rt. T he in te rn a tio n a l req u irem en ts  a re  severe an d  w ell-defined. T h e  
fa c t th a t  th e  con tro l m e th o d s are d iffe ren t in  th e  d iffe ren t co u n trie s , has 
cau sed  d ifficu lties in q u a lifica tio n . The germ  c o u n t of coliform  b a c te ria  w as 
e s tim a te d  in  th ree  w ide ly  used  m edia. The e rro r  o r ig in a tin g  in d ifferen t fa c to rs  
was an a ly sed  b y  s ta tis tic a l-m a th e m a tic a l m e th o d s . T he fiducial lim its  w ere 
c a lc u la ted  for th e  te s ts  ap p lied  in th e  con tro l o f  each  ty p e  of dried  p re p a ra tio n , 
ta k in g  in to  acco u n t th e  sum m arized  erro r o f th e  m e th o d .
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E F F E C T  O F  M E C H A N IC A L  S H A K IN G  O F  T H E  STOCK D IL U T IO N S  
ON  T H E  M IC R O B IO L O G IC A L  Q U A L IF IC A T IO N  O F  F E E D S

L. E t t e r  and I .  N y i r e d y

N a tiona l Inspectorate fo r  Feed Q ua lifica tion  and Control, B udapest

In  th e  la b o ra to ry  o f th e  a u th o rs  m easu red  am o u n ts  of hom ogen ized  
feed  a re  d ilu te d  in  9 p a r ts  of s terile  sa lin e . T h is stock  d ilu tio n  is th o ro u g h ly  
s h a k e n  severa l tim es  by  h an d  so th a t  th e  m a te r ia l is im b u ed  b y  th e  d iluen t. 
I n  m a n y  o th e r  la b o ra to rie s , th e  s to ck  d ilu tio n  is shaken  m ech an ica lly . F or 
c o m p a ra tiv e  p u rposes, 16 sam ples of b a s ic  feed including  cereals, sunflow er 
seed , soy  b ean , p e a n u t a n d  m ea t m eal, a n d  14 sam ples o f m ix ed  feed  w ere 
e x a m in e d  for to ta l  germ  co u n t, m o u ld  n u m b e r, b ac te ria l an d  m o u ld  flo ra , 
u s in g  b o th  techno log ies. S hak ing  w as c a r r ie d  o u t in ru b b e r-s to p p e re d  E rlen- 
m e y e r fla sk s  in  a sh ak in g  m achine a t  150 rp m  fo r 5 or 10 m in u te s . M echanical 
sh a k in g  o f th e  s to ck  d ilu tions for 5 or 10 m in u te s  raised th e  b a c te r iu m  coun t 
1.7 to  48 tim es w ith o u t causing  an y  c h an g e  in  th e  com position  o f  th e  b a c te ­
r iu m  flo ra . U n d e r th e  sam e c ircu m stan ces  th e  conidium  n u m b e r in c re a se d  1.3 
to  5000 tim es; th e  increase  was esp ec ia lly  m ark ed  if th e  o rig in a l con id ium  
n u m b e r  w as low. F iv e  an d  10 m in m e c h a n ic a l shak ing  ra ised  th e  n u m b e r  of 
d e te c ta b le  m ould  species in 40 an d  5 0 % , re sp ec tiv e ly , of th e  sam ples. T h e  high 
d ilu tio n  to  he em ployed  in th e  case o f a g re a t rise in th e  co n id iu m  n u m b e r 
m a y  red u ce  th e  n u m b e r o f d em o n strab le  species in th e  m ic ro flo ra , a n d  thus 
le a d  to  false conclusions. M echanical sh a k in g  does no t im prove, in  som e re ­
sp ec ts  even  h in d ers , th e  m icrobio logical q u a lif ic a tio n . C on seq u en tly , its  in tro ­
d u c tio n  in to  ro u tin e  feed con tro l is n o t  recom m ended .

M IC R O B IA L  C O N TA M IN A TIO N  O F  M A C H IN E -S L IC E D  HAM S 
IN  D IF F E R E N T  SE A SO N S

S. S zakál  and G y . L ombai

M eat and M ilk  Control Inspectorate o f  the M u n ic ip a l A n im a l Hygiene S ta tio n , B udapest

M icrob ial c o n ta m in a tio n  of 87 h a m  sam p les  has been d e te rm in e d  before 
a n d  a f te r  slicing in th e  B erkel a p p a ra tu s . T h e  analysis inc luded  th e  q u a n t i ta ­
tiv e  d e te rm in a tio n  o f th e  faecal in d ic a to r  f lo ra  (coliform  germ s, Enterobacte- 
riaceae n e g a tiv e  fo r lac tose  hyd ro lysis  a n d  faeca l strep tococci) a n d  th e  to ta l  
g e rm  c o u n t a t  30°C u n d e r aerobic co n d itio n s . E v e rv  index show ed a s ig n ifican t 
d iffe ren ce  in fa v o u r o f th e  w in te r season . T h e  basic  princip les of h y g ien ic  ham  
slic ing  are  su m m arized , specify ing th e  ta s k s  fo r th e  p roducers, fo r th o se  selling 
h a m , fo r  th e  consum ers an d  for th e  h y g ien ic  con tro l service.
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D E M O N ST R A T IO N  O F T H E  E N T E R O C O C C U S G R O U P  

J .  T akács  and S. K ovács

Central Laboratory o f  the Control Service o f  M eat In d u stry , B udapest

F ood  bac te rio lo g is ts  have  m ade e ffo rts  to  evolve a m e th o d  su itab le  for 
th e  iso la tio n  of all m em b ers  of th e  en te ro co ccu s group  in c lu d in g  b a c te r ia  re ­
la tiv e ly  re s is ta n t to  en v iro n m en ta l e ffec ts . To find  th e  m o st successful m e th o d , 
c o m p a ra tiv e  stud ies h av e  been m ade in  w ell-know n n u tr ie n t  m ed ia , viz. 9 
so lid  an d  6 flu id  m edia . A m ong th e  flu id  m ed ia , th e  sodium -azide-g lucose 
b ro th  co n ta in in g  0 .003%  b ro m th y m o l b lu e , am ong th e  solid  m ed ia , P a rk e r ’s 
a g a r p ro v ed  to  be th e  m o st su itab le .

FO O D  P O IS O N IN G  C A U SED  B Y  STA PH Y LO C O C C U S A U R E U S  

L. Or m a y , T . N o v o t n y , A n n a  Mart o n  and J .  D ó m ján

N ational Institu te  o f  N u tr itio n , B udapest and  Public H ealth S ta tion , Szom bathely

In  H u n g a ry , food poisonings cau sed  by  Staphylococcus aureus have  in ­
c rea sed  in n u m b er d u rin g  th e  la s t d ecad e . A t p re sen t th e se  are  th e  m ost fre ­
q u e n t  food poisonings am o n g  those  cau sed  by  know n p a th o g en s . T h is is due 
p a r t ly  to  th e  increasing  d iagnostic  effic iency  an d  p a r t ly  to  a tru e  increase in 
n u m b e r. H ygienic ep idem iological su rv e y  and  clin ical c h a ra c te r iz a tio n  o f th e  
cases a re  of g rea t im p o rtan ce . E ffo rts  shou ld  be m ade to  iso la te  th e  p a th o ­
g e n ^ )  from  the  food as well as from  secre tio n s, an d  th e  hyg ien ic  erro r(s) a l­
low ing  th e  m icrobe to  m u ltip ly  shou ld  be revealed . S . aureus  s tra in s  q u a lified  
as p a th o g en ic  o rganism s occur in fo o d stu ffs , as well as in sto ck  an d  raw  m a ­
te r ia ls  so freq u en tly  th a t  th e ir  p resence  in itse lf does n o t m ake these  m a te ria ls  
o b jec tio n ab le . H ow ever, th e ir  high occu rrence  is a d is tu rb in g  fac to r  in clari- 
fy in g  th e ir  origin, th e  h y g ien ic -ep id em io lo g ica l fac to rs  an d  th e ir  in te rco n n ec ­
tio n s . To clarify  these  fa c to rs , th e  p h ag e  ty p e  an d  th e  a n tib io tic  sp ec tru m  of 
th e  p a th o g e n , th e  ty p e  o f its e n te ro to x in , an d , if possib le , o th e r  fac to rs  such 
as th e  ty p e  of haem olysin  an d  p h o sp h a ta se  an d  nuclease  fo rm a tio n , shou ld  
be e stab lish ed . Two k in d s of d efic iency  arc fre q u e n t in la b o ra to ry  e x a m in a ­
tio n s : (i) th e  fine m e th o d s  of id e n tif ic a tio n  are n o t a p p lied , a n d  (ii) on ly  one 
s tra in  is iso lated , a lb e it one should  reck o n  w ith  th e  p resence  of d iffe ren t s t a ­
phy lococci in th e  sam e sam ple. In th e  ev a lu a tio n  of th e  re su lts , especially  in 
e s ta b lish in g  th e  re sp o n sib ility , it is m o st im p o r ta n t to  rev ea l th e  phase  of 
p rocessing  in w hich an  e rro r  could  occu r w hich m ay  have led to  m icrob ia l 
m u ltip lica tio n  and  to x in  p ro d u c tio n .
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SE L E C T IV E  P R O P A G A T IO N  O F  C L O S T R ID IA  IN  M E D IA  C O N T A IN IN G  
d -C Y C L O S E R IN E  T A R T R A T E

J .  T ak ács  and E mőke  Z. I mreh

Central Laboratory o f  the Control Service o f  M eat In d u s try , B udapest

I t  has been sh o w n  t h a t  c lostrid ia  ex cep t  C lostridium  histo lyticum  a re  
n o t  in h ib ited  in th e i r  g ro w th  b y  800 fig D-cycloserine per  ml m edium . C. per- 
fr in g e n s  stra ins are p a r t i a l ly  or com ple te ly  in h ib i ted  b y  th is  co n cen tra t ion  of  
D-cycloserine In  sem iso lid  media  co n ta in ing  su lph ite  as r e d u c ta n t ,  a n d  
s u p p le m e n te d  w ith  egg em ulsion  to  d e m o n s t ra te  lec ith inase  a n d  lipase a c t iv ­
i ty ,  D-cycloserine a t  600 p g /m l  p roved  sa t is fac to ry  for th e  depression  of th e  
c o n c o m i ta n t  flora u su a l  in food bacterio logy , w i th o u t  d is tu rb in g  th e  g ro w th  
o f  a n y  of the c lo s tr id iu m  species. In  p la te s  o f  th is  m ed iu m  n e i th e r  su lph ite  
r e d u c t io n  nor the le c i th in a se  a n d  lipase ac t iv i t ies  were d is tu rb e d .  F o r  selective 
p ro p a g a t io n  and  d if fe re n t ia t io n  of c lostr id ia  causing  food poison ing  the use 
o f  an  ag a r  m edium  b a se d  on  th e  principle  of  su lph ite  re d u c t io n ,  su p p le m e n te d  
w i th  egg emulsion, is reco m m en d ed .  In such  a m ed ium  th e  species C. botulinum  
a n d  C. perfringens  can  be  d if fe ren t ia ted  from  o th e r  c los tr id ia  w ith in  48 to 72 
h o u rs .

S IG N IF IC A N C E  O F C O L D -T O L E R A N T  M IC R O B E S IN  T H E  D E T E R M IN A T IO N
O F  SE A  FO O D  PR O D U C T S

I . N ik o d é m u s z , E . Ot e r o , C. B ravo  and M. F e r n a n d e z

M u n ic ip a l 6th D istrict P o lyclin ic , Budapest, Cuban Research Group o f  the H ungarian  
A cadem y o f Sciences, B u d a p est and Institu te  o f  Food C hem istry o f  the C uban A cadem y

o f  Sciences, H avana , Cuba

C o ld -to le ran t a n d  p sy ch ro p h ilic  m icrobes, n o t v iab le  a t  37°C, arc of no 
im p o r ta n c e  in h u m an  m ed ica l m icrobio logy . T h ey  m ay , how ever, d e te rio ra te  
c o ld -p re se rv ed  foo d stu ffs . T h e  au th o rs  in v e s tig a te d  th e  m icro flo ra  o f lo b s te r 
sam p le s  w hich tu rn e d  b la c k  while being  boiled , using  th e  m e th o d s  p rescrib ed  
fo r th e  d etec tion  o f p sy c h ro p h ilic  m icrobes. T he sam ples w ere c o n ta m in a te d  
b y  th e  fa cu lta tiv e ly  p sy c h ro p h ils  Proteus or Pseudom onas. B lacken ing  is 
a t t r ib u te d  to  a re a c tio n  p ro d u c t b e tw een  som e m etab o lite s  o f th e  H .^ -p ro ­
d u c in g  Proteus and m e ta l tra c e s  d issolved from  th e  lo b s te rs ’ c ra s t. T he source 
o f  c o n ta m in a tio n  w as su p p o sed ly  th e  ice or th e  w ash in g -w ate r. A tte n tio n  is 
ca lled  to  th e  im p o rtan ce  o f c leanliness in processing  foods o f m aritim e  origin.

A c ta  M icrobiologica Academ iae S c ie n tia ru m  H ungaricae 20, 1973



ANNUAL M EETING 65

M IC R O B IO L O G IC A L  E X A M IN A T IO N  O F  F E E D S  

L. E t t e k

N ational Inspectorate fo r  Feed Q ualification and Control, Budapest

T he follow ing p a ra m e te rs  a re  e s ta b lish e d  for feeds: (i) to ta l germ  c o u n t 
(exc lud ing  m oulds); (ii) aerobic  m ic ro flo ra ; (iii) coliform  c o u n t; (iv) an ae ro b ic  
sp o re-b earin g  (p u tre fy in g ) c o u n t; (v) p ro te o ly tic  b a c te ria l c o u n t; (vi) m o u ld  
c o u n t; (vii) d c m o n s tra b ility  o f Salm onellae. T hese ex am in a tio n s  are su p p le m e n t­
ed  w ith  m yco tox ico log ical te s ts  (a f la to x in , F -2). In  th e  various k inds o f  feed  
a b o u t 70 species of b a c te ria  have been  e n co u n te red , m ost f re q u e n tly  m ic ro ­
cocci, s a p ro p h y tic  a n d  aerobic  sp o re -b ea rin g  b a c te ria , an d , m a in ly  in cerea ls , 
f la v o b a c te ria . In  a 12 -m on th  p e rio d , 439 sam ples o f im p o rte d  m e a t a n d  fish  
m eals w ere ex am in ed  for sa lm onellae . F ro m  35 sam ples (8% ) a to ta l  o f  15 
Salm onella  species w ere iso la ted . T h e  to ta l  germ  coun t d id  n o t  exceed 500 000/g 
in 9 5 %  of th e  sam ples. S ev en ty -tw o  species of fungi have  been id e n tif ie d , o f 
w hich  20 arc to x in -p ro d u cers . T he m o s t f re q u e n t 20 species belong  to  th e  g en era  
A sp erg illu s , P én ic illiu m , C ircinella, M ucor, F u sa riu m , A crem onium , R h ysopus, 
H orm odendrum . O f these , 5 or 6 p ro d u c e  to x in . T he m ould  co u n t d id  n o t  
exceed  500/g in 6 4%  of th e  sam ples. I t  exceeded  10 000/g in 4 % . A fla to x in  
B j w as d e m o n s tra te d  in 175 (of th e se  158 were p e a n u t sam ples) o f th e  243 
feed sam ples te s te d  in 1972. O f 285 sam p les , 38 co n ta in ed  F-2 to x in . O f th e  
y e a rly  10 000 feed sam ples 75 to  8 0 %  p ro v ed  m icrobio logically  u n o b je c tio n ­
ab le . T he rem a in d e r was q u a lified  as o b jec tio n ab le . T h is p ercen tag e  is co n ­
s is te n t w ith  th e  occurrence  in d o m estic  an im als o f cond itions a t t r ib u ta b le  to  
feed.

A N E W  M IC R O B IO L O G IC A L  M E T H O D  F O R  T H E  D E T E C T IO N  A N D  
Q U A N T IT A T IV E  D E T E R M IN A T IO N  O F  T-2 F U S A R IU M  T O X IN

L .  F e r ENCZY an d  J .  T É R E N

In stitu te  o f  P lant Physiology and M icrobiology, .József A ttila  U niversity , Szeged and  
County In stitu te  o f  Food Control and A n a lysis , Szeged

An an a ly tic a l m icrobio logical m e th o d  has been developed  fo r th e  d e ­
te c tio n  an d  q u a n ti ta t iv e  d e te rm in a tio n  o f T-2 m y co to x in  p ro d u ced  b y  F u sa ­
rium  tric inctum . As te s t  o rg an ism  a Prototheca s tra in  is used. F o r  d e te c tio n  
o f th e  to x in  th e  m icrobio logical m e th o d  is com bined  w ith  th in - la y e r  c h ro m a to g ­
ra p h y ; in th e  case of q u a n ti ta t iv e  d e te rm in a tio n  a s ta n d a rd  d iffusion  p ro ­
cedure  is em ployed  a fte r  p re p a ra tiv e  la y e r  ch ro m a to g rap h y . T he m icro b io lo g ­
ical m e th o d  is specific ; its  se n s itiv ity  is h ig h er by  one o rd e r of m a g n itu d e  th a n  
th a t  o f tin 1 b es t chem ical m e th o d .
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M anuscrip ts  a re  accep ted  on th e  basis of sc ien tific  significance an d  s u i t ­
ab ility  fo r p u b lic a tio n  on th e  u n d e rs ta n d in g  th a t  th e y  have  n o t been p u b ­
lished , su b m itte d  o r accep ted  for p u b lica tio n  elsew here. A ccep tance dep en d s on 
th e  opinion of one or m ore referees a n d  th e  decision  o f  th e  E d ito ria l B o ard . 
E ach  p ap e r is d a te d  th e  d ay  th e  o rig inal m a n u sc r ip t w as f irs t received o r th e  
d ay  th e  rev ision  w as received . P ap e rs  accep ted  fo r p u b lica tio n  are s u b je c t 
to  ed ito ria l rev ision .

Carpful attention to the fo llow ing  po in ts  w ill a id  rap id  publication.
1. General rules. E m p h asis  is m ad e  u p o n  s im p lic ity  of sen tence s tru c tu re  

an d  c la rity  of p re se n ta tio n . The m a n u sc rip t sh o u ld  be ty p e d  double sp aced  
on one side o f th e  p a p e r . Ita lic iz in g , ex cep t for head in g s of p a rag rap h s , t i t le  
o f tab les  an d  for th e  u su a l scientific  te rm s , is n o t p e rm itte d . T ables, f ig u re s , 
nam es, q u o ta tio n s  a n d  b ib lio g rap h y  shou ld  ca re fu lly  be checked for e rro rs  
b o th  in th e  m a n u sc r ip t an d  in th e  galley  proofs.

2. The f i r s t  page  shou ld  be se t o u t as follows.
(a) A  short title  o f n o t m ore th a n  40 le tte rs  fo r use as a proposed  ru n n in g

head .
(b) The fu ll  title  shou ld  be one sen ten ce  c o n ta in in g  p re fe rab ly  n o t m ore  

th a n  9 w ords an d  sh o u ld  c learly  an d  prec ise ly  in d ica te  th e  co n ten ts  o f th e  
com m unication  in a d e q u a te  scien tific  te rm s.

(c) Authors'1 nam es:  full f irs t an d  fam ily  n am e  for lad ies, in itia ls  o f f ir s t  
nam e(s) and  full fam ily  nam e  for g en tlem en , e.g.

F. G. K o vács , Maria  M. S zabó  and G. K á d á r

(d) A u thors’ a ffilia tio n s, e.g.

In s t i tu te  of M icrobiology, U n iv e rs ity  M edical School, Szeged an d  P u b lic  
H e a lth  S ta tio n , Szeged

(e) The S u m m a ry  shou ld  n o t exceed 180 E n g lish  w ords. D iv id ing  of 
th e  su m m ary  in to  p a ra g ra p h s  is n o t p e rm itte d . I f  th e  p a p e r  is p u b lish ed  in a
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la n g u a g e  o th e r th a n  E n g lish , it  m u st h a v e  an  E ng lish  t i t le  an d  E n g lish  su m ­
m a ry  p reced in g  th e  su m m a ry  in th e  o th e r  lan g u ag e . T he su m m ary  m u st c learly  
in d ic a te  th e  c o n te n t, co n ta in  exact d a ta  fo r th e  im p o rta n t e x p e rim e n ta l re su lts  
a n d  sh o u ld  be in fo rm a tiv e  ra th e r  th a n  d e sc rip tiv e , e. g.: “ O p tim u m  co n d itio n s 
o f c o n tin u o u s  cu ltiv a tio n  o f Bacillus sp . s tra in  354 on co llagen-derived  su b s tra te  
S P -1 0 0  are  3(>°C, p H  7.2 an d  d ilu tio n  r a te  0 .25 /h r”  an d  n o t “ T he o p tim u m  
c o n d itio n s  for th e  co n tin u o u s c u ltiv a tio n  o f  Bacillus  have been  in v e s tig a te d .”

3. The paper should  be divided into the fo llow ing  parts :
(a) The introductory part m ay  c o n ta in  a b rie f su rvey  of th e  l i te ra tu re  on 

th e  su b je c t, w ith  a d escrip tion  of th e  p ro b le m  stu d ied  and  th e  p u rp o se  o f th e  
w o rk  p re sen ted .

(b) M ateria ls and  methods. T his p a r t  sh o u ld  be d iv ided  in to  p a ra g ra p h s , 
e.g. B acteria l stra ins. Culture media. E x trac tion  o f  lip ids. S ta tistica l ana lysis. 
In g re d ie n ts  of m ed ia  sh o u ld  be given as follow s: P ro teose  p ep to n e  L46 (O xoid , 
L o n d o n ), 10 g; m o n o p o tassiu m  p h o sp h a te , 2 g; b ro m th y m o l b lue  0 .2 %  (w /v) 
a q u eo u s  so lu tion , 12.5 m l; e tc . P ro p r ie ta ry  su b stan ces shou ld , w hen  f ir s t  m en ­
tio n e d , be accom pan ied  b y  th e  n am e a n d  ad d ress  of th e  m a n u fa c tu re r . A la b ­
o ra to ry  or chem ical te rm  n o t lis ted  below  m a y  be a b b re v ia te d  o n ly  a f te r  i t  
h as  b een  w ritte n  f ir s t  in  fu ll w ith  th e  a b b re v ia tio n  in b rack e ts .

(c) Results. D esc rip tio n  of th e  re su lts  shou ld , w hen a p p ro p r ia te , be su b ­
d iv id e d  in to  p a r ts  w ith  subhead ings. L is tin g  o f d a ta  p re sen ted  in  th e  tab le s  
sh o u ld  be avo ided  in  th e  te x t.

(d) D iscussion . R ep ea tin g  of th e  b ib lio g rap h y  p re se n te d  in  th e  in tro ­
d u c tio n  o u g h t to  be av o id ed  unless in o rd e r  to  com pare l i te ra ry  d a ta  w ith  th e  
a u th o r ’s re su lts . A re c a p itu la tio n  of th e  a u th o r ’s own resu lts  in  th e  d iscussion  
is n o t  p e rm itte d .

(e) Acknow ledgem ent. A ck n o w led g em en ts , includ ing  su p p o rt b y  a g ra n t, 
sh o u ld  be g rouped  in to  one p a rag rap h .

(f) References. O n ly  papers closely  re la te d  to  th e  w ork  shou ld  be re fe rred  
to . R eferences sh o u ld  be cited  b y  co n secu tiv e  num bers in  th e  te x t  a n d  so 
n u m b e re d  and  lis ted  a t  th e  end o f th e  p a p e r  w ith o u t reg a rd  to  a lp h a b e tic a l 
a rra n g e m e n t.

In  th e  te x t  re fe rences should  be m ad e  b y  giv ing th e  a u th o r ’s su rn am e , 
e.g . K r u e g e r  [1] or W e s t p h a l  an d  J a n n  [2].  W hen m ore th a n  tw o  au th o rs  
a re  re fe rred  to , o n ly  th e  f ir s t  a u th o r ’s n a m e  is given add ing  et al., e.g. A l e x a n ­
d e r  et al. [3]. In  th e  t e x t  b ra c k e te d  fig u re s  ind ica tin g  th e  co rresp o n d in g  re f­
e ren ces w ill also be su ffic ien t in s tead  o f  th e  a u th o rs ’ nam es, e.g. [4] o r [5 — 9].

A t th e  end  of th e  p a p e r  th e  re fe ren ces shou ld  be lis ted  as follow s. Jo u rn a ls :  
n a m e s  o f all a u th o rs , jo u rn a l (a b b re v ia te d  accord ing  to  th e  W o rld  M edical 
P e rio d ica ls  L ist), v o lu m e, page n u m b e r, y e a r . Rooks: nam es of all a u th o rs , 
n a m e s  o f ed ito rs , t i t le ,  vo lum e, p u b lish e r, to w n , year, page n u m b e r, e.g.
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1. K r u e g e r , W . W .: P rincip les o f M icrobiology. S aun d ers , P h ilad e lp h ia  L o n d o n  1953. p.
343.

2. W e s t p h a l , O., J a n n , K.: In  W h i s t l e r , R . H . (ed.): M ethods in C arb o h y d ra te  C h em istry .
Vol. 5. A cadem ic Press, N ew  Y o rk  1965. p. 83.

3. A l e x a n d e r , A. D., L e s s e l , E. F ., E v a n s , L. B ., F r a n c k , E ., G r e e n , S. S.: I n t .  J .  Syst.
B acterio l. 22, 165 (1972).

4. F e l e k y , G . ,  V a s s , H. B.: A n n u a l M ee tin g  of th e  H u n g a rian  A ssocia tion  of M icrob io log ists.
D ebrecen  1966.

(g) Address o f  the au thor( s ) . F u ll f irs t an d  fam ily  nam es fo r b o th  lad ies 
an d  g en tlem en  a n d  full m ailing  a d d re ss  should  be given g rouped  acco rd in g  to  
th e  affilia tio n  o f th e  au th o r(s ) , e.g.

M a r ia  H. K o v á c s , P é t e r  M o l n á r  
N ational In s titu te  of Public H ealth 
11-1966 B udapest P.O.B. 64, Hungary

É v a  K is s
In s titu te  o f M icrobiology, University Medical School 
Szigeti ú t 12, H-7624 Pécs, Hungary

(h) Footnotes. P re se n ta tio n  o f th e  p a p e r a t  a m eeting  is c ited  in fo o tn o te s  
to  th e  t itle s  o f artic les. O th e r fo o tn o te s , excep t for tab le s , are n o t p e rm itte d .

4. Tables. All tab les m u s t be ty p e d  on se p a ra te  sheets , m u s t h a v e  d e ­
sc rip tiv e  h ead in g s and  sh o u ld  be  u n d e rs ta n d a b le  w ith o u t re ference  to  th e  
te x t . T he ta b le s  should  be n u m b e re d  consecu tive ly  w ith  R o m an  n u m e ra ls .

5. F igures. G lossy p h o to g ra p h ic  p rin ts  w ith  s tro n g  c o n tra s t  an d /o r
g rap h s  sh o u ld  be su b m itte d  w ith  th e  m an u sc rip t. In  th e  g rap h s th e  fo llow ing 
p o in t sym bols should  be u sed : •  ■ / a . T he n u m b e r o f th e  fig u re ,
the  a u th o r ’s n am e and , if n e c e ssa ry , an in d ica tio n  of th e  to p  of th e  i l lu s tra tio n  
shou ld  be w ritte n  on the back  o f  each  figure. T he figures shou ld  be n u m b e re d  
co n secu tiv e ly  w ith  A rabic n u m e ra ls  an d  all legends ty p e d  in seq u en ce  on a 
s e p a ra te  sh ee t. E ach  legend  sh o u ld  form  one se p a ra te  p a ra g ra p h .

6. N om enclature o f  m icroorganism s. B inom ial n am es shou ld  co n fo rm  to  
th e  In te rn a tio n a l  R ules of N o m en c la tu re  and  to  c u rre n t te rm s o f th e  I n te r n a ­
tio n a l C o m m ittee  on S y stem a tic  B ac te rio logy . G eneric an d  specific  n a m e  of 
th e  species shou ld  be w ritten  in full in th e  title , th en  w here it f ir s t  occiirs in th e  
su m m a ry  an d  again in the  te x t .  I n  su b seq u en t te x t  th e  generic n a m e  sh o u ld  
be a b b re v ia te d . T he generic a n d  generic-specific  sc ien tific  nam e  sh o u ld  be 
u n d e rlin ed  for ita lics; a specific  nam e  shou ld  n o t be used  w ith o u t an  acco m ­
p an y in g  cap ita liz ed  generic n a m e . E x am p les  are  as follows. Staphylococcus , 
Shigella  f le x n e r i, Escherichia coli scrog roup  0111 : K 58 (in th e  fo llow ing  E . coli 
0111  : K 58), S . cholerae-suis v a r. kunzendorf, Bacillus  sp ., Sphaerophorus  sp p ., 
b u t “ . . . a vehicle for sh igella  in fe c tio n ” , “ . . . th e  cau sa tiv e  s tap h y lo co ccu s  
was p re se n t” , “ . . . Salm onellae w ere d e te c te d ” . I f  it is th o u g h t ad v isa b le  to  
m en tio n  th e  nam e(s) of th e  a u th o r(s )  who f irs t described  th e  species o r p ro ­
posed  th e  nam e  of it, the n am e o f th e  organ ism  is w ritte n  as “ Agrobacterium  
lum efaciens  (S m ith  and  T ow nsend) C onn” .
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7. A bbreviations. Q u a n titie s  shou ld  be  ex p ressed  in S ystèm e In te rn a ­
tio n a le  (SI) u n its . L e n g th s  shou ld  be g iven  in  n m  (n an o m etres , 10 m) in ­
s te a d  o f m illim icrons o r in  fun (m icrom etres, 1 0 “ e m) in s te a d  of m icrons. Con­
c e n tra tio n s  shou ld  be d e fin ed  in te rm s o f n o rm a lity  ( n ) or m o la rity  ( m ) ;  

p g /m l, pg/g or /Л/ l i t re  sh o u ld  be used in s te a d  o f  p a r ts  p e r m illion. T he follow ­
in g  a b b rev ia tio n s  sh o u ld  be  used:

Л М Р ad en o s in e  S’-m o nophosphate
A 1)P ad en o s in e  5’-p y ro p h o sp h a te
A T P ad en o s in e  5’tr ip h o sp h a te
T ris 2 -a m in o -2 -h y d ro x y m e th y lp ro p a n e -l,3 -d io l
A am p ere(s)
BC G b acille  C a lm ette  G uerin
CM -cellulose carb o x y m eth y lce llu lo se
CNS c e n tra l  ne rv o u s system
C SF cere b ro sp in a l fluid
c. f. u. co lo n y -fo rm in g  un it(s)
C F te s t c o m p le m e n t fix a tio n  te s t
cpm c o u n ts  p e r  m inu te
cps c o u n ts  p e r second
Ci curie (s)
c. p . e. c y to p a th ic  effect
D N A d eo x y rib o n u c le ic  acid
D E A E -cellu lose d ie th y lam in o eth y lce llu lo se
e. o. p . e ffic ien cy  of p la ting
К e q u ilib r iu m  co n stan t
E D T A e th y le n e d ia m in e te tra a c e ta te
G SSG g lu ta th io n e , oxidized
G S H g lu ta th io n e , reduced
g gram (s)
g /100 m l g ra m s p e r  cen t
cal g ra m  calorie(s)
g g ra v ity
H A U h a e m a g g lu tin a tin g  u n it
H I  te s t h a em ag g lu tin a tio n -in h ib itio n  te s t
H z H e r tz  (cycle pe r second)
h r h o u r(s)
p H h y d ro g e n  ion  co n cen tra tio n , n e g a tiv e  h
IU in te rn a t io n a l  u n it
i. d. in tra d e rm a l
i. m . in tra m u sc u la r
i. p . in tra p e r i to n e a l
i. V. in tra v e n o u s
I N H iso n iaz id
kg k ilo g ram (s)
km k ilo m e tre (s)
L P S lip o p o ly sacch a rid e
log lo g a rith m
In lo g a r ith m , n a tu ra l
litre (s ) litre (s)
( X 000) m a g n if ic a tio n
C P I ) 50 m e d ia n  cy to p a th o g en ic  dose
i d 60 m ed ia n  in fec tin g  dose
LD -» m e d ia n  le th a l dose
e d 50 m ed ia n  p ro tec tin g  dose
Т С Ш 50 m ed ia n  tis su e  cu ltu re  in fec tin g  dose
m m etre (s )
K m M ichaelis c o n s ta n t
ßC i m icro cu rie (s)
/ tE q m ic ro eq u iv a len t(s)
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№ m icrogram (s)
/*1 m icrolitre(s)
/tin m icrom etre(s)
/Ш mi его m olar
/t m ole(s) m icrom ole(s)
in A m illiam pere(s)
m  E  q m illiequ ivalen t(s)
mg m illigram (s)
m g/100 ml m illigram s per cen t
ml m illilitre(s)
m m m illim etre(s)
HIM m illim olar
mV m illivolt(s)
MIC m inim um  in h ib ito ry  c o n ce n tra tio n
M LD m in im um  le th a l dose
m in m inu te(s)
M m olar
m ole(s) gram  m olecule(s)
m ol \vt m olecu lar w eigh t
n m nanom etre(s)
I1M nanom olar
N A D  + n ico tin am id e-ad en in e  d in u cleo tid e  

(oxidized form )
N A H D nico tin am id e-ad en in e  d in u cleo tid e  

(reduced form )
N A D P + nico tin am id e-ad en in e  d in u cleo tid e  p h o sp h a te  

(oxidized form )
N A D P H n ico tinam ide  ad en in e  d in u cleo tid e  p h o sp h a te  

(reduced form )
N norm al
No. num ber(s)
5 x l 0 3 n u m b er of b a c te ria , e tc .
O l) o p tica l density
a o p tica l ro ta tio n
PA S p ara-am inosa licy lic  acid0//о (w ith  n um era l) p e r cen t
])M picom olar
p. f. u. p laque-fo rm ing  u n it(s )
p p ro b ab ility
131I , [1«C] glucose ra d io a c tiv ity
R B C red  blood cell (co u n t)
® reg iste red  tra d e m a rk
R P re ta rd a tio n  fa c to r
rp m rev o lu tions p e r m in u te
R N A ribonucleic  acid
s second(s) (tim e)
s sed im en ta tio n  coefficien t
sp. (w ith  generic nam e) species, sin g u lar
spp. (w ith  generic n am e) species, p lu ra l
SA

м  i

specific a c tiv ity

specific ro ta tio n

cm 2 sq u are  cen tim etre
SD s ta n d a rd  d ev ia tio n
SEM s ta n d a rd  e rro r o f th e  m ean
s. c. sub cu tan eo u s
s S vedberg  u n it  o f se d im e n ta tio n  coefficient (10~
t te s t “ t ”  te s t
to r r u n it  of pressure  (m m  Ilg )
u v u ltrav io le t
и u n it(s )
VA voltam pere(s)
vol volum e(s)
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(v /v )
W
A

vo lu m e in  volum e 
w a tt(s )  
w a v e le n g th  
w eight
w eig h t in  volum e 
w eig h t in  w eight 
w h ite  b lood  cell (count)

w t
(w /v )
(w /w )
W B C

8. Proofs. Tw o co nsecu tive  sets o f  p ro o fs  are  p ro v id ed  before p u b lic a ­
t io n . A lte ra tio n s  on th e  p ro o f  n o t conform ing  to  th e  te x t  of th e  o rig inal m a n u ­
s c r ip t  shou ld  be av o id ed . P roofs are to  be r e tu rn e d  w ith in  48 h ours of rece ip t 
(b y  a ir  m ail w here a p p ro p ria te )  to  th e  E d ito r .

9. R eprin ts . O ne h u n d re d  and  f if ty  copies o f each  a rtic le  are  g ra n te d  
free  o f  charge. R e q u e s ts  fo r  ad d itio n a l q u a n ti t ie s  shou ld  be sen t to  th e  E d ito r .

T he E d ito r
A c ta  M icrobiologica
N a tio n a l In s ti tu te  o f P u b lic  H ea lth
H -1966 B u d ap est P . О. B . 64, H u n g a ry
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FELHÍVÁS A SZERZŐKHÖZ

F o ly ó ira tu n k  a d o lg o za to k a t tu d o m á n y o s  é r té k ü k  és közlésre  való  
a lk a lm asság u k  sze rin t fogad ja  el, azzal a fe lté te lle l, hogy  azo k a t v ilág n y e lv ek en  
m ás la p o k b an  m ég n em  k ö zö lték , ill. közlésük  n incs fo ly am a tb an . A d o lg o za to k  
e lfogadásáró l egy v ag y  tö b b  szak b írá ló  vélem énye a lap ján  a S ze rk esz tő  
B izo ttság  d ö n t. A közlem ények  az érkezés n a p já n a k  keltezésével, ill. — ha 
ja v ítá su k  hosszabb  idő t v e tt  igénybe — a h e ly e sb íte tt pé ldány  érk ezésén ek  
keltezésével je len n ek  m eg. A közlésre e lfo g a d o tt do lgoza tokban  a szerkesz tőség  
nye lv i, fo rm ai és te rjed e lm i szem p o n tb ó l ja v ítá s o k a t  eszközölhet.

A  gyors megjelenés érdekében k é r jü k , tartsa be a következőket:
1. Á lta lános szabályok. A do lgozat m o n d a tsze rk eze te  egyszerű , fo g a lm a­

zása világos legyen. A k é z ira to t k e ttő s  sorközzel, a p a p ír  egyik  o lda lá ra  g ép e ljü k . 
D ő lt b e tű k k e l csak  a bekezdések  és tá b lá z a to k  cím e és a szokásos tu d o m á n y o s  
k ifejezések  szedhetők . A tá b lá z a to k , á b rá k , n ev ek , idézetek  és az iro d a lo m  
ellenőrzése a szerző kötelessége, m ind  a k é z ira tb a n , m in d  a k e fe lev o n a to k b an .

2. A z  első oldal szerkezete  a k ö v e tk ező  legyen :
(a) N em  tö b b , m in t 50 b e tű b ő l álló, rö v id  cím , m in t a já n lo t t  élőfej 

(m ag y aru l b e a d o tt  do lg o za to k n á l e lh ag y h a tó ).
(b) A teljes cím  egy m o n d a t legyen , m ely  szakkifejezésekkel, v ilág o san  

m u ta tja  a közlem ény  ta r ta lm á t .  L egm egfelelőbb , ha nem  tö b b , m in t 9 idegen  
szóval k ife jezh e tő .

(c) A szerzők neve (női szerzők te lje s  k eresz t- és v ezetékneve, férfi szerzők  
k e resz tn ev én ek  k ezd ő b e tű je  és te ljes v eze ték n ev e). A ke resz tn ev ek  í rh a tó k  
m ag y aro san  v ag y  idegen n y e lven , lényeges, hogy a szerző a z t a n e v e t h a sz ­
n á lja , am ely  a la t t  eddigi közlem ényei m eg je len tek . P l.

F . G. K o vács , Ма ш а  M. S zabó  and G. K ádár

(d) Az az in té z e t, ahol a szerzők a m u n k á t végez ték  (nem  szükségszerűen  
azonos a szerzők  jelenlegi c ím ével, m elyet a d o lg o za t végén  kell f e ltü n te tn i) ,  pl.

In stitu te  o f  M icrobiology, U niversity  M edical School, Szeged a n d  P ublic  
H ealth S ta tio n , Szeged

M agyar n y e lv en  b e a d o tt  do lgoza tban  is az in té z e t h iv a ta lo s  idegen n e v é t  kell 
h aszn á ln i, ez t ugyan is a fo rd ító  n em  m ind ig  ism eri.
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(e) Az összefoglalás n em  h a la d h a tja  m eg  a 180 angol szó t, nem  o sz th a tó  
fe l bekezdések re . H a  a d o lg o za to t nem  a n g o lu l közlik , a kérdéses n y e lv en  ír t  
ö sszefo g la lást m eg k e ll előznie egy angol n y e lv ű  cím nek és összefoglalásnak . 
A z összefoglalás v ilág o san  fejezze ki a t a r ta lm a t ,  pon tos a d a to k k a l, p l. „A  
B a c illu s  sp. 354 je lzé sű  tö rzs fo ly am ato s  ten y ész tésére  k o llag en -e red e tű  
S P -1 0 0  ta r ta lm ú  tá p ta la jb a n  a leg a lk a lm asab b  kö rü lm ények  a k ö v e tk ező k : 
36°C , p H  7,2, h íg ítá s i a rá n y  0 ,25/óra.”  N e ír ju k  így : „ E g y  B acillu s  tö rzs 
te n y é sz té sé n ek  le g a lk a lm a sa b b  k ö rü lm én y e it v iz sg á ltu k .”

3. A szöveg a k ö v e tk e z ő  részekre o sz th a tó :
(a) A bevezető rész ta r ta lm a z h a tja  a tá rg y h o z  ta rto z ó  iro d a lo m  röv id  

ö sszefog la lásá t, a v iz sg á lt kérdés le írá sá t és a m u n k a  célk itűzésé t.
(b) A nyagok és módszerek. E z t a ré s z t bekezdésekre kell b o n ta n i, pl. 

B aktérium törzsek . T á p ta la jo k . L ip id k ivo n á s. S ta tisz tika i elemzés. T á p ta la jo k  
a lk a tré s z e it  a k ö v e tk ező k ép p en  ad ju k  m eg : P ro teo se  p ep to n  L46 (O xoid, 
L o n d o n ), 10 g; k á liu in d ih id ro fo sz fá t, 2 g; b ró m tim o lk ék , 0 .2 %  (w /v) vizes 
o ld a ta ,  12,5 m l; s tb . V é d e tt  n ev ű  any ag o k  n e v é n e k  első a lka lom m al v a ló  h a sz ­
n á la tá n á l  záró je lben  fe l k e ll tü n te tn i  a g y á r tó  cég n ev é t és te lep h e ly é t. L a b o ra ­
tó r iu m i v ag y  k ém ia i k ife jezések  — az u ta s í tá s  ango l v á lto z a tá b a n  fe lso ro ltak  
k iv é te lé v e l — csak  a k k o r  rö v id íth e tő k , h a  előzőleg te ljes n e v ü k e t k i ír tu k  és 
a rö v id íté s t  u tá n a  zá ró je lb en  közöltük .

(c) Eredm ények. Az eredm ények  le írá sá t, h a  lehetséges, a lc ím ekkel e llá to t t  
b ek ezd ések re  kell b o n ta n i. A tá b lá z a to k b a n  b e m u ta to t t  a d a to k  fe lso ro lásá t a 
szö v eg b en  m ellőzni kell.

(d) Megbeszélés. A  b ev eze tő  részben m á r  e m líte tt  irodalom  nem  ism é te l­
h e tő  a m egbeszélésben , k iv év e , ha az a d a to k a t  a szerző s a já t  e red m én y eiv el 
k e ll ö sszeh ason lítan i. A do lgoza t tá rg y á t  kép ező  e redm ényekre  v o n a tk o zó  
a d a to k , m elyeket a szerző  az „ E re d m é n y e k ”  részben  m ár le ír t, nem  ism étel- 
h e tő k  m eg összefog lalásszerűen  a m egbeszélésben .

(e) K öszönetnyilván ítás. E gyetlen  b ek ezd és  legyen.
(f) Irodalom . C sak  a m u n k áv a l szo ro san  összefüggő irodalom  idézhe tő . 

Az iro d a lm a t a szövegben  fo lyam atos szám o zássa l kell e llá tn i és u g y an ily en  
so rre n d b e n  ( te h á t n e m  ab c  szerin t) kell a k é z ira t  végén felsorolni.

A szövegben az iro d a lm a t a szerző v ez e té k n ev e  szerin t kell em líten i, pl. 
K r u e g e r  [1], v ag y  W e s t p h a l  és J a n n  [2].  H a  tö b b , m in t k é t szerző t id ézü n k , 
az első  szerző n e v é t k i ír ju k  és u tá n a  az „és rntsai.”  je lzést a lk a lm azzu k , pl. 
A l e x a n d e r  és m isa i [3].  A  szövegben az is e legendő , ha a szerző neve h e ly e tt  
c sa k  a m egfelelő so rszám o t (so rszám okat) í r ju k , p l. [4], v agy  [5 — 9]. A d o lgoza t 
v ég én  az iro d a lm a t a k ö v e tk ező k ép p en  ke ll fe lsoro ln i. F o ly ó ira to k : az összes 
sze rző k  neve , a fo ly ó ira t (nem zetközi rö v id íté sse l) , k ö te t, kezdő o lda lszám , év. 
K ö n y v e k : az összes sze rző k  neve , a sze rk esz tő k  neve , cím , k ö te t , k iad ó , város, 
év , o ldalszám . P l.
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1. K r u e g e r , W. W .: P rinc ip les of M icrobiology. S au n d e rs , P h ilad e lp h ia  L o ndon , 1953.
p . 3 4 3 .

2. W e s t p h a l , O., J a n n , K .: In  W h i s t l e r , R . H . (ed .): M ethods in  C arb o h y d ra te  C h em istry .
Yol. 5. A cadem ic P ress , New Y ork  1965. p . 83.

3. A l e x a n d e r , A. D ., L e s s e i l  E . F ., E v a n s , L. B ., F r a n k , E ., G r e e n , S. S.: I n t .  J .  S y s t.
B acterio l. 22, 165 (1972).

4. F e l e k y , G., V a s s , H . B .: A nnual M eeting  of th e  H u n g a ria n  A ssociation  of M icrob io log ists.
D eb recen  1966.

(g) A szerzők címe. M ind női, m in d  férfi szerzőknél a te ljes  n e v e t és a 
te lje s  c ím et kell fe ltü n te tn i, a szerzők m u n k ah e ly én ek  m egfelelő c so p o rto s ítá s ­
b an , pl.

M a r ia  B. K o v á c s , P é t e r  M o l n á r

N ational In s titu te  of Public Ilcu lth
H-1966 Budapest P.O.B. 64, Hungary

É v a  K i s s

In s titu te  of Microbiology, U niversity Medical School
Szigeti ú t 12, 11-7624 Pécs, Hungary

(h ) Lábjegyzetek. H a  a közlem ény  m á r e lő ad ásb an  e lh an g zo tt, a k é rd éses  
ren d ezv én y  p o n to s  m eg h a tá ro zásáv a l a cím hez ta r to z ó  láb jeg y ze tb en  k ö zö l­
hető . M ás láb jeg y ze tek  (a tá b lá z a to k  k ivé te léve l) nem  h aszn á lh a tó k .

4. Táblázatok. M inden tá b lá z a to t  kü lön  o ld a lra  kell gépelni, a t a r ta lm a t  
kifejező cím m el. A tá b lá z a t  a szöveg o lv asása  n é lk ü l is é r th e tő  legyen. A tá b lá ­
z a to k a t  ró m a i szám m al kell je lö ln i.

5 .  Á brák . A fényes, k o n tra sz to s  fén y k ép ek , ill. a z  áb rák  a k é z ira th o z  
m ellékelendők . Az á b rá k b a n  a k ö v e tk ező  p o n t-je lzések  h aszn á lh a tó k : о •  □ 
■  д А -  A z á b rá k  so rszám a, a szerzők neve és, ha  szükséges, felfelé irá n y u ló  
részü k  a h á to ld a lo n  je lö lendő . Az á b rá k a t  fo ly am a to san  a rab  szá m o k k a l 
je lö ljü k  és szövegüket külön  lap o n , so rren d b en  gépeljük . Az áb ra  szövege egy  
b ek ezd ést a lkosson.

6. M ikroorganizm usok neve. Az e lnevezések  feleljenek  meg a n em ze tk ö z i 
n ó m e n k la tú ra  szab á ly a in ak  és N em zetközi T ax o n ó m ia i B izo ttság  le g ú ja b b  
h a tá ro z a ta in a k . A faj generikus és specifikus n e v é t te lje sen  ki kell írn i a c ím b en , 
m a jd  az összefoglalóban , ill. a szövegben , am ik o r először em lítjü k  a z o k a t. 
A to v á b b ia k b a n  a generikus n ev e t rö v id ítjü k . A generikus, ill. g en erik u s- 
specifikus n e v e t alá kell h ú zn i, hogy a z o k a t d ő lt b e tű y e l szed jék ; a sp ec ifik u s 
n év  az e lő tte  levő n ag y  k e z d ő b e tű jű  g enerikus n év  nélkül nem  h a sz n á lh a tó . 
P l. Staphylococcus, Shigella fle x n e r i, Escherichia coli szerocsoport 01 1 1  : K58 
(a to v á b b ia k b a n  E . coli 0111  : K 58), S . cholerae-suis v a r . kunzendorf, B acillus  
sp ., Sphaerophorus  spp ., de: „ a  sh igella  fertőzés te r je sz tő je ” , ,,a  k ó ro k o zó  
s tap h y lo co ccu s” , „ sa lm o n e llák a t m u ta t ta k  k i.”  H a  azoknak  a szerző k n ek  a 
n e v e it m eg k ív á n ju k  em líten i, ak ik  a speciest először ír tá k  le, ill. először a d ta k  
n e v e t n ek i, a m ik roo rgan izm us n ev é t a k ö v e tk ező k ép p en  ír ju k : ,,.Agrobacterium  
tum efaciens  (S m ith  an d  T ow nsend) C onn” .
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7. A m en n y iség ek e t a „S ystèm e In te rn a tio n a le ”  (SI) egységek  szerin t 
k e ll k ifejezn i. A h o sszú ság o k a t m n  (n a n o m é te r , 10 “ ° m), ill. pm  (m ik ro m éte r, 
1 0 -e  m) je lö lje  m illim ik ro n , ill. m ik ro n  h e ly e tt . K on cen trác ió  je lzésére  N 
(n o rm á l) , ill. M (m oláris) je lzést a lk a lm azzu n k . A „ p a rts  p e r m illion”  h e ly e tt 
p g /m l, pg/g , v a g y  p l/l i te r  je lö lést h a sz n á lju n k . Az a lka lm azandó  rö v id íté sek e t 
az ango l v á lto z a tb a n  tü n te t tü k  fel.

8. K efelevonatok. A  szerző k é t eg y m ás u tá n i k e fe lev o n a to t k a p . O lyan 
ja v í tá s o k , m elyek  n em  fele lnek  meg a k é z ira t  szövegének, nem  eszközö lhetők . 
A  k e fe le v o n a to k a t 48 ó rán  belü l vissza k e ll k ü ld en i a Szerkesztőségnek .

9. K ülön lenyom atok. 150 k ü lö n le n y o m a t té ríté sm en te s . T o v á b b i kü lön- 
le n y o m a to k a t a S zerkesz tőség tő l kel] ig énye ln i.

A c ta  M icrobiologica, S zerkesztőség  
O rszágos K özegészségügyi In té z e t

1966 B udapest, P f. 64.
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DIFFERENTIATION OF BACTERIA IIY INDOXYL 
BUTYRATE PAPER STRIP METHOD

M. R o d l e r , Á g n e s  B é l t e k y  and A n n a  Svidró

Public Health S ta tion , Szekszárd  and  
N ational in s titu te  o f  Public H ealth , B udapest

(R eceived  Ju ly  13, 1972)

S um m ary . A p ap er s tr ip  m eth o d  for in d oxy l b u ty ra te  h y dro lysis has been w orked  o u t  
by  w hich  th e  esterase  a c tiv ity  of b a c te ria  can  rap id ly  a n d  easily  be d e tected . T he p ro ced u re  
h as  p ro v ed  sa tis fac to ry  for d e te rm in in g  the  n u m b er o f este rase  p roducing  colonies on a g a r 
s treak  p la te s , an d  it  is believed to  f in d  i ts  p lace also in  id en tif ic a tio n  of bacteria .

In  d e te rm in in g  the  ch a rac te ris tic s  o f b a c te r ia  th e  de tec tio n  o f es te rases  
is o ften  n ecessary . A m ong th ese , lipase and  p h o sp h a ta se s  are  the  ones u su a lly  
s tu d ied . In  th is  p ap er, de tec tio n  o f in d o x y l b u ty ra te  hyd ro lysis  is d iscussed .

S ev era l m a te ria ls  are su itab le  for the  d e m o n s tra tio n  of b ac te ria l e s te r  
h y d ro ly sis . F a ts  an d  oils are less app licab le  an d  th e re fo re  ra re ly  used unless 
th e  aim  is to  d e m o n s tra te  the  a b ility  of b a c te r ia  to  hydro lyze  th e m . I t  is 
m ore p ra c tic a l to  use esters  w hich are easily  em ulsified  and  even ly  in co r­
p o ra te d  in m edia  and  give m ore re liab le  re su lts . B esides fa ts  [1 —3], ta llo w  [4] 
an d  oil, a n u m b e r  of substances have b een  em p lo y ed , such as tr ib u ty r in  [5 -7 ] , 
T w eens, so rb itan e  esters [8 -11], in d o x y l a c e ta te  a n d  indoxy l b u ty ra te  [12].

U sing  ou r new  p a p e r s tr ip  m ethod  for in d o x y l b u ty ra te  h y d ro lysis  we 
have p erfo rm ed  co m p ara tiv e  s tu d ies  on th e  b reak d o w n  o f indoxyl b u ty r a te ,  
fa ts , s te a r in , tr ib u ty r in  an d  T w eens. E x p e rim e n ts  w ere also done w ith  leci- 
th in a se  p ro d u c tio n  an d  th e  cleavage o f ace ty lch o lin e  brom ide. I t  w as fo u n d  
th a t  in d o x y l b u ty ra te  is su itab le  as a su b s tra te  an d  is a sensitive in d ex  of 
e s te r h y d ro ly sis .

M ateria ls and m eth o d s

in d o xy l butyrate hydrolysis. An 0 .25%  so lu tion  in  e th y l a lcohol w as m ade from  in d o x y l 
b u ty ra te  (L . L igh t Co., E ngland). F il te r  p ap er (p re fe rab ly  Schleicher Schiill’s No. 2043/b) 
was so aked  in th is so lu tion  an d  dried  a t room  te m p e ra tu re . T h e  sh ee ts of filte r p a p e r w ere cu t 
in s tr ip s  o f a d e q u a te  size (e.g. 0.5 X 1.0 cm). D ry s tr ip s  in closed b o ttle s  can be s to red  in d a rk  
for long periods. B est resu lts  are o b ta in ed  w ith  24 hr cu ltu re s  on n u tr ie n t agar, b u t  a n y  o th e r  
m edium  can  be app lied , p rov ided  th a t  its colour does n o t in te rfe re  w ith  th a t  in d ica tin g  a p os­
itive  re ac tio n . In d o x y l b u ty ra te  s trip s  are laid d irec tly  on surface  colonies. In d o x y l b u ty ra te  
hyd ro ly sis  is in d ic a te d  by th e  deep blue colour of in d ican , develop ing  soon a fte r th e  s tr ip  h as 
becom e w et. A p ro m p t change of colour (usua lly  w ith in  2 m in ) is m ark ed  w ith  + + ,  w hile  
-f m ean s a less in tensive  blue colour o r delayed  a p p ea ran c e  (b u t in less th a n  10 m in).

D is tin c t sp o ts  ap p ear if there  are  iso la ted  colonies on  th e  p la te , and an  even  b lu ish  
colour develops in  c o n ta c t w ith  co n flu en t dense g row th .

T he n u m b er o f esterase  positive  colonies in m ixed  su rface  cu ltu res  can also be d e te r ­
m ined by  m eans of th e  indoxyl b u ty ra te  s trip s , on w hich th ey  are rep resen ted  by  b lue  p o in ts .

A lte rn a tiv e ly , the  te s t  can  be carried  ou t by ru b b in g  a loopful of the  g ro w th  fro m  a 
pu re  c u ltu re  on th e  indoxyl b u ty ra te  p ap er s tr ip , as w ith  th e  p erfo rm ance  of the  o x idase  te s t.
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T ab le  1

Results o f  com parative experim ents

Organism
No. of 1 
strains

Indoxyl b u ty ra te Tweens
Acetylcholine

bromide

+ % + % %

Staphylococcus spp. 156 155 99.3 133 85.2 45 28.8

B a cillu s  spp. 201 162 80.5 104 51.7 53 26.3

Pseudom onas aeruginosa 40 40 100.0 24 60.0 8 20.0

T o ta l 397 357 89.9 261 65.7 106 26.7

H ydrolysis o f fa t.  T o p ep to n e  w a ter co n ta in in g  phenol red , 2 %  p o rk  f a t  is ad d ed . A fter 
b e in g  a d ju s te d  to  p H  7.0 a n d  au to c lav ed  th e  m ed iu m  is read y  for use. B reak d o w n  of fa t  is 
in d ic a te d  by a change o f co lou r from  red  to  y e llo w . R ead in g  is pe rfo rm ed  a t  24 an d  48 hr.

H ydrolysis o f  tallow  w as exam ined  b y  th e  m eth o d  o f L ovrekovich  [4]. A p a p e r  s tr ip  
im p re g n a te d  w ith  ta llo w  is im m ersed  in  th e  b ro th  c u ltu re  o f  th e  o rgan ism  to  b e  exam ined . 
S ta in in g  o f th e  p a p e r s tr ip  w ith  m eth y len e  b lue  is ta k e n  as th e  ev idence of hyd ro ly sis .

H ydrolysis o f  tribu tyrin .  T h e  n u tr ie n t  base  is p e p to n e  w a ter co n ta in in g  p h en o l red , to  
w h ic h  tr ib u ty r in  (glycerol t r ib u ty ra te ,  B .D .H .)  is a d d e d  to  give a final co n ce n tra tio n  of 1 .5% . 
T h e  b u ty r ic  acid re su ltin g  fro m  th e  h y d ro ly sis  o f  t r ib u ty r in  acidifies th e  m ed iu m  an d  the  
c o lo u r o f th e  in d ic a to r tu r n s  yellow . R e a d in g  is p e rfo rm ed  a fte r 24 an d  48 h r  o f incu b a tio n .

H ydrolysis o f Tweens ( sorbitane esters) .  T h e  m eth o d  of Sier r a  (13] w as a d o p te d  w ith  
th e  m o d ifica tio n  th a t  th e  co n ce n tra tio n  of th e  s u b s tra te  was 0 .5% . H y d ro ly sis  is ind ica ted  
b y  p re c ip ita te  fo rm atio n . R e ad in g  is done a f te r  24 a n d  48 hr.

H ydrolysis o f  lecithin. To 200 ml m elted  a g a r  b ase  a t  a b o u t 50°C, th e  y o lk  of one egg 
w a s  m ix ed . H ydro lysis o f lec ith in  was a p p a re n t fro m  th e  opacity  a ro u n d  th e  colonies.

H ydrolysis o f acetylcholine bromide. T he m ed iu m  w as p repared  b y  ad d in g  ace ty lcho line  
b ro m id e  to  p ep tone  w a te r  co n ta in in g  phenol red . B y  th e  hydro lysis o f th e  su b s tra te  acetic  
a c id  is form ed, w hich  acid ifies th e  m edium .

R esults

H ydro lysis  o f th e  above seven s u b s tra te s  w as in v es tig a ted  w ith  b a c te r ia  
t h a t  w ere  ex p ec ted  to  give p ositive  re a c tio n . O ne h u n d red  a n d  f if ty -s ix  s tra in s  
o f  Staphylococcus aureus, 40 of Pseudom onas aeruginosa  a n d  201 o f  d iffe ren t 
a e ro b ic  sporebearers w ere stu d ied . M ost p o s itiv e  reac tio n s w ere o b se rv ed  w ith  
in d o x y l b u ty ra te  p a p e r  s tr ip s , less w ere o b ta in e d  w ith  th e  T w eens a n d  in 
d e c re a s in g  order w ith  ta llo w , acety lch o lin e  brom ide, t r ib u ty r in ,  fa t  and  
le c ith in . R esults are su m m arized  in T ab le  I .

N a tu ra lly , d iv e rg e n t re su lts  w ere o b ta in e d  w ith  d iffe ren t s u b s tra te s . 
P o s i t iv i ty  depended  on  the  s tra in  u n d e r s tu d y , th e  n a tu re  o f th e  su b stan ce  
an d  th e  sen s itiv ity  o f  th e  te s t . The re su lts  o b ta in e d  w ith  in d o x y l b u ty ra te  
a n d  th e  Tw eens c o rre sp o n d ed  m ost closely.

A fte r  th is  c o m p a ra tiv e  series o f  e x p e rim e n ts  we p erfo rm ed  m ore e x ­
te n s iv e  s tud ies b y  a p p ly in g  o u r new  in d o x y l b u ty ra te  m e th o d . R esu lts  o b ta in e d  
w ith  d iffe ren t o rgan ism s a re  p resen ted  in  T ab le  I I .
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w ith  different substrates

Tallow T ributyrin Fat Lecithin

% % °/o /о

54 34.6 31 19.8 22 14.1 19 12.1

44 21.8 52 25.8 34 16.9 37 18.4

28 70.0 8 20.0 7 17.5 0.0

126 31.7 91 22.9 63 15.8 56 14.1

Table II

H ydrolysis o f  indoxyl butyrate by different organism s 
os tested by the paper strip  method

Organisms
No. of 
strains 
tested

No. of strains 
giving positive 

reaction

No. of 
strains 
giving 

negative 
reaction

Percentage of

+ + positives negatives

Escherichia coli 403 — 72 331 17.8 82.2

Klebsiella , Enterobacter 105 — 30 75 28.5 71.5

Proteus 137 — - 137 — 100.0

Pseudomonas aeruginosa 71 71 - - 100.0 -

Staphylococcus aureus 124 124 - 100.0

Staphylococcus epiderm idis 50 43 - 7 86.0 14.0

A and D group streptococci 257 - - 257 — 100.0

Diplococcus pneumoniae 46 - 46 100.0

Bacillus spp. 68 57 11 83.0 17.0

—f- — in ten siv e  b lue  colour a p p ea rin g  w ith in  2 m in
less in ten siv e  blue co lou r app earin g  in  less th a n  10 m in

In  some cases p o s itiv ity  w as show n b y  o rgan ism s th a t  h ad  n o t been  
ex p ec ted  to  behave so. T he Enterobacteriaceae were s tu d ie d  m ost ex ten s iv e ly  
as we w ished to  see th e  re g u la r ity  o f  positive reac tio n s a n d  to  know  w h e th e r 
th e  in doxy l b u ty ra te  p a p e r  s tr ip  m e th o d  could be u tiliz ed  for th e ir  d iffe re n tia ­
tion  or for the v e rific a tio n  o f th e ir  diagnosis.

R esu lts  fo r e s te rase  a c tiv ity  are show n in T ab le  I I I .
Some organism s y ie lded  a lw ays positive or n e g a tiv e  reac tio n . F u r th e r , 

Escherichia coli an d  Y ers in ia  enterocolitica s tra in s  o f  a n im a l origin w ere con­
seq u en tly  positive . W e believe, th e re fo re , th a t  th is  o b se rv a tio n , if  i t  w ill be
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Table III

Esterase activ ity

Organisms No. of strains +  4- +

A rizon a 30 _ 27 3
B acillus  spp. 21 3 5 13
Citrobacter 30 l 8 21
Escherichia coli associated  w ith

in fan tile  enteritis 23 и 10 2
Eschrichia coli of an im al o rig in 14 — 14 —

M organella 30 — — 30
Pasteurella múltoddá 3 — — 3
P roteus mirabilis 29 2 1 26
P roteus vulgaris 29 — — 29
P rovidencia 30 4 8 18
Rettgerella 30 1 29
Salm onella 50 — 23 27
Shigella boydii group 32 - 6 26
Shigella dysenteriae group 27 — 2 25
Shigella flexneri 26 3 19 4
Shigella  sonnei 5 — — 5
Y ersin ia  enterocolitica of h u m a n  origin 24 — — 24
Y ersin ia  enterocolitica of o th e r  orig in 10 — 10 —

Y ersin ia  pseudotuberculosis 25 — 10 15

+  +  =  in tensive  b lu e  co lou r ap p ea rin g  w ith in  2 m inu tes
• less in te n siv e  b lu e  colour ap p earin g  in  less th a n  10 m in u te s  

— - negative

c o n f i rm e d  by the  in v e s t ig a t io n  of an ap p ro p r ia te  n u m b e r  o f  s tra ins, m ay 
p ro v id e  a means of  d is t in g u ish in g  these from  stra ins  of  h u m a n  origin.

Discussion

A  com parison o f  th e  re su lts  ob ta ined  w i th  indoxy l b u t y r a t e  strips w ith  
th o s e  shown by  o th e r  s u b s t r a te s  w a s  m ade  in search for a reliable te s t  for 
b a c te r i a l  esterase. T he  a c t io n  of  b ac te r ia l  e n z y m e s  on d if fe ren t  subs tra te s  was 
n o t  u n ifo rm  and th e  s e n s i t iv i ty  of th e  su b s tan ces  was also different. The 
e s te ra se  tes ts  em ploy ing  d iffe ren t  su b s tra te s  c a n n o t  s u b s t i tu te  each other. 
I f  t h e  p roduction  a n d  th e  ac t ion  of the  este rase  is to  be d e te c te d ,  the  indoxyl 
b u t y r a t e  paper s trip  m e th o d  should he th e  in d ica to r  o f  choice, since of all
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th e  m e th o d s  i t  is th e  one m ost sen sitiv e , ra p id , inexpensive , easy  to  p rep a re  
an d  allow s a good colour d iffe ren tia tio n . A ra p id  hydro lysis  o f the  s u b s tra te  
is p ro d u ced  b y  th e  enzym e, d u rin g  w h ich  th e  in doxy l com pound  fo rm ed  is 
ox id ized  to  in d ican , th e  la t te r  b e ing  deep  b lue in colour. T he chem ical e x ­
p la n a tio n  of th is  process has been g iven  b y  G ib b s  and  S k i n n e r  [12].

T h u s , our experience in d ica tes  t h a t  th e  indoxy l b u ty ra te  p a p e r  s tr ip  
m ethod  as a b iochem ical te s t  m ay  f in d  its  place in s tra in  id e n tif ic a tio n  an d  
v e r if ic a tio n .
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EFFECT OF SOME FACTORS ON THE BIOLOGICAL 
ACTIVITY OF MEASLES VIRES

L idia  B . H orváth

N ational Institu te  o f  Public Health, B udapest 

(R eceived  S ep tem b er 18, 1972)

Sum m ary . T he d e te c ta b ility  o f m orh illi v iru s s tra in  L-16 in  m onkey k idney  cell line  
I I I / l  w as n o t in fluenced  e ith e r by th e  age of th e  cells, th e  n u m b er o f cells per tube, th e  a m o u n t 
o f inocu lum  (neg. log T C ID 50 2.30—2.72 in 0.1— 1 m l) o r by  th e  serum  co n ten t of th e  m a in ­
ten a n ce  m ed ium . A n u n fav o u rab le  effect on th e  d e te c ta b ili ty  o f th e  v irus in o cu la ted  w as 
o bserved  if H a n k s ’ so lu tion  alone or P a rk e r’s sy n th e tic  m ed iu m  199 su p p lem en ted  w ith  
bovine  a m n io tic  flu id  was used for m a in ten an ce  or if th e  v iru s in o cu la ted  was left to  a d so rb  
to  th e  cells fo r 10 60 m inu tes before flooding  w ith  m ain ten a n ce  m edium . O p tim u m  re su lts  
w ere o b ta in e d  w hen  P a rk e r’s sy n th e tic  m edium  199 alone w as u sed  as m ain tenance  m ed iu m  
a n d  w hen th e  cu ltu re s  in o cu la ted  w ere in cu b a ted  a t  34°C.

F a c to rs  in fluenc ing  th e  d e te rm in a tio n  o f th e  biological a c t iv i ty  of 
m easles v iru s  in cell cu ltu res  have  recen tly  been  s tu d ie d  by  several in v e s tig a ­
to rs  [1— 3]. T he p rob lem  is o f p ra c tic a l s ign ificance in th e  q u a n tita tiv e  e v a lu a ­
tio n  o f  live m easles vaccines.

T he p u rp o se  o f th e  p re se n t s tu d ies  has been  to  d e te rm in e  w h e th e r  th e  
p ro p a g a tio n  o f m easles v iru s  m ay  be in flu en ced  b y  th e  follow ing fa c to rs :
(i) th e  age a n d  th e  n u m b er o f cells in th e  cell c u ltu re s  used; (ii) th e  a m o u n t 
o f in o cu lu m ; (iii) th e  com position  o f the  m ed iu m ; (iv) in cu b a tio n  te m p e ra tu re ;  
a n d  (v) d u ra tio n  o f virus ad so rp tio n .

M aterials and m ethods

V irus. T he a tte n u a te d  s tra in  L e n in g ra d -16 (L-16) o f m easles v iru s was used .
Cell culture. R hesus m onkey k id n ey  cell line I I I / 1 w as used  [4-6]. The p ro p a g a tio n  

m ed iu m  consisted  of 45%  H a n k s’ BSS, 40%  P a rk e r’s sy n th e tic  m ed iu m  199, 10%  b u ll se rum , 
a n d  5%  lac ta lb u rn in  h y d ro ly sa te  so lu tion . In  general, a cell n u m b er of 1 X 105, b u t  fo r s tu d y ­
ing th e  e ffects o f v a ry in g  nu m b er o f cells, cell n u m b ers  o f 2 x l 0 r> an d  4 x l 0 5 were also used . 
T he m ain ten a n ce  m edium  co n ta in ed  2%  bull serum  in P a rk e r’s sy n th e tic  m edium  199. O th e r 
co m p o s itio n s o f th e  m ain ten an ce  m edium  are in d ica ted  in th e  te x t  and in th e  T ab les . Cel) 
c u ltu re s  w ere in fected  3 4 or 3, 6, 8, a n d  10 d ay s a f te r  try p sin iz a tio n .

T itra tion  o f  virus. V irus t i t r a tio n s  were p e rfo rm ed  accord ing  to Shikina cl al. [7]. In  
o rd e r to  d e te rm in e  th e  q u a n tity  of v iru s used  for in fec tion , a tu b e  cu ltu re  w as in o cu la te d  
w ith  0.1# 0 .3 , 0.5, 0.8, and  I ml of th e  v irus. T he co n te n ts  o f 3 5 am poules co n ta in in g  v iru s 
L-16 (2. 5 m l freeze-dried  v irus suspension /am poule) w ere pooled  fo r every t it ra tio n . A t each  
d ilu tio n  of th e  v iru s, 4-10  tu b es were in fected  an d  in cu b a ted  a t  34°C and a t  32, 34, 37, and  
40°C. T C ID -o va lues were de te rm in ed  acco rd ing  to  th e  m eth o d  of R eed and M uench  on  th e  
14 th  day o f in cu b a tio n .

F or s tu d y in g  the  ad so rp tio n  of m easles v iru s, th e  v iruses inocu la ted  in to  cell c u ltu re s  
were let to  ad so rb  a t  room  te m p e ra tu re  for 10, 30, an d  60 m in u tes . T he p a r t o f v iru s  failing  
to  ad so rb  w as th en  w ashed off th e  cell surfaces by  th ree  changes of m edium . F in a lly , the 
cu ltu re s  w ere flooded w ith  th e  m ain ten an ce  m edium  co n sistin g  of 2%  bull serum  and  98%  
P a r k e r ’s m edium  199.
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R esu lts

T h e  m onkey  k id n e y  cell line I I I / l  h as  been used  fo r th e  co n tro l of 
m eas le s  vaccine since a b o u t 1966. V irus in fec tio n  resu lted  in  w ell observab le  
c y to p a th ic  effects. T h e y  consisted  of th e  fo rm a tio n  of sy n c itia , m u ltin u c lea ted  
g ia n t  cells, and vacuo les increasing  in size a n d  n u m b er p a ra lle l to  th e  process 
o f  v iru s  p ro p ag a tio n . N u c lea r inclusions c h a ra c te r is tic  of m easles v iru s  could 
n o t  b e  de tec ted  a f te r  h aem a to x y lin —eosin  s ta in in g .

Cell number and  the age o f  cell cultures. 111 / 1 cells p ro d u ced  com pletely  
c o n f lu e n t m onolayers 3 day s a fte r  s ta r t in g  th e  cu ltu res w hen  a cell n u m b er 
o f  10 5  cells/tube w as u sed . Cell d en sity  show ed  a slight increase  by  th e  6 th , 
9 th ,  a n d  10th  days o f  in c u b a tio n  b u t  th e  m o rpho logy  of th e  cu ltu re s  rem a in e d  
e s se n tia lly  unch an g ed  e x c e p t for a sp o rad ic  occurrence of a few  ro u n d e d  cells 
o b se rv a b le  in th e  cell la y e r  an d  some d e ta c h e d  cells p resen t in  th e  m ed ium . 
As sh o w n  in Fig. 1, n e ith e r  th e  age no r th e  n u m b e r  of th e  cells h ad  an  influence  
on th e  q u a n tita tiv e  d e te c ta b ili ty  of th e  in o c u la te d  v irus.

d a y s

Fig. 1. E ffe c t of age an d  of n u m b er of cells pe r tu b e  on  th e  d e te c ta b ility  o f v iru s  L-16 in
cell line I I I / l

A m o u n t o f  inocu lum . U sing inocula o f  0 .1 , 0 .3 , 0.5, 0.8, a n d  1.0 m l, v iru s  
t i t r e s  ca lc u la ted  for 0.5 m l show ed a f lu c tu a tio n  w ith in  0.4 log (T able I) . The 
ra n g e  o f  f lu c tu a tio n  w as in d e p e n d e n t of th e  a m o u n t of v irus in o c u la te d  an d  
it  w as w ith in  th e  lim its  o f “ biological”  d e v ia tio n . The in o cu la ted  a m o u n t of 
v iru s  h a d  no sign ifican t in fluence  on its  d e te c ta b ility .

C om position o f  the m aintenance m ed ium . T h e  effects on th e  d e te c ta b ili ty  
o f  th e  in o cu la ted  v iru s o f  d iffe ren t c o n c e n tra tio n s  of calf an d  b u ll sera  ( 2  and  
5 % ), b o v in e  am nio tic  flu id  (B A F) and  h u m a n  a lb u m in  were s tu d ie d . T he basic
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Table I

Effect o f  the am ount o f  inoculum  
on the quantitative detectability 

o f  the inoculated measles v irus strain L-16

Inoculum,
ml

Neg log TCID5O/0.5 ml 
inoculum

0.1 2.31

0.3 2.72

0.5 2.32

0 .8 2.63

1.0 2.30

T able  II

Effect o f  the serum content o f  m aintenance m edium  
on the quantitative detectability o f  inoculated measles virus

Maintenance Serum concentration, Neg log TCID5O/0.5 ml
medium per cent on 14th day

199 + norm al 2 2.61

bull serum 5 2.79

199 + norm al 2 2.63

calf serum 5 2.64

199 0 2.71

w ith o u t serum

so lu tio n  was su p p lem en ted  w ith  th e  co m p o n en ts  show n in Tables I I  a n d  I I I  
T h e  d e te c ta b ili ty  o f th e  v irus in o cu la ted  w as n o t in fluenced  by  e i th e r  th e  
p resence  (2 a n d  5 % ) or th e  absence o f  ca lf  an d  bu ll sera  (Table I I ) .  T h e  sam e 
h e ld  for th e  absence  an d  presence in  a c o n c e n tra tio n  o f 2 %  of r a b b i t  an d  
ro o s te r  sera a n d  h u m a n  a lbum in  (T able I I I ) .  On the  c o n tra ry . B A F in h ib ite d  
th e  d e te c ta b ili ty  o f th e  v iru s: th e  t i t r e  reco v ered  w as 0 .6 —0.9 e x p o n e n t 
low er th a n  w hen  m a in te n a n c e  m edia  co n ta in in g  no serum  or h u m an  a lb u m in  
or serum  w ere used . H a n k s ’ BSS used  u n su p p le m e n te d  also ex e rted  an  u n fa ­
v o u rab le  effect on th e  d e te c ta b ility  o f  th e  v iru s.

Incuba tion  temperature o f  infected cell cultures. T he  tu b e  cu ltu res  in fe c te d  
w ere in c u b a te d  a t  32, 34, 37 or 40°C. T h e  ti t re s  o b ta in e d  a t  various in c u b a tio n  
te m p e ra tu re s  are show n in F ig . 2. A t 40°C, no c y to p a th ic  effect d ev e lo p ed  
even i f  in fec tio n  w as m ade w ith  u n d ilu te d  v iru s  ( 1 0 °), ind ica tin g  th a t  v iru s  
p ro p ag a tio n  w as com plete ly  in h ib ite d  a t  th is  te m p e ra tu re . T he o p tim u m  
te m p e ra tu re  for th e  t i t r a t io n  o f L-16 v iru s  w as 34°C.

D uration o f  adsorption. U sing th e  m e th o d  o f S h i k i n a  et al. [7],  c o n tro l
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Table I I I

E ffec t o f  the composition o f  m ain tenance medium  
on the quantita tive  detectability  

o f  inoculated measles v ir u s  stra in  L-16

Composition of Neg log TCIDi0/0.5 ml
maintenance medium at the 14th day

199 + 2%  rab b it serum 2.28

199 + 2°/0 rooster serum 2.16

199 + 2%  hum an album in 2.56

199 + 50%  BAF 1.62

199 2.25

H a n k s 1.71

Fig. 2. E ffec t on th e  d e te c ta b ili ty  of inocu lated  v iru s  o f  in c u b a tio n  tem p e ra tu re  o f in fec ted  cell
cu ltu re s

tu b e s  w ere p re p a re d  b y  add ing  d iffe ren t d ilu tio n s  of th e  v iru s  (in 0.5 m l) 
to  0.5 m l a liquo ts o f  P a rk e r ’s m edium  199 w ith o u t p re lim in ary  a d so rp tio n . 
T h e  tu b e  cu ltu res  th u s  in fec ted  were p la c e d  in to  an  in cu b a to r. A p reced ing  
a d so rp tio n  of th e  sam e am o u n ts  of v iru s  fo r 10, 30, and 60 m in  ex e rte d  an 
ad v erse  effect on th e  d e te c ta b ili ty  of th e  in o c u la te d  v iru s as com pared  to  th e  
co n tro ls  (F ig. 3).

Discussion

T h ere  are sev e ra l fac to rs  in flu en c in g  th e  sen s itiv ity  of cell c u ltu re s  to  
v iru ses . T he effects o f  th e  age of cell c u ltu re s  [8 , 9, 10] and  th e  com position
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Fig. 3. E ffect on th e  d e te c ta b ility  o f th e  v iru s  of adso rp tio n  tim e (10, 30 and  60 m in, con tro l
0 m in  ) o f v irus inoculum

o f th e  m ed ium  [1 1 , 1 2 ] on th e  d e te c ta b ili ty  of adeno- and  po liov iruses [13] have 
been s tu d ied . In  our know ledge, how ever, th e re  is no re p o r t  on th e  fac to rs  
in fluenc ing  th e  d e te c ta b ility  o f m easles v irus s tra in  L -16. S tu d y in g  th e  ESCs 
s tra in  o f m easles v iru s  in v e rv e t m o n k ey  k idney  cells o f  d iffe re n t ages, P opova  
[3] found th a t  th e  sen s itiv ity  o f  cells w ith  regard  to  th e  d e te c ta b ili ty  o f  the  
v iru s  decreased  w ith  th e  age o f  th e  cu ltu res (up to  th e  7 th  15th d ay ) and  
o p tim um  re su lts  could he o b ta in e d  w hen 9-day-o ld  c u ltu re s  (1.5 — З .О х  106  

cells/flask) were used. O ur re su lts  show ed th a t  n e ith e r  th e  age (w ith in  10 days) 
n o r th e  n u m b e r o f cells p er tu b e  (10s, 2 X 105, and  4 X 10°) in flu en ced  th e  d e te c ta ­
b ility  o f v iru s  L-16 in cell line I I I / l .  As to  the  a m o u n t o f  inocu lum  used for 
th e  in fection  of tu b e  cu ltu res, P o po v a  [3] concluded th a t  th e  ad so rbed  a m o u n t 
o f v iru s  w as inverse ly  p ro p o r tio n a l to  the  am o u n t o f in o cu lu m . C onsequen tly , 
it w as useless to  increase th e  a m o u n t o f inoculum  since v iru s  t i tre s  o b ta in ed  
a f te r  an o p tim u m  th re sh o ld  v a lu e  show ed a decrease r a th e r  th a n  an increase. 
U n d er our ex p e rim en ta l c o n d itio n s , w hen o th e r d is tu rb in g  fac to rs (c.g. the  
effect o f lig h t) w ere exc lu d ed , no co rre la tio n  betw een  th e  a m o u n t o f inoculum  
an d  the t i tre s  e x tra p o la te d  to  0.5 m l v iru s in ocu la ted  in vo lum es ran g in g  from
0 . 1  to  1 . 0  m l, w as found .

T he role o f the  serum  c o n te n t  of the  m ed ium  in th e  p ro p a g a tio n  of 
m easles v iru s w as p o in ted  ou t b y  find ings [14] sug g estin g  th a t  the  a m o u n t 
o f  serum  n ecessary  to  o b ta in  c o n flu e n t cell cu ltu res  w as am p ly  su ffic ien t for
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th e  p ro p ag a tio n  o f  m easles  v iru s. S u p p o rtin g  th is , th e  re su lts  of our own 
s tu d ie s  showed th a t  ev en  P a rk e r ’s m ed ium  199 alone w as su ffic ien t for the  
p ro p a g a tio n  of m easles v iru s  s tra in  L-16 in so far as th e  cell cu ltu re  itse lf  could 
be  m ain ta in ed . T he a d d itio n  o f serum  in d e p e n d e n t o f its  o rig in  or co n cen tra ­
t io n  app lied , failed  to  in flu en ce  the  re su lts . O n th e  o th e r  h a n d , B A F a t  a con­
c e n tra t io n  of 50%  in h ib ite d  th e  d e te c ta b ili ty  o f v iru s  ( lead in g  to  a decrease 
o f  log  0.6 v irus in  y ie ld ) , w hile H a n k s’ BSS used  u n su p p le m e n te d  as m a in te ­
n a n c e  m edium  was in su ff ic ie n t even for a 14 -day  su rv iv a l o f  th e  cells ( sp o n ta ­
n e o u s  degenera tion  o f  th e  cells occurred). Matum oto  [1] fo u n d  in cu b a tio n  
te m p e ra tu re s  of 32.2 a n d  35.5°C m ore a d e q u a te  th a n  37.0°C fo r th e  p ro p ag a ­
t io n  o f  m easles v iru s . S h i k i n a  et al. [7] re p o rte d  th a t  th e  o p tim u m  in cu b a tio n  
te m p e ra tu re  was 3 5 — 36°C fo r s tra in  L-16. O u r own re su lts  w ere co n sis ten t 
w ith  th e  above d a ta . P re v io u s  ad so rp tio n  to  th e  cells o f m easles v iru s  s tra in  
L -16  w as shown b y  o u r  re su lts  to  have h a d  an  adverse r a th e r  th a n  a fa v o u r­
a b le  e ffec t on the d e te c ta b il i ty  of v irus, an d  t i t r a t io n  b y  th e  m e th o d  of S h i k i n a  
et a l. [7] was found  m o st a d e q u a te . The tu b e  cu ltu res  in fe c te d  were carefu lly  
p ro te c te d  from  lig h t d u rin g  th e  period  o f v iru s  a d so rp tio n : i t  w as only th e  tim e 
ta k e n  b y  the  ad d itio n  o f  m a in ten an ce  m ed iu m  a fte r  a d so rp tio n  th a t  th e  in ­
fe c te d  tu b es were e x p o sed  to  th e  effect o f  lig h t. T his, how ever, m ay  have 
a c c o u n te d  for th e  d iffe ren ces observed  in th e  t i t r e  v a lu es . B esides, an a d so rp ­
t io n  tim e  of 1 0  m in u te s  w as to o  sh o rt as show n b y  th e  0 . 6  log  increase in  t itre  
o b ta in e d  a fte r 30 m in  a d so rp tio n  of th e  v iru s .

Acknowledgement. T h e  a u th o r  is in d eb ted  to  Miss A. H e g e d ű s  fo r excellen t technical 
a s s is ta n c e , to  Miss A. S c h w e c h t  fo r ty p in g  th e  m a n u sc rip t and  to  Dr. A. M a r t o n  for valuab le  
co -o p era tio n .
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AUSTRALIA ANTIGEN SURVEY IN HUNGARY
I I I .  M O R PH O L O G IC A L  STU D Y  O F T H E  A N T IG E N  B E F O R E  

A N D  A F T E R  T R E A T M E N T  W IT H  T W E E N  80

I . H ollós , T . N e u m a r k , E . N o v a k , Gy . S z é c s e y , Zsu z sa n n a  P e n k e , 
Z s u z s a n n a  K őszeghy  and P . V i l l á n y i

N ational Institu te  o f  Public Health, B udapest,
N ationa l Institu te  o f  Rheum atism  and Balneology, Budapest.

N ational Institu te  o f  Haematology and Blood T ra n sfu sio n . Budapest 
and Central H ospital fo r  Infectious D iseases “ László” . Budapest

(R eceived  N ovem ber 5, 1972)

Sum m ary, (i) Twoo pools o f A ustra lia  (Au) an tig e n -p o s itiv e  blood sam ples w ere c e n tr i ­
fuged a t  46 000 g  for tw o hours. T he sed im en ts were re su sp e n d ed  in l/2 0 th  volum e o f PB S  
an d  a fte r a c larify ing  cen trifu g a tio n  one h a lf  o f th e  m ate ria l w as tre a te d  w ith 0 .5%  T w een  80, 
the  o th er h a lf  se rved  as con tro l. A second cen trifu g a tio n  w as carried  o u t a t  23 000 g. C om ple­
m en t-fix in g  (C F) an tig e n  a c tiv ity  o f th e  frac tions was m easu red  using  a serum  sam ple o b ta in e d  
from  a p a tie n t w ith  haem oph ilia  A. (ii) A fter th e  c en tr ifu g a tio n  a t  46 000 g l /6 0 th  o f th e  
o rig inal CF a c tiv ity  w as recovered  in th e  sed im ent. T h is sed im en t was re la tively  rich  in D ane  
partic les 40 to  45 n m  in d iam ete r a n d  som ew hat larger (45 to  60 nm ) partic les of sim ilar v ir io n ­
like  s tru c tu re . S p h erica l and  filam en to u s s tru c tu re s  20 n m  in d iam e te r were also p re sen t. 
T he sam e k inds o f p a rtic les  were found  in u ltra - th in  sections. H ere  th e  particles 40 to  60 nm  
in d iam ete r show ed a  double  o u te r  co at and an  e lec tron -dense  in n er core. Besides, still la rg e r, 
non-virion-like, a p p ro x im a te ly  em p ty  s tru c tu re s  lim ited  b y  a sim ple m em brane w ere seen, 
(iii) Tw een 80 t re a tm e n t  in ju red  th e  o u te r  coat, an d  rev ea led  th e  inner s tru c tu re s  o f D ane 
particles. T he m a jo rity  o f th e  larger p a rtic le s  ap p eared  as e m p ty  f la tten e d  vesicles, th e  r e ­
m ain d er re ta in e d  som e of th e  inner s tru c tu re s . T he loss o f C F a c tiv ity  was negligible d u rin g  
Tw een 80 tre a tm e n t an d  su b seq u en t cen trifu g a tio n , (iv) B o th  th e  in ta c t p a rtic les a n d  th e  
released in n er s tru c tu re s  were invo lved  in th e  im m u n o -e lectronm icroscop ic  reac tion  p e rfo rm ed  
w ith  th e  an tib o d ies  in  th e  a n ti-Au positive  haem oph iliac  se ru m , suggesting  th a t  a g reat v a r ie ty  
o f particles possessed som e specificity  re la ted  to  the  h e p a t i t i s  В an tigen .

B a y e r  et al. [1] were th e  f irs t to  d e m o n s tra te  spherica l and  f ila m e n to u s  
partic les  19 to  21 nm  in d iam e te r in  serum  sam ples from  sub jec ts  w ith  A u s tra lia  
(Au) an tig en aem ia . In  som e o f th e  partic les  a w ell-defined  su b s tru c tu re , viz ., 
a cen tra l core, w a s  recogn ized . These a u th o rs  as w ell as A lm eida  et al. [2] 
re p o rte d  on th e  elec tron -m icroscop ic  im m u n o p ré c ip ita tio n  of these p a rtic le s . 
T he spherica l and  the  filam en to u s  form s w ere o f th e  sam e im m uno log ica l 
specific ity  [3]. E th e r  tre a tm e n t led to  com plete  d e s tru c tio n  of the  f ila m e n to u s  
form s w hile th e  sp h e rica l form s, losing th e ir  o u te r  co a t, re ta in ed  th e ir  p a r t ic ­
u la te  c h a ra c te r  [4, 5]. D a n e  et al. [6 ] describ ed  a th ird  ty p e  o f p a r tic le  of 
A u an tigen  spec ific ity . These are  spherica l fo rm s 42 nm  in d iam ete r, show ing  
a w ell-defined  su b s tru c tu re  consisting  o f an in n e r  core su rro u n d ed  b y  a shell 
an d  an  o u te r  c o a t. D a n e  et al. supposed  th a t  th e se  pa rtic le s , поле called  D an e  
p artic les , are  in fec tio u s v irions, w hereas th e  o th e r  form s m ain ly  co n sis t of 
co a t m a te ria l. Z u c k e r m a n  et al. [7, 8 ] on th e  o th e r  h a n d  are of th e  o p in ion  
th a t  th e  D ane p a rtic le s  are  coiled up  a b e rra te d  f ila m e n ts , and  only som e o f the  
sm all fo rm s m ig h t be in fectious.
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A lm e id a  et al. [9], hav ing  m o d ified  th e  m ethod  describ ed  b y  G e r in  
et al. [10], tre a te d  p re p a ra tio n s  m ain ly  c o n sis tin g  of D ane p a rtic le s  w ith  Tw een 
80. Im m u n o -e lec tro n  m icroscopy th e n  rev e a le d  th a t  th e  core o f  th e  D ane 
p a r tic le s  w hich w as m ad e  accessible fo r an tib o d ies  by  th e  T w een 80 t r e a t ­
m e n t, w as d iffe ren t in an tig en ic ity  from  th e  o u te r  coat; ag a in s t th e  core a n ti­
gen  p a tie n ts  w ith  a c u te  h ep a titis  d ev e lo p ed  an tibod ies on ly  d u rin g  con­
v a lescen ce . P o ly tran sfu sed  h aem oph iliacs possess b o th  an ti-co re  a n d  an ti-A u  
a n tib o d ie s .

In  ou r own w ork  th e  e lec tron -m icroscop ic  in v estig a tio n s o f  A lm eida  
et al. [3] have been rep ro d u ced  in a s lig h tly  m odified  form . T he m od ifica tio n  
h ad  to  be in tro d u c e d  to  m ake the  T w een -8 0 -trea ted  p re p a ra tio n  su itab le  for 
u s in g  i t  as an tig en  in  m ic ro co m p lem en t-fix a tio n  (CF) te s ts  w h ich , unlike 
im m u n o -e lec tro n  m icroscopy , can be ap p lied  in m ass in v es tig a tio n s .

M aterials an d  m ethods

P reparation o f  A u  antigen. D onor bloods h a v in g  proved  positive  for A u  a n tig e n  [11] 
w ere poo led . E ach  of th e  tw o  pools used in th e  p re se n t ex p erim en ts was 3 l itre s  in  vo lum e, 
h a v in g  b een  collected fro m  14 and  18 donors, re sp ec tiv e ly . The pools w ere s to re d  in  a deep- 
freezer, th aw ed , th en  c en trifu g ed  for 30 m in a t  2000 rp m . Sam ples from  b o th  su p e rn a ta n ts  
a n d  th e  resuspended  sed im en ts  w ere sto red  in th e  frozen  s ta te . T he bu lk  of th e  su p e rn a ta n ts  
w as th e n  cen trifuged  a t  15 000 rp m , nom inally  re p re se n tin g  46 000 g, fo r 2 h r  a t  4°C, using  
th e  6 X 500 ml angle ro to r  o f th e  Ja n e tz k i V ac-20 cen trifu g e . The sed im en t w as resuspended  
in 150 m l PB S  by in ten siv e  p ip e ttin g  and  su b je c ted  to  clarify ing  c en trifu g a tio n  fo r 10 m in 
a t  2000 rpm .

Ticeen-80 treatment. T he above su p e rn a ta n t w as ha lv ed : to  the  one h a lf  0 .5 %  T w een 80 
w as a d d e d , th e  o th er h a lf  se rved  as contro l. B o th  w ere allow ed to s tan d  a t  room  te m p e ra tu re  
fo r 30 m in , th en  cen trifu g ed  for 2 h r a t  23 000 g in  th e  Ja n e tz k i T24 cen trifu g e . T he sedi­
m en ts  w ere  resuspended  in 75 m l b a rb itu ra te -b u ffe re d  saline. A fter a n o th e r c la rify in g  cen tri­
fu g a tio n  th e  su p e rn a ta n ts  w ere used  as an tigen .

Barbiturate-buffered saline. Solution No. 1 c o n ta in ed  4.6 g d ie th y lb a rb itu r ic  acid  d is­
so lved  in  500 ml d istilled  w a te r. Solu tion  No. 2: N aC l, 83.8 g; N a H C 0 3, 2.52 g; so d iu m  d iethy l- 
b a rb itu ra te ,  3.0 g; M gCl2 • 6 H 20 ,  10 g; CaCl2 • 2 H 20 ,  0.2 g, dissolved in 1500 m l distilled  
w a te r . T h e  tw o so lu tions w ere m ixed and  a u to c lav e d  fo r 20 m in. T he s to ck  so lu tio n  th u s  
o b ta in e d  w as d ilu ted  w ith  4 p a r ts  of sterile  d is tilled  w a te r before use for th e  p re p a ra tio n  
of a n tig e n  or as d ilu en t in th e  CF test.

A n ti  A u  serum. A  serum  from  a p a tie n t w ith  haem ophilia  A was u sed  th ro u g h o u t. 
T h e  C F t i t r e  of th e  serum  w as 1 : 32.

Serological methods. T hese  and  th e  m ate ria ls  u sed  hav e  been described  in  d e ta il [11].
P reparation  fo r  electron microscopy. T w een 8 0 -trea te d  and contro l p re p a ra tio n s  were 

m ea su re d  in to  tu b es a t  0.3 ml a liquo ts. To one o f each  d up lica te , 0.1 ml o f n o rm al h u m an  
se ru m , to  th e  o th er th e  sam e vo lum e of an ti-A u  se ru m , w as added. T he m ix tu re s  w ere k ep t 
a t  4°C o v e rn ig h t. In  th e  m ix tu re s  con ta in ing  im m u n e  serum  a p re c ip ita te  a p p e a re d  w hich 
w as h om ogen ized  by in te n siv e  p ip e ttin g . A h a lv in g  d ilu tio n  series was p re p a re d  from  each 
h o m o g en a te  in isotonic am m o n iu m  ace ta te  so lu tio n  a n d  a n  equal volum e of 3 %  p o tassiu m  
tu n g s ta te  (p H  7.6) was ad d ed  to  each d ilu tion . O ne d ro p  of each m ix tu re  w as p laced  on a 
200-m esh  c a rb o n -fo rm v ar-co a ted  grid  and th e  excess f lu id  was w ith d raw n  by  a f i l te r  p ap er 
s tr ip . T h e  p re p a ra tio n s  w ere exam ined  in a T esla  BS 513A electron  m icroscope.

U ltra-th in  sections. T o th e  tw o m ix tu res  co n ta in in g  norm al serum , b u ffered  OsO , was 
ad d ed  to  re ac h  a co n ce n tra tio n  o f 1% . The m ix tu re s  w ere allow ed to s tan d  a t  -j-4°C fo r 1 hour. 
A w ell-v isib le  p re c ip ita tio n  occu rred  in th e  con tro l tu b e , w hereas in th a t  co n ta in in g  Tw een-80- 
t r e a te d  m a te ria l  th e  p re c ip ita te  w as too little  fo r fu r th e r  processing. T he co n tro l p re c ip ita te  
w as c e n trifu g e d  a t 2000 rp m  fo r 10 m in. T he se d im e n t w as d eh y d ra ted  w ith o u t h a v in g  been 
re su sp e n d e d , and  em bedded  in D u rcu p an  ACM. S ec tio n in g  w as carried  o u t in  a R e ic h e rt  OM-U2 
u itra m ic ro to m e  and  th e  sec tions were c o u n te rs ta in e d  w ith  lead c itra te  an d  u ra n y l ace ta te .
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R esu lts

Serological control o f  the prepara tive  process. The A u an tig en  CF t i t r e  o f  
th e  p re p a ra tio n  in  the  d ifferen t p h ases  o f processing is show n in T ab le  I.

T able  I

A USTRALIA A N T IG E N  SURVEY 91

A u  antigen C F  titres o f  the different frac tions

Fraction
CF titres in experiment

1 2

Clarifying cen trifugation

S u p ern a tan t 60 40

C entrifugation  a t  46 000 g

Sedim ent 2 0 15

S u p ern a tan t 80 40

C entrifugation  a t  23 000 g

Sedim ent 10 10

S u p ern a tan t 2 0 2 0

C entrifugation  a fte r Tween 80 tre a tm e n t 8 4

A fter c e n tr ifu g a tio n  a t  46 000 g, in  th e  s u p e rn a ta n t th e  A u an tig en  t i t r e  
w as p rac tica lly  eq u a l to  th e  in itia l t i t r e ;  th e  t i tre  o f th e  sed im en t re su sp en d ed  
in  l /2 0 th  o f th e  orig inal vo lum e w as ap p ro x im ate ly  o n e -th ird  o f th a t .  S u b ­
seq u e n t cen trifu g a tio n  a t 23 000 g w as o f g rea te r effec t, p ro b a b ly  due to  th e  
sm alle r vo lum e an d  the  earlie r re m o v a l of lip ids: tw o -th ird s  or a h a lf  o f th e  
an tig en ic  a c t iv i ty  was regained  in  th is  sed im en t. T he t i t r e  o f th e  s u p e rn a ta n t  
show ed no decrease  as com pared  to  t h a t  of th e  f irs t sed im en t. T w een 80 t r e a t ­
m en t re su lted  in  a fu r th e r  re d u c tio n  in  th e  Au an tig en  t i t r e .  I t  was reaso n ab le  
to  assum e th a t  th e  A u an tig en  reco v ered  in th e  sed im en t d id  n o t re p re se n t 
th e  average A u  an tig en , b u t  m a in ly  its  fraction(s) asso c ia ted  w ith  p a rtic le s  
o f  la rger size a n d /o r  h igher d e n s ity .

Electron microscope studies. S ince th e  tw o series o f p ic tu res  w ere o f 
a p p ro x im a te ly  th e  sam e a p p e a ra n ce  no d istin c tio n  be tw een  th e m  w ill be 
m ad e  in  th e  follow ing.

Figs 1 —12 show a n e g a tiv e ly -s ta in e d  Au an tig en  p re p a ra tio n  n o t t r e a te d  
w ith  Tw een 80. T he general a p p e a ra n c e  of the  p re p a ra tio n  is show n in F ig . 1. 
M ost o f th e  p a rtic le s  are 19 to  29 n m  or 40 to  50 nm  in d ia m e te r . Som e o f th e m  
show  su b s tru c tu re s , o thers a p p e a r  e m p ty . T here are tw o la rg e r p a rtic le s  n e a r  
th e  b o tto m  o f th e  p ic tu re . E a c h  h as  a w ell-defined lim itin g  m em b ran e  an d  
a com pact e lec tron -dense  core. O ne o f th em  is spherica l in shape an d  60 nm  
in  d iam ete r, th e  o th e r is la rg e r an d  irreg u la r in shape . P a r t  o f th e  sam e p h o to
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Figs 1 to 9. P u r if ie d  Au an tigen  p re p a ra tio n . N eg ativ e  s ta in in g  
(X  120 000-270 000)
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Figs 10 to 12. P u rified  Au a n tig e n  p rep ara tio n . N eg ativ e  sta in in g  
( X 270 000 324 000)

Figs 13 to 17. Purified  A u a n tig en  m ixed  w ith  h aem oph iliac  A serum . 
N egative  s ta in in g  ( x 120 000 133 000)
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is sh o w n  in Fig. 2. T he so m e w h a t la rger m ag n ifica tio n  rev ea ls  th e  s tru c tu re  
o f th e  D an e  partic les. A D an e  p a rtic le  n ea r th e  b o tto m  ap p ea rs  to  be d is­
in te g ra t in g ;  its o u te r  c o a t is in ju red  an d  its  core seem s to  be com posed of 
g lob u les  o f four d iffe ren t e le c tro n  densities. A la rg e  irreg u la r  p a rtic le  n e a r the  
to p , re sem bling  a d u c k ’s h e a d  shows a filam en to u s  s tru c tu re  on th e  “ n eck ’’ 
a n d  on  th e  “ b eak ”  an d  a g lo b u la r s tru c tu re  on th e  “ h e a d ” . B o th  partic les 
in F ig . 3 are 75 to  80 n m  in  d iam e te r . The le ft one rem in d s o f a rin g  in shape. 
B o th  a re  f ilam en to u sly  s u b s tru c tu re d . The th re a d s  are  a b o u t 5 nm  in th ic k ­
ness. T h e  partic le  in  F ig . 4 is 45 X 90 nm  in size. T he v e rtic a l e lec tron-dense  
s tr ip e  in  its  m iddle p a r t  show s a c ro ss-s tria tio n  o f 8  nm  p e rio d ic ity . The 
p a r tic le  has a d is tin c t o u te r  c o a t. The p a rtic le  in F ig . 5 ap p ears  to  have a ta il, 
b e in g  p a r tly  c ro ss -s tr ia te d , p a r t ly  g lobu lar in  su b s tru c tu re . T he one in the 
c e n tre  o f Fig. 6 , 25 n m  in d iam e te r , has an  o u te r  co a t and  an  in n e r core, b o th  
s u h s tru c tu re d . F ig . 7 show s a partic le  w ith  an  in n e r core a p p a re n tly  helical 
in  a rra n g e m en t. In  F ig s  8  to  10 tu b u la r  p a rtic le s  v e ry  irre g u la r  in shape are 
seen . T h a t  in Fig. 10, re sem b lin g  a b u d d in g  m yce lium , co n ta in s  few electron- 
d en se  s tru c tu re d  e le m e n ts . In  F ig . 11 a large o v a l p a rtic le  6 1 x 4 5 n m i i i  d iam ­
e te r  an d  a sm aller a n g u la r  one are seen. T he fo rm er show s a g lobu la r s tru c ­
tu r e ,  w ith  globules 8  to  18 n m  in d iam ete r, filled  u p  w ith  an  e lectron-dense 
su b s ta n c e , or e m p ty  in  ap p e a ra n ce . The a n g u la r  p a rtic le  show s a filam en tous 
su b s tru c tu re .

A m ong th e  p a r tic le s  in  Figs 1 to  12 m a n y  co rresp o n d  to  th e  20 nm  
sp h e rica l partic les, o th e rs  seem  to  be id en tica l w ith  th e  D ane p a rtic le s . F u rth e r  
p a r tic le s , how ever, d iffe r from  b o th , being  la rg e r th a n  th e  D ane partic les and 
m a n y  (e.g. those show n in F igs 4, 6 , 7 an d  12) o f th e m  irreg u la r  in shape . I t  is 
q u es tio n ab le  w h e th e r th e se  and  th e  p a rtic le s  w ith  filam en to u s  or globular 
s u b s tru c tu re  possess a n y  A u an tigen  spec ific ity .

W ith  a n ti-A u se ru m  th e  Au an tig en  p re p a ra tio n  the m orpho logy  of w hich 
is show n in Figs 1 to  12 fo rm ed  a p re c ip ita te , w ell visib le to  th e  n aked  eye. 
T h e  n ega tive ly  s ta in e d  p re c ip ita te  is show n in  F igs 13 to  17. T he partic les  in 
F ig . 13 are v a riab le  in  size and  shape. T h e  d ia m e te r  o f th e  pa rtic le s  ranges 
from  16 to  65 n m . E a c h  p a rtic le  is su rro u n d ed  b y  a m ass o f im m unoglobulin  
m olecules, even th e  b a c k g ro u n d  is covered  b y  g lobulin  th re a d s . T he spherical 
p a r tic le  in th e  c e n tre  o f  F ig . 14, 52 nm  in d iam e te r , is also su rro u n d ed  b y  
filam en to u s  s tru c tu re s . In  th e  u p p er le ft co rn er ag g reg a ted  sm aller partic les  
are  seen. Fig. 15 show s a m icro-drop o f th e  p re c ip ita te  co n ta in in g  m ain ly  
sm all partic les. T h o se  in F ig . 16 are m ore th a n  40 nm  in d iam ete r. The tw o 
m icro-drops in  F ig . 17 c o n ta in  m ain ly  20 n m  p a rtic le s , in  th e  u p p e r one th e re  
are  a t  least tw o p a r tic le s  o f  ab o u t 40 nm ; all are  em b ed d ed  in  im m unoglobu lin  
filam en ts .

I t  m ay he s ta te d  t h a t  an tibod ies in th e  haem o p h ilia  A serum  b in d  to  
th e  surface o f th e  p a r tic le s  un d er s tu d y , irre sp ec tiv e  o f th e ir  size.
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F igs 18 to 23. Purified  Au a n tig en . U ltru -th in  sections ( X 90 000 216 000) 
f i g s  24 and  25. Purified  Au an tig en  tre a te d  w ith  T w een 80. N egative  s ta in in g

(X  120 000-150  000)
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Figs 18 to  23 show  u ltra - th in  sec tio n s o f  th e  p re p a ra tio n  show n in F igs 
1— 12. M ost o f th e  p a rtic le s  in F ig . 18 are  16 to  24 nm  in d iam e te r, h av in g  
no  e lec tro n -d en se  co re . Som e 24 nm  or la rg e r pa rtic le s  ap p e a r to  be filled  w ith  
an  e lec tro n -d en se  su b s ta n c e . T he p a rtic le s  in  F ig . 19 are m a in ly  o f th e  sam e 
ra n g e  o f m ag n itu d e  e x c e p t some sm alle r ones n e a r th e  u p p e r  r ig h t co rner; 
a t  le a s t  th ree  p a rtic le s  ap p ro x im a te  90 n m  in d iam eter. T hese a p p a re n tly  
e m p ty  partic les  are  co v ered  by  a s tru c tu re d  m em b ran e . T y p ica l D ane p a rtic le s  
are  show n  in F ig . 20. F iv e  o f th em  are lim ite d  b y  u n it m em brane  an d  co n ta in  
d if fe re n t am o u n ts  o f  a su b stan ce  of v a ria b le  e lec tro n  d en sity  an d  g ra n u la r  or 
f ila m e n to u s  in  s tru c tu re . T he pa rtic le s  in  F ig . 21 are in  gen era l la rg e r b u t  
v a r ia b le  in  size, m o st o f th em  are lim ited  b y  a sim ple m em b ran e  an d  poor 
in  in n e r  s tru c tu re . T h e  p a rtic le s  in Figs 22 an d  23 are 25 to  80 n m  in d iam e te r, 
h a v e  u n i t  m em b ran es  a n d  a g lobular or f ila m e n to u s  in n er s tru c tu re .

I n  th e  u l tr a - th in  sections, th e  p a rtic le s  are  po lym orphous b o th  in size 
a n d  s tru c tu re . O nly  few  o f th em  are p ro v id e d  w ith  a u n it m em b ran e , an d  
a s t ru c tu re d  e lec tro n -d en se  inner core, c h a ra c te r is tic  o f v irions. T hese p a r-  
tic le s ra n g e  fro m  25 to  60 n m  in d iam ete r.

P re p a ra tio n s  show n in Figs 24 to  32 w ere su b jec ted  to  T w een 80 t r e a t ­
m e n t fo r  30 m in. E ffo rts  w ere m ade to  f in d  p a rtic le s  resem bling  those  show n 
in  F ig s  1 to  23 a n d  th o se  considered  ty p ic a l b y  A lm e id a  et al. [9]. T he m ost 
c h a ra c te r is tic  f in d in g s are  show n in th e  f ig u res .

T h e  ro d -sh ap ed  p a rtic le  in F ig . 24 is less s u b s tru c tn re d  and  slim m er th a n  
are  th e  co rresp o n d in g  u n tre a te d  pa rtic le s  in  F igs 8  to  10. T h ere  is a D ane 
p a r tic le  in  th e  u p p e r  p a r t  o f th e  sam e p ic tu re . I ts  core ap p ears  to  be m ore 
c o m p a c t an d  its  o u te r  c o a t is u n im p a ired  (for com parison , see F ig . 6 ). T he 
a m o rp h o u s  su b stan ce  below  th e  D ane p a r tic le  m a y  consist o f a d is in te g ra tio n  
p ro d u c t  like th a t  show n in F igs 2, 3 and  11. T h e  p a rtic le  in  F ig . 25 is th e  m ost 
s im ila r  to  th e  T w een -8 0 -trea ted  partic les  p u b lish ed  by  A l m e id a  et al. [9]. 
(F o r co m p ariso n , see F igs 1 and  7.) S u p p o sed ly , only  pa rtic le s  p rov ided  w ith  
a u n i t  m em b ran e  show  th is  ty p e  of im p a irm e n t re su ltin g  in rev e la tio n  o f th e  
in n e r  su rface . P a r t  o f  th e  core m a te ria l h a d  p ro b a b ly  been re leased . In  F ig . 26, 
th e  m e m b ra n e  of th e  p a rtic le  n ea r th e  low er r ig h t  co rner seem s to  he th ick en ed ; 
i t  h a d  p ro b a b ly  sh o rte n e d  because of th e  sh rin k ag e  or ou tflow  o f its  co n ten t. 
T h e  o u te r  coa t is th ic k e n e d  in the  o th e r p a rtic le s  as well. These pa rtic le s  seem  
to  be  p a r t ly  or co m p le te ly  em p ty . T here  is som e g lobu lar inner s tru c tu re  in 
th e  p a r tic le  in the  u p p e r  r ig h t corner. D ue to  th e  im p a irm en t o f th e  p a rtic le s , 
th e ir  d ia m e te r  h ad  ch an g ed . In  Fig. 27 th e re  are  som e new e lem en ts: from  the 
b o tto m  u p w ard s, th e  second partic le  is e m p ty  an d  has no co a t s tru c tu re . 
A l i t t le  below  the  c e n tre  o f th e  p ic tu re , th e  o u te r  co a t of a filam en to u s  p a rtic le  
has ra r if ie d ;  its  core ap p e a rs  to  have  condensed . Tw o v e ry  large p a rtic le s  n e a r  
th e  to p  o f th e  p ic tu re  h av e  no inner core. T h e  p artic le  n e a r th e  cen tre  o f 
F ig . 28 show s an  o u te r  c o a t w hich is m ore p ro n o u n ced  th a n  th a t  o f th e  un-
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F igs 26 to 32. P u rified  Au a n tig en  tre a te d  w ith  T w een 80. N eg ativ e  s ta in in g
(X  120 000 150 000)
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t r e a te d  partic les ; its  co re , on th e  o th e r h a n d , has ra rified . In  c o n tra s t , th e  
tw o  o th e r  partic les  show  a m ore p ro n o u n ced  filam en to u s  s tru c tu re  an d  no 
sign  o f  em p ty in g . In  F ig . 29, th ere  are  se v e ra l a p p a re n tly  in ta c t  p a rtic le s  
20 to  25 nm  in d ia m e te r  a n d  a d is in te g ra te d  in n e r core. A large p a rtic le  and  
a f i la m e n to u s  one below  i t  show  a sim ila rly  a lte re d  s tru c tu re . The rin g -sh ap ed  
fo rm  in Fig. 30 re m in d s  o f  a s tru c tu re  in  F ig . 3. H ere  th e  T w een 80 t r e a tm e n t 
cau se tl no c h a ra c te r is tic  changes. In  th e  tw o  o th e r  p a rtic le s  b o th  g lobu la r 
a n d  f ila m e n to u s  s tru c tu re s  occur. The D an e  p a r tic le  in F ig . 31 show s a well- 
d e f in e d  im p a irm e n t. T h e  m em brane  of th e  la rg e  fo rm  in F ig . 32 is in ju re d  a t  
som e p laces , elsew here i t  is o f increased  in te n s ity .

F ig s  24 to  32 show  th a t  th e  Tw een 80 t r e a tm e n t  caused  v a riab le  changes 
in  th e  s tru c tu re  o f th e  d iffe ren t partic les. T hose  p ro v id ed  w ith  u n it m em b ran e  
w ere  im p a ired  an d , c o n seq u en tly , a new su rface  becam e free in th em . In  o th e r 
p a r tic le s , w h e th e r sp h erica l or filam en to u s, th e  core becam e m ore p ro nounced .

T h e  exposure  o f  new  surfaces has p ro m p te d  us to  exam ine  the  an tig en ic  
sp e c if ic ity  of the m o d ified  partic les. F o r th is  p u rpose  the  T w een -8 0 -trea ted  
p re p a ra t io n  was m ix ed  w ith  our an ti-A u  se ru m . T he n ega tive ly  s ta in ed  p rep ­
a ra t io n s  are show n in F igs 33 to  41.

A ccord ing  to  A l m e i d a  et al. [9] th e  a n ti-A u  sera  of p a tie n ts  w ith  h aem o ­
ph ilia  A con ta in  a n tib o d ie s  to the  inner-co re  an tig en  as well.

T h e  o u te r co a t as w ell as the  d en u d ed  le ft side o f th e  large p a rtic le  
a t th e  b o tto m  o f F ig . 33 is covered  by  a n tib o d y  m olecules. A sim ilar phen o m e­
non  is seen  on th e  la rg e  p a rtic le s  in Figs 37 a n d  39. All th e  o th e r corpuscles 
r a th e r  v a ria b le  in size, sh ap e  and  s tru c tu re  (in c lu d in g  tw o ring -shaped  form s 
s im ila r  to  th a t  seen in  F ig . 27) are su rro u n d ed  b y  a n tib o d y  m asses. T he p a r ­
tic les  in  F ig . 34 have no  o u te r  co a t; th e y  m ay  re p re s e n t sm all partic les , re leased  
in n e r  cores or p re c ip ita te s  o f  th e  la tte r . In  F ig . 35 th e re  are tw o pa rtic le s  of 
a b o u t 40  nm , possessing no d is tin c t o u te r  co a t. T he su b stan ce  b e tw een  th em  
a p p e a rs  to  be a p re c ip ita te  consisting  of d is in te g ra te d  an tigen ic  su b stan ce  an d  
im m u n o g lo b u lin s . F ig . 36 show s an  a p p a re n tly  in ta c t  partic le  em b ed d ed  in 
p re c ip ita te . A lthough  th e  o rie n ta tio n  in F ig . 38 is d ifficu lt, th e re  is no d o u b t 
t h a t  a n  im m u n o p re c ip ita te  o f  partic les e x tre m e ly  d iffe ren t in size is seen. 
F ig . 40 show s a p a r tia lly  e m p tie d  v irus m e m b ra n e . B o th  th e  m em b ran e  and  
th e  d isch arg ed  su b stan ce  a re  su rrounded  b y  an  a n tib o d y  m ass. E ach  o f the  
th re e  p a rtic le s  in F ig . 41, h ig h ly  d ifferen t in d ia m e te r , has m em brane-covered  
an d  m em b ran e-free  su rfaces  all covered b y  a n tib o d y  m olecules.

T h is  la s t group o f  e lec tro n  m icrographs in d ic a te s  th a t  ou r an ti-A u  serum  
o f h u m a n  origin c o n ta in e d  an tib o d ies  to  d iffe re n t com ponen ts of A u an tig en  
p a r tic le s . T he in ten siv e  im m u n o p réc ip ita tio n  in p re p a ra tio n s  of low An a n t i ­
g e n ic ity  should  be n o te d .
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Figs 33 to 41. Purified  Au an tig en  trea te d  w ith  T w een  80 +  haem ophiliac A serum . 
N egative s ta in in g  ( x  120 000 160 000)
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D iscussion

In  sed im en ts o b ta in e d  by  re la tiv e ly  low -speed c e n tr ifu g a tio n , th e  p ro ­
p o r t io n  of th e  la rg e r  partic les  and  o f  th o se  o f  h igher specific  g ra v ity  is in ­
c rea sed . F o r th is  rea so n  ovir p re p a ra tio n s  w ere  rich  no t on ly  in  D ane pa rtic le s  
b u t  also in  still la rg e r  corpuscles, 60 n m  o r m ore in d iam e te r, a t  th e  expense 
o f  th e  20 nm  A u a n tig e n  p artic les . I t  h as  been show n th a t  th e  selec ted  
p re p a ra t io n  w as p o o r in  CF an tig en ic  a c tiv ity . The b u lk  o f th is  a c tiv ity  
re m a in e d  in the  su p e rn a ta n t .

T he question  arises w h e th e r a p u re  suspension  of large p a rtic le s  w ould  
b e  devo id  of CF an tig en ic  ac tiv ity . T h e  d a ta  in T able I  a p p e a r  to  su p p o rt 
th is  a ssu m p tio n . H ow ever, the  e lec tro n  m icrog raphs have conv inced  us th a t  
p a r tic le s  variab le  in  size an d  inner s t ru c tu re  b ind  an tib o d ies  from  th e  an ti- 
A u se ru m . A ccord ing ly , these  sera c o n ta in  an tib o d ies  w hich  b in d  to  pa rtic le s  
o f  v a ria b le  m orpho logy , v e ry  poor in A u-sp ec ific  CF an tigen ic  a c tiv ity . I t  m ig h t 
be  supposed  th a t  th e  m orphologically  d if fe re n t partic les are  o f  th e  sam e sero ­
lo g ica l specific ity , th e  only  difference b e in g  th a t  the  reac tio n  w ith  th e  large 
p a r tic le s  b inds less com plem en t. As a n o th e r  possible ex p la n a tio n , th e  pa rtic le s  
o f  d iffe ren t size m a y  have d ifferen t a n tig e n ic  com ponent(s) in  ad d itio n  to  
co m m o n  ones. O f course , rem oval o f th e  b u lk  of th e  sm all-sized  p a rtic le s  w ith  
th e  su p e rn a ta n ts  m a y  be responsible fo r a considerable p a r t  o f th e  lo s t CF 
a n tig e n .

W e suppose t h a t  th e  m orpho log ica lly  m ore com plex la rg e  p a rtic le s  b e a r 
m o re  d iffe ren t a n tig e n ic  d e te rm in an ts  th a n  th e  sm all p artic les . T h is m ig h t be 
in  ag reem en t w ith  th e  fin d in g  of A l m e i d a  et al. [9] th a t  h e p a tit is  co n v a lescen t 
s e ra , even  those  c o n ta in in g  no d e m o n s tra b le  a n ti-Au an tib o d ie s , m a y  re a c t 
w ith  som e inner a n tig e n ic  fac to r o f th e  D an e  p artic les . I f  so, th ese  an tib o d ies  
m a y  p la y  a considerab le  role in th e  cou rse  o f  h ep a titis .

A m ong th e  p a rtic le s  en co u n tered  in  th e  p resen t s tu d y , D ane p a rtic le s , 
w h ich  rep re sen t a v e ry  sm all p ro p o rtio n  o f  pa rtic le s  in th e  A u -an tig en -p o sitiv e  
fra c tio n s , are th e  m o s t sim ilar to  in fec tio u s v irions. A ccording to  Me l n i c k ’s 
e s tim a tio n  [cit. 12], 1 m l A u -an tig en -p o sitiv e  serum  con ta in s 10 1 0  to  10 1 1  sm all 
p a r tic le s . In  sp ite  o f  th is , th e  in fe c tiv ity  o f  such  sera p ro v ed  to  be o f v e ry  
low  t i t r e  in  th e  e x p e rim e n ts  of K r u g m a n  et al. [13, 14]. T h ere  is l i ttle  reason  
to  assum e th a t  the  som etim es very  la rg e  p a rtic le s  lim ited  b y  a sim ple m em ­
b ra n e  m ig h t be in fec tio u s. The m ost p ro b a b le  is th a t  am ong th e  p a rtic le s  of 
d if fe re n t m orpho logy  occu rring  in th e  A u -positive  sera th e  ty p ic a l D ane 
p a r tic le s  rep re sen t th e  in fectious v iru s.

T w een 80 t r e a tm e n t  o f the  p re p a ra tio n s  resu lted  in an  im p a irm e n t of 
m o s t o f  th e  ty p ica l D an e  partic les ; c o n se q u e n tly  th e ir  inner cores w ere p a r tly  
re le a se d . The sam e o ccu rred  to  some o f  th e  s till la rger p a rtic le s : th e  lim itin g  
m e m b ra n e  of th ese  p a rtic le s  increased  in  d e n s ity . In  our m a te r ia l  th e  ra tio
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of 20 nm  p artic le s  to  la rg e r p a rtic le s  ap p eared  to  decrease on Tw een 80 t r e a t ­
m en t, p e rh ap s  for tech n ica l reasons.

I t  w as in te re s tin g  th a t  th e  ra rified  in n e r s tru c tu re  of some p a rtic le s  
becam e m ore d is tin c t u n d e r th e  effect of th e  re a c tio n  w ith  an ti-A u  se ru m . 
The fac t th a t  th ese  p a rtic le s  re ta in e d  th e ir  sero log ica l a c tiv ity , to g e th e r  w ith  
th e  low CF an tig en  a c tiv ity  o f th ese  sera, allow s to  assum e th a t  th e  a c t iv i ty  
of th e  T w een -8 0 -trea ted  p a rtic le s  in im m u n o -e lec tro n  m icroscopy m ay  p a r t ly  
he due to  an tib o d ies  d iffe ren t from  an ti-A u  an tib o d ie s  d irec ted  ag a in s t th e  
o u te r  p a r t  o f th e  partic les . Sera from  h aem oph iliacs, like the specim en used  
b y  us, m ay  co n ta in  an tib o d ies  to  d iffe ren t specific ities o f th e  h e p a titis  В v iru s .
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ISOLATION OF MYCOPLASMA PNEUMONIAE 
FROM HUMAN PRIMARY ATYPICAL PNEUMONIA
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(R eceived  N o vem ber 14, 1972)

Sum m ary . M ycoplasm a pneum oniae  show ing c h a ra c te ris tic  biochem ical and  serological 
p ro p e rtie s  w as iso la ted  from  th e  sp u tu m  of 3 p a tie n ts  w ith  p rim ary  a ty p ica l p n eu m o n ia . T he 
s tra in s  w ere sensitive  to  e ry th ro m y cin , te trac y c lin e  a n d  o leandom ycin .

Iso la tio n  o f  M ycoplasm a  from  h u m a n  m a te ria ls  has been re p o r te d  by  
a n u m b e r o f w orkers [1— 3]. On th e  basis o f serological e x am in a tio n s  [4] 
3 d iffe ren t species w ere e s ta b lish e d : M . hom in is, M . salivarum  and  M . fe rm e n ­
tons. L a te r , s tra in s  o f v a rio u s  origin have  been  iso la ted  w hich d iffered  from  
th e  above organ ism s [5 —23]. O f th ese , M . pneum oniae  is of special im p o r­
tan ce , being  u n d o u b te d ly  a p a th o g en ic  species. In  th is  p ap e r, stud ies on 3 s tra in s  
are described .

M aterials and  m ethods

Cultivation. S p u tu m  of hosp ita lized  p a tie n ts  w ith  pn eu m o n ia  reac tin g  u n sa tis fac to rily  
to  tre a tm e n t was in o cu la ted  in to  liqu id  m y co p lasm a  m ed iu m ; h e a r t  infusion  b ro th  (D ifco) 
p rep ared  as specified , 90 ml; in a c tiv a te d  h o rse  serum , 20 ml: fresh  H ay  flick y e a s t e x tra c t ,  
10 ml; th a lliu m  a c e ta te  (B D H  C hem icals, E n g lan d ) 10%  aq u eo u s so lu tion , 1 m l; d e so x y rib o ­
nucleic acid  (S igm a) 0 .2%  aqueous so lu tion , 1.2 ml; glucose 50%  aqueous so lu tio n , 1 ml: 
phenol red 0 .006%  aqueous so lu tion , 5 ml; v an co m y cin , 0.25 m g per ml m ed iu m ; p en ic illin , 
200 000 IU  per m l so lu tion , 0.25 ml. A serial ten fo ld  d ilu tio n  of th e  sp u tu m  w as p re p a re d  
in th e  above m ed ium  in th e  range of 10_l — 10-5 . In c u b a tio n  la s ted  for 45 days a t  37°C. A t 
2 -3  d ay  in te rv a ls , su b cu ltu re s  were m ade on a solid m ed ium  co n ta in in g  th e  sam e in g red ien ts . 
T he p la tes w ere in cu b a ted  in w et ch am b er a t  37°C for 45 d ay s a n d  exam ined  w eekly  u n d e r 
a stereom icroscope. M ycoplasm a colonies w ere tra n s fe rre d  in to  b ro th , th en  th e  c u ltu re  w as 
filte red  th ro u g h  M illipore m em b ran e  (0.22 //m  pore size). T he f i ltra te  was sp read  o v er solid 
p la tes. F rom  all iso la tes tw o colonies w ere su b je c ted  to  th re e  consecu tive  su b c u ltu re s  by  
p icking up  iso lated  colonies. C ultu res o b ta in e d  in th is  m an n e r were freeze-dried  a n d  te s ted  
fo r b iochem ical an d  serological reac tions.

I f  th e  p r im a ry  liqu id  and  solid m edium  cu ltu res  show ed no evidence of g ro w th , b lind  
passage from  b ro th  to b ro th  was perform ed a t  w eekly in te rv a ls . A fter th ree  u n su ccessfu l 
passages th e  m ate ria l was reg ard ed  as negative .

For biochemical reactions show n in T ab le  I see th e  follow ing references; g lucose [24], 
sodium  tau ro c h o la te  and  sodium  po ly an e th o l su lp h o n a te  se n sitiv ity  [25], p h o sp h a ta se  a c t iv ­
ity  [26], aescu lin  h y d ro lysis [27], 2 ,3 ,5 -tr ip h en y lte traz o liu m  chloride and  m eth y len e  blue 
re d u c tio n  [28], cho lestero l req u irem en t [29].

Serological exam ination . G row th  in h ib itio n  [14] an d  fe rm e n ta tio n  in h ib itio n  [13] te s ts  
w ere carried  o u t w ith  im m une sera p rep ared  ag a in s t th e  follow ing stra ins: M. p n eu m o n ia e  
(M ac), M . salivarum  (PG 20), M . ferm en tons  (PG 18), M . arthritid is  (PG 6), M . orale I (CH 
19 299), M . orale I I  (C II 20 247), glucose sp littin g  an im al s tra in s  M . bovirhinis (NCTC 10 118), 
M ycoplasm a  sp. (PG 49, Squire), A . la id la ivii (NCTC 10 116), M . granularum  (NCTC 10 128), 
M . neurolyticum  (PG 28), M . gallisepticum  (S fl). P a t ie n t  sera w ere exam ined  also w ith  th e  
g row th  and  fe rm e n ta tio n  in h ib itio n  tests .
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A n tib io tic  sensitiv ity . A n tib io tic  discs p re p a re d  by  th e  In s t i tu te  fo r Serobacterio log ical 
P ro d u c tio n  and  R esearch  H u m an , B u d ap es t, w ere used . A ctively  grow ing cu ltu res  w ere d ilu ted  
10 1— 10 ~ 5 and  s to red  a t — 20°C. T he n u m b er o f c .f.u . w as d e te rm in ed  a f te r  th aw in g  th e  
su sp en sio n . F o r an tib io tic  sen sitiv ity  te s tin g  th e  frozen  stock  d ilu tio n  show ing 105 c.f.u . w as 
m e lte d  an d  p la ted .

R esu lts

T hree  o u t o f 4 p a tie n ts  w ith  p r im a ry  a ty p ica l p n eum on ia  w ere show n 
to  e x c re te  m ycop lasm a in  th e ir  sp u tu m . N one of the  p a tie n ts  h ad  h a d  an y  
c o n n ec tio n  w ith  one a n o th e r. In  tw o cases m ycop lasm a a p p ea red  on th e  15th  
d a y  on p la tes  in o cu la ted  from  6 — 7-day  b ro th  cu ltu res as a few  tin y  colonies.

Fig. 1. M . pneum oniae  s t ra in  565, 5 days ( x 2 5 )

In  th e  th ird  case t in y  colonies w ith o u t p e rip h e ra l zone wrere o bserved  on p la te s  
seed ed  on th e  10th  d ay  from  th e  second b ro th  passage. B ro th  cu ltu re s  show n 
to  c o n ta in  m ycop lasm a becam e yellow  in co lou r in  6 — 7 days a f te r  p la tin g  on 
so lid  m ed iu m . In  fu r th e r  passages th e  b ro th  cu ltu res  show ed a yellow  colour 
in 3 d a y s  an d  p la te  cu ltu res  d eriv ed  from  th e se  tu b es  were c h a ra c te riz e d  b y  
co lon ies w ith  p e rip h e ra l zone (F ig . 1). T h e  organism  wTas reco v ered  from  
p r im a ry  tu b e s  c o n ta in in g  th e  sp u tu m  in 1 0 - 1  d ilu tio n  in tw o  cases an d  in 
1 0 - 2  d ilu tio n  in  one case.

B iochem ical te s ts  are show n in T ab le  I. T h e  3 s tra in s  b eh av ed  u n ifo rm ly , 
w hile th e re  was som e d ifference in the  in te n s i ty  o f ce rta in  reac tio n s. F o r th e  
aescu lin  te s t ,  1%  P P L O  serum  frac tio n  w as u n su itab le  as a s u b s ti tu te  for 
horse se ru m .
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Table 1

Properties o f  mycoplasma isolates

565 566 568

Glucose, aerobic -4— - f +
Glucose, anaerobic — -

M annose + + +

M annito l - —

Sucrose — —

G alactose - — -

X ylose — - -

Aesculin - -

A rb u tin - - -

A rginine — —

U rea — — —

Cholesterol req u irem en t 4 - - 1- +

G row th  w ith o u t serum - -

L iquoid  sensitiv ity 6.0 6.0 6 .0

D igiton in

T étrazo liu m  reduction , aerobic

4.0 4.0 3.0

+

T étrazo liu m  red u ctio n , anaerobic + + +

M ethylene blue red u ctio n , aerobic —

M ethylene blue red u ctio n , anaerobic + + +

Film  and  spot -

P h o sp h atase —

G row th  inh ib itio n  te s t  w as positive on ly  w ith  M . pneum oniae  a n tise ru m  
(Table I I ) .  In  th e  fe rm e n ta tio n  in h ib ition  te s t  M . pneum oniae  (M ac) a n t i ­
se rum  in h ib ite d  th e  iso lates a t  1  : 80— 1 : 160 d ilu tio n .

Table II

Growth inhib ition  test fo r  mycoplasma isolates w ith reference sera 
prepared against glucose positive h u m a n  m ycoplasm a species

Reference 
im mune sera

Strains isolated from patients Referent•e strains

565 566 568
jVf. p n e u m o n ia e  

(Mac)
M .  f e r m e n to n s

PG 18

M .p n eu m o n ia e  (Mac) 6.5 3.5 4.0 7.5

M . ferm en tons  P G  18 - — 4.0
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G row th  inh ib ition  te s t  w ith  th e  p a t ie n t  sera is p re sen ted  in  T ab le  I I I .  
T h e  sam e sera in th e  fe rm e n ta tio n  in h ib itio n  te s t  show ed t i t r e s  a g a in s t re fe r­
en ce  s tra in  M . pneum oniae  (Mac) as fo llow s: 1 : 10 for p a t ie n t  h a rb o u rin g  
s t r a in  565, 1 : 80 for 568 an d  1 : 20 for 566.

Table H I

Growth inh ib ition  test fo r  m ycoplasm a isolates with patient sera

Organism
Serum of patient

565 566 568

S tra in  565 1.0 2.5 1.5
S tra in  566 0.5 2.5 3.0
S tra in  568 1.0 3.0 1.5

M . pneumoniae  (Mac) 1.0 3.0 1.5

Table IV

A ntib io tic  sensitiv ity  o f  m ycoplasm a isolates

strain  565 strain 566 strain  568

Chloram phenicol 25 14 10
S trep tom ycin 14 — -
Oleandom ycin 33 30 30

E ry th ro m y cin 31 31 30

T etracycline 30 23 21

O xytetracycline 26 26 22

Neom ycin 21 29 16

K anam ycin 20 17 8*

Spiram ycin 24 24 10*

N ovobiocin

S lig h t g row th w ith in  th e  in h ib it

20

ion zone.

12 11

A n tib io tic  sen s itiv ity  o f  th e  s tra in s  is show n in Table IV . I t  is seen th a t  
th e  zo n es o f in h ib ition  w ere fa ir ly  un ifo rm  fo r th e  3 stra ins, differences ap p e a re d  
o n ly  in  s trep to m y c in , k a n a m y c in  an d  sp iram y c in  sen sitiv ity . All iso la tes  were 
s e n s itiv e  to  e ry th ro m y c in  a n d  o leandom ycin .

D iscussion

T h e  m ycop lasm a s tra in s  iso la ted  in th e  p resen t s tu d y  c o rre sp o n d e d  in 
b io c h e m ic a l ch a rac teris tic s  to  th e  p ro p e rtie s  o f M . pneum oniae  as describ ed  
b y  A l u o t t o  et al. [24] and  in  serological b e h av io u r to  M . p n eu m o n ia e  ty p e
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s tra in  M ac. T h e ir aetio logical role in p rim a ry  a ty p ica l p n eu m o n ia  seem s to 
be con firm ed  by  the re su lts  o f  sero log ica l te s ts  perfo rm ed  w ith  th e  p a t ie n t  
sera . T he re su lts  in d ica te  th a t  in H u n g a ry  m ycoplasm a in fec tions sh o u ld  be 
ta k e n  in to  co nsidera tion  an d  la b o ra to ry  exam in a tio n s for d e te c tin g  th e  
c a u sa tiv e  a g e n t should  be e x te n d e d . A ccord ing  to  the  p re se n t o b se rv a tio n s , 
e ry th ro m y c in  seem s to  he th e  a n tib io tic  o f  choice for th e  t r e a tm e n t  o f p r im a ry  
a ty p ica l pneum onia .
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A BACTERIAL SYSTEM USEFUL IN THE ISOLATION 
OF RNA SYNTHESIS STIMULATING SUBSTANCES 
FROM PHYTOHAEMAGGLUTININ OR FROM SERA

I .  F e d o r c s á k , M. H a r m s - R i n g d a h l  and L. E h r e n b e r g

Institu te  o f  Genetics, Eötvös Loránd U niversity , Budapest 
and  11 alle nb er g Laboratory, U niversity  o f  Stockholm , Stockholm, Sweden

(R eceived N ovem ber 18, 1972)

Sum m ary . Escherichia coli Q13 cells p lasm o ly zed  in 0.3 м sucrose have  a low  basic 
m etab o lism , an  increased  pe rm eab ility , an d  are  c h a ra c te ris tic a lly  s tim u la ted  to  in crease  R N A  
sy n th esis  by a fa c to r (F  Y) iso la ted  from  red  k idney  b ean s an d  by  sera or serum  p ro te in  frac ­
tio n s . T he R N A  sy n th esis  in these  cells is sensitive  to  rifam picin  and  to a c tin o m y c in  D. T he 
o p tim u m  co n ce n tra tio n  of K + for R N A  sy n th esis  in p lasm olyzed  E. coli cells is 2 mM a t  0 -  
50 mM N H J co n ce n tra tio n s . T hiols suppress th e  R N A  sy n th esis  o f u n stim u la te d  cells. In  th e  
p resence of m ercap to e th an o l th is  depression  is c o u n te ra c te d  by F  V, giving a h igh s t im u la te d / 
b ack g ro u n d  ra tio  o f R N A  synthesis. P lasm olyzed  E . coli cells, in cu b a ted  in th e  p resence 
of 0.3 M sucrose, 2 mM K +, 50 ihm N bR , and  5 mM m erc ap to e th a n o l (and  som e a d d itio n a l 
co m p o n en ts) p re sen t a sim ple, rap id  system  for s tu d ies  o f  s tim u la to rs  and in h ib ito rs , o f  R N A . 
D N À , and  p ro te in  sy n th esis . T he system  described  seem s to  be a useful and  sim ple b iological 
gu ide  for th e  e x tra c tio n  a n d  sep a ra tio n  from  b io logical m ate ria l o f d ifferen t a c t iv a to rs  or 
in h ib ito rs  of nucleic acid and  p ro te in  syn thesis.

R ecen tly  we have described  th e  use o f  a b ac te ria l system  as a bio logical 
guide in w ork a im ing  a t  th e  sep a ra tio n  o f  R N A  syn thesis  s t im u la tin g  su b ­
s tan ces  in p h y to h aem ag g lu tin in  (P H A ) from  red  k id n ey  beans [1].

The system  consisted  of Escherichia coli cells plasm olyzed in th e  m iddle 
log phase in h y p e rto n ic  sucrose so lu tion . T h e  p lasm olyzed E . coli cells have 
an  increased  p e rm e a b ility  and  a low m etab o lic  a c tiv ity . T hey  m ay  be co n ­
sidered  re s tin g  cells w hich respond  p ro m p tly  w ith  an increased R N A  sy n th es is  
to  th e  ad d itio n  o f  ce rta in  s tim u la to rs  iso la ted  from  P H A .

In th e  p re sen t co m m unica tion , som e ch a rac te ris tic s  of th is  b a c te r ia l 
sy stem  are described , especially  w ith  reg a rd  to  th e  com ponen ts o f th e  in c u b a ­
tion  m edium  affec ting  th e  ra te s  of R N A  a n d  p ro te in  syn thesis  in th e  re s tin g  
a n d  in th e  s tim u la te d  p lasm olyzed cells.

M aterials and  m ethods

Chemicals. [5-3H ]U rid in e , [m ethy l-3H ]th y m id in e , an d  [ring-4-3H ]L -p h en y la lan in e  from  
R ad io ch em ica l C entre  (A m ersham ); casam ino  acids fro m  Difco; rifam picin  from  CI В A; a c t in o ­
m ycin  1) from  N u tritio n a l B iochem icals Co.; in o rg an ic  chem icals and chem icals o f a n a ly tic a l 
g rad e  from  Merck (D a rm s tad t); all o th e r chem icals and  b iochem icals were p u rc h a se d  from  
S igm a C hem ical Co. F a c to r  F V from  Phaseolus vu lgaris  seeds was prepared  as d e sc rib ed  by 
H a r m s - R i n g d a h l  et al. | l | .

A ssay  fo r  stim ula tion  o f  R N A , protein, or D N A  synthesis. T he system  con sis ts  o f E . coli 
cells su b jec ted  to  p lasm olysis. T rea tm e n t of th e  cells is re la ted  to the  p ro ced u re  ap p lied  by
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H e p p e l  [2, 3] in  o rd e r to  increase  pe rm eab ility  o f th e  b a c te ria l cell wall. E . coli Q13 (k ind ly  
p ro v id e d  by Dr. J .  T . A u g u s t , A lb ert E in s te in  College, B ronx , N .Y .) w as grow n in  a  m ed ium  
c o n ta in in g  N a 2H P 0 4 • 2 H 20 ,  8.8. g; K H 2P 0 4, 3.0 g; NaCl, 0 5 g; N H 4C1, 1.0 g; g lycerol, 
3 .0  g; casam ino  acids ( tech n ica l) , 6.0 g; M g S 0 4 • 7 H 20 ,  1.25 g per litre  so lu tion . T h e  m ed iu m  
w as s te rilized  by  f i l t r a tio n  th ro u g h  a 0.22 fim  S a r to r iu s  f ilte r. T he cu ltu re  w as a e ra te d  by 
sh a k in g  a t  37°C u n til  b a c te r ia l  g ro w th  reached  th e  m id d le  log phase, i.p ., a d en sity  o f 10s cells 
p e r  m l. T he suspension  w as th e n  cooled rap id ly  to  0°C an d  th e  b a c te ria  collected  b y  c e n tr i­
fu g a tio n  a t  4"2°C fo r 15 m in  a t  12 000 g. The cells w ere  suspended  in th e  o rig inal vo lu m e of 
0 .03  M T ris buffer p H  8.1 a t  0°C, an d  a fte r 5 m in  slow  sh ak in g  a t  0°C th e  cen tr ifu g a tio n  step  
w as  re p ea te d . The co llec ted  cells w ere th en  re su sp e n d ed  a t  0°C in a SMG so lu tion  co n ta in in g  
1 0 %  (w /v ) sucrose, 0 .1%  M g S 0 4 ■ 7 H ,0 ,  0 .1%  g lucose, to  y ield  a cell suspension  o f 6 .0 x 1 0 s 
cells  p e r  ml. The cell su sp en s io n  w as stored  a t  —j— 2 °C a n d  used  for ex p erim en ts a f te r  12 h r  and  
u p  to  a n  age of one w eek. D u rin g  storage for one w eek , th e  ra te  o f in co rp o ra tio n  o f u rid in e  
u s u a lly  d ro p p ed  b y  a fa c to r  o f 2, a lthough  s tim u la b il i ty  rem ained  p rac tica lly  u n ch an g ed .

B efore use an  a liq u o t o f th e  suspension w as cen trifu g ed  as above, th e  s u p e rn a ta n t  
d isc a rd e d , and  th e  cell b u t to n  resuspended  a t  0°C in  fresh  SMG so lu tion  to  y ield  a s ta n d a rd  
b a c te r ia l  suspension  of 3.0 X 107 cells per ml.

I n  o rder to  m easu re  th e  s tim u la tio n  or in h ib itio n  of R N A , p ro te in  or D N A  sy n th esis , 
th e  cells w ere in cu b a ted  to g e th e r  w ith  th e  fa c to r to  b e  assayed  a t  35°C in  th e  p resence  o f 
a  su i ta b le  reac tio n  m ix tu re  co n ta in in g  e ither [3H ]u r id in e  or [3H ]p h en y la lan in e  or [3H ]th y m i-  
d in e , a n d  th e  in co rp o ra tio n  o f these  p recursors w as m easu red . The reac tio n  m ix tu re  (R M ), 
d e r iv e d  from  th e  one g en era lly  used  in cell free p ro te in  sy n th e tiz in g  system s, w as fresh ly  
p re p a re d  daily.

T h e  com position  of R M  w as Tris-Cl buffer, 0.112 м p H  7.8; N H 4C1, 0.1 м; KC1, 3.7 тм ;  
Mg a c e ta te ,  2.6 тм ; A T P  (N a  sa lt) , 2.5 тм; G T P (N a  sa lt) , 0.6 тм; crea tine  p h o sp h a te  (N a 
sa lt) ,  26 тм ; crea tin e  p h o sp h o k in ase , 0.13 m g/m l; sucrose , 0.34 M; urid ine , 0.015 т м ; each  
o f n in e te e n  am ino acids (e x ce p t pheny la lan in e), 0.07 т м ; p h en y la lan ine, 0.015 тм; th y m id in e , 
0 .015 тм ; 2 -m ercap to e th an o l, 10 тм; and e ith e r [3H ]u rid in e  7.5 /(Ci/ml (24 Ci p e r m m ole) 
o r  [3H ]p h e n y la lan in e  7.5 /<Ci/ml (18 Ci per m m ole) o r  [3H ]th y m id in e  7.5 /<Ci/ml (14.1 Ci pe r 
m m o le ). T he in cu b a tio n  m ix tu re  fo r one e x p erim e n t consisted  of 134 /d  RM to  w h ich  was 
a d d e d  th e  sam ple to  be te s te d  dissolved in 66 /Л d is tilled  w ater. In c u b a tio n  w as s ta r te d  by 
a d d in g  50 /Л of th e  s ta n d a rd  b a c te r ia l cell suspension in  SM G solution  an d  by  p lac in g  th e  tu b e  
in  a  35°C w a te r  b a th . A t d iffe re n t tim es an a liq u o t o f th e  in cu b a ted  m ix tu re  was m ix ed  w ith  
a n  e q u a l vo lum e of 10%  (w /v) sod ium  d o d ecy lsu lphate  (SD S) and in cu b a ted  a t  35°C fo r 15 m in. 
W h en  th e  cells were ly zed , 50 /Л was tran sfe rred  to  th e  m iddle  of a g lass-filter (W h a tm a n  
G F /C , 2.5 cm). T he f i lte r  w as d ried  for 1 m in a t  ro o m  te m p e ra tu re  and  im m ersed  in  ice-cold 
10%  (w /v ) trich lo ro ace tic  acid  (TCA). W hen in v e s tig a tin g  am ino acid in co rp o ra tio n , th e  
f i l te r s  w ere  fu r th e r  p rocessed  in  o rd er to  hydro lyze  a m in o acy l-tR N A  a n d  to  e lim in a te  n o n ­
in c o rp o ra te d  ra d io a c tiv ity  acco rd in g  to  th e  p ro ced u re  o f M a n s  an d  N o v e l l i  [4]. W h en  th e  
in c o rp o ra tio n  of u rid in e  or th y m id in e  was m easu red , th e  hyd ro ly sis  w ith  h o t TCA w as o m itte d  
a n d  th e  filte rs  were w ash ed  severa l tim es w ith  5%  ice-co ld  TCA, th en  w ith  alcohol a n d  e th e r. 
F in a lly , th e  filte rs  w ere d ried , p laced  in  sc in tilla tio n  v ia ls , an d  in cu b a ted  a t  55°C fo r 30 m in  
w ith  0.5 m l to luene (TM 100, P ack ard ). T hen  10 m l o f  sc in tilla tio n  flu id  (0 .5%  P P O  and  
0 .0 0 5 %  P O P O P  in to lu en e ) w as ad d ed  and ra d io a c tiv ity  w as m easured  in  a nu c lear C hicago 
L iq u id  S c in tilla tio n  C o u n ter M odel 6850 w ith  an  effic ien cy  of 19% . The d a ta  o b ta in e d  were 
e x p re ssed  as pm ole u rid in e  (or th y m id in e  or am ino ac id ), in co rp o ra ted  in 106 cells.

S ince th e  ra te  o f nuc le ic  acid  and p ro te in  sy n th e s is  decreases in th e  p lasm o ly zed  cells 
d u e  to  ageing , fu r th e rm o re  th e  successive cell p re p a ra tio n s  also differ som ew hat in  sy n th e tic  
a c t iv i ty ,  th e  d a ta  co llected  in  a F ig u re  or T able  d e riv e  from  one and th e  sam e e x p erim en t. 
W ith in  one and  th e  sam e e x p e rim e n t th e  co u n tin g  e r ro r  an d  th e  ex p erim en ta l e rro r  give 
a 9 5 %  confidence in te rv a l a m o u n tin g  to  10%  of th e  d e te rm in e d  inco rpora tion .

R esults

1. T im e course o f  R N A ,  D N A , and p ro te in  synthesis. T he s tim u la b ility  
o f th e  p lasm olyzed  b a c te r ia l cells is d e m o n s tra te d  in Fig. 1 w hich show s th e  
tim e  course of R N A , D N A  an d  p ro te in  sy n th e s is  m easured  by  th e  in c o rp o ra ­
t io n , a f te r  d ifferen t tim es , o f  labelled  u rid in e , th y m id in e  and  p h en y la lan in e  
a d d e d  a t  th e  s ta r t  o f  th e  ex p erim en t.

A c ta  M icrobiologica Academ iae S c ie n tia ru m  Hungaricae 20, 1973



ISOLATION OF II NA STIMULATING SUBSTANCES

i ig .  1. R N A , D N A  a n d  p ro te in  sy n th es is  in E . coli cells as m ea su re d  by  th e  in co rp o ra tio n  
o f u rid in e  (U R ), th y m id in e  (T dR ) an d  p h en y la lan in e  (Phe) d u rin g  d iffe ren t periods o f in cu b a ­
tio n  from  th e  s ta r t  o f th e  ex p erim en t. T he sy n th e tic  ac tiv itie s  in  th e  absence (“ b ack g ro u n d  
level” ) and presence o f th e  a c tiv a to r  F  V (6 //g N /m l te s t)  Phaseolus vulgaris seeds are  g iven.

U R : — F V  О---------О; Phe: T V  д --------- д; T d R : F  V □ + + + □,
+  F  V • --------- • ,  + F V  ▲-------- À- + F V  ■ +  + + ■

F igure 1 show s th e  in c o rp o ra tio n  of p recu rso rs in  u n s tim u la te d  cells an d  
th e  in co rp o ra tio n  a f te r  ad d itio n  a t  tim e 0 of th e  s tim u la tin g  fac to r, F  V, from  
Phaseolus vulgaris  seeds [1]. In  th is  experim en t, due to  th e  s tim u la to r , R N A  
sy n th esis  ra te  increased  h y  a fa c to r  of 5. The ra te s  o f  p ro te in  sy n th esis  an d  
D N A  sy n th esis  w ere p ra c tic a lly  doubled .

2. In fluence  o f  cations K + and N H ,t . The e ffec t on R N A  sy n th es is  o f 
К  + an d  its in te ra c tio n  w ith  N H ,t , added  as N H 4 C1, is show n in Fig. 2. In  th e  
absence of N H 4+ , a d d itio n  o f К  + elicited an a b o u t tw o fo ld  increase o f  R N A  
sy n th es is  a t  th e  o p tim u m  (10 т м )  K + co n cen tra tio n . N H /  a t  50 т м  co n ­
c e n tra tio n  s tro n g ly  suppressed  R N A  synthesis a t low  K + co n cen tra tio n s  and  
in d u ced  a sh ift o f  th e  o p tim u m  K + co n cen tra tion  from  1 0  т м  to  a b o u t 2  т м .  
A t 100 т м  N H 4  , R N A  sy n th e s is  was suppressed  a t  all K + co n cen tra tio n s .

The in te ra c tio n  of K +, N H 4  an d  added s tim u la to r  (F  V) was in v e s tig a te d  
in a s tu d y  o f  th e  s tim u la b ility  o f th e  system  hy  F  V in th e  presence (2 т м )  
an d  absence o f  К  + a t  0, 50, a n d  100 т м  N H 4 (T able I). T he g rea te s t response

3* A ria  Microbiologica A ca d em ia e  Sc ien tia ru m  H ungaricae 20 , 1973



1 1 2 FED ORCSÁ K  et al.

F ig . 2. Influence of K + a n d  N H J  on R N A  sy n th e s is  in the  absence o f F  V. In co rp o ra tio n  
o f u rid in e  was m easured  a f te r  150 m in in cu b a tio n . KC1 and  N H 4C1 w ere e ith e r  o m itted  from , 
o r  a d d e d  a t  d ifferen t c o n c e n tra tio n s  to , th e  s ta n d a rd  reac tio n  m ix tu re  (R M ) described in 

M aterials an d  m e th o d s . No N H 4 •  , 50 т м  N H 4 ■  . 100 mM N H J  À

Table I

In flu en ce  o f  K + and  N H f  on the stim ulab ility  
o f  the E . coli system  by F  V

Five jug N  of F  У/m l te s t  suspension . In co rp o ra tio n  
of u rid in e  w as m easu red  a f te r  150 m in incu b a tio n .

KC1 and N H 4C1 w ere e ith e r o m itted  from  or added  a t  d iffe ren t 
c o n c e n tra tio n s  to  th e  s ta n d a rd  reac tio n  m ix tu re

pMole incorporated u rid ine/10® cells 
(in parentheses, per cents of the respective control)

NH+4
т м

K + absent K + present (2 т м )

No stim ulant + F V No stim ulant +  F V

0 55 436 92 535

(100) (800) (100) (580)

50 2.7 141 117 387

(100) (5200) (100) (330)

100 1.9 19 20 202

(100) (1000) (100) (1000)

to  F  V w as ob ta in ed  in  th e  absence o f  K + , especia lly  in th e  p resen ce  of 50 т м  
N H 4  . F  V produced  a consp icuous p a r tia l  reversion  of th e  sy s te m ’s su ppres­
sion  b y  100 т м  N H 4  in  th e  p resence  o f K  + .
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3. In fluence  o f  thiols. T he in cu b a tio n  m ed iu m  for the cells c o n ta in s  
5  ih m  m erc a p to e th an o l (see M ateria ls and  m e th o d s), w hich induces a su p p re s ­
sion o f the  system  overcom e by  s tim u la to rs , a t  le a s t of th e  ty p e  re p re se n te d  
by F  V. M ercap to e th an o l was com pared  w ith  a few th io ls  and cysteam ine  w ith  
re sp ec t to  the  in fluence  on th e  b ac te riu m  sy s tem  and on the  s tim u la tin g  
fac to r F  Y. F ig . 3 sum m arizes  th ree  e x p e rim e n ts  (1, 2, 3) on the  a c tio n  of 
these com pounds on th e  cell’s UNA sy n th esis .

Fig. 3. In fluence  of th io ls on R N A  syn thesis d u rin g  150 m in  in no il-s tim ulated  cells a n d  in 
cells s tim u la te d  by F V  (21.5 //g N /m l tes t). M ercap to e th an o l was excluded from  th e  RM an d  
replaced by th e  resp ec tiv e  th io ls ind ica ted  in the  d iag ra m ; 1, 2, 3 refer to  th ree  in d e p e n d e n t 
experim en ts . In  each p a ir  o f colum ns th e  r ig h t one re p re se n ts  a te s t  w ith F V, th e  le ft one 
a te s t  w ith  th e  sam e a m o u n t of d istilled  w ater. In e x p e rim e n t 1, F V and th e  th io l w ere p re ­
in cu b a ted  a t  20°C for 1 h r a t  10 tim es h igher c o n c e n tra tio n s  th a n  those of the  te s t  a n d  a t  th e  
onset o f th e  te s t  an  a liq u o t o f th e  p re tre a te d  F  V w as tra n s fe rre d  to  the m erc ap to e th a n o l 
free te s t  system  to  a fin a l th io l co n cen tra tio n  of 5 m M . In  e x p erim en t 2, unreduced  F  V (r ig h t 
colum ns) or th e  sam e vo lum e of w a ter (left co lum ns) w ere  ad d ed  to tes t system s co n ta in in g  
no th io l (con tro l), m e rc ap to e th a n o l (5 ш м ), red u ced  g lu ta th io n e  (2.4 20 h im , giv ing  th e  sam e 
re su lt) , or cysteam in e  (2.4 h i m ; 20 m M  being toxic). In  e x p e rim e n t 3, F  V was p re tre a te d  w ith  
50 m M  m ercap to e th an o l w hich was su b seq u en tly  rem o v ed . T he thiol-free con tro ls w ere th u s  
te s ted  w ith  u n red u ced  F V in ex p erim en ts  1 and  2, a n d  w ith  p re tre a te d  F V in e x p e rim e n t 3. 
As ex p ec ted , e x p erim en ts  1 an d  3 w ith 5 m M  m erc ap to e th a n o l in th e  tes t m edium  gave  th e  
sam e resu lt. T he con tro ls (no thiol and w ith o u t F  V) of e x p e rim e n ts  1, 2 and 3 show  th e  v a r ia ­
tion  in u rid ine  in co rp o ra tio n  w ith  increasing  age o f th e  b a c te r ia  (cf. M aterials an d  m eth o d s). 
Due to  th is v a ria tio n  q u a n ti ta t iv e  com parisons shou ld  be  done w ith  the con tro l o f th e  sam e

e x p erim en t

F V has to  be in a reduced  s ta te  (see E x p e r im e n t No. 3, “ no th io l” , in 
c o n tra s t to  No. 1, 2) in o rd e r to  be ac tiv e  w ith o u t re d u c ta n t a d d e d  to  th e  
sy stem . M ercap to e th an o l depressed  R N A  sy n th e s is  in the  system , b u t  a co m ­
parison  w ith  the  th io l-free  con tro ls show ed th a t  F  V was able no t m ere ly  to  
c o u n te ra c t th is  in h ib itio n , b u t even in th e  p resence of m e rc a p to e th an o l it 
s tim u la te d  R N A  sy n th es is  o f  the  system  to  th e  s a tu ra te d  level. F  V p re tre a te d  
w ith  g lu ta th io n e  allow ed an appreciab le  s tim u la tio n . In  the presence o f  c y s te in e ,
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a t  a b o u t  50%  re d u c tio n  o f th e  c o n tro l R N A  syn thesis, no s tim u la tio n  was 
o b ta in e d . C ysteam ine w hich  s tro n g ly  in h ib its  R N A  synthesis, allow ed a certa in  
s t im u la t io n , an d  cy steam in e  in h ib ited  th e  sy s tem  com pletely.

4 . In flu en ce  o f  pro te in s. A few p ro te in s  w ere te s ted  for th e ir  a b ili ty  to  
s t im u la te  p lasm olyzed  E . coli (T able I I ) .  A t com parable  c o n c e n tra tio n s ,

Table II

E ffects o f  proteins and a tissue  culture medium  
on urid ine  incorporation in  E . coli Q13 cells

D u ra tio n  of th e  te s t ,  150 m in

Factor added
Final

concentration

Effect on R N A  synthesis 
(pmole incorporated 
uridine per 10° cells)

(per ml)
W ithout F У

W ith  F Y
(6 /tg N/ml)

N one _ 43 350

D ia ly z ed  c a lf  serum 60 p  1 378 348

(M icrob io log ical Associates, B ethesda , Md.) 20 [A 182 236

B o v in e  se ru m  a lbum in (Sigm a)

B o v in e  se ru m  a lbum in (Sigm a) h ea ted  to 60°C for

1.6 mg 269 384

30 m in 1.6 mg 285 381

B lood a lb u m in  (B ritish  D rug H ouses) 1.6 mg 420 447

H u m a n  Serum  A lbum in (K ab i, Stockholm ) 1.6 mg 81 307

C asein  (H a m m a rsten , M erck) 1 mg 42 276

MU m ed iu m * 0.1 ml 71 306

* A  m ix tu re  o f M edium  199 and  W ay m o u th  M edium , as described by  H arm b-R in o - 
1JA H L  et al. [ 1 ] .  w ith o u t penicillin , s trep to m y c in  a n d  [3H ]urid ine .

d ia ly z e d  ca lf  serum , bov ine  serum  a lb u m in  (BSA ) and  blood a lb u m in  h ad  
a s ig n if ic a n t s tim u la tin g  e ffec t on R N A  sy n th e s is . In  the  case o f B SA , th is  
a c t iv i ty  w as u n ch an g ed  a f te r  h ea tin g  to  6 0 °C fo r 30 m in. A s lig h t in h ib ito ry  
e ffec t on  th e  ac tion  o f F  Y w as found fo r c a lf  se rum . A cell c u ltu re  m ed iu m  
(M U ), co n sis tin g  of P a rk e r  199 and W a y m o u th  MB 752/1 (Flow ), u sed  in  our 
s tu d ie s  on  th e  s tim u la tio n  of chicken spleen ly m p h o cy te s  [1] an d  h u m a n  seru m  
a lb u m in  h a d  a slight effect on p lasm olyzed  E . coli cells and p e rm itte d  a good 
s tim u la tio n  by  F  V. Caseine h ad  no s tim u la tin g  a c tiv ity .

5. E ffec t o f  R N A  syn thesis inhibitors. T h e  ac tio n  on R N A  sy n th e s is  o f 
th e  s t im u la to r  F  Y from  Phaseolus vu lgaris , a n d  o f th e  in h ib ito rs  rifam p ic in  
an d  a c tin o m y c in  D ad d ed  a t  d iffe ren t c o n c e n tra tio n s  to  the in cu b a tio n  m ed iu m  
is sh o w n  in T ab le  I I I .  T he e x p e rim en t d e m o n s tra te s  a strong  response  to  F  V, 
a h ig h  se n s it iv ity  to  rifam p ic in  and a re m a rk a b le  in h ib ition  by  a c tin o m y c in  D .
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Table 111

Effects o f  the stimulator, F  V, and o f  inhibitors on R N A  synthesis

The in co rp o ra tio n  o f u rid ine  d u rin g  150 m in  is g iven  in per cen ts 
o f th e  con tro l value  (45 pm ole/106 cells =  100% )

F V Rifampicin Actinomycin D

concentration effect concentration effect concentration effect

(//g N/ml) (%) O'g/ml) <%> (M-g/ml) (%)

0.64 180 2.3 26 3 100
3.2 590 4.5 17 12 75

16 870 9

D iscus

4

■iioil

24 52

1. Some characteristic properties o f  p lasm olyzed  E . coli cells. The low level 
o f th e  DNA sy n th es is  d em o n stra ted  in Fig. 1 show s th a t  d u ring  th e  p e rio d  
o f  s tu d y  (150 m in) an d  u n d er the  co n d itions ap p lied , a sm all frac tio n  o f th e  
cells en te red  D N A  sy n th es is  and  cell d iv ision . F ig . 1 show s fu r th e r  th a t  R N A  
sy n th esis  was a p p re c ia b ly  m ore increased  o v e r th e  co n tro l level th a n  th e  
p ro te in  syn thesis , in  ag reem en t w ith  th e  h y p o th e s is  th a t  F  V acts on th e  level 
o f  R N A  syn th esis  [1].

In  this s tu d y , R N A  syn thesis  was d e te rm in e d  by  m easu ring  th e  a m o u n t 
o f  u rid ine  in c o rp o ra te d  in to  the  acid  insoluble p ro d u c t o f th e  cells. I t  is e ssen tia l 
to  p o in t ou t th a t  th e  cells were lyzed by  SD S befo re acid  p rec ip ita tio n . T h is 
m eth o d  therefore re p re se n ts  a tru e  m easu rem en t o f  R N A  syn thesis , because th e  
u rid in e  tak en  up b y  th e  cells b u t n o t in c o rp o ra te d  in to  R N A  was w ashed  aw ay .

The system  w as ch a rac terized  w ith  re sp e c t to  its  re q u irem en t for К T 
because of th e  im p o rta n c e  of its  in tra c e llu la r  co n cen tra tio n  for d iffe re n t 
m etab o lic  processes. T he doub ling  of R N A  sy n th es is  follow ing th e  ad d itio n  
o f K + in th e  ab sen ce  o f NH,, w as in ag reem en t w ith  th e  effect of K + in an  
E . coli s tra in  la ck in g  th e  ab ility  to  ac c u m u la te  K + [5], and  w ith  in  vitro  
s tu d ies  of DNA p o lym erase  [6 ]. T h e  o p tim u m  e x te rn a l K + c o n c e n tra tio n  is 
a b o u t 1 0  inM, i.e. a p p rec iab ly  h ig h e r th a n  th e  level, a b o u t 0 . 1  h i m . from  w hich  
E . coli cells in th e  lo g arith m ic  phase are  able to  accu m u la te  К  + to  th e  n o rm a l 
in trace llu la r  leve l [5]. A lthough  N H , can rep lace  K + in R N A  a n d  p ro te in  
sy n th e tiz in g  sy s tem s in  vitro (7], it is c e rta in ly  n o t th e  n o rm al in vivo  a c t iv a to r ;  
its  in trace llu la r c o n cen tra tio n  is m a in ta in e d  n o rm a lly  a t  5—10 п ш  [5]. T he 
su p pressing  ac tio n  o f N H 4 on R N A  sy n th es is  in the  absence o f К + is n o t 
s im p ly  due to  a co m p e titio n  w ith  K + u p ta k e  [8 ] since the  o p tim u m  K + co n ­
c e n tra tio n  is sh if te d  to  a som ew hat low er v a lu e  in th e  presence of N H , (F ig . 2). 
P a r t  of the  effect o f  N H , m igh t te n ta t iv e ly  be ascribed  to  an a lkalosis p ro ­
duced  by passively  en te rin g  am m onia .
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T h e  s tro n g  s tim u la tin g  effect o f  F  Y in th e  absence o f K + m a y  p a rtly  
he d u e  to  co n tam in a tio n  by K + o f th e  s tim u la to r , since p re c ip ita tio n  o f  KCIO , 
is a s te p  in  th e  iso la tion  o f  th e  com pound . S tu d ies  o f s tim u la to rs  o f  u n k n o w n  
K + c o n te n t  in a system  w hich  is n o t u sed  a t  o p tim u m  K + c o n c e n tra tio n  are 
fo r s im ila r  reasons im p ra c tic a b le , an d  in o rd e r to  be able to  use N H 4  sa lts  o f 
r e a c ta n ts ,  a system  w ith  2 т м  K + 50 т м  N H , is considered  sa tis fa c to ry .

T h e  presence of m e rc a p to e th an o l in  th e  in cu b a tio n  m ed ium  b rin g s the  
m e ta b o lism  of the  u n s tim u la te d  (con tro l) sy s tem  to  a low er level, th u s  in c rea s­
ing  th e  re la tiv e  response to  th e  s tim u la to r . In  th e  case o f F  V, m e rc a p to e th an o l 
a c t iv a te s  th e  s tim u la to r , p ro b a b ly  by  re d u c tio n . A sim ilar effect is p ro d u ced  
b y  g lu ta th io n e , and  possib ly  b y  cy steam in e . T he in h ib itin g  ac tion  o f m e rc a p to ­
e th a n o l  is ce rta in ly  n o t asso c ia ted  w ith  oxygen  d ep le tion ; it  p ro b a b ly  re flec ts  
th e  d ep ressio n  th ro u g h  som e un k n o w n  m ech an ism  of nucleic acid sy n th es is , 
c h a ra c te r is t ic  of ra d io p ro te c tiv e  th io ls  [9, 10]. In  th is  co n te x t i t  shou ld  be 
m e n tio n e d  th a t  m erc a p to e th an o l, a lth o u g h  in effic ien t in m am m als, is a good 
ra d io p ro te c to r  in b a c te ria  1 1 1  ].

T h e  influence o f som e p ro te in s  on th e  system  was s tu d ie d  p r im a rily  
b e cau se  o f  th e  genera l use o f  serum  in p ro ced u res  for ly m p h o cy te  s tim u la tio n  
b y , e.g., p h y to h a e m a g g lu tin in , in o rd er to  g e t an  in sigh t in th e  possib le  o ccu r­
ren ce  o f  s tim u la tin g  a c tiv itie s  associa ted  w ith  th e  p ro te in s  [12, 13]. T h e  e x p e ri­
m e n t show ed  th a t  sev era l p ro te in s , b u t  n o t  all, c a rry  such  a c tiv itie s , th e  
n a tu r e  o f  w hich is be ing  s tu d ie d  fu r th e r . In  th is  co n tex t, one m ay  m en tio n  
t h a t  d iffe re n t /З-lac tog lobu lin  p re p a ra tio n s  m a y  or m ay  n o t ca rry  ly m p h o c y te  
s t im u la tin g  a c tiv ity  [14].

2. General characteristics o f  the E . coli system . T he cells used  in th e  p re sen t 
s tu d y  w ere  n o t shocked o sm otica lly  in  th e  sense used  b y  H e p p e l  [2, 3] since 
th e y  w ere  n o t exposed  to  H e p p e l ’s “ S tage  2” , viz., a sudden  ex p o su re  to  low 
o sm o tic  p ressu re  (“ S tage  1” ). As w ith  sp h e ro p la s ts , th e  cells w ere k e p t  in 
a h y p e r to n ic  m edium  d u rin g  th e  period  o f  s tu d y  w ith  the  d ifference th a t  
t r e a tm e n t  w ith  lysozym e an d  E D T A  w as o m itte d . Before th e  p re se n t cell 
sy s tem  h as  m ore closely been  c h a ra c te riz e d , the  cells shou ld  be d en o ted  
“ p la sm o ly z e d ” . T h e ir p ro to p la sm  has been  o b serv ed  to  have th e  sam e sh ru n k  
a p p e a ra n c e , w ith  d e ta c h m e n t o f  th e  m em b ran e  from  th e  m ore rig id  cell w all, 
as o b se rv e d  for E . coli cells in  0.4 м N aC l [15]; in  fac t, NaCl an d  o th e r  so lu tes 
m ay  re p la c e  sucrose in p ro d u c in g  a s tim u lab le  cell sy stem . T he re lease  of 
d e g ra d a tiv e  enzy^mes an d  pho sp h o lip id s  from  th e  perip lasm ic  space a n d  th e  
m e m b ra n e , ch a rac te ris tic  o f  S tage  2 of th e  o sm otic  shock an d  o f sp h e ro p la s t 
p re p a ra t io n , occurs to  a lim ite d  degree in  th e  S tage 1 exposure  to  h y p e rto n ic  
so lu tio n  in  th e  absence o f  E D T A  [16].

T h e  pi asm olyzed cells sh are  w ith  H e p p e l ’s osm otica lly  shocked  cells 
an d  w ith  sp h ero p lasts  th e  p ro p e rtie s  o f fu ll v ia b ili ty  and  of increased  p e rm e a b il­
ity , as sh o w n  above for ac tin o m y c in  D. I f  n eed ed , th e  p e rm eab ility  can  p ro b a b ­
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ly  be fu r th e r  increased  by  ad d itio n  o f E D T A  to  the  sucrose so lu tion  used for 
t re a tm e n t. The low m etabo lic  a c tiv ity  o f p lasm olyzed  cells is p ro b ab ly  re la te d  
to  th e  p ro longed  lag  period  of osm otica lly  shocked cells. T he p ro m p t increase 
o f th e  ra te  of R N A  sy n th esis  anel o th e r  m etabo lic  fu n c tio n s  a f te r  s tim u la tio n  
o f th e  p lasm olyzed  cells m akes i t  less likely  th a t  th e y  a re  d ep le ted  of p recu rso r 
pools and e ssen tia l enzym es. T he h igh  op tim um  K + co n cen tra tio n  is con­
s is te n t w ith  th e  in creased  p e rm e a b ility  or w ith  an in ju ry  to  ac tive  tra n s p o r t  
m echan ism s, as has been observed  for am ino  acids a n d  su g ars  in o sm otica lly  
sh o ck ed  cells. T h is qu estio n , how ever, requ ires fu r th e r  s tu d y .

On th e  basis  o f th e  d e m o n s tra te d  s tim u la tin g  a c tiv itie s  of a fac to r  from  
Phaseolus seeds an d  o f d iffe ren t p ro te in s , as well as th e  effec ts o f m etabo lic  
in h ib ito rs , we believe th a t  th e  p lasm olyzed  b ac te ria l cells described  offer 
a rap id  te s t  sy s tem  useful for th e  iso lation  of R N A  sy n th es is  s tim u la tin g  
su b stan ces  from  biological m a te ria l an d  su itab le  for s tu d y in g  s tim u la to rs  an d  
in h ib ito rs  of R N A , D N A  and  p ro te in  syn thesis.

Acknowledgement.  W e  a r e  i n d e b t e d  t o  M r s .  M a r i e - I . o u i s e  I I a n n g r e n  f o r  s k i l f u l  t e c h ­
n i c a l  a s s i s t a n c e .  T h i s  w o r k  w a s  p e r f o r m e d  w i t h i n  t h e  f r a m e  o f  a  c o l l a b o r a t i o n  o f  t h e  H u n g a r i a n  
A c a d e m y  o f  S c i e n c e s  a n d  t h e  D e p a r t m e n t  o f  R a d i o b i o l o g y ,  U n i v e r s i t y  o f  S t o c k h o l m .  I t  w a s  
s u p p o r t e d  f i n a n c i a l l y  b y  t h e  S w e d i s h  C a n c e r  S o c i e t y ,  t h e  S w e d i s h  N a t u r a l  S c i e n c e  R e s e a r c h  
C o u n c i l ,  t h e  H i e r t a - R e t z i u s  F o u n d a t i o n ,  a n d  t h e  S w e d i s h  B o a r d  f o r  T e c h n i c a l  D e v e l o p m e n t .

R E F E R E N C E S

1. H a r m s - R i n g d a h l , M., F e d o r c s á k , I ., E h r e n b e r g , L.: P ro c . n a t.  A cad. Sei. (W ash .)
70, 569 (1973).

2. H e p p e l , L. A .: Science 156, 1451 (1967).
3. H e p p e l , L. A.: In  G r o s s m a n , L., M o l d a v e , К . (eds): M ethods in E nzym ology . Vol.

X I I ,  p a rt B. A cadem ic Press, New Y ork 1968, p. 841.
4. M a n s , R. J . ,  N o v e l l i , G. D.: A rch. B iochem . B iophys. 94, 48 (1961).
5. L u b i n , M., E n n i s , H . L.: B iochem . b iophys. A cta  (A m st.) 80, 614 (1964).
6. So. A. G., D a v i c . E . W ., E p s t e i n , R ., T i s s i e r e s , A.: Proc. n a t.  A cad. Sei. (W ash .) 58,

1739 (1967).
7. F u c h s , E ., M i l e t t e , R . L., Z i l l i n g , W ., W a l t e r , G.: E u ro p . J .  B iochem . 3, 183 (1967).
8. M a c L e o d , R. A., S n e l l , E. E .: J .  b iol. Chem. 176, 39 (1948).
9. H o n j o , I., T c h o e , Y. T ., T a k a m o r i , Y., A k a b o s h i , M.: N a tu re  (L o n d .) 197, 914 (1963).

10. G o u t i e r , R ., B a u g n e t - M a h i e u , L.: In  P roceed ings of a P a n e l IA E A , V ienna 1968, p. 103.
11. H o l l a e n d e r , A., D o u d n e y , С. О.: In  B a c q , Z. M., A l e x a n d e r , P . (eds): P roceed ings

ol th e  R adiob io logy  Sym posium , L iège, A u g u s t—S ep tem b er 1954. B u tte rw o rth , L ondon  
1954, p. 112.

12. A l f o r d , R. H .: Proc. Soc. exp. Biol. (N .Y .) 133, 1443 (1970).
13. M i l t h o r p , P ., F o r s d y k e , D. R .: In  H a r r i s , .1. E . (ed.): P ro ceed in g s of th e  F if th  L euco­

cy te  C u ltu re  C onference. A cadem ic  Press, New Y ork 1970, p. 143.
14. As q u it h , P ., H o u s l e y , J . ,  Co o k e , W. T .: N a tu re  (L o n d .) 228, 462 (1970).
15. M i t c h e l l , P . : In  G o o d w i n , T. W ., L i n d b e r g , О. (eds): B iological S tru c tu re  an d  F u n c ­

tion . A cadem ic P ress , L ondon 1961, p. 581.
16. Neu, H. C„ Heppel, L. A.: J. biol. Chem. 240, 3685 (1965).

Address of the authors:

I m r e  F e d o r c s á k

In s titu te  of Genetics, Eötvös Loránd U niversity 
Múzeum U r t l a .  H -1088 Budapest, Hungary

M a t s  II a r m s - R in g d a h i ., L a r s  E h r e n b e r g  

Vlallenberg Laboratory, U niversity of Stockholm 
Lilla F rascati, 104,05 Stockholm , Sweden

■Ida M icrobiologica A cadem iae S c ien lia ru m  U ungaricac 20 , 1973





Acta microbiol. Acad. Sei. hung. 20. 119- 125 1975

DEVELOPMENT OF CELL LINES AFTER EXPOSURE 
OF CHICKEN EMRRYONIC FIBROBLASTS 

TO HERPES SIMPLEX VIRUS TYPE 2 
AT SUPRAOPTIMAL TEMPERATURE

L. G É D E R , L. VÁCZI and  I .  BOLDOGH 

Institute o f  Microbiology , University Medical School. Debrecen, Hungary 

(R eceived  D ecem ber 8, 1972)

Sum m ary. C hicken em b ry o n ic  f ib ro b la s ts  w ere exposed  to  H erpes sim plex  v iru s 
ty p e  1 (H SV -1) and ty p e  2 (HSV-2). In c u b a tio n  a t  40°C fo r p ro longed  periods in h ib ited  th e  
p ro d u c tio n  of in fectious HSV-2 w ith o u t p rev en tin g  m o st o f th e  cells from  degeneration . T his 
p rocedure , how ever, re su lted  in ra p id  g row th  of a few cells w hich  su rv ived  in fec tion  and  
show ed no c y to p a th ic  changes and  sy n th esis  of in fec tious v irus. Tw o iso lated  clones grew 
in to  co n tin u o u s cell lines. B o th  show ed increased  resis tan ce  to  HSV-2 in fection , bu t p roved  
to  be suscep tib le  to  HSV-1. H SV -specific an tigens w ere found  in 5 -1 0 %  of th e  cells w ith  
in d irec t im m uno flu o rescen t tech n iq u e . T hese chicken cell lines a ffo rded  an o p p o rtu n ity  to  
s tu d y  th e  effect o f HSV-2 on cells u n d e r non-perm issive  cond itions.

P rev ious re p o rts  h av e  p re sen ted  sero -ep idem io log ical d a ta  a sso c ia tin g  
ty p e  2 herpes in fec tion  w ith  carc inom a o f th e  u te rin e  cerv ix  [1 -3 ]. T he s u p ­
posed oncogen ic ity  of HSV-2 w as fu r th e r  s u b s ta n tia te d  hy  th e  o b se rv a tio n  
of D u f f  an d  R a p p  [ 4 ] ,  th a t  tran sfo rm ed  and  tu m o ro g en ic  cells developed  
a f te r  exposu re  o f h a m s te r  cell cu ltu res  to  IISV-2 w hich  was in a c tiv a te d  b y  
u ltra v io le t  ir ra d ia tio n .

T h eo re tica lly , a n o th e r p o ssib ility  of p re v e n tin g  cell d es tru c tio n  and  p ro ­
m oting  cell tra n sfo rm a tio n  is to  app ly  co n d itio n s non-perm issive  for v ira l 
rep lica tio n . C ell-dependen t d ifferences in the  p ro d u c tio n  o f in fectious HSV  a t 
su p rao p tim a l te m p e ra tu re  have  been rep o rted  [5, 6 ]; fu rth e rm o re , th e  p ro ­
d u c tiv e  rep lica tiv e  cycle o f HSV-2 was found  m ore h e a t sensitive th a n  th a t  
o f HSV-1 [7, 8 ]. In th is re p o r t  we describe th e  d ev e lo p m en t of cell lines fo llow ­
ing exposure  of ch icken  cells to  H SV -2, and in cu b a tio n  at 40 C for p ro longed  
periods.

M aterials and m ethods

Viruses. HSV-1 “ H IL ”  an d  HSV-2 “ LOV”  an d  “ B R Y ”  s tra in s  were k ind ly  su p p lied  
by Professor P. W i l d y . HSV-2 No. 45 s tra in  was iso la ted  from  a g en ita l e ru p tio n  in o u r in ­
s ti tu te . V irus s tra in s  were p ro p ag a ted  in H E p-2  cells. V irus w as re leased  by u ltra so n ic  d is­
in te g ra tio n  and  t i t r a te d  in H E p -2  cells. T itres were expressed  as T C ID ft0 according to  R e e d  
an d  M u e n c h . V irus s tra in s  were s to red  a t  70 °C u n til  used.

Virus growth.  T he g row th  of v a rio u s s tra in s  of HSV-1 an d  HSV-2 was e s tim a te d  in 
secondary  chicken f ib ro b la s ts  an d  in cell lines e s tab lish ed  in th is  s tu d y . Cell cu ltu res  were 
grow n in tissue c u ltu re  tu b es . V iruses were in o cu la ted  o n to  th e  cell lines a t a m u ltip lic ity  
o f  1 and 0.1 TC ID jo/cell, and  allow ed to  adsorb  for 1 h r  a t  37°C. T h e  cu ltu res  were rinsed  w ith
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p h o s p h a te  buffered  saline (p H  7.2) to  rem ove u n a tta c h e d  v irus, a n d  o v erla id  w ith  g row th  
m e d iu m  (P a rk e r’s No. 199 su p p le m e n ted  w ith  10%  calf serum , 100 u n its /m l o f penicillin , 
100 /rg /m l o f s trep to m y c in  a n d  0 .125%  NaHCO.,). T he cell cu ltu res  w ere in cu b a te d  a t  37°C 
o r 40°C  a n d  sam pled for v iru s  p ro d u c tio n  a t  v a rio u s  in te rv a ls  a f te r  in fec tion . T he v iru s was 
e x tr a c te d  from  the  cells b y  th re e  cycles o f freez ing  an d  thaw ing . V irus y ie ld s w ere expressed  
as T C ID 50 according to  R e e d  a n d  M u e n c h .

V iru s suscep tib ility  of th e  cell lines w as te s te d  b y  com paring  th e  t i t r e  o f v iru s suspen­
sio n s in  cell lines to  th a t  in  th e  co n tro l cells, u sin g  th e  p laque  t i t r a t io n  m eth o d .

Cells. P rim ary  ch icken  em b ry o n ic  cell c u ltu re s  w ere p rep ared  a n d  H E p -2  cells were 
p ro p a g a te d  according to  th e  p ro ced u re  described  by  C é d e r  et al. [9] a n d  G É d e r  an d  VÁczi 
[10]. T h e  ch icken  em bryon ic  f ib ro b la s ts  w ere u sed  in  th e  f irs t passage  in  vitro.

A n tig en s and C F  procedures. CF an tig en s w ere p rep ared  in P B S  by  u ltra so n ic  dis­
in te g ra t io n  of a 20%  suspension  of w ashed , try p s in iz e d  cells grow n in  tis su e  c u ltu re . A fter 
c e n tr ifu g a tio n  a t  low speed fo r 20 m in u tes , th e  s u p e rn a ta n ts  were used  in  th e  te s ts . HSV-2 CF 
a n tig e n  w as p repared  from  in fec ted  H E p -2  cells 48 h o u rs  a fte r in fec tion  [11].

Im m unofluorescence. In o c u la tio n , f ix a tio n  an d  sta in in g  of cells g row n on coverslips 
w as p e rfo rm e d  as described p rev io u sly  [10].

Im m u n e  sera. HSV-2 im m u n e  serum  3 3 5 /X II  w as k ind ly  su p p lied  by  P ro fesso r P. 
W i i d y . P re p a ra tio n  of th e  se ru m  w as described  b y  W a t s o n  et al. [12]; i t  h a d  an  a n tib o d y  
t i t r e  in  CF and  im m unofluo rescence  of 1/128 as described  prev iously  [13].

V iru s  induction fro m  chicken cell lines. In d u c tio n  by  association  w ith  sensitive  in d ica to r 
(H E p -2 )  cells was p e rfo rm ed  acco rd in g  to  S a b i n  a n d  K o c h  [14, 15].

R esults

Growth o f H S V - l  and  H S V -2  in  chicken em bryonic fibrob lasts at 37°C  
and  40°C . These e x p e rim e n ts  w ere designed  to  determ ine  th e  e ffec t o f su p ra - 
o p t im a l  te m p e ra tu re  on th e  syn th esis  o f in fectious H S V -l an d  H SV -2 in 
c h ic k e n  em bryon ic  f ib ro b la s ts . M .o.i. 1 T C ID S0 /cell. V irus y ie ld  o f th e  cells 
w as d e te rm in e d  as describ ed  u n d e r “ M ateria ls  an d  m e th o d s” .

T h e  resu lts  show th a t  a t  37°C th e  g ro w th  o f H S V -l w as m ore re s tr ic te d  
th a n  th a t  o f HSV-2, th e  la t te r  p ro duc ing  t i t r e s  abou t 2 e x p o n e n ts  h ig h er a t 
24 h r  a f te r  infection. H ow ever, in c u b a tio n  a t 40°C caused  to ta l  in h ib itio n  o f 
H SV -2 rep lica tio n  a lth o u g h  th e  cells d e g en e ra ted  and d e ta c h e d  from  th e  glass 
su rfa c e . T h e  su p rao p tim a l te m p e ra tu re  re d u ced  and in h ib ite d  th e  g ro w th  of 
H S V -l b u t  g radually  d ecreasin g  am o u n ts  o f  in fec tive  v iru s  w ere d e te c te d  in 
th e  cells for a m uch longer p e rio d  (F ig. 1).

Development o f cell lines. E x p e rim e n ts  w ere m ade to  d e te rm in e  w h e th e r 
th e re  rem a in e d  su rv iv ing  cells a f te r  HSV -2 infec tion . S eco n d a ry  ch icken  
e m b ry o n ic  fib ro b lasts  w ere inocu la ted  w ith  HSV-2 a t  a m u ltip lic ity  of 5 
T C ID  50/ce ll in  suspension a n d  ad so rb ed  fo r 1 h r  a t  37°C. A fte r re p e a te d  w ash ­
ings in  g ro w th  m edium , cells w ere d is tr ib u te d  in to  cu ltu re  fla sk s  ( 2  X 10 6  cells 
p e r  f la sk )  an d  in cu b a ted  a t  40°C; 24 h r  la te r  only  ro u n d ed  cells f lo a tin g  in 
th e  m e d iu m  were seen u n d e r  low  pow er. T he flasks were fu r th e r  in c u b a te d  
a t  40°C ; 6 — 8  days la te r , 1—2 sm all foci o f cell g row th  w ere d e te c ta b le  on th e  
g lass su rface  in  some of th e  fla sk s . T h ey  grew  fast in a p iled  up  m a n n e r . 
I s o la te d  foci were try p s in iz e d  an d  sp read  over th e  glass su rface  to  o b ta in  
f a s te r  g ro w th  and  su ffic ien t cells for e x p e rim e n ta l purposes, u su a lly  2 0  day s 
a f te r  in fec tio n . T hey  w ere tra n s fe rre d  to  37°C on th e  2 5 th  d a y  a f te r  v iru s
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T im e  in  h o u r s

Fig. 1. G ro w th  curves o f HSV-1 “ H IL ”  and  HSV-2 “ L O V ”  in  chicken em bryon ic  f ib ro b la s ts
a t  37°C an d  40°C, resp ec tiv e ly , o- - - - -O HSV-1 a t  37°C, О----------#  HSV-1 a t  40°C,

□ ----------□ HSV-2 a t  37°C, ■ ---------- ■  HSV-2 a t  40°C

in o cu la tio n . 1 2  clones w ere se lec ted  and  p a ssag ed  in  vitro; 6 - 1 0  p assag es  w ere 
ca rried  o u t in th e  f irs t  fo u r m o n th s. All th e  cell lines including u n in fe c te d  
con tro ls  began  to  e x h ib it red u c tio n  in v ia b ili ty  a t  the  4 th —7th  p assag e . N one 
o f  th e  con tro l cells su rv iv ed . U ltim a te ly  th e  p ro g en y  from  2 o f th e  o rig in a l 
clones o f HSV-2 in fec ted  chicken fib ro b la s ts  su rv iv e d , these cell lines show ed 
a fa s t g ro w th  a fte r  th e  1 0 th  passage, an d  a re  n o w  in th e ir  1 0 0 th  tissu e  c u ltu re  
passage (F ig . 2). T he tw o  cell lines described  in  th is  paper arc Chj a n d  C h 2  

w hich are fib ro -ep ith e lia l-lik e  an d  p a r tia lly  c o n ta c t- in h ib ite d  (F ig . 3).
A ssays for in fec tiv ity  show ed th a t  th e  in fec tio u s  v irus d isa p p e a re d  from  

th e  m ed ium  2 d ays a fte r  in fec tion . No in fec tiv e  HSV-2 could be d e te c te d  
from  th e  2 0 %  d is in te g ra te s  o f th e  cloned cell lines a t the  1 0 th  tissu e  c u ltu re  
passage or la te r .

Growth o f  H S V -1  and H S V -2  in  cell lin es  C hl and Ch„. S ince th e  cells 
w ere o rig inally  in fec ted  w ith  HSV-2, g ro w th  s tu d ie s  were in itia te d  to  d e te r ­
m ine if HSV-1 an d  HSV-2 could rep lica te  in th e se  cell lines. T hey  w ere in fec ted  
w ith  HSV-1 an d  HSV-2 a t  a m u ltip lic ity  o f  0.1 T C ID 50/cell and  th e n  th e  in ­
fec tive  v iru s  y ie ld  o f th e  cells was d e te rm in e d  period ically  as d e sc r ib e d  in 
“ M ateria ls an d  m e th o d s” . HSV-1 ap p ea red  to  rep lica te  equally  w ell in b o th  
th e  co n tro l an d  the  e stab lish ed  cell lines. G ro w th  o f HSV-2 was m ore re s tr ic te d
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F ig . 2. D ev elo p m en t of co n tin u o u s  chicken em b ry o n ic  cell lines a fte r in fec tio n  w ith  HSV-2 
“ L O V ” . П ---------- □ co n tro l u n in fe c te d  chicken f ib ro b la s ts ;  con tinuous cell lines: О ----------- O Chj

д  -------- Д Cho

F ig . 3. C ontinuous ch ick en  em bryonic  cell line  C hj. U n s ta in ed  p re p a ra tio n  ( X 300)

in ce lls  w hich  su rv iv ed  th e  HSV-2 in fec tio n , show ing a t  least 1 e x p o n e n t 
d iffe ren ce  in  to p  t i tre s  in  fa v o u r of the c o n tro l cells (Fig. 4).

T h ese  resu lts  w ere confirm ed  in e x p e r im e n ts  where th e  su sc e p tib ility  
o f  ce ll lin es  to  HSV-2 in fe c tio n  was e s tim a te d  b y  com paring th e  t i t r e  o f  v iru s  
su sp e n s io n  o b ta in ed  b y  s im u ltan eo u s t i t r a t io n s  in  contro l and  our c o n tin u o u s
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T im e in  h o u r s

Fig. 4. G ro w th  cu rv es o f HSV-2 “ LO V ”  in  con tro l un in fec ted  chicken em b ry o n ic  f ib ro b la s ts
an d  in Ch, an d  C h2 con tinuous cell lines. □ - ——— □ HSV-2 in con tro l cells, ■ --------- ■  in Ch1

cells. •  •  in Ch., cells

9 -I

E
3
Ll
CL

6 -

5

—

H S V - 2 H S V -  1

F ig . 5. T itre  o f HSV-1 “ H IL ”  an d  H SV -2 “ LOV”  v irus suspensions w hen d e te rm in e d  sim ul­
taneously  in co n tro l chicken cells a n d  c o n tin u o u s  lines Ch, and  C h2. □ con tro l cells, ■  Ch,

cells, IS C h2 cells
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cell lines. W hen HSV-1 w as t i tra te d , e q u a l t i tre s  w ere o b ta in ed  w ith  the 
p la q u e  m ethod  a n d  n o rm a l p laques d ev e lo p ed . In  each  in stan ce , how ever, 
th e  t i t r e  of HSV-2 v iru s  suspension in th e  c o n tro l cells exceeded  by  m ore th a n  
o n e  ex p o n en t th e  t i t r e  o b ta in e d  in ou r c o n tin u o u s  cell lines. S light c y to p a th ic  
e ffe c t w as p roduced  b y  HSV -2 on the re s is ta n t  cell lines in th e  form  o f m icro ­
sco p ic  p laques, w hen  co m p ared  to  th e  m a c ro p laq u es  p roduced  in the m ore 
p e rm issiv e  system  (F ig . 5).

Search fo r  H S V -sp e c ific  markers in established cell lines. I f  these  cells are 
c a r ry in g  virus g en e tic  m a te r ia l it  is possib le  th a t  th e y  m ay  co n ta in  v irus- 
sp ec if ic  m arkers. W h en  im m une serum  w as used  u n d ilu te d  or in d ilu tion  
1 : 2 in ind irec t im m u n o flu o rescen t te s ts , a b o u t 5 -1 0 %  of the  cells show ed 
in tra c y to p la sm ic  flu o rescen ce . G ran u la r su rface  fluorescence was o b ta in ed  in 
u n f ix e d  p rep a ra tio n s . H ow ever, no herpes specific  an tigens could be d e tec ted  
w ith  im m u n o flu o rescen ce  o r com plem ent f ix a tio n  w hen th e  im m une serum  
w as  d ilu ted  1 : 4. N one o f  th e  control cells show ed  fluorescence. The cells were 
also  in o cu la ted  in to  fre sh ly  ha tch ed  ch ickens to  d e te rm in e  an y  tum orogen ic  
p o te n tia l .  H ow ever, th e  lack  o f highly in b re d  ch ickens for these  ex p erim en ts  
h a s  m ad e  th e  d e v e lo p m e n t o f tum ours u n re liab le .

D iscussion

P rim ary  ch icken  em bryon ic  fib ro b la s ts  w ere exposed to  HSV-2 and  in ­
c u b a te d  for p ro longed  perio d s at 40°C. F o llow ing  tre a tm e n t w ith  the  v iru s , 
th e  cells showed p ra c tic a lly  com plete d eg e n e ra tio n . H ow ever, some cells su r­
v iv e d  th e  in fection  a n d  beg an  to  grow in “ p iled  u p ”  foci. Tw elve such foci 
w ere  iso la ted  b u t on ly  tw o  clones resu lted  in  c o n tin u o u s  cell lines. T h ey  show ed 
in c rea sed  resistance  to  p ro d u c tiv e  in fec tion  b y  HSV-2 b u t were suscep tib le  
to  H SV -1.

HSV-2 m ay  be oncogen ic  according to  sero -ep idem io log ical d a ta . H erpes 
in fe c te d  cells are ra p id ly  destro y ed . This s i tu a tio n  does n o t fav o u r cell t r a n s ­
fo rm a tio n . The effect is m itig a ted  by in a c tiv a tio n  o f herpes v iru s  by  u ltrav io le t 
i r ra d ia tio n  or b y  D M B A  [7 ,1 2 -d im eth y lb en z(a) a n th ra c e n e ] tre a tm e n t.

T hese p ro ced u res  h a v e  th e  ad v an tag e  t h a t  v ira l in fec tiv ity  is d estro y ed  
m ore  qu ick ly  th a n  th e  tra n sfo rm in g  p o te n tia l  [4, 16]. In o cu la tio n  o f h am ste r  
cells w ith  such p re tr e a te d  v iru s  suspensions re su lts  in  d eve lopm en t o f t r a n s ­
fo rm e d  cell lines.

N on-perm issive  co n d itio n s  for v ira l re p lic a tio n  m ay  also p re v e n t cell 
d e s tru c tio n  and  p ro m o te  cell tra n sfo rm a tio n . I f  SV40 tu m o u r cells w ere in ­
fe c te d  w ith  HSV-2 a n d  in c u b a te d  a t 40°C, a te m p o ra ry  v iru s  la te n c y  developed  
fo llow ed  b y  re a p p e a ra n c e  o f  th e  in fectious v iru s  [17]. In c u b a tio n  of h a m ste r  
e m b ry o n ic  fib ro b la s ts  a t  40°C afte r ex p o su re  to  HSV-2 re su lted  in a “ t r a n s ­
fo rm e d ”  cell line w h ich  w as tum orogen ic  in  n ew b o rn  h am ste rs  [18].
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T he d ev e lo p m en t o f our co n tin u o u s cell lines can be exp la ined  on th e  
basis o f  p rev ious o b se rv a tio n s, in th a t  su p ra o p tim a l tem p e ra tu re  d e lay ed  th e  
ap p earan ce  an d  reduced  th e  q u a n ti ty  o f la te  p ro d u c ts  of HSV in fe c tio n , 
especially  in  cells o f h am ste r  an d  ch icken  origin [5, 6 , 19]. Such a s itu a tio n  m ay  
fav o u r th e  in co rp o ra tio n  o f v iru s  genetic  m a te r ia l  in to  th e  cells.

V irus tra n sfo rm e d  cells are o ften  re s is ta n t to  superin fec tion  by  th e  sam e 
v iru s. A p o rtio n  o f th e  HSV-2 genom e p re se n t in  th e  C ht and  Ch 2  cells m a y  be 
responsib le  fo r th e  observed  resis tan ce  to  H SV -2 in fec tion . The sp ec ific ity  o f 
th is  in h ib itio n  is a p p a re n t, as th e  cells rep lica te  th e  closely re la ted  HSV-1 v e ry  
well. Im m u n o -flu o rescen t s tud ies have  also re v e a le d  an tigens specific  fo r 
HSV-2 in 5—10%  o f th e  cells w hen  im m une  se ru m  u n d ilu ted  or in d ilu tio n  
1 : 2 w as used . No in fective v iru s  could  be in d u c e d  b y  association  w ith  H E p -2  
cells. A nyhow , th e  d eve lopm en t o f  these  cell lines w ith  the  help o f H SV -2 
in fec tion  p rov ides a new e x p e rim e n ta l m odel fo r th e  fu r th e r  in v es tig a tio n  of 
HSV-2 tra n sfo rm in g  p o te n tia l  in cells u n d e r no n -p erm issiv e  cond itio n s.

Acknowledgem ent. T he a u th o rs  w ish to  th a n k  P ro fe sso r P . W i l d y  for th e  g enerous 
g ift o f herpes im m u n e  serum  an d  Mrs. C. D Ó CZI fo r ex ce llen t techn ica l assistance.
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HERPES SIMPLEX VIRUS LATENCY IN SV40 
HAMSTER TUMOUR CELLS

I. B O LD O G H , L. G É D E R  and L. YÁCZI 

Institu te  o f  M icrobiology, U niversity  M edical School, Debrecen 

(R ece iv ed  D ecem ber 8, 1972)

Sum m ary . In c u b a tio n  o f SV„, tu m o u r  cell c u ltu re s  w ith  h e rp es  sim plex  v iru s  ty p e  2 
(H SV -2) a t  40 C resu lted  in ra p id ly  grow ing cells w hich su rv iv ed  th e  infection  a n d  lacked  
b o th  v iru s cy to p a th o lo g y  and  sy n th es is  o f  d e tec tab le  in fec tious v iru s. Follow ing tra n s fe r  to 
37°C in fec tious HSV-2 reap p e are d  an d  p e rs is ten t in fec tion  of cells developed  w ith o u t com ­
plete d e s tru c tio n  of th e  cell line. T h ere  w as. how ever, a delay  of a t  le a s t 8 to  22 d ay s follow ing 
tra n s fe r  to  37°C before in fec tious v iru s  could  be d e tec ted . H SV -specific  im m u n o flu o rescen t 
an tig en s were p resen t in every  cell in la ten cy . T he re ap p e ara n ce  of in fec tious HSV-2 w ent 
p a ralle l w ith  focal cy to p a th o g en ic  changes. T he period betw een th e  d isap p earan ce  a n d  re a p ­
p earan ce  of in fec tious v iru s is considered  th e  la te n t period . C u ltu res in th is period  w ere less 
sensitive  to  superin fection  w ith he rp es sim plex  v irus type-2  th a n  co n tro l cu ltu res . T h e  r e a p ­
pearan ce  of infectious HSV-2 a f te r  p ro longed  in cu b a tio n  of in fec ted  cu ltu re  a t  40°C and  
37°C in d ica tes  th a t  HSV-2 can  re m a in  assoc iated  w ith th e  cells in a non-in fec tious fo rm  for 
a p ro longed  period w ith o u t being  degrad ed .

In c reased  resis tan ce  to  in fec tion  by HSV-1 an d  HSV-2 o f SV 4 0  h a m s te r  
tu m o u r  cell line was re p o rte d  p rev io u sly  [1]. T he lim ited  response to  in fec tio n  
w as re s tr ic te d  to  th e  p ro d u c tio n  o f  in fectious v iru s an d  v irus-specific  an tig en s  
coded by  th e  progeny  v ira l D N A , but d id  n o t e x te n d  to  th e  syn th esis  o f “ e a r ly ”  
a n tig en s  syn thesized  in cells t r e a te d  w ith  cy tosine  a rab in o sid e . M ore t r a n s ­
form ed cells th an  in fec tious v iru s  were capab le  of p ro d u c in g  H SV -specific 
an tig en s .

I t  is show n in the* p re se n t re p o rt th a t  HSV-2 rem ain s assoc ia ted  w ith  
these  cells in a non -in fec tio u s s ta te  for v a rious periods w hen in fec tio n  was 
follow ed by in c u b a tio n  a t 40°C.

M a te r ia ls  an d  m e th o d s

Cell cultures. SV40 h a m s te r  tu m o u r cell line I I /d  w as e s tab lish ed  from  a tu m o u r  w hich 
dev elo p ed  in a h a m s te r  in o cu la ted  a t  b ir th  w ith  SV,J0, as re p o rte d  p rev iously  [1]. T he cell 
line was in  its  80 100th in  vitro  passage  when these e x p erim en ts  w ere perfo rm ed . E v id en ce  
for its  tran s fo rm a tio n  by SV ,0 w as described  prev iously  [1]. Cells w ere p ro p ag a ted  a n d  m ain ­
ta in ed  in P a rk e r’s m edium  No. 199 w ith  10%  or 2%  < •alf serum  a n d  0 .125%  N a H C 0 3, respec­
tively .

Viruses. HSV-1 “ H IL ”  an d  HSV-2 “ 1,0V ”  s tra in s  w ere o b ta in ed  from  P ro fesso r 
P. W i l d y . HSV-2 No. 45 s tra in  w as iso lated  in o u r D e p a r tm e n t from  a g en ita l e ru p tio n . 
T he v iru s  s tra in s  w ere p ro p a g a te d  in l lK p -2  cells. T he v iru s w as released by u ltra so n ic  d is­
in te g ra tio n  an d  t i t r a te d  in H E p -2  cells. T itre  was expressed  as T C ID 50 according to  R e e d  and  
M u E N c n .  B oth  HSV-2 stra in s  w ere used  in every ex p erim en t.

Growth cycle. Grow th  cycle o f v iru s in con tro l an d  I I /d  cells w ere in v estig a ted  by  m easu r­
ing th e  to ta l  (in tra ex tra ce llu la r)  v iru s  y ield  and  expressed  a s T C I D 30 as described in “ R e su lts” .
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Im m u n e  serum . H SV -2 im m u n e  serum  3 3 5 /X II  used in im m u n o flu o rescen t te s ts  w as 
k in d ly  supplied  by  P ro f. P . W i l d y . P re p a ra tio n  of im m u n e  serum  w as described  by  W a t s o n  
et al. [2]. I t  had  an  a n tib o d y  t i t r e  o f 1/128, as d e te rm in e d  w ith  in d ire c t im m unofluo rescen t 
t e s t  [3].

Im m unofluorescent tests. T h e  in d irec t im m u n o flu o rescen t m e th o d  w as used  [3].
Infectious centre assays. R ep lica te  cu ltu res  in  th e  la te n t  phase  o f in fec tio n  w ith  HSV-2 

w ere  try p sin ized  an d  w ash ed  once  in  g row th  m ed ium . Serial d ilu tions o f suspensions o f know n 
n u m b e r  o f cells w ere m ad e  a n d  ino cu la ted  o n to  u n in fec te d  H E p -2  cu ltu res  in  P e tr i  dishes 
g ro w in g  as m onolayers. T h e  c u ltu re s  were ov erla id  w ith  P a rk e r’s No. 199 m ed iu m  conta in ing  
0 .6 %  D IFC O  N oble a g a r  a n d  0 .125%  N a H C 0 3, 3 to  5 days la te r  th e  cu ltu res  w ere s ta ined  
w ith  c ry s ta l v io le t an d  e x am in ed  fo r HSV p laq u es . A s a con tro l, th e  re m a in in g  u n d ilu ted  
cell suspension  was so n ic a te d  a n d  ino cu la ted  u n d ilu te d  on to  rep lica te  H E p -2  m onolayers.

R esults

Growth o f  H S V -1  and  H S V -2  stra ins in  S F 4 0  ham ster tum our cells at 
37°C  arid 40°C. T h ese  e x p e rim e n ts  w ere designed  to  d e te rm in e  th e  effect of 
a su p ra o p tim a l te m p e ra tu re  on th e  sy n th esis  o f  in fectious v iru s  in  SV 4 0 -trans- 
fo rm e d  cells. C o n flu en t cell sheets in tissu e  cu ltu re  tu b e s  w ere in fec ted  w ith  
H SV -1 an d  HSV-2 a t  an  in p u t  o f 5 T C lD 50/cell an d  th e  v iru s  w as allow ed to  
a d so rb  a t  37°C for 1 h r. C u ltu res  w ere then  w ash ed  tw ice w ith  P B S  a n d  fu rth e r  
in c u b a te d  a t 37°C a n d  40°C . T hree  sam ples o f  cu ltu res  w ere h a rv e s te d  perio d ­
ic a lly  an d  assayed  fo r th e  presence  of in fec tio u s v iru s  in  H E p -2  cells. T he v irus 
w as  e x tra c te d  from  th e  cells b y  th ree  cycles o f  freezing a n d  th aw in g .

T he resu lts  show  t h a t  a t  37°C th e  g ro w th  o f HSV-2 w as m ore re s tr ic te d  
t h a n  th a t  of HSV-1 th e  la t t e r  p roducing  t i t r e s  one log u n i t  h ig h er a t  48 h r 
a f te r  in fec tion  (F ig . 1). In c u b a tio n  a t  40°C p ro d u ced  to ta l  in h ib itio n  o f rep lica ­
t io n  o f  HSV-2 a lth o u g h  th e  cell sheet m o stly  consisted  of ro u n d ed  and degen­
e r a te d  cells d e tach in g  fro m  th e  glass surface. H ow ever, som e iso la ted  surv iv ing  
cells rem ain ed  an d  b eg an  to  grow  rap id ly  fo rm in g  “ piled  u p ”  foci an d  soon 
c o n f lu e n t  cell sheets .

T he su p ra o p tim a l te m p e ra tu re  did n o t p re v e n t b u t  red u ced  th e  g row th  
o f  H SV -1. The su rv iv in g  cells form ed a c o n flu e n t cell sh e e t w ith in  a sh o rt 
p e r io d  an d  co n tin u ed  to  y ie ld  in fectious v iru s  w ith  th e  ap p e a ra n ce  o f some 
is o la te d  cy to p a th o g en ic  foci. T his “ v iru s c a r r ie r”  cell line w as m a in ta in ed  
d u r in g  7 passages w ith o u t a n y  sign of d ec lin a tio n  o f g ro w th .

E stablishm ent o f  H S V -2  latency in  S F 4 0  transform ed cells. E x p e rim en ts  
w ere  p erfo rm ed  to  d e te rm in e  if  su rv iv in g  cells o f th e  HSV -2 in fec ted  SV40- 
tu m o u r  cell line c o n ta in e d  in fec tious v iru s  o r herpes specific  an tig en s .

T u m o u r cells w ere in o c u la te d  w ith  H SV -2 a t a m u ltip lic ity  of 5 T C ID go/ 
cell in  suspension , a n d  a d so rb e d  a t  37°C fo r 1 h o u r. A fte r re p e a te d  w ashing 
in  g ro w th  m edium , cells w ere  d is tr ib u te d  in to  cu ltu re  fla sk s  (2 X 106  cells per 
f la s k )  a n d  in c u b a te d  a t  40°C for 24 h r. M ost cells becam e ro u n d  an d  f lo a ted  
in  th e  m ed ium , o n ly  a few  su rv iv ed  an d  a t ta c h e d  to  th e  glass su rface . T hey  
g rew  fa s t , form ing a b o u t 10 p iled  up foci b y  th e  3rd  d ay , a b o u t 30 b y  th e  5 th , 
a n d  a con flu en t cell sh e e t b y  th e  1 0 t h  to  1 2 th  d ay  a fte r  in fec tio n . T h ey  were
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Fig. 1. G row th  cu rves o f HSV-1 “ H IL ”  a n d  HSV-2 “ LOV”  in SV 40 h a m s te r  tu m o u r  cells 
a t  37°C an d  40°C, respec tive ly . О--------- О HSV-1 a t 37°С; • --------- •2 H S V -1  a t  40°С;

□ -------- -□  HSV-2 a t  37°С; ■  ---- ■  I1SV-2 a t  40°С5

tra n sfe rre d  to  37°С a t 16 d ays a f te r  in fec tion . Cell cu ltu re s  were e x a m in e d  
daily  fo r th e  presence of v iru s c .p .e . A t 4 -day  in te rv a ls , rep lica te  sam ples w ere 
h a rv es ted  an d  assayed  for th e  p resence o f in fec tious v iru s  on H E p -2  cells. 
The re su lts  o f these  ex p e rim en ts  show ed th a t  in fec tio u s  HSV d isa p p e a re d  
from  rep lica te  sam ples a t 40°C tw o d ay s a fte r  in fec tion  a n d  rem ain ed  u n d e te c t­
able d u rin g  th e  w hole period  o f in c u b a tio n  a t  40°C (for 16 days) an d  fo r 20 d a y s  
a fte r  tra n s fe r  o f th e  cells to  37°C. A t th is  tim e th e  re p lic a te  cu ltu res  show ed  
m icroscopic ev idence o f v iru s  c .p .e . (F ig. 2). H ow ever, th e  in fec tive  v iru s  
y ield  of these  cu ltu res  rem a in ed  low er th a n  th a t  o f th e  cu ltu res  w h ich  h a d  
been in c u b a te d  a t  37°C from  th e  b eg inn ing  o f  th e  g ro w th  cycle.

Som e co rre la tions w ere fo u n d  betw een  th e  le n g th  o f in c u b a tio n  a t  40°C 
and  th a t  o f th e  la te n t  phase w hich  developed  a f te r  h a v in g  tra n s fe rre d  th e  cells 
to  37°C, th e  la t te r  being longer a f te r  m ore p ro longed  in c u b a tio n  a t  40°C 
(Table I). H  ow ever, d u rin g  th e  p e rio d  of v ira l la te n c y  H SV -specific  a n tig en s  
were d e tec ted  w ith  th e  in d irec t im m u n o tluorescen t te c h n iq u e  in p ra c tic a lly  
every  cell. T hese an tigens h ad  p re d o m in a n tly  cy to p la sm ic  lo ca liza tio n , be in g  
often  a rran g ed  as g ran u la r  p e rin u c le a r  fo rm atio n s (F ig . 3).

Growth o f  H S V  types in la ten tly  infected S V ^ -tra n s fo rm e d  cells. R ep lica te  
tu m o u r  cell cu ltu res  in th e  la te n t  period  as well as un in fec ted  co n tro ls  w ere
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F ig . 2. Course of re a p p e a ra n c e  of HSV-2 follow ing in cu b a tio n  a t  40°C. SV40 tu m o u r cells 
in  susp en sio n  were in o c u la te d  w ith  HSV-2 “ LO V ”  a t  an  in p u t m u ltip lic ity  o f 5 T C D 50/cell 
a n d  allow ed to  adsorb  fo r 1 h r  a t  37°C. The c u ltu re s  w ere th en  w ashed, suspended  in g row th 
m ed iu m , d is tr ib u ted  in g lass fla sk s  and in cu b a ted  a t  40°C for 14 d ay s, th e n  tran sferred  to 
a n d  in cu b a ted  a t  37°C. R e p lic a te  sam ples were h a rv e s te d  periodically  an d  assay ed  in  H E p-2  
cells  fo r th e  presence of in fec tio u s  v irus. ■ ----------■  HSV-2 a t  40°C; □ — ------ □ HSV-2 a t  37°C

Table I

Extension  o f  v ira l latency and ratio o f  inducible cells in S  V a0 
tu m o u r cell line after in fection  w ith  H S V -2

Incubation 
a t 40°C, 

days

Period
o f la ten t phase 
a t  37°C, days

Reappearance 
of infectious HSV-2 

(days after 
infection)

Fraction o f cells 
yielding infectious 

HSV-2 during latency 
(infectious centre 

assays)

6 8 14

15 17 32

22 23 45 1 : 400

28 22 50 1 : 300

. =  N o t te s te d .

t e s te d  fo r th e ir  a b ili ty  to  su p p o rt the  sy n th es is  o f HSV-1 an d  2. T he cu ltu res  
w ere  in fec ted  in su sp en sio n  as m en tioned  p rev io u sly  and th e n  in c u b a te d  in 
tis su e  cu ltu re  tu b e s  a t  40°C for 30 days. A t th is  tim e rep lica te  cu ltu res  were 
in o c u la te d  as m o n o lay ers  w ith  e ither HSV-1 or HSV-2 a t  a m u ltip lic ity  of
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4’rg. 3. In tra c y to p la sm ic  fluorescence o f herpes-specific  an tig en s in SV.1() tu m o u r cells in  th e
la te n t p h ase  o f  in fec tion  ( X 600)

0.1 Т С Ш 5 0 /сс11. F o llow ing  ad so rp tio n  for 1 h r  a t 37°C th e  cu ltu res w ere w ashed  
tw ice , fed w ith  g row th  m edium  an d  in c u b a te d  a t 37°C. R ep lica te  c u ltu re s  
w ere frozen an d  th aw ed  th ree  tim es  and  te s te d  for in fec tiv ity  a t in d ic a te d  
tim es  a fte r  in fec tion . As seen in F ig . 4, HSV-2 g row th  was m ore re s tr ic te d  
in cells ca rry in g  la te n t  HSV-2 a n d  th e  g ro w th  curve of HSV-2 w as m ore 
“ d e lay ed ”  th a n  th a t  o f the co n tro l cells. No sign ifican t in h ib ition  o f th e  
g ro w th  of su p erin fec tin g  HSV-1 w as no ticed .

Infectious centre assays. R ep lica te  cell cu ltu re s  were in fec ted  w ith  
HSV-2 in suspension  a t  a m u ltip lic ity  o f 5 T C ID 5 0 /cell, adso rbed  for 1 h r  a t  
37°C, p la ted  a n d  tran sfe rred  to  40°C for 22 and  28 days. T hey  were in c u b a te d  
a t  37°C till th e  32nd  d ay  a fte r in fec tio n , w hen rep lica te  cu ltu res  w ere h a rv e s te d  
for in fectious cen tre  assays. D ilu tio n s  o f v iru s-ex p o sed  cells were ad d e d  to  
m onolayers o f H E p -2  cells. The c u ltu re s  w ere ex am in ed  da ily  for th e  p resence  
o f  foci o f H S V -c.p .e ., which becam e a p p a re n t b e tw een  3 to  5 days a f te r  in ­
o cu la tio n . The re su lts  showed o n ly  sligh t v a r ia b ility  in the  n u m b e r o f  cells 
sy n th esiz in g  in fec tio u s virus (T ab le  I). The level v a ried  from  1 in  300 to  
1 in 400. In fec tio u s  v irus was n o t fo u n d  in th e  e x tra c t  of the  cells in  con tro l 
assays.
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T im e in  h o u r s

F ig . 4. S u scep tib ility  o f la te n t  phase  cells to  su p e rin fec tio n  w ith  0.1 T C ID 50/cell o f e ith e r
H S Y -1  “ H IL ”  or HSV-2 “ LO V ” . In c u b a tio n  a t  37°C. O  —--------O  HSV-1 in con tro l cells;
• ----------Ш HSY-1 in la te n t  p h ase  cells; □ ---------- □ H SV -2 in  co n tro l c e l ls ; 'И --------- ■  HSV-2

in la te n t  p h ase  cells

D iscussion

O ’N e il l  et al. [4] described  a h u m a n  cell cu ltu re  system  in  w hich  fo llow ­
in g  in fe c tio n  w ith  H S V -ty p e  2 cell d e s tru c tio n  an d  v iru s  m u ltip lica tio n  w ere 
p re v e n te d  b y  th e  D N A -in h ib ito r, cy to sin e  a rab in o sid e , an d  HSV-2 rem ain ed  
a sso c ia te d  w ith  these  cells in  a n on -in fec tious s ta te  for v a rious periods. Before 
th is  r e c e n t  re p o rt no a t te m p ts  a t  e s tab lish in g  H SV  la te n c y  in  vitro  have  been  
e n tire ly  successful. In  all th e  o th e r sy s tem s [5—11] th e  com m on fe a tu re  w as 
a m in im a l cell d e s tru c tio n , an d  in fec tio u s v iru s  w as d e tec ted  wdien cells w ere 
d is ru p te d .

A ccord ing  to  ou r p rev io u s o b se rv a tio n  [1], th e  g row th  of HSV-2 w as 
re s tr ic te d  in  SV40-tran sfo rm ed  cells w hich  w ere inducib le , h ad  h igh T -an tig en  
t i t r e s  a n d  a g rea t tu m o u r  p o te n tia l. R a t c l i f f e  [12] an d  L o ng so n  [13] show ed 
th e  in h ib ito ry  effect o f su p ra o p tim a l te m p e ra tu re s  on th e  in fec tiv e  y ield  o f  
H S V -2 -in fec ted  cells. T hese find ings s tim u la te d  us to  e s tab lish  HSV-2 la te n c y  
in  o u r  I I / cl cell sy stem  b y  in c u b a tio n  a t  40°C. T h is su p rao p tim a l te m p e ra tu re  
p re v e n te d  th e  p ro d u c tio n  o f in fec tious H SV -2 in  SV4n-tran sfo rin ed  h a m s te r  
cells. E v e n  w hen cell c u ltu re s  w ere tra n s fe r re d  to  3 7 °€ ,  th e re  w as a de lay  o f 
a t le a s t  1 to  3 w eeks befo re  in fec tious HSV-2 h a d  reap p ea red . D urin g  th e  period
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betw een  th e  d isap p ea ran ce  an d  reap p earan ce  o f in fec tio u s  v iru s , the  H SV -2 
w as la te n t. Som e cells co n ta in ed  HSV-2 in a n o n -in fec tio u s  form , d e tec tab le  
in  in fectious cen tre  assays. H ow ever, herpes-specific  a n tig e n s  localized in th e  
cy top lasm  w ere d e te c te d  in  every  cell also in th e  p h ase  o f  la ten cy , using  th e  
in d irec t im m u n o flu o rescen t m eth o d . O ur o b se rv a tio n s  w ere sim ilar to  those  o f 
O’N e il l  et al. [4] w here  v iru s  la te n c y  w as e s tab lish ed  w ith  c y tr  sine a rab inoside .

At th is  s tage  o f th e  ex p erim en ts , the  m ech an ism  responsible for th e  
d e lay  in th e  rea p p e a ra n c e  o f  in fectious HSV-2 is u n c le a r . I t  is w orth  m e n tio n ­
ing  th a t  St e v e n s  et al. [14] could recover H SV  fro m  la te n tly  in fected  t r i ­
gem inal ganglia o f ra b b its  w ith  re c u rre n t eye in fec tio n , on ly  if the gang lia  
w ere rem oved  a n d  m a in ta in e d  as o rgan -cu ltu res  fo r 2—3 weeks.

In ou r case, th e  cell-dam aging  effect o f th e  e le v a te d  tem p era tu re  could  
be excluded , because (i) th e  g row th  of I l /d  cells w as as good a t 40°C as a t  
37°C; (ii) th e  cells used  for v irus-y ield  con tro l in th e  “ su p erin fec tio n ”  e x p e ri­
m en ts  were also in c u b a te d  a t  40°C p rio r to  v iru s  in fec tio n . H ow ever, th e  t i t r e  
o f HSV-2 w as 1 log u n it  h ig h er in these  cells th a n  in th o se  w hich  were la te n t ly  
in fec ted . T his p h en o m en o n  can be in te rp re te d  as a sign of highly specific  
au to in te rfe ren ce  be tw een  th e  HSV-2 v ira l genom e a n d  v ira l an tigens, in l a te n t ­
ly  in fec ted  cells a n d  in th e  superin fec t ing HSV-2. I f  I l / d  cells were infected  w ith  
H SV -1, no v iru s  la te n c y  developed . The fa s t-g ro w in g  cells co n tin u o u sly  
y ie lded  in fec tio u s v iru s  a t  40 C.

The effect o f  e lev a ted  te m p e ra tu re  on th e  g ro w th  o f HSV was s tu d ie d  
by  d iffe ren t a u th o rs . M ainly th e  la te  v iru s a n tig en s  a rc  dam aged  a t  40°C , 
to g e th e r w ith  a s ig n if ic a n t or com plete block o f th e  p ro d u c tio n  of in fec tiv e  
v iru s  [15—17]. In c u b a tio n  o f H SV -infected  BS-C-1 cells a t  40°C did n o t red u ce  
th e  fo rm ation  o f  e a rly  an tig en s w hich are p ro d u c e d  also in the  presence o f  
cy tosine  a rab in o sid e , b u t  de layed  th e  ap p ea ran ce  a n d  reduced  th e  q u a n t i ty  
o f th e  la te  p ro d u c ts  o f  in fec tion  [18]. Crouch  an d  R a p p  have confirm ed th e se  
re su lts  fin d in g  ce ll-d ep en d en t differences in  th e  p ro d u c tio n  of in fec tio u s 
HSV-2 a t  39°C [19]. H a m ste r  em bryon ic  f ib ro b la s ts  w ere non-perm issive  a t  
th is  te m p e ra tu re . A lth o u g h  c .p .e. h ad  d ev e lo p ed , no in fectious v iru s  w as 
form ed. The p ro d u c tio n  o f in fec tious v iru s  w as h e a t  sen sitiv e  up to  6  h r  a f te r  
in fec tion . Specific  v ira l an tig en s w ere sy n th esized , b u t  th e  am o u n t o f v ira l 
D N A  w as g re a tly  red u ced . H ow ever, th e y  do n o t m e n tio n  th e  su rv ival o f cells 
a t  39°C a f te r  HSV in fec tion .

We h av e  to  consider th e  possib ility  th a t  som e h ea t-sen s itiv e  cell fu n c tio n  
m ay  be req u ired  fo r th e  syn thesis  of HSV-2 D N A  or o f some c ritica l v ira l 
p ro te in s  in tra n s fo rm e d  h a m s te r  cells, th e  re s to ra tio n  of w hich re q u ire s  a 
ce rta in  period  o f  in c u b a tio n  a t  37°C.

HSV-2 m a y  be oncogenic based  m ain ly  on seroepidem iological d a ta  a n d  
on tra n s fo rm a tio n  ex p e rim en ts  using UV in a c tiv a te d  v iru s and  h a m s te r  
em b ry o n ic  f ib ro b la s ts  [20]. In  vitro e s tab lish ed  HSV la ten cy  p ro v id es  an
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e x p e r im e n ta l m odel for fu r th e r  in v e s tig a tio n s  of the ex p ressio n  o f  a possible 
H S \  oncogenic p o te n tia l  in cells u n d e r  nonperm issive  co n d itio n s . M ore de ta iled  
s tu d ie s  of th is  k in d  of cell—viru s  re la tio n sh ip  are desirab le .

Acknowledgem ent. W e are in d eb te d  to  P ro fesso r P . W il d y  fo r th e  g ift o f  h e rp es im m une 
se ru m . T h e  exce llen t tech n ica l a ssistan ce  o f M rs. C. D óczi is acknow ledged .

R E F E R E N C E S

1. G é d e r . L., YÁczi, L ., J e n e y , E .: A c ta  v iro l. 15, 35 (1971).
2. W a t s o n , D. H ., S h e d d e n , W. I. H ., E l l io t , A ., T etsu k a . T ., W il d y , P ., B o u r g a u x -

R a m o i s y , D ., G o l d , E .: Im m u n o lo g y  11, 399 (1966).
3. G é d e r , L., S k i n n e r , G. R . B.: J .  gen. V irol. 22, 179 (1971).
4. O ’N e il l , F . J . ,  G o l d b e r g , R . J . ,  R a p p . F .: J .  gen. Virol. 14, 189 (1972).
5. R o izm a n , B., T u r n e r , T. B .: P roh l. V irol. (N .Y .) 5, 593 (1960).
6. S z á n t ó , J . :  A c ta  viro l. 7, 385 (1963).
7. H i n z e , H . C„ W a l k e r , D. L.: J .  B ac t. 82, 498 (1961).
8. N u ,  S.: B iken’s J .  12, 45 (1969).
9. H a m pa r , B., B u r r o u g h s , M. A. K .: J .  n a t.  C ancer Inst. 43, 621 (1969).

10. G é d e r , L ., V á c z i , L., K o l l e r , M.: A c ta  v iro l. 9. 431 (1965).
11. R o izm a n , B.: P e rsp ec t. V irol. 4, 283 (1965).
12. R a t c l i f f e , H .: J .  gen. Virol. 13, 181 (1971).
13. L o n g s o n , M.: A nn. In s t. P a s te u r  120, 699 (1971).
14. S t e v e n s , A. B ., N e s b u r n , A. B ., Co o k , M. L .: N a tu re  new Biol. (L o n d .) 235, 216 (1972).
15. H o g g a n , M. 1).. R o i z m a n . B.: V iro logy 8, 508 (1959).
16. W h e e l e r , C. E .: J .  Im m unol. 81, 98 (1958).
17. Y o s h in o , K ., T a n ig u c h i, S., T a k e u c h i, H .: J a p .  J .  M icrobiol. 12, 97 (1968).
18. G é d e r , L ., J e n e y , E ., Gönczöl, G ., L e h e l , F .: A cta  m icrohiol. A cad . Sei. hung . 17,

77 (1970).
19. C r o u c h , A. N ., R a p p , F .: J .  V irol. 9, 223 (1972).
20. D u f f , R ., R a p p , F .: N a tu re  new  Biol. (L o n d .) 233, 48 (1971).

A ddress o f the authors:

I s t v á n  B o l d o g é i ,  L á s z l ó  G é d e r ,  L a j o s  V á c z i  
D ep artm en t o f Microbiology, U niversity  Medical School, 
H-4012 Debrecen, P.O.B. 17, H ungary

A c ta  M icrobiologica Academ iae S c ien tiarurn H ungaricae 20 , 1973



4cta microbiol. Acad. Sei. hung. 20, 135— 146. 1973

PHAGE TYPING OF SHIGELLA FLEXNERI
I. C L A SS IFIC A T IO N  O F  T Y P  К P H A G E S  ON T H E  B A S IS  O F  T H E IR  

SE R O L O G IC A L  P R O P E R T IE S , L Y S O G E N IZ IN G  A B IL IT Y  A N D  LY TIC
A C T IV IT Y

V e r a  G. L ászló , IIe d d a  M ilch  яш! A n n a  H a j n a l

N ational In s titu te  o f  Public Health. B udapest 
and Pest C ounty P ublic  Health Station. B udapest

(R ece iv ed  J a n u a ry  25. 1973)

Sum m ary . A m ethod  has b een  w ork ed  o u t for th e  p h age  ty p in g  of Shigella f le x n e r i  
s tra in s  on th e  basis o f the  re la tio n  b e tw een  th e  type  phages. T he 19 ty p e  p h ag es w ere c la ss i­
fied  in to  7 serological groups on th e  basis o f n eu tra liz a tio n  te s ts  w ith  a n tip h a g e  sera , a n d  in to  
9 g roups, acco rd ing  to  im m u n ity  d ev elo p in g  a fte r  lysogenization . T he re la tio n sh ip  betw een  
th e  phages p roved  to be a lm ost id en tica l w ith  th e  tw o m ethods. 4606 S. f le x n e r i  s tra in s  were 
exam ined  by  th e  above phage se t an d  90 phage types were de te rm in ed .

T he freq u en cy  of in fec tio n s  cau sed  by  Shigella fle x n e r i  s tra in s  has a t t r a c t ­
ed a t te n tio n  to  th e  need o f p e rfo rm in g  phage ty p in g  besides se ro ty p in g .

A tte m p ts  a t  w ork ing  o u t  a phage ty p in g  m e th o d  h av e  b een  m ad e  long 
ago [1—3]. In  R oum an ia , I s t r a t i  [4] e lab o ra ted  a m e th o d  fo r d iv id in g  th e  
s tra in s  o f se ro ty p e  2a, th e  m ost f re q u e n t one. A fte r som e m o d ifica tio n s  the  
phage se t consisted  of 1 2  phages.

In  P o lan d , S lopek an d  Mulczyk [5] d iv ided  S . fle x n e r i  s tra in s  in to  
40 phage ty p es . W e have in tro d u c e d  b o th  the  above m e n tio n e d  m e th o d s  [6] 
an d  ex a m in a tio n  of 800 s tra in s  show ed th a t  accord ing  to  S lopek  43% , and  
accord ing  to  I strati  75% , o f  th e  s tra in s  belonged to  tw o  phage ty p e s . A fte r 
co m p arin g  th e  tw o m eth o d s, th e  tw o  series of phages w ere p a r t ly  m od ified  
an d  en la rg ed  w ith  phages iso la ted  in  H u n g a ry . T w e n ty  p hages w ere selected  
fo r phage ty p in g , and  th e  e x a m in e d  1474 s tra in s  w ere d iv id ed  in to  124 phage 
ty p es .

A new phage typing m ethod was then described by the team  o f S lopek 
[7— 9] grouping the phages on the basis of electron m icroscopic exam ination .

T he p u rpose  o f th e  p re se n t s tu d y  was to  m odify  ou r phage se t, co n sid e r­
ing th e  re la tio n sh ip  betw een  th e  p h a g e s , and  to  devise a ty p in g  schem a m ore 
su itab le  fo r p rac tica l p u rp o ses . In  d o in g  th is  we have  considered  th e  re la tio n ­
sh ip  b e tw een  th e  phages b y  s tu d y in g  th e ir  serological p ro p e rtie s , th e ir  p ro ­
phage im m u n ity  develop ing  a f te r  lysogenization  b y  phages a n d  th e  ly tic  
reac tio n s.
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M aterials and m ethods

Phages used fo r  typ in g  schem a: S l o p e k ’s 9 p h ages (F 2 , F 3 , F 4 ,F 5 ,F 6 , F 9 , F10, F i l ,  F12), 
I s t r a t i ’s 5 phages (a , b , c, d , f) , 5 H un g arian  p h ages (D 2, D8, D 14, D 17, D 19) were used. 
T y p in g  was perform ed w ith  th e  h ighest d ilu tion  o f th e  ty p e  phages g iv ing  sem iconfluen t 
ly s is  w ith  th e  p ro p a g a tin g  s tra in s  (R TD ).

Strains. Phage  se n s i t iv i ty  w as de term ined  of 4606 S. f le x n e r i  s tra in s  iso lated  from  
p a t ie n ts  an d  carriers in  d if fe re n t lab o ra to ries  in  H u n g a ry  in  th e  y ea rs  1968-1971. T he p ro p ­
a g a tin g  stra ins have  b een  d esc rib e d  in a p rev ious p a p e r  [6].

Serological studies. A n tip h a g e  sera were p re p a re d  w ith  th e  19 ty p e  phages. Cross­
n e u tra liz a tio n  tes ts  w ere p e rfo rm e d  w ith  all sera a n d  all ty p e  phages, b y  th e  m eth o d  of Adams
[Ю ].

Lysogenization. L y so g en iz in g  ab ility  of all 19 ty p e  p h ag es on S. f le x n e r i  s tra in s  sensitive  
to  th e  corresponding p h ag es  w as te s te d  on agar p la te s . F if ty  s tra in s  w ere lysogenized. Second­
a ry  colonies grown a t  th e  ly tic  a rea  were su b c u ltu re d  b y  s treak in g  th e m  3 tim es on ag ar 
p la te s ,  th e n  exam ined fo r p h a g e  sen sitiv ity  and  lysogeny .

E xam ina tion  o f  phage rela tionship  on the basis o f  im m u n ity  after lysogenization. S en sitiv ­
i ty  o f  50 lysogenized s tra in s  to  a  se t o f 19 phages w as ex am in ed  in o rd e r to  show  th e  develop ­
m e n t  o f im m u n ity  a g a in s t p h a g es  lysing th e  cu ltu re  before  ly sogenization .

Results

Serological exa m in a tio n s. The resu lts  o f n e u tra liz a tio n  te s ts  w ith  a n t i ­
p h a g e  sera are su m m arized  in Table 1. T he 19 p hages w ere d iv id ed  in to  7 sero- 
g ro u p s  according to  th e  n eu tra liz in g  effect o f a n tip h a g e  sera .

Lysogenization. L y so g en ic  b ac te ria  are  im m u n e  to  ly tic  in fec tion , or to  
ly so g en iza tio n  w ith  th e  sam e or closely re la te d  phages. T h is p ro p e rty  was 
u sed  for estab lish ing  th e  re la tio n sh ip  betw een  ty p e  phages. S . fle x n e r i  s tra in s  
w ere  lysogenized w ith  th e  19 ty p e  phages, a n d  im m u n ity  develop ing  a fte r 
ly so g en iza tio n  was e x a m in e d . The resu lts  are d e m o n s tra te d  in  T ab le  I I .  The 
p h a g e s  were a rran g ed  acco rd in g  to  th e  sero logical g roup ing . On th e  basis o f  
im m u n ity  a fte r ly so g en iza tio n , 9 groups w ere d is tin g u ish ed . T h is subdivision  
w as n o t  iden tica l w ith  th e  serological g roup ing  th o u g h  in  th e  case of some 
p h a g e s  b o th  y ie lded  th e  sam e resu lt.

Grouping o f  type phages on the basis o f  their serological, lysogenizing and  
ly tic  properties. T ab le  I I I  show s th e  new  ph ag e  ty p in g  schem a. T he ty p e  
p h a g e s  were d iv ided  in to  5 groups, th e  se rog roups C, I), E  w ere u n ited  in to  
one  g roup .

W e de te rm ined  90 p h a g e  ty p es. T ab le  IV  p re sen ts  th e  phage ty p e  d is­
t r ib u t io n  of the  e x a m in e d  4606 S . fle xn er i  s tra in s . T he m o st f re q u e n t phage 
ty p e s  w ere: 81, 5, 42 , 85, 19, 22, 62, 71, 16 a n d  69.

D iscussion

T ab le  I  shows t h a t  tw o  phages, phage “ a ”  an d  “ F 1 0 ”  belong  to  sero- 
g ro u p  “ A ”  because c ro ss-n eu tra liza tio n  d ev e lo p ed , th o u g h  th e  values of 
n e u tra liz a tio n  were low . Serogroup  “ B ”  consists  o f 6  phages (F3 , F i l ,  F4, 
D 14 , F 9 , D 8 ). The p o s itio n  o f  phage “ c”  is n o t  d e fin ite , i t  w as n eu tra lized  b y
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Table I. Serological classification o f S. flexneri type phages

S e r o l o g i c a l
P h a g e s

T i t e r o f  n e u f a  I 1 z a  t i 0  n 0  f a  n i - F h a 3 e  s e  r a

g r o u p a F10 F3 F11 F4 D14 F9
! !

d 8 Г c F5 F6 °19 F12 °2 D17 F2 b f d

a 1000 10 <5 ____ <5

F10 10 1000

F3 1000 10 1000 1000  500 <5 <5

Fn 100 100 10 10 10 10 100 <5

в
F„ 100 100 1000 100 10 100 10 <5

d 14 100 100 100 1000 10 100 100 <5

f 9 100 10 10 100 500 10 10 <5

d 8 <5 <5 10 100 100 100 <5 <5

c C <5 10 10 10 100 <5 1000 <5

f5 <5 1000 1000 1000 1000
—

D F6 1 <5 1000 1000  1000 1000

°19 <5 1000 1000 100 1000 <5 <5

E F12 1000 1000

d 2 10 1000 1000

F 0 ,7 <5 10 1000 1000 100

f 2 100 1000

b 1000 10 10

G f <5
—

100 10000110000

d
_____ I I

100 1 0 0 0 0 1 0 0 0 0  
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Table II

Classification o f  S. f le x n e r i  type phages 
on the basis o f  prophage im m u n ity  after lysogenization

2

1 im m u n ity  to  e v e ry  lysogenized  s tra in
2 no im m u n ity  to  ev ery  lysogenized s tra in

a n tip h a g e  sera F l l ,  F 4 , D 14 an d  F 9 , th u s  in  th is  resp ec t i t  belongs to  g roup  
“ B ” , b u t  it  is re la te d  w ith  group “ D ”  to o , because  an tip h ag e  sera  p ro d u ced  
w ith  p h a g e  “ c”  n e u tra liz e d  phages D 19, F 5  a n d  F6. T herefo re , phage “ c”  
fo rm s g roup  “ C” alone a n d  m eans a link  b e tw e e n  g roups “ B ”  an d  “ D ” . G roup  
“ E  " co nsists  of phage F 12 . T hough phage F 12  w as n eu tra lized  b y  an tip h ag e  
se ra  F 5 , phage F5 w as n o t n eu tra lized  b y  a n tip h a g e  sera F12 —  th u s  i t  fo rm s 
an in d e p e n d e n t sero log ica l group . P h ag es D 2, D17 and  F2 belong to  g roup

A c ta  M icrobiologica A cadem iae S c ie n tia ru m  Hungaricae 20, 1973
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‘‘F ” . W eak  n e u tra liz a tio n  developed  to  phage F12. G roup “ G ”  co n sis ts  o f 
3 sero log ica lly  hom ologous phages (b , f, d).

T ab le  I I  shows th e  im m u n ity  dev e lo p in g  a fte r  ly so g en iza tio n . P h ag es 
“ a ”  an d  “ F 1 0 ”  b e lo n g  to  one g ro u p  (“ 1” ), in ag reem en t w ith  sero logical 
c la ss ifica tio n  (“ A ” ). L ysogenizing  w ith  p hage  “ a ”  or “ F 1 0 ” , th e  s tra in  loses 
its se n s itiv ity  to  b o th  phages. G roup  “ 2 ”  consists o f 5 phages (F 3 , F i l ,  F 4 , 
D 14, F9). P hage  D8 form s an  in d e p e n d e n t g ro u p  (“ 3” ); ly sogen iz ing  w ith  
p h ag e  D 8 induces im m u n ity  only  to  th e  hom ologous phage.

G roup  “ 4”  consists o f 3 p h ag es: p h ag e  “ c” , F6 and  F5. L y so g en iza tio n  
w ith  th e se  phages p rov ides im m u n ity  to  phages D8 an d  D19 to o , b u t  i t  is 
n o t a cross im m u n ity . D 19 is th e  o n ly  p hage  in g roup  “ 5” .

T ab le  I I  shows th a t  im m u n ity  h as  n o t developed  to  phage “ c”  a f te r  
ly sogen iza tion  w ith  phage F 6 . T he e x p la n a tio n  is th a t  th e  o rig inal non-lyso- 
genic s tra in  w as no t sensitive  to  p h ag e  “ c”  e ith e r.

“ F 1 2 ”  is th e  only  phage in g ro u p  “ 6” , because ly sogen iza tion  w ith  F12 
did  n o t r e s u lt  in cross im m u n ity  to  a n y  o th e r phage, n o t even to  p h ag e  F 5 , 
th o u g h  a f te r  ly so gen iza tion  w ith  p h ag e  F5 one ou t o f th e  tw o s tra in s  induced  
im m u n ity  to  p hage  “ F 1 2 ”  too .

P hages D2 an d  1)17 belong to  g roup  “ 7” . C ross-im m unity  h as  b een  
rev ea led  in lysogen iza tion  w ith  th ese  ph ag es. P hage F2 belongs to  g ro u p  “ 8”  
as th is  phage w as n o t re la te d  to  an y  o th e r  phage on th e  basis  o f  im m u n ity  
develop ing  a fte r  ly sogen iza tion . G ro u p  “ 9”  consists o f 3 p hages: “ b ” , “ f ”  
a n d  “ d ”  accord ing  to  th e  c ro ss - im m u n ity  o b ta in ed .

C om paring  the  serological an d  im m u n ity  g roups: se ro g ro u p  “ A ”  is id e n ­
tic a l w ith  th e  im m u n ity  g roup  “ 1” , se ro g ro u p  “ B ”  includes th e  p h ag es o f 
g roup  “ 2”  an d  “ 3” . P h ag es 1)2 and  D17 a re  re la ted  (group  “ F ”  an d  “ 7” ). P hage 
F2 belongs serologically  to  g roup  “ F ” , re la ted  to  D2 an d  D 17, b u t  on the  
basis o f im m u n ity  it  w as se p a ra te d  in  g roup  “ 8” . P hages b , f, d a re  re la te d  
accoreling to  b o th  classifications, anil be long  to  groups “ G”  an d  “ 9” .

T he phage ty p in g  schem a was dev ised  on the  basis o f th e  above g ro u p ­
ings, ta k in g  in to  co n sid e ra tio n  th e  ly t ic  p a t te rn s  (T able I I I ) .  T h e  schem a 
consists o f 90 phage ty p es . T he co n n ec tio n  be tw een  th e  se ro ty p es a n d  phage 
ty p e s  o f S . fle xn er i  s tra in s , an d  th e ir  use in ep idem io log ica l p ra c tic e  will be 
re p o rte d  in a n o th e r  p ap e r.

.•Ida  M  icrobiologica Academ iae Sc ie  a lia  ru m  H un g a rica e  20, 1072
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T a b l e  I I I

Phage typ ing  schema fo r  S. fle x n eri

Phage type
Groups of type phages

I II III IV V

a F10 Fs F„ F. d ,4 f8 Dg C f5 F, Du, F„ D* D„ F, b f d

l + + 4- 4- + + 4- + + + 4- 4 4- 4- 4- + 4- 4-
2 "T ■1- + 4- + 4- + + + 4- 4- + 4- 4- 4- 4- 4- — —

3 -L + + 4- 4- + -i- + 4- \ 4- 4- 4- 4- + + - - —

4 + + + 4- 4- 4- + + 4- 4- 4- + + + 4- — 4- — —

5 + г + + 4- 4- 4- 4- 4- + + 4- 4- 1 + - - - -

6 + + ! 4- 4- 4- 4- + 4- 4- + 4- + t - - 4- 4-

7 4- + 4 4- 4- 4- 4- 4- 4- + + 4- 4- 4 - - + — -
8 + + 4- 4- 4- + 4- 4- 4- 4- 4- + — + 4- 4- + 4- 4-
9 + : + + 4- 4- 4- 4- 4- 4- 4- 4- — 4- 4- 4- t — 4-

10 + 4- + 4- 4- 4- 4- 4- + 4- 4- + - + 4- 4- 4- — —
11 + 4- 4- 4- 4- + 4- 4- 4- 4- 4- - 4- 4- 4- - 4- —

12 4- + 4- 4- 4- 4- 4- 4- 4- + + 4- - + + - - —

13 + + 4- 4- 4- + 4- 4- 4- 4- - 4- + 4- 4- - - —

14 + + + 4- 4- + + 4- + 4- + 4- - 4- 4- - + 4- 4-

15 + + 4- 4- 4- + + 4- 4- 4- 4- 4- - 4- 4- — 4- 4- -

16 4- + 4- 4- + 4- + 4- 4- 4- 4- 4- - 4 4- - 4- — —

17 + + 4- 4- + 4- 4- 4- 4- 4- 4- 4- - + — 4- 4- — —

18 + + 4- 4- 4- + 4- 4- 4- 4- 4- + — 4- 4- - - — —

19 -1- + ! 4- 4- 4- 4- 4- + 4- - + 4- 4- 4- — - - -
20 + 4- 4- + 4- 4- 4- 4- 4- 4- 4- - 4- — — 4- 4- 4-
21 + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- — 4- — — 4- - 4-
22 + + 4- + 4- + 4- 4- 4- 4- 4- + — 4- — — 4- — —

140 
L

Á
S

Z
L

Ó
 et 

a
l.



PHAGE T Y P IN G  OF SHIGEL LA  F L E X N E R I ,  I 141

I I I I I I +  I I I I I I I I I I I ! I I I

1 1 1 1 1 1 1 1 1 1 1 1 + ' 1 1 1 1 1 1 1 1 1 1 + 1 1 1

1 1 + + + 1 1 1 1 1 ' 1 + 1 1 1 1 1 1 1 1 1 + 1 1 1 1 +

1 + 1 1 1 + 1 1 ' 1 1 1 1 1 1 1 1 1 i 1 1 1 + 1 + 1 •f 1

1 1 1 + + 1 1 + + + + + + + + + + + 1 + + + + 1 + + + +

+ 1 ! + + + ■ + + + + + 1 + + + + + + + + + 1 + + + + +

1 1 + 1 1 1 + 1 1 + + 1 I + + 1 1 + + + 1 1 1 1 1 1 1 1

+ + + + + + + + + 1 + + + + + + + 1 1 1 + 1 + + + + + +

+ + 1 1 + + + + 1 + 1 + + 1 1 1 1 + 1 1 1 1 + + + + + +

+ + + + + + + 1 + + + + + 1 1 1 + 1 + 1 1 1 + + + + + +

+ + + + 1 1 1 + + 1 1 1 1 + 1 + 1 1 1 1 1 1 + + 1 1 + +

+ + + + + + + + + + + + + + + + + + -h + + + + 1 + 1 + +

+ + + + + + + + + + + + + + + + + + + + + + + + + + + 1

+ + + + + + + + + + + + + + + + + + + + + + + + + + + +

+ + + + + + + + + + + + + + + + + + + + + + 1 • 1 + 1 +

+ + + + + + + + + + + + + + + + + + + + + + + + + + 1 +

+ + + + + + + + + + + + + + + + + + + + + + + + + + + 1

+ + + + + + + + + + + + + + + + + + + + + + + + + + + +

+ + + + + + + + + + + + + + + + + + + + + + + + + + + +

съ
CM

TPOM 1/5CM 40
CM

lr-CM 00
O l

04<M оcb CO CMCO ГОCO CO 1 оCO 40CO 1 -
с о

CO
с о

O'CO оTf< C I
TP

CO Ю 4 0Tf 1 - CO O ' оЮ
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Table I I I  (con tinued)

Phage type

Groups of type phages

I II III IV V

a F,„ F, F« f 4 D.. F, D» c f5 F, D„ F.. Ds D,7 F, b f d

51 + + + -1- + — + + — + — + — + — - -

52 + + — — — + - + + + + — + + -r + — —

53 + + — — — + - + + - t - + + - + - 1- + — —

54 + + — — — + — 1 + + + + - + - - + — —

55 + -1- — — — — -1- + + + + + + + - — — —

56 + + — — — — M  1 1 + + + + - + + i- + — —

57 + + — — — — — ! i + + + — + + + — — —

58 + + — — — —. еж ! -i- + + + + + + - + — —

59 + — — — — Í + + + + - - - -1- + — —

60 + — — — — + 1 + + - + - - - - — —

61 + — — - + - + - + + 1 + + + — —

62 + + — — — — - + + + + - — - — - — — —

63 + — — — — - + - + + +
64 + + — — — — — + - + - - + i + — - — —

65 + + — — — - - + - + - - + - — + + — —

66 + + ** — — - - + - + - + — + — — — — —

67 + + - — - - + - — — — + — — — — — —

68 + - - +
69 — + + + + + + + + + + — ! + — — — —

70 — + + + + + + + + + — + — + — — —

71 + — - + + + + - !- + + + — 4 + — — — —

72 — — — — + - + 1 + + + — + + + — — —

’ 3 + — - - - - - + + + + + — + + + — — —
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1 1 1 1 1 1 1 1 1 ! 1 1 1 1 1 1 1

1 1 1 1 1 1
'

1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 ! 1 1 1

1 + 1 + + + + + 1 1 1 1
'

+ 1 + 1

+ 1 + 1 1 1 1 1 1 1 1 1 1 1 1 1 1

+ 1 + 1 1 1 1 1 1 1 1 1 1 1 1 1

1 ! 1
Î

1 1 1 1 1 1 1 1 1
1 '

1 1

+ + + + 1 1 + 1 ! 1 1 1 1 1 1 1 !

+ + + + + 1 1 1 1 1 1 + + + 1 1

+ + + + + 1 1 1 1 1 1 1 1 1 1 I !

+ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

+ + + + + + + + 1 + 1 1 + 1 + + +

1 ! 1 1 ! 1 1 ! 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 + 1 1 1 + + 1 1 1

1 1 1 1 1 1 ! 1 1 1 1 1 1 1 1 ! 1

1 1 1 1 1 1
'

1 1 1 1 1
'

1 ! 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 +  1 1 1 1 1
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Table IV

Phage type d istribution  in  percentage o f  S . fle x n eri strains  
in  the period 1968 to 1971

Phage type
Year

Total
1968 1969 1970 1971

l — — 0.4 _ 0.1
2 0.2 0.6 0.6 0.8 0.5
3 — — 2.1 1.6 0.8
4 0.3 0.1 — 1.3 0.4
5 7.9 19.1 1.7 9.3 10.1
6 0.1 0.6 — — 0.2
7 0.2 0.1 0.6 0.1 0.2
9 0.8 0.1 0.7 0.4

10 2.3 0.1 1.1 1.0 1.1
12 — — — 0.6 0.1
13 0.5 0.9 0.2 0.1 0.4
14 0.4 — 0.4 1.3 0.5
15 — — 0.8 0.1 0.1
16 6.0 0.2 3.1 2.7 3.0
17 0.5 0.3 — 0.1 0.2
18 — — — 1.8 0.5
19 0.2 5.8 23.6 8.1 8.1
20 2.4 5.2 0.2 — 2.1
21 1.1 — — — 0.3
22 4.7 8.4 6.2 — 4.7
23 3.0 2.1 0.1 0.2 1.6
24 0.2 — — 0.1 0.1
25 0.2 — — 0.3 0.2
26 — — — 3.0 0.8
27 0.2 — — 0.3 0.3
28 0.5 0.1 — 0.1 0.2
29 0.8 — — — 0.2
30 0.1 — — — 0.1
31 — — — 3.6 0.9
32 0.4 4.2 — — 1.2

33 — — 3.3 0.1 0.6
34 0.2 — 0.1 — 0.1
36 — — — 0.3 0.1
37 0.4 0.1 4.8 0.2 1.1

38 0.1 0.3 0.7 0.8 0.4
39 - - 0.9 1.0 0.4

A c ta  M icrobiologica A cadem iae Scientiarurn  H ungaricae 20, 1973
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Table IV (con tin u ed )

Year
Total

1968 1969 1970 1971

2.2 0.6 — 0.8
1.1 0.1 — 0.3

22.0 8.3 5.2 0.6 9.4

- 4.0 0.7 0.8
0.7 — 0.9 — 0.4
0.2 — — 0.1

— 1.3 2.1 — 0.7
0.5 — 0.1
0.2 — 1.2 — 0.3
0.1 0.2 — — 0.1
0.2 — — 0.1

— — 0.1 — 0.1
4.4 0.1 0.1 — 1.2
0.2 — 0.1 — 0.1
0.1 0.1 0.8 — 0.2

— 0.5 0.1
0.1 0.8 0.3 0.4

- — 0.8 0.2 0.2
0.1 — 0.2 0.2
1.8 1.1 0.8

— 0.6 0.5 s * 0.2
0.2 — — 0.5 0.2
6.1 8.5 2.8 4.5

- — — 0.2 0.1

- - - 0.9 0.2

- — — 0.1 0.1
1.0 1.6 2.8 0.2 1.2
1.4 0.2 0.2 0.1 0.5

- — — 6.4 1.7

- — — 0.4 0.1

— 11.8 3.2
0.1 — 0.1 0.2 0.1
0.2 0.2 2.0 1.8 0.9

— — 0.2 0.1

- — — 1.1 0.3

- — 0.2 3.8 1.1
0.1 — 0.1
4.9 14.3 15.8 15.0 12.2

A cta  M icrobiologica A cadem iae  S c ien tia ru m  H ungaricae 20, 1973



146 LÁ SZLÓ  e t  al.

Table IV (co n tinued)

Phage type
Year

T o ta l
1968 1969 1970 1971

82 — 0.1 — — 0.1
83 — — 0.4 1.7 0.5

84 0.2 0.8 1.2 1.9 1.0
85 9.7 8.4 4.0 9.8 8.3

86 0.4 — — — 0.1
87 1.8 — — — 0.5

89 1.6 0.2 0.2 0.9 0.8

D egraded 0.6 0.8 0.7 0.5

N. t. 4.7 4.7 1.2 0.9 3.0

T otal No. of

strains 1286 1233 843 1244 4606
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PHAGE TYPING OF SHIGELLA FLEXNERI
II. E P ID E M IO L O G IC A L  O B S E R V A T IO N S  

V e r a  G . L ászló , H e d d a  M il c h , O . R u d n a i  and  L . K u b i n y i

N ational Institute o f Public Health, Budapest 

(R eceived Ja n u a ry  25, 1973)

Summary. P h ag e  ty p es o f 4606 Shigella flexn eri  s tra in s  were exam ined  in th e  y ears  
1968 1971. O f th e  ex am ined  s tra in s , 78%  were iso la ted  from  sporad ic  cases, fam ily  o u tb re a k s  
an d  from  co n tro l e x am in a tio n s , 22%  o rig in a ted  from  local an d  in s titu tio n a l o u tb re a k s . T here  
was no d e fin ite  co rre la tio n  be tw een  se ro types and p h ag e  ty p es . T he m ost freq u e n t p h ag e  ty p es  
were: 81, 5, 42, 85, 19, 22, 62, 71, 16 a n d  69. T he d o m in a n t phage ty p es iso lated  from  local 
o u tb rea k s  were: 5, 19, 22, 71, 73 and 85. T he d o m in a n t p h ag e  ty p es  o rig ina ting  fro m  in s t i tu ­
tio n a l o u tb rea k s  w ere: 5, 13, 14, 16, 19. 20. 21. 22. 23. 28, 31, 32, 41, 42, 54, 59, 71, 76, 78- 
81, 83, 85 a n d  89.

P h ag e  ty p in g  p roved  to  be su itab le  in ep idem iological p rac tice  fo r su b ­
d iv id ing  th e  se ro ty p es , for trac in g  th e  in fec tio n  ro u tes  and  for d is tin g u ish in g  
be tw een  cases from  d iffe ren t foci.

A Shigella f le xn er i  phage ty p in g  m eth o d  h as  been  described in th e  p re v i­
ous p a p e r [1]. T he pu rpose  of th e  p resen t p a p e r  is to  discuss th e  use o f  th e  
m e th o d  in p rac tice .

M aterials and m ethods

M aterials and methods hav e  been described p rev io u sly  [1].

R esults

Distribution o f  phage types. A ccord ing  to  th e  d a ta  of the  la s t 4 y e a rs , 
how ever, S. f le x n e r i  s tra in s  belonged  in 30—4 0 %  to  se ro ty p e  3a in H u n g ary ., 
th ere fo re  i t  w as n ecessary  to  in tro d u ce  phage ty p in g  for su b d iv id ing  th e  se ro ­
ty p es  for ep idem io log ical purposes.

W e ex am in ed  4606 S. f le xn er i  s tra in s  in th e  y ea rs  1968-1971. T a b le  I 
show s th e  d is tr ib u tio n  of s tra in s  accord ing  to  se ro ty p es . The m ost fre q u e n t 
sero ty p e  w as 3a (39 .1% ), th e  n e x t in o rd er w as sero ty p e  2a (21 .2% ).

F ig . 1 an d  T ab le  I I  d e m o n s tra te  th e  d is tr ib u tio n  o f sero types b y  phage 
ty p in g . A to ta l  o f 1800 s tra in s , belonging  to  se ro ty p e  3a, were d iv id ed  in to  
57 phage ty p e s . T hree  phage ty p e s  were p re d o m in a n t:  42, 5 and  19 o ccu rrin g  
in 23 .0% , 2 2 .5%  an d  2 0 .1 % , resp ec tiv e ly . F u r th e r  6  phage ty p es (37, 43 , 31. 
67, 26 and  40) o ccu rred  in 2.5—1.9% . The o th e r  48 phage ty p es o ccu rred  in 
less th a n  1 .9% .

A d a  M  i c r u b in lo g ic a  A c a d e m i a e  S c i e n t i a r u m  H u n g a r i c a e  2 0 .  1 9 7 3
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Table I

D istribu tion  of S. flex n eri stra ins according to serotype , in  percentage (1968 — 1971)

Serotype
Year

Total
1968 1969 1970 1971

la 0.7 0.9 0.6 0.2 0.6

lb 12.7 7.5 6.0 3.1 7.5

2a 23.4 19.9 17.0 23.2 21.2

2b 0.5 0.1 0.2 0.1 0.3
3a 39.0 39.8 47.8 32.7 39.1

3b — — 0.1 0.9 0.3

3c — — 0.1 0.3 0.1
4a 8.9 14.8 14.7 21.6 14.9

4b 0.3 0.2 3.0 0.4 0.8

5 — 0.1 0.1 0.1
6 9.6 8.6 4.7 11.0 8.8

var. X 4.5 6.5 5.6 5.9 5.6

var. Y 0.2 1.3 0.1 0.4 0.5

lb  3b 0.2 0.4 — 0.1 0.2

No. of s tra in s  

exam ined 1286 1233 843 1244 4606

T he ex am in ed  977 s tra in s  of se ro ty p e  2a w ere d is tr ib u te d  in to  51 phage 
ty p e s . T he incidence o f  phage ty p es 22, 71 a n d  16 w as h igher th a n  10%  (20 .6% , 
1 5 .0 %  a n d  12 .7%  re sp ec tiv e ly ), while 3 p h ag e  ty p e s  (20, 69 an d  23) o ccu rred  
in  5—1 0 % ; 30%  o f th e  s tra in s  belonged to  48 o th e r  phage ty p e s .

O u t of 689 s tra in s  o f  sero type  4 a , 7 1 .8 %  belonged to  ph ag e  ty p e  81. 
T h e  freq u en cy  o f  ph ag e  ty p e  78 was 6 .9 % , t h a t  of phage ty p e  89 w as 4 .6 % ; 
26 o th e r  phage ty p e s  am o u n ted  to  16 .7%  o f  th e  stra in s.

S e ro ty p e  6  s tra in s  belonged  to  ph ag e  ty p e  85 in  87 .9% , w hile 12 .1%  o f 
th e  s tra in s  fell in to  18 o th e r  phage ty p e s . O u t of 344 s tra in s  o f se ro ty p e  lb  
3 9 .5 %  belonged  to  p h ag e  ty p e  62. The o ccu rren ce  of phage ty p e s  52, 73 and 
59 w as be tw een  16.2 a n d  6 .6 % . The f re q u e n c y  o f 29 o ther phage ty p e s  w as 
less th a n  4 % .

T he o th e r se ro ty p es  an d  v a r ia n ts  w ere  n o t  as freq u en t as th e  above 
m e n tio n e d  ones, b u t  all o f  them  could  be su b d iv id ed  b y  m eans o f  phage 
ty p in g .

F ig . 2 and  T ab le  I I I  show the  c o rre la tio n  betw een  the  te n  m o st fre q u e n t 
p h a g e  ty p e s  an d  se ro ty p es . Phage ty p e  81 w as the  m ost f re q u e n t —  to  th is  
ty p e  m ain ly  se ro ty p e  4a  an d  4b be lo n g ed , a n d  8  o th e r se ro ty p es  o ccu rred  
am o n g  th e  exam ined  s tra in s . The m a jo r ity  o f  phage typ es 19, 5 a n d  42 was
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No. of s tr a in s

F ig. 1. C orre la tion  of freq u e n t se ro tv p es and  phage ty p es  of S. f le x n er i  s tra in s  in H u n g a ry
(1968 1971)

o f se ro ty p e  3a, b u t  all o f  th em  invo lved  4, 7, an d  5 o th e r  se ro ty p es . S e ro ty p e  
6  w as d o m in an t in  phage ty p e  85, w hereas 5 o th e r  se ro ty p es w ere found . 
2a w as th e  d o m in an t se ro ty p e  o f phage ty p e  22, 16 an d  71 — h u t on ly  phage 
ty p e  71 w as serologically  hom ogeneous, 4 and  6  o th e r  se ro ty p es belonged  to  
p h ag e  ty p e  2 2  and  16, resp ec tiv e ly .

F ig . 3 rep re sen ts  th e  d is tr ib u tio n  accord ing  to  co un ties o f th e  freq u en t 
phage anti sero types of S . f le xn er i  s tra in s , exam ined  in  o u r la b o ra to ry  in  1971.

S tra in s  o f se ro ty p e  3a belonged  to  th e  follow ing ph ag e  ty p e s : in B u d a ­
p e s t 5; in P est co u n ty  5 an d  19; in G yőr-S opron , V eszprém  a n d  Z ala co un ties 5; 
in N ógrád  an d  C songrád  co un ties 19 an d  26. S tra in s  o f se ro ty p e  2a w ere in 
B u d a p e s t o f phage ty p e  69 an d  71; in P es t, V eszprém  and  T o lna  co u n tie s  71; 
in  N ógrád  and  Szolnok co u n tie s  16; in Békés co u n ty  69.
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Table II

Distribution o f  S. f lex n er i serotypes according to phage type (1 9 6 8 — 1971) 

T o ta l  no. of s tra in s , 4606

о ty p e
No. of 
strains

F requen t
phage
types

No. of 
strains

No. of 
rare phage 

types
Rare phage types

l a 28 62 10 10 1. 10, 16, 17, 22, 67, 72, 75, 81,

59 4 89, N t

l b 344 62 136 29 5, 7, 9, 10, 12, 16, 17, 20, 22, 23, 27,

52 56 28, 41, 42, 49, 53, 56, 60, 61, 67,

73 34 68, 70, 72, 75, 76, 81, 84, 85, 89,

59 23 D egr., N t.

2a 977 22 202 45 1, 2, 3, 4, 5, 6, 7, 9. 10, 14, 15, 17,

71 147 18, 19, 21, 24, 25, 28, 29, 34, 38,

16 125 40, 41, 42, 44, 45, 46, 47, 48, 50,

20 84 53, 54, 56, 58, 59, 60, 62, 67, 68

69 72 73. 76, 81, 84, 85, 87, D egr., N t.

23 53

2b 12 68 5 6 2, 14, 16, 20. 22, 31

3a 1800 42 415 48 2, 4, 7, 9, 10, 13, 14, 16, 18, 19, 20,

5 407 21. 22. 23, 25, 27, 28, 29, 30, 32,

19 363 33, 34, 36, 38, 39, 41, 44, 45, 47,

37 47 50, 52, 54, 57, 58, 59, 60, 61, 62,

43 42 63, 64. 68. 69, 81, 83, 84, 85, 86,

31 39 89, D egr., N t.

67 38

26 37

40 35

3b 12 14 4 5 3, 5, 16, 18, 55

3c 5 — — 5 12, 19, 55, 60, 69

4a 689 81 495 26 2, 5, 6, 7, 10, 15, 28, 31. 37, 42, 51,

78 48 59, 61. 62, 63, 67, 68, 69, 73, 80,

89 32 82, 83, 84, 85, 86, 87, D egr., N t.

4b 37 81 29 5 18. 19, 62, 72, 78

5 2 2 16, 84

6 407 85 358 18 5, 9, 10, 17, 20, 21. 23. 27, 41, 42, 46. 

62, 70. 73. 81, 83, 84, 89. D egr., N t.
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Table II (continued)

No. of Frequent No. of No. of
Serotype strains phage strains rare phage Rare phage types

types types

v a r. X 259 32 49 32 2, 4, 7, 9. 10, 12, 13, 17, 18, 19. 20,

5 31 23, 24, 28, 29, 31, 37, 38, 42, 44,

3 30 55, 60. 61, 62, 63. 66, 67, 69, 81.

84 21 83, 85, 89, Degr., N t.

var. Y 25 — 12 2, 5, 10, 14, 23, 28. 32, 62, 68, 81. 84,

85, N t.

lb  -3 b 9 — - 6 6. 14. 20. 23, 49. 81, N t.

No of strains

Fig. 2. C orre la tio n  of f req u e n t phage ty p es  an d  se ro ty p es o f S . f le x n e r i  s tra in s  in H u n g a ry
'(1968 1971)

S tra in s  o f se ro ty p e  4a w ere d is tr ib u te d  as follow s: phage ty p e  81 in P es t, 
N ógrád , C songrád  counties an d  phage ty p e  83 in  Szolnok coun ty . S tra in s  of 
se ro ty p e  6  be longed  to  phage ty p e  85 in b o th  C songrád  and  V eszprém  co u n tie s .

Phage typ ing  o f  S. f lexn er i  strains originating from  dysentery outbreaks. 
Phage ty p in g  w as carried  ou t in th e  case of 54 o u tb re a k s  caused  by  S. f l e x n e r i  
s tra in s  in th e  y ea rs  1968-1971. Seven local a n d  47 in s titu tio n a l o u tb re a k s  
were s tu d ie d , th e  n u m b er of p a tie n ts  w as 553 in th e  fo rm er, and 1041 in th e
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Table III

D istribu tion  o f frequent S. flex n eri phage types according to serotype (1968 — 1971)

No.
Phage
type

No. of 
strains

Dom inant
serotype

No. of 
strains of 
dom inant 
serotype

O ther serotypes

l 81 560 4a 495 la ,  lb ,  2a, 3a, 4b, 6, v a r . X , v a r. Y

l b - З Ь
2 5 467 3a 407 lb ,  2a, 3b, 4a, 6, v a r . X , v a r. Y

3 42 437 3a 415 lb ,  2a, 4a, 6, va r. X

4 85 384 6 358 lb ,  2a, 3a, 4a, va r. X , v a r. Y

5 19 374 3a 363 2a, 3c, 4b, var. X

6 22 216 2a 202 la ,  lb ,  2b, За
7 62 207 lb 136 la ,  2a, За, 4a, 4b, 6, v a r . X , v a r. Y

8 71 147 2a 147 —

9 16 140 2a 125 la ,  lb ,  2b, 3a, 3b, 5

10 69 79 2a 72 3a, 3c, 4a, va r. X

F ig. 3. Sero type  an d  p h a g e  ty p e  d is trib u tio n  of th e  ex am in ed  S. flexn eri  s tra in s  in  H u n g ary
in 1971

l a t t e r ,  th e  n u m b er o f  exam ined  s tra in s  w as 231 and  763, re sp ec tiv e ly  (T ables
IV-VIII).

P o llu ted  w a te r  w as th e  vehicle o f in fec tio n  in 4 cases an d  food in  2 cases; 
th e  o th e rs  were c o n ta c t cases. The n u m b e r o f p red o m in an t phage ty p e s  w as 24.
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Table IV

S. flexn eri serotypes and phage types originating from  dysentery outbreaks
(1 9 7 0 — 1971)

Epidemic
serotype

No. of
O ther 

phage typeexamined
outbreaks patients

examined
strains

Dominant phage type

lb l 10 7 73 22

2a 2 30 23 22 16

86 77 71 18

3a 3 12 12 19 -

20 30 5 -
20 23 19 —

6 1 375 61 85 83

Degr.

N t.

T o ta l lb .  2a, 7 553 233 5, 19, 22. 71, 16, 18, 22,

3a, 6 73, 85 83, D egr., 

N t.

Table V

S. flexn eri serotypes and phage types originating from  dysentery outbreaks 
in institu tions (1968)

Epidemic
serotype

No. of 
examined 
outbreaks

No. of 
patients

No. of 
examined 

strains
D om iian t phage type O ther 

phage type

lb l 10 9 59 and  62 —

2a 4 20 13 22 25

10 8 21 and  23 20

10 5 22 4

20 14 16 -

3a 3 20 15 42 _

10 6 41 —

10 5 42 -

3a 1 50 41 5 40
6 85

6 1 20 17 85

T o ta l lb ,  2a, 10 180 133 5, 16, 21, 22, 23, 4, 20, 25, 40

3a, 6 41, 42, 59, 62, 85
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Table VI

S. fle xn eri serotypes and  phage types orig ina ting  fro m  dysentery outbreaks 
in  institu tions (1 9 6 9 )

Epidemic
serotype

No. of 
exam ined 
ou tb reaks

No. of 
patients

No. of 
examined 

strains
D om inant phage type Other 

phage type

2a l 10 n 22 —

2a 2 10 7 20 —

3a 42 —

30 28 20 —

5 -

3a 7 6 6 42 —

12 11 19 5, 40

7 7 5 —

5 4 5 19

18 16 5 42

10 9 5 —

40 37 5 —

3a 1 22 19 5 40

4a 81

3a 1 21 18 5 13

6 85

4a 4 12 11 81 —

20 19 81 —

15 15 81 —

8 9 81 N t

4a 1 79 78 81 37

6 85

6 1 5 5 85 -

v a r. X 1 40 41 32 17

T o ta l 2a, 3a, 19 370 351 5, 19, 20, 22, 32, 5, 13, 17, 19,

4a, 6, 42, 81, 85 37, 40, 42,

va r. X Nt

In  local o u tb re a k s , p red o m in an t p h a g e  ty p e s  w ere: 19, 22, an d  73 in 
1970; 19 and tw o o th e rs  in  1971.

F re q u e n t p hage  ty p e s  were in in s ti tu tio n a l o u tb re a k s : 16 (in 1968, 1970, 
1971), 22 (in 1968. 1969), a n d  19 (in 1968, 1969, 1970); 42 an d  85 w ere also
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Table VII

S. f le x n e r i serotypes and phage types originating fro m  dysentery outbreaks 
in  in stitu tio n s (1970)

Epidemic
serotype

No. of 
examined 
outbreaks

No. of 
patients

No. of 
examined 

strains
Dominant phage type Other

phage type

2a 2 20 9 16 _
9 9 54 io

3a 4 6 6 19

16 16 19

42

14 11 37 43

6 6 19

4a 1 12 11 89

var. X 1 22 12 41

T ota l 2a, 3a, 8 105 80 16, 19, 37, 41, 16, 43
4a, var. X 42, 54, 89

Table VIII

S. f le x n e r i serotypes and phage types originating fro m  dysentery outbreaks 
in  in stitu tions (1971)

Epidemic
serotype

No. of 
examined 
outbreaks

No. of 
patients

No. of 
examined 

strains
Dominant phage type Other

phage type

2a 4 7 20 16 _
14

143 18 16 73

63 23 71

4 7 76

3a 2 12 13 5 —
s s 31

4a 3 17 22 81

73 45 78

47 27 81

83

6 1 15 22 85

T o ta l 2a, 3a, 10 386 202 5, 14, 16, 31, 71, 73

4a, 6 76, 78, 81, 83, 85
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d o m in a n t for 2 -3  y e a rs ; the  p red o m in an ce  o f o th e r phage ty p e s  a lte rn a te d  
y e a r ly .

Phage typings o f  S .  f le xn er i  strains originating from  the German Demo­
cratic Republic and Bulgaria .  We received  50 S. flexneri  s tra in s  iso la ted  in  the  
G .D .R . in  1970: 48 s tra in s  w ere o f se ro ty p e  3a and 2 s tra in s  o f se ro ty p e  5. 
S tra in s  o f  sero ty p e  5 b e lo n g ed  to  phage ty p e  27 — a phage ty p e  w hich  in 
H u n g a ry  occurred  on ly  in 0 .3 %  d u rin g  th e  fo u r years of e x a m in a tio n . A m ong 
th e  s tra in s  of se ro ty p e  3a , 23 s tra in s  o rig in a te d  from  sp o rad ic  cases and 
25 s tra in s  from  g ro u p -d iseases . S tra in s  iso la te d  from  sporad ic  cases belonged 
to  p h ag e  ty p es  27, 33, 37, 42 and  44; th e  p hage  typ es of th e  s tra in s  causing  
g ro u p -d isea se s  were 25, 27, 33, 37 and  43.

W e d e te rm in ed  phage ty p es o f 11 s tra in s  iso lated  from  3 ep idem ics in 
B u lg a ria  in 1971. T he s tra in s  were of se ro ty p e  2a and  of phage ty p e s  69 and  73.

Discussion

T h e s tra in s  ex am in ed  in our la b o ra to ry  y ielded only re p re se n ta tiv e  d a ta  
co n c e rn in g  th e  cau sa tiv e  ag en ts  of d y se n te ry  in H u n g ary . In  th e  y ea rs  1968 to  
1 9 7 0 , 36 743 cases o f d y se n te ry  w ere re p o r te d  in  H u n g a ry , a n d  in  48 .4%  
S .  f l e x n e r i  w as responsib le  fo r th em . D u rin g  these  3 years we ex am in ed  3362 
s tr a in s ,  i.e. 19%  o f th e  re p o rte d  cases.

In  our m a te ria l s tra in s  of se ro type  3a w ere p red o m in an t, th e ir  occurrence 
w as 39 .0—4 7 .8 % . T h ey  w ere follow ed b y  se ro ty p e  2a (17.0—23 .4% ). T he fre ­
q u e n c y  o f se ro ty p e  4 a  w as f lu c tu a tin g  (8 .9—21.6% ). The o ccu rrence  o f sero ­
ty p e  6  w as 8 .8 %  on th e  average , f lu c tu a tin g  betw een  4 .7—11.0% . S ero ty p e  lb  
a n d  v a r . X  were also f re q u e n t (7 .5%  a n d  5 .6 % , respective ly ), th e  o th e r  sero­
ty p e s  v a ried  betw een  0 .1 —0 .8 % .

All sero types could  be subd iv id ed  b y  phage ty p in g , an d  th e  usefulness 
o f  th is  m eth o d  has been  p roved  for ep idem io log ical purposes.

N o close co rre la tio n  could be o b se rv ed  betw een se ro ty p es an d  phage 
ty p e s . As to  freq u en t ph ag e  ty p es , for e x a m p le , 560 s tra in s  be longed  to  phage 
ty p e  81; ou t of th ese  8 8 .3 %  w ere of se ro ty p e  4a; 11.7%  w ere d is tr ib u te d  
b e tw e e n  o th e r se ro ty p es . A m ong se ro ty p e s  2b , 3b, 3a we h av e  fa iled  to  fin d  
p h a  ge ty p e  81.

P h ag e  ty p e  85 be longed  in 93 .2%  to  sero ty p e  6 , b u t  i t  w as d e te c te d  in 
s e ro ty p e s  lb ,  2a, 2b , 4a  as well as in  v a r . X  and  Y.

P h ag e  ty p e  71 belo n g ed  exclusively  to  se ro type  2a. A m ong phage ty p e s  
o f  th e s tra in s  o rig in a tin g  fro m  th e  G .D .R ., 25, 27 an  d 44 w ere ra re  in  H u n g a ry  
(0 .2 , 0.3, 0 .4% , re sp ec tiv e ly ), w hile th e  occurrence  of 33, 37, 42 a n d  43 was 
f re q u e n t  in  our c o u n try  to o  (0.6, 1.1, 9 .4 , 0 .8 , respective ly ). Tw o s tra in s  were 
o f  se ro ty p e  5 and  p hage  ty p e  27 —  th is  ty p e  was found  in  se ro ty p e  3a in 
H u n g a ry . S ero type 5 w as rare in our m a te r ia l, as only tw o  s tra in s  iso la ted
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in  H u n g a ry  w ere found  d u rin g  fo u r years. T h e ir phage ty p e s  w ere 16 and  84. 
a n d  th is  m ig h t ex p la in  th e ir  low frequency .

S tra in s  from  B u lg aria  w ere o f sero ty p e  2a, phage ty p e  69 an d  73. T he 
freq u en cy  o f th ese  ty p e s  w as 1 .7%  an d  0 .9% , re sp ec tiv e ly , in H u n g ary .

A nalyzing  th e  phage a n d  se ro ty p es of s tra in s  responsib le  for o u tb re a k s , 
we fo u n d  se ro ty p e  3a phage ty p e  5 an d  42 responsib le  fo r 1 an d  2 o u tb re a k s , 
re sp ec tiv e ly . In  1969, th e  n u m b e r o f  phage ty p e  5 in c reased , 7 o u tb reak s  w ere 
caused  b y  th is  ty p e . In  1970 i t  w as overcom e b y  ph ag e  ty p e  19; th is  was 
iso la ted  from  one local an d  3 in s titu tio n a l o u tb re a k s .

A nalyzing  th e  occu rrence  o f sero ty p e  2a, th e  m ost f re q u e n t phage ty p e s  
w ere 22 an d  16. T ype 22 caused  tw o  o u tb reak s  in  1968, one in 1969 and  one 
in  1970. P hage ty p e  16 w as th e  ep idem ic  s tra in  once in  1968 an d  in 1970, an d  
tw ice in  1971. P hage ty p e s  71 and  76 were sp read  in 1971, 3 (2 an d  1) o u t­
b reaks w ere caused  by  th e m .

S tra in s  o f se ro ty p e  4 a : phage ty p e  81 cau sed  fou r o u tb reak s  in 1969, 
and  tw o  in 1971. In  1970, s tra in s  o f phage ty p e  89; in 1971, phage ty p e s  78 and  
83 caused  o u tb re a k s .

S ero ty p e  6 : tw o o u tb re a k s  each  were caused  by  s tra in s  of phage ty p e  
85 in 1968, 1969 an d  in 1971.

A m ong lb  se ro ty p es , in  1968, s tra in s  o f phage ty p e  59, in 1970, ty p e  73, 
w ere iso la ted  from  o u tb re a k s . O u tb reak s  were caused  b y  v a r. X  in tw o  cases 
in 1969 by  ty p e  32, in 1970 by  phage ty p e  28.

T he s tra in s  o rig in a tin g  from  7 local an d  47 in s ti tu tio n a l o u tb re a k s  in 
31 cases w ere hom ogeneous in  phage ty p e . In  o th e r  cases one or tw o  o th e r  
se ro ty p es or phage ty p e s  o ccu rred  besides th e  d o m in a n t ep idem ic s tra in s .

T here  are  tw o e x p la n a tio n s  for th is  o b se rv a tio n . S tra in s  о r ig in a tin g  
from  co n tro l ex am in a tio n s  w ere exam ined  to o , b u t  th ese  s tra in s  w ere n o t 
co n n ec ted  w ith  ep idem ics, as show n by  th e  presence  o f  d iffe ren t se ro ty p es 
a p a r t  from  d iffe ren t phage ty p e s .

A n o th e r p o ssib ility  is th e  a lte ra tio n  o f phage ty p e s . These changes in 
phage sen s itiv ity  m ig h t be a re su lt of som e a lte ra tio n  in the  lysogenic s ta te  
of th e  s tra in . A n o th e r possib le effect is th a t  th e  s tra in  m ay  have been  infec ted  
w ith  p lasm ids, for ex am p le  w ith  R or co l-fac to rs.

D u rin g  th e  o u tb re a k s , th e  phage ty p e  p ro v ed  s tab le , a lth o u g h  s tra in s  
of d iffe ren t se n s itiv ity  to  p hages an d  an tib io tic s  w ere iso la ted  from  one an d  
th e  sam e person  in re p e a te d  con tro l ex am in a tio n s .
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INHIBITION OF VIRUS MULTIPLICATION 
BY PARTIALLY HYDROLYSED RNA:

A POSSIBLE MEMBRANE-EFFECT

Gy . B e r e n c s i  and G. N a g y

N ational In stitu te  o f  P ublic  H ealth , Budapest 

(R eceived  M arch  7, 1973)

Sum m ary . E ffec ts o f 1-10 m g /m l p a r t ia l  R N A  h y d ro ly sa te  c o n cen tra tio n s  w ere e x a m ­
ined  in  d iffe ren t tissu e  cu ltu re  v iru s  sy s tem s. V irus ad so rp tio n , m u ltip lica tio n  o f cells a n d  
env elo p ed  v iruses, and  cellu lar u p ta k e  of n e u tra l  red  were found  to  be in h ib ited . Possib le  
m e m b ran e -ta rg e ts  seem ed to be invo lved  in th e  in h ib itio n  of m u ltip lica tio n  of cells a n d  e n v e ­
loped  v iruses b y  R N A  h y d ro ly sa te  a t  h igh  co n cen tra tio n s .

D iffe ren t ty p es and  d e riv a tiv e s  o f nucleic acids e x e rt h e te ro g en eo u s  
e ffec ts  on m am m alian  cell fu n c tio n s  an d  v ira l m u ltip lica tio n . R a te  o f  cell 
d iv ision , im m u n e  responses [ 1 ] and  ra te  o f v irus m u ltip lica tio n  are  in flu en ced  
e ith e r  d ire c tly  [2, 3] o r in d irec tly , due  to  in d u c tio n  or in h ib itio n  o f in te rfe ro n  
sy n th es is  [4, 5]. E ven  s in g le -s tran d ed  p re p a ra tio n s  o f KNA m ay  in te rfe re  
w ith  v iru s  m u ltip lica tio n  u n d e r c e r ta in  cond itions [6 ] and  n o n -in d u ce r R N A  
ty p e s  can  be ren d e red  active b y  p a r tia l  e n zy m a tic  hydro lysis [7]. W ide ranges 
o f  doses an d  po ly ca tio n  ad d itiv es  h av e  been  used for cell t re a tm e n t, a lth o u g h  
th ese  a re  u n a b le  to  p ro tec t R N A  from  p a r tia l  en zy m atic  d e g ra d a tio n , b u t  
a lte r  th e  physicochem ical s ta te  o f  m olecules [8 ] and  m ay p lay  an  e sse n tia l 
role in th e  m echan ism  of in te rfe ro n  in d u c tio n  [9].

To avoid  th e  d is tu rb in g  p resence  o f ad d itiv es  and  d im in ish  th e  ra re ly  
d iscussed  role of R N A  d egrad ing  enzym es p resen t in tissue c u ltu re s , e x p e r i­
m en ts  have  been  perfo rm ed  using  h igh  co n cen tra tio n s  of p a r tia lly  h y d ro ly z e d  
y e a s t R N A .

M a te r ia ls  a n d  m e th o d s

Reagents. A stock  so lu tion  of 100 m g/m l was p rep ared  from  com m ercial y e a s t R N A  
(free acid , EG A  Chemie K . G., G .F .R.) c o n v e rted  to  p o tassiu m  salt and  h y d ro ly zed  e ith e r 
by  0.3 M  p o tassium  h y d rox ide  (20 h r a t 37°C) or by  4 mg c rysta lline  p an crea tic  R N ase  pe r g 
(R ean a l, B u d a p es t, 1900 E U /m g). T he p H  w as a d ju s te d  to 7 .2-7 .4  by  po tassiu m  h y d ro x id e  
a n d /o r  pe rch lo ric  acid. All so lu tions w ere filte red  th ro u g h  M illipore G SW P filte rs  before 
sto rage  a t  40°C. T he percen tag e  of m ono and  d inucleo tides was d e te rm in ed  by  D E A E - 
cellulose c h ro m a to g ra p h y  [10] an d  ca lcu la tio n s w ere done on the  basis o f th e  e x tin c tio n  
va lues m easu red  a t  260 and  280 nm  in a B eck m an  I)U  sp ec tro p h o to m eter. T he a lk a lin e  h y d ro ­
ly sa te  c o n ta in ed  less th an  2.7%  p h o sp h a te less  b reak d o w n  p ro d u c ts , a b o u t 7 .0%  m on o n u cleo ­
tides a n d  a b o u t 14.0%  d in ucleo tides e lu tin g  in th e  f irs t  15 peaks.

R N A  d e riv a tiv e s  were in co rp o ra te d  e ith e r in to  P a rk e r’s 199 m edium  or in to  ag ar 
ov erlay  as described  by D ö m ö k  an d  S i m o n  [11], b u t  n e u tra l red  was o m itted . In s te a d  of 
v ita l  dye. G iem sa sta in in g  was used  a f te r  fo rm alin  fix a tio n .
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N e u tra l  red , jNBC R esearch  Chem icals, (20 p.g/m l); d im e th y l su lphoxide, DM SO, F lu k a  
A .G ., G .F .R .:  5’A M P -N a2, Z ells to ffab rik  W aldhof; 2’3’A M P, Sigm a Chem. Co. (co n v erted  to 
p o ta s s iu m  salt); A T P -N a2 • 4 H 20 ,  R eanal, H u n g a ry , w ere u sed  th ro u g h o u t th e  ex p erim en ts .

Cell cultures. H eL a , p r im a ry  h u m an  em b ry o n ic  k id n e y  (H E K ), p rim ary  rh esu s m o n k ey  
k id n ey  (P M K ) and  p e rm a n e n t rh esu s m onkey  k id n ey  cells ( I I I / l  of R uzicska  [12]) w ere 
g row n  in  tu b e  cu ltu res , am p o u les o f ab o u t 2 cm 2 f l a t  su rface  an d  in p las tic  P e tri dishes (TC-4 
a n d  T C -6, L IN B R O  C hem ical C om pany, Inc ., N ew  H a v e n , Conn.).

V iru s strains. H e rp es  s im plex  v irus (g ian t-ce ll ty p e )  iso la ted  by , an d  received from , 
D r. J .  L e s s o , B ra tis la v a ; v acc in ia  v irus B u d ap es t s tra in  (3 -6  PM K  passage); in fluenza v iru s  
A /H 3 N 2 /6 9  a n d  echov irus ty p e  7 of h a e m ag g lu tin a tin g  c h a ra c te r  ( H +), b o th  iso la ted  on 
P M K  cells by  Dr. M. S im o n , B u d a p es t; poliovirus ty p e  1, M ahoney s tra in ; po liov irus ty p e  3 
s tra in s  S a u k e tt ,  “ 30” , U so l-D -b ac , Leon 12a!!) a n d  ad en o v iru s  ty p e  1.

R esults

In  c o n tra s t to  th e  f in d in g  of F u k a d a  e t al. [7] th e  tissue cu ltu res  s u r ­
v iv e d  2—9 days in c u b a tio n  u n d e r 4 -10  m g/m l R N A  h y d ro ly sa te  a t 37°C w i th ­
o u t m u ch  dam age as o b se rv ed  u n d e r the lig h t m icroscope. As w ith  the in h ib i­
tio n  cau sed  b y  nucleosides [2 ], reversib le  in h ib itio n  was observed  in tu b e  
c u ltu re s  of b o th  H e L a  and  PM K  cells (T ab le  I). T he increase in n u m b er o f

Table I

E ffect o f  p a rtia l alkaline hydrolysate o f  R N A  on cell 
counts o f  (a )  H eLa and (b ) P M K  monolayers

Cell type and incubation m edium Days after 
seeding cells

RN A  
present in 
incubation  

m edium

Cell coun /tube X  104

Treated Control

a
H eL a, P a rk e r’s 199 w ith  10%  

b o v in e  serum

0

1

2

3

4

5

4 m g/m l 

(24 hr)

8

14

17

41

51

8

14

31

45

60

b 0 7 — 36 36

PM K  cells, P a rk er’s 199 8 9 m g/m l

9 9 m g/m l 44 48

1« 9 m g/m l

11 9 m g/m l 48 67

12 9 m g/m l *
13 9 m g/m l ■

14 9 m g/m l 54 73

E a c h  figure  rep re se n ts  cell co u n ts  for 5-10  tu b e s  d e ta ch e d  by 0.1%  versene so lu tion  
an d  s ta in e d  w ith  0.1%  m e th y l v io le t dissolved in c itr ic  acid  

. =  N o t tes ted
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m orpho log ica lly  in ta c t  cells w as re s tr ic te d  d u ring  the  presence o f a lkaline- 
R N A -h y d ro ly sa te . In  sep ara te  ex p e rim e n ts , n o t show n in T ab le  I, p e rm a n e n t 
I I I / l  cells s ta r te d  d iv id ing  even a f te r  9 d ays in cu b a tio n  u n d e r 10 m g/m l R N A  
if  th e  m ed ium  h ad  been changed  fo r P a rk e r ’s 199 su p p lem en ted  w ith  10%  
bov ine  serum .

F a ilu re  in  u p ta k e  of n e u tra l  red , re p o rte d  b y  F u k a d a  et al. [7],  is n o t 
a consequence  o f th e  loss of v ia b ili ty ;  i t  is caused by  an  in h ib itio n  o f dye 
u p ta k e  w ith  b o th  po lym er and  h y d ro ly se d  R N A . The in h ib itio n  w as show n 
to  be p ro p o rtio n a l to  th e  R N A  c o n c e n tra tio n  in th e  m ed ium . A rev e rsed  
ph en o m en o n  w as also observed . Cell m ono layers were in c u b a te d  in  th e  p resence  
of n e u tra l  red  (20 /rg/ml) an d  th e y  to o k  up 3 .5 -5  /tg/cm 2. T h ey  w ere th e n  
w ashed  th re e  tim es w ith  saline a n d  in c u b a te d  w ith  a sa lin e -co n ta in in g  d ilu tio n  
of R N A  or R N A  h y d ro ly sa te . T h e  dye w as released  a t 37°C in th e  d a rk  in 
p ro p o rtio n  to  th e  R N A  c o n c e n tra tio n  as e s tim a ted  90 m in la te r  a t  530 nm  
(F ig . 1). A s im ila r release o f dye w as observed  a fte r  tre a tm e n t w ith  d im e th y l 
su lp h o x id e . All cu ltu res w ere show n to  su p p o rt m u ltip lica tio n  of v acc in ia  v iru s  
a f te r  th e  described  release o f n e u tra l  red .

%

Fig. 1. R elease  o f in co rp o ra ted  n e u tra l red  on tre a tm e n t o f cells w ith  p o ly m er R N A , p a n ­
c rea tic  R N ase  d igest o f RN A  and  DM SO. O rd in a te : released  n e u tra l red , % ;  absc issa : con­
c e n tra tio n  o f R N A , m g/m l. A rrow s show  th e  percen tag e  of dye re leased  on t r e a tm e n t  of 

DM SO co n cen tra tio n s in d ica ted . E n z y m a tic  d igest О ------------ О; po ly m er О ..............О

E ffec ts  o f d iffe ren t R N A  a n d  n u c leo tide  so lu tions w ere te s te d  on th e  
m u ltip lic a tio n  o f th e  lis ted  v iru ses . P a r t ia l  R N A  h y d ro ly sa te  in c o rp o ra te d  
in to  th e  in c u b a tio n  m edia was fo u n d  to  reduce d ilu tio n  end  p o in t an d /o r

A cta  M icrobiologica A cadem iae S c ie n tiarum  H ungaricae 20 , 1973



162 BERENCSI and NAGY

p la q u e  num bers o n ly  in th e  case of v iru ses w h ich  possess a m em brane on th e ir  
su rface  (Table I I ) .  S u b se q u e n t log v iru s  y ie ld  from  cu ltu re s  w ith  id en tica l

Table II

Log decrease in  plaque number or d ilu tion  end-point 
and o f  v iru s y ie ld , compared to control cu ltures , due to the effect 

o f  R N A  pa rtia l hydrolysate on v iru s stra ins tested

Virus strain Tissue
culture

Decrease in plaque num ber 
or dilution endpoint 

under RNA
Decrease in virus yield

H erpes sim plex H eL a 2.2-3 .0  (2-5)* 1.7-3.7 (3 -6 )

V accinia PM K  or

Ш /1 2.2-4.5 (5 -10) 0 .7-5 .0  (5-10)

Influenza A2 PM K 3.7 (10)

E cho type  7H  + PM K 0.0-1 .0  (7-10)

M ahoney PM K 0.0 (3 -10)

Leon 12a,b PM K  or

I I I / l 0.0 (8) 0.5 (10)

U sol-D -bac PM K  or

I I I / l 0.0 (8) 0.5 (10)

S au k e tt I I I / l 0.0 (10)

A denotype 1 H E K 0.0 (10)

See te x t  fo r d e ta ils  and  ab b rev ia tio n s.
* In  b ra ck e ts : co n ce n tra tio n  ran g e  of R N A  h y d ro ly sa te , ing/m l 
. =  N o t te s te d

in o cu lu m  (10-10 000 T C ID 50) was assayed  in  m o s t o f th e  exp erim en ts . D ecrease 
o f  v iru s  yields in  th e  p resence  of alkaline R N A  h y d ro ly sa te , com pared  to  th e  
c o n tro l values, is su m m a riz e d  in  T able I I .  S ig n if ican t in h ib itio n  could be 
o b se rv ed  only w ith  h e rp e s , vaccin ia  an d  in f lu e n z a  A2 v iru ses. P ico rn av iru ses  
a n d  th e  D N A  v iru s  w ith o u t envelope used  in  th is  te s t ,  m u ltip lied  in  th e  p re s ­
ence o f R N A  h y d ro ly s a te  as well as in  P a r k e r ’s 199 m edium .

C om parison o f  h a e m a g g lu tin in  fo rm a tio n  t i t r a te d  b y  T a k a t s y ’s m icro­
te c h n iq u e  [14] re v e a le d  s im ila r d ifferences. In  th e  case of echovirus ty p e  7 H  + 
(h u m a n  O RRC su sp en sio n ) th e re  was on ly  a tw o fo ld  re d u c tio n  of h aem ag g lu ­
t in in  fo rm atio n  b y  R N A  h y d ro ly sa te  as co m p ared  to  th e  eigh tfo ld  decrease 
o b se rv ed  w ith  in f lu e n z a  v iru s  (guinea p ig  R R C  su spension , 8  m g R N A  h y d ro ­
ly s a te  per ml).

D irec t in a c tiv a tio n  o f  th e  v iruses b y  10 m g R N A  h y d ro ly sa te  p er m l 
w as exc lu d ed , since th e re  w ere no s ig n if ican t d ifferences in  p laque coun ts of 
v a c c in ia  v irus a fte r  4 8 -h r  in cu b a tio n  a t 37°C a n d  th re e  cycles freezing -thaw ing  
o f  th e  sam e d ilu tions in  th e  presence an d  ab sen ce  o f th a t  c o n cen tra tio n .
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T he sam e difference (i.e ., in h ib ito ry  e ffec t only on m u ltip lic a tio n  of 
en v e lo p ed  v iruses) w as observed  in ex p e rim en ts  w ith  p an c rea tic  R N ase  d igest, 
5‘AM P • N a,„ 2’3’AM P • K., an d  A T P  • N a„ • 4 H 2 0 .  C ontro l e x p e rim e n ts  w ith  
0.15 M E a r l e ’s sa lt so lu tion  or 0.15 м p o tassiu m  chloride added  to  P a rk e r ’s 
199 ex c lu d ed  th e  role o f a h y p ero sm o tic  en v iro n m en t in  th e  in h ib itio n  of 
vacc in ia  v iru s  m u ltip lica tio n , since th e  m o la rity  o f 10 m g/m l R N A  so lu tio n  
in  d istilled  w a te r  was only 0.026 м as ca lcu la ted  for a m ix tu re  o f  m o n o ­
n u c leo tides.

T he R N A  d eriv a tiv es  re d u c e d  a d so rp tio n  of b o th  vacc in ia  a n d  e n te ro ­
v iru ses a t  b o th  37°C an d  4°C. R e su lts  o f an  e x p e rim en t on I I I / l  cell m ono- 
layers grow n in L inbro  T C - 6  P e tr i  d ishes are lis ted  in T ab le  I I I .  T h e  decrease

Table III
R eduction o f  plaque count by R N A  derivatives 

present only during  the 3 — hr adsorption period  
in  an experim ent w ith vaccinia and Usol-D-bac viruses

RNA derivative 
and concentration Vaccinia* Usol-D-bac*

2’3’AM P-K., 0.01 m 52 72

5’A M P-N a, 0.009 м 53 28

P a rtia l  alkaline

hydrolysate 0.01 M** 33 81

intact R N A  0.01 m** 38 69

C ontrol, P a rk e r’s 199 100 100

* Per cent of control plaque counts 
** Molarity calculated for the mixture of mononucleotides

in  vaccin ia  p laq u e  coun ts was m ore p ro n o u n ced  p ro b a b ly  because  o f  th e  long 
a d so rp tio n  perio d  (60 m in a t  24°C an d  120 m in a t  37°C w ith  2 m l inocu la). 
As w ith  an ionic  and ca tion ic  p o ly m ers  [12, 15], 4 0 -6 0 %  in h ib itio n  w as re g u la r ­
ly  observed . T his effect, how ever, w as n o t co n c u rre n t w ith  th e  e x tre m e  re d u c ­
tio n  seen in T ab le  I I .

D irec t in h ib itio n  of in flu en za  h aem ag g lu tin a tio n  cou ld  also he  ach ieved , 
b u t  33 m g/m l h y d ro ly sa te  c o n c e n tra tio n  gave on ly  a fourfo ld  re d u c tio n  in t i t re  
w ith  chick RBC sy stem .

In  te s ts  w ith  ag a r o v erlay  in co rp o ra tin g  d iffe ren t c o n c e n tra tio n s  o f R N A  
so lu tions (F ig . 2), the  sam e 50 %  p laq u e  red u c in g  c o n c e n tra tio n s  w ere ca l­
cu la ted  for 5’AM P, and  for p a r tia l  a lkaline h y d ro ly sa te  w hich c o n ta in e d  only  
a b o u t 21%  m ononucleo tides. T h is value w as found  in all e x p e rim e n ts  w ith  
l l l / l  m ono layers and v acc in ia  v iru s  to  be b e tw een  1  an d  2  m g/m l c o n c e n tra ­
tio n s (0.003—0.006 m). A s ex p ec ted , values fo r po liov irus s tra in s  an d  w ith  p o ly ­
m er R N A  so lu tio n  [6 , 7] in b o th  v acc in ia  a n d  p o lio v iru s  sy stem s, w ere fo u n d  
to  he h ig h er th a n  8 m g/m l (0.021 m).
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°/o of con tro l

F ig . 2. P laque  coun t re d u c tio n  of vaccin ia v iru s a n d  po liov irus s tra in  “ ЗО” b y  5’AM P, 
p a r t ia l  alkaline  h y d ro ly sa te  o f R N A  and original n o n -h y d ro ly sed  R N A  in co rp o ra ted  in to  
th e  a g a r  overlay . O rd in a te : p la q u e  counts in p e rce n ta g e  of co n tro l; abscissa: co n cen tra tio n
o f  co m p o u n d s in m g/m l. P o lio v iru s  -f- p a rtia l h y d ro ly sa te :  X -------X ;  vaccin ia  v iru s - j-  p a rtia l
h y d ro ly sa te :  О------ О; v acc in ia  v iru s  -J- polym er so lu tio n : О......... о ; vaccin ia  v irus 5’A M P -N a2

solution: о ......... О

D iscussion

T he r e v e r s i b l e  i n h i b i t i o n  o f  c e l l  m u l t i p l i c a t i o n  s e e m s  t o  b e  s i m i l a r  t o  

t h a t  o b s e r v e d  w i t h  n u c l e o s i d e s  [ 2 ] ,  b u t  c a n n o t  b e  p r o d u c e d  b y  c o n t a m i n a t i n g  

p h o s p h a t e l e s s  b r e a k d o w n  p r o d u c t s .  The a m o u n t  o f  u r i d i n e  a n d  u r a e i l .  d e s c r i b e d  

a s  m o s t  a c t i v e  [ 2 ] ,  i s  c a l c u l a t e d  t o  b e  l e s s  t h a n  0 . 2  h i m  i n  a  1 0  m g / m l  s o l u t i o n  

o f  a l k a l i n e  h y d r o l y s a t e .

T he conclusion o f  G i f f o r d  [3], th a t  b o th  R N A  and  DNA v iruses are 
in h ib ite d  by n u c leo tid e  m ix tu re s , proved  to  be va lid  only for enveloped  
v iru se s . In  co n tra s t, a d so rp tio n  of b o th  v iru s  g roups is in fluenced  b y  th e  sam e 
r a te  s im ila r to  th e  e ffec t o f  o th e r ionic p o ly m ers , described  in severa l papers 
[12, 15, 19].

T hese ac tiv ities  a re  d iffe ren t from  th e  ac tin o m y c in -lik e  effect o f adenine 
[5], since adenov irus ty p e  1 m ultip lies w ell in th e  presence of R N A  oligom ers, 
a n d  C h ikungunya v iru s , a v iru s  ra th e r  re s is tan t to  th e  drug , m ay be in h ib ite d  [3].

T he influence o f R N A  oligom er m ix tu re s  on v iru s  ad so rp tio n , on m u lti­
p lic a tio n  of enveloped  v iru se s  and  on h o s t cell m e tab o lism  is considered  to  
b e  u n re la te d  p h en o m en a  e lic ited  by the  sam e tre a tm e n t .  The role o f cell 
m e m b ra n e  in  reg u la tio n  o f  m acrom olecu lar m e tab o lism  has been suggested  [4, 
17, 18, 19] and th e  re s u lts  seem  to  su p p o rt th e  v iew  th a t  R N A -m em brane  
in te ra c tio n  is the  m a in  a n d /o r  single cause o f th e  th ree  above phenom ena .

T he cellular u p ta k e  o f  m acrom olecu lar R N A  is ex trem ely  low  a t  pH  
7.2 w ith o u t ad d itives [16, 17]. Owing to  th e  slow  p e n e tra tio n  of o ligonucleo­
t id e s  one would e x p e c t s ig n ifican t d ifferences b e tw een  50%  p laque n u m b er 
re d u c in g  co n cen tra tio n s o f  fu ll and p a rtia l h y d ro ly sa te s . T his was n o t th e  case.
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T he influence o f o ligonucleo tides on reg u la to ry  m em b ran e  fu nc tions is also 
suggested  by  the fac t th a t  n e u tra l  red  release was fo u n d  to  be id en tica l follow ­
ing t re a tm e n t w ith  p o ly m er an d  d igested  RN A  b u t th e  in h ib ito ry  effect on 
v acc in ia  v iru s m u ltip lic a tio n  p ro v ed  to  be d iffe ren t.

T he role of an o ligom er in flux  upon p e rm e a b ility  changes seem s to  be 
im p ro b ab le , since h e te ro p o ly ac id  po lym ers in h ib it th e  m u ltip lica tio n  o f vesic ­
u la r  s to m a titis  v iru s  [19] an d  cell m u ltip lica tio n  is in h ib ite d  only b y  D E A E - 
d e x tra n  tre a tm e n t [18]. These tw o observations su p p o rt th e  possib ility  th a t  
aspecific  a lte ra tio n s  o f th e  fu n c tio n a l s ta te  of th e  ce llu la r  m em brane m ay  be 
th e  cause of specific  changes in  ce llu la r m etabo lism .

The supposition  of specific  m em brane ta rg e ts , w h ich  w ould possess a 
re g u la to ry  fu n c tio n  on in tra c e llu la r  processes, h ad  been  described  in co n ­
nection  w ith  cyclic A M P m etab o lism  [20]. A n in flu en ce  on th e  fu n c tio n  o f 
these  and  of possible o th e r  reg u la to ry  sites seem s to  be th e  m ost feasib le 
ex p lan a tio n  for th e  d iverse  effects observed  w ith  d iffe ren t R N A  so lu tions. 
F o r  th is  suggestion , a th e o re tic a l and  ex p e rim en ta l basis has recen tly  been  
p ro v id ed  by  M é c s ,  w ho found  a m u tu a lity  in  th e  reg u la tio n  of in te rfe ro n  
p ro d u c tio n  by  m acrom olecu lar inducers an d  su b stan ces  a c tiv a tin g  th e  cyclic 
AM P system  [21].
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EFFECT OF CYCLIC AMP AND POLYADENYLIC ACID 
TREATMENT ON THE DELAYED HYPERSENSITIVITY

OF GUINEA PIGS

S . S i p k a , J .  A r a d i  and T.  S z i l á g y i

Institu te  o f  Pathophysiology and In s titu te  o f  B iochem istry, U niversity  M edical School, Debrecen

(R ece iv ed  D ecem ber 13, 1972)

S u m m ary . Prolonged cA M P tre a tm e n t w as fo u n d  to  stim u la te  delayed  h y p e rsen s i­
t iv i ty  in th e  gu inea pig. C o n tinuous tre a tm e n t w ith  s in g le-s tran d ed  PolyA  s tim u la te d  th e  
de lay ed  ty p e  o f allergic d e rm a titis  to  a g rea te r e x te n t  th a n  d id  cAM P tre a tm e n t re p re se n tin g  an  
eq u al a m o u n t o f adenylic  acid. T h e  possib ility  o f  d e sen sitiz a tio n  in an im als t r e a te d  w ith  
cA M P o r P o ly A  is sim ilar. B o th  cA M P and  P o ly A  w ere fo u n d  to  enhance th e  m ac ro p h ag e  
d isa p p ea ran c e  reac tio n .

T h ere  are  several d a ta  to  prove t h a t  th e  h u m o ra l and  ce llu la r im m u n e  
re a c tio n  can  he s tim u la ted  b y  sy n th e tic  p o ly n u c leo tid es  (PolyA  : U , P o ly l  : C) 
a c tiv a tin g  adeny l-cyclase. T h ese  e x p e rim e n ts  h a d  in  com m on th a t  a ll a u th o rs  
app lied  d o u b le -s tran d ed  p o ly n u c leo tid es  in sy s tem s  in  vivo to  d efen d  th e  sy n ­
th e tic  p re p a ra tio n s  from  rib o n u c léase , a n d  th e y  all exam ined  th e  e ffec t o f a 
single t r e a tm e n t  [1 — 5].

In  delayed hypersensitiv ity , a sign ificant role is attributed to  nucleic 
acids and their derivatives [6, 7] on account o f the characteristics o f th e  h y p o ­
th etic  m ediator, the perm eability  factor described by W illoughby  et al. [6].

T h e  p re sen t ex p e rim en ts  w ere a im ed  a t  s tu d y in g  th e  follow ing q u estio n s .
(a) H ow  does a c o n tin u o u s  cyclic A M P (cA M P) tre a tm e n t a ffe c t th e  

de lay ed  h y p ersen sitiv ity ?
(b) I s  th e  con tinuous ap p lica tio n  o f  th e  sin g le -s tran d ed  sy n th e tic  p o ly ­

n u c leo tid e  po lyadeny lic  ac id  (PolyA ) e ffec tive  in  vivo ?
(c) W h a t are th e  p ossib ilities  o f d e se n s itiz a tio n  in  anim als t r e a te d  w ith  

cA M P o r PolyA ?
(d) W h a t effect has cA M P or P o ly A  tr e a tm e n t  on th e  m ac ro p h ag e  d is­

a p p e a ra n ce  reac tio n , th e  re a c tio n  c h a ra c te r is tic  o f delayed  h y p e rse n s itiv ity ?

M ateria ls and  m ethods

A n im a ls .  W hite fem ale g u in ea  pigs, w eigh ing  300 350 g.
Sensitiza tio n  [8]. E ach  h in d  paw  of th e  a n im a ls  w as in jec ted  w ith  3 fig o f tw ice  re c ry s­

ta llized  o v a lb u m in  in 0.1 ml o f  F re u n d ’s co m p le te  a d ju v a n t  (Difco L ab o ra to rie s , D e tro it, 
Mich.).

S k in  testing. On the  8 th  d a y  a f te r  sen sitiz a tio n , th e  gu in ea  pigs were g iven in tra d e rm a lly  
6 fig  tw ice recrysta llized  o v a lb u m in  dissolved in 0.1 ml o f  physiological NaCl; 24 h r  la te r  the  
sk in  w as ex am in ed  for th e  in f la m m a to ry  reac tio n  a n d  its  a rea . T he Figures i llu s tra te  th e  m ean
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size in  m m 2 of the reac tiv e  a re a  in  each anim al g roup . T h e  o v a lb u m in  was in jec ted  a t  tw o  sites 
in to  th e  clean-shaven b ack  sk in  o f the  anim als.

Desensitization  [6, 9, 10]. O n th e  7 th  day a f te r  se n s itiz a tio n , i.e. 24 hr before  th e  te s tin g  
in je c tio n , the  anim als w ere g iv en  4 m g of tw ice re c ry s ta lliz e d  ovalbum in  in tra p e rito n e a lly . 
T o a v o id  an ap h y lac tic  sho ck , b o th  the  ex p erim en ta l a n d  co n tro l anim als were g iven  2 m g of 
c h lo ro p y ra m in e

3 '-5 4c A M P  was p re p a re d  from  5’AMP (R ean a l, B u d a p es t)  a t  the  In s t i tu te  o f B io ch em ­
is t ry ,  U n iv e rs ity  M edical S chool, Debrecen. The p ro d u c t w as c liro m ato g rap h ically  ho m o g e­
n e o u s  a n d  resis tan t to  E scherich ia  coli alkaline p h o sp h a ta se . The phosphorus c o n te n t o f  the  
p re p a r a t io n  was 8 .3% . T h e  t r e a te d  anim als were g iven  in tra p erito n ea lly  1 m g o f cA M P d is­
so lv ed  in  0.5 ml saline d a ily , f ro m  th e  day  of sen sitiz a tio n  u n t i l  the  te rm in a tio n  o f th e  read in g s. 
T h e  c o n tro ls  were tre a te d  w ith  0.5 ml of saline daily .

Eig. 1. E ffec t of co n tin u o u s cA M P and PolyA  t r e a tm e n t  on  size of in fla m m a to ry  a rea  in 
delayed h y p e rse n s itiv ity  of guinea pigs. M ean of 5 experim en ts

Polyadenylic acid (R e a n a l, B udapest): mol w t 14 000; phosphorus co n te n t, 9 .2 % . T he 
t r e a te d  an im als were g iven  0.9 m g of PolyA  (rep re sen tin g  a n  a m o u n t of adeny lic  acid  e q u a l to  
th e  a m o u n t  o f cAMP g iven) d isso lv ed  in 0.5 nd of sa line , f ro m  th e  day of sen sitiz a tio n  u n t il  th e  
te rm in a t io n  of the read ings. T h e  con tro ls were given 0.5 m l o f saline in trap erito n ea lly .

Provocation o f peritonea l exudation. Five d ay s befo re  th e  in d uction  of th e  re ac tio n , th e  
g u in ea  p igs were given 10 m l o f  liqu id  p araffin  in tra p e rito n e a lly .

P reparation o f macrophages. 5 days a fte r g iv ing  liq u id  p a raffin , th e  an im als were b led- 
to  d e a th  by  cu tting  th e  c a ro tid ,  an d  20 ml of H a n k s  so lu tio n  was in jec ted  in to  th e ir  a b ­
d o m en . T he ex udate  was a sp ire d , th en  cen trifuged  tw ice  a t  200 g and  4°C in H a n k s  so lu tio n . 
A fte r  f ix a tio n  of the d e p o s it w ith  m ethanol a n d  s ta in in g  w ith  Giemsa, q u a n ti ta t iv e  an d  
q u a li ta t iv e  cell counts w ere m ad e .

M acrophage disappearance reaction [9]. On th e  d a y  o f th e  ex p erim en t, th e  a n im a ls  w ere 
in je c te d  in trap erito n ea lly  w ith  10 /ng of twice rec ry s ta llize d  o v a lb u m in  in 1 m l o f H a n k s  so lu ­
t io n . T h e  contro ls were g iv en  H a n k s  solution only. F o u r  h r  a f te r  the  in jec tion  th e  p e r ito n e a l 
e x u d a te  w as exam ined fo r th e  n u m b e r  o f cells an d  fo r th e  ra tio  of the  d iffe ren t cells: inacro- 
p h a g e /p o ly m o rp h o n u c lea rs  a n d  lym p h o cy tes . F ive g u in ea  p igs were used in each  e x p e rim e n t.

R esults

T h e  size of th e  r e a c tiv e  area  of de lay ed  h y p e rse n s itiv ity  w as increased  
b y  b o th  cAMP and  P o ly A  tre a tm e n t, so m e w h a t m ore by  Po lyA  (F ig . 1). 
D e se n s itiz a tio n  s ig n if ic a n tly  decreased th e  size o f  th e  reac tive  area b o th  in th e  
c o n tro ls  an d  in the  a n im a ls  tre a te d  w ith P o ly A . C om paring  th e  in f la m m a to ry  
a re a  o f  th e  original (n o t desensitized) an im als  w ith  th a t  of th e  d esensitized  
a n im a ls , th e  degree o f d esen sitiz a tio n  was p ro p o rtio n a l in all th e  th re e  g roups.
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T h e decrease w as 3— 3.5-fold. T herefo re  th e  in fla m m a to ry  area was th e  la rg e s t 
in an im als  tre a te d  w ith  PolyA , sm aller in  an im als w ho w ere given cA M P  an d  
sm a lle s t in  th e  co n tro ls  (F ig . 2).

E x am in in g  th e  m acrophage d isa p p e a ra n ce  reac tio n  4 h r a fte r  th e  in je c ­
tio n  o f 1 0  /(g of o v a lb u m in  an tigen  th e  n u m b e r o f cells p rep ared  from  th e  e x u ­
d a te  w as 7— 9 x l O e/m l; 72— 74%  of th e m  w ere m acrophages, th e  r e s t  p o ly ­
m o rp h o n u c lea r leucocy tes and  a few ly m p h o cy te s . T h e  re la tiv e ly  h igh  le u c o ­
c y te  co u n t w as believed  to  he due to  th e  re p e a te d  in tra p e rito n e a l in je c tio n s .

600 

5 0 0 -  

400 

3 0 0 -  

200  -  

100 -  

0 .0
rh rb

P o l y  A

Fig. 2. E ffec t o f co n tin u o u s cAM P and PolyA  t re a tm e n t  on size o f in fla m m a to ry  a rea  in d e ­
layed  h y p e rsen s itiv ity  o f desensitized  gu inea  pigs. M ean of 5 ex p erim en ts

T h e  m acro p h ag e  co u n t was decreasecE to  a g re a te r  e x te n t in th e  an im a ls  
t r e a te d  w ith  cA M P or PolyA  th a n  in  th e  u n tre a te d  con tro ls. No s ig n if ic a n t 
d ifference  w as found b e tw een  th e  e ffec t o f cAM P an d  PolyA tr e a tm e n t  on  th e  
m acro p h ag e  d isap p earan ce  reac tio n  (T ab le  I).

Table I
Effect o f  c A M P  and P olyA  treatment on the macrophage disappearance reaction

Group and No. 
of animale

Absolute macrophage count

Before antigen 4 hr after antigen

C ontrol (5) 5.7 ±  0 .7 X 1 0 6 3.4 +  0.4 X 10°

cAM P tre a te d  (5) 5.7 ±  0 .7 Х Ю 6 2.3 ±  0..3X 10°

PolyA  tre a te d  (5) 5.7 ±  0 .7 X 10° 2.2 ±  0 .2 5 x 1 0 °

D iscussion

A ccord ing  to  d a ta  in th e  l i te ra tu re  [11— 13] th e  m ode of ac tio n  o f  cA M P 
in th e  d iffe ren t im m u n e  processes h a s  tw o p a th w a y s . F irs t, th e  a c t iv i ty  of 
th y m o c y te s  an d  ly m p h o cy tes  is in c rea sed  a n d , second, ce rta in  p ro cesses  of 
p ro te in -sy n th e s is  a re  increased  by th e  p h o sp h o ry la tio n  of h istones.
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In  our e x p e rim e n ts  th e  delayed h y p e rs e n s it iv ity  was increased  hy  co n ­
tin u o u s  tre a tm e n t w ith  cA M P  or PolyA .

A ccording to  th e  a b o v e , the  p h enom enon  w as due to  th e  a c tiv a tio n  of th e  
th y m u s  dependen t ly m p h o c y te s , w hich p la y  a m a jo r  role in th is  ty p e  of in fla m ­
m a tio n  [5].

T h e  difference o b se rv e d  in the  e n h a n c e m e n t of th e  reac tio n  b y  cA M P 
a n d  P o ly A  in am o u n ts  re p re se n tin g  an id e n tic a l q u a n ti ty  of adeny lic  acid , w as 
lik e ly  due  to  the  d iffe ren ce  in the  d eco m p o sitio n  ra te  of th e  tw o su b stan ces . 
cA M P  is sp lit by  p h o sp h o d ie s te ra se , P o lyA  b y  ribonucléase , an d  cA M P seem s 
to  be  decom posed a t  a h ig h e r  ra te  th a n  is P o ly A . T h e  oligonucleo tide p ro d u c ts  
o f th e  la t te r  also h a v e  a n  adenylic-cyclase a c t iv i ty  increasing  effect [14, 15].

T h e  possib ility  o f  desen sitiza tio n  w as s im ila r  in b o th  th e  tre a te d  an d  th e  
c o n tro l groups and  th e  re a c tiv e  area d ecreased  to  the  sam e degree in all th re e  
g ro u p s .

B y  m eans of th e  m acro p h ag e  d isa p p e a ra n ce  reac tio n  i t  w as possib le to  
p ro v e  on  a cellu lar lev e l th e  increased s e n s it iv ity  to  th e  specific an tig e n  of th e  
a n im a ls  tre a te d  w ith  cA M P  or PolyA.
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REPRESSION OF ALKALINE PHOSPHATASE 
SYNTHESIS BY ADENINE, ADENOSJNE AND ADENINE 

NUCLEOTIDES IN AN ADENINE AUXOTROPH OF 
BACILLUS ANTII RAC IS

J .  M o l n á r  a n d  B. P r á g a i

Institu te  o f  M icrobiology, U niversity  M edical School, Szeged 

(R eceived D ecem b er 27, 1972)

S um m ary , F u r th e r  evidence of a re la tio n sh ip  betw een  the  genes reg u la tin g  a lka line  
p h o sp h a tase  and  the  s tru c tu ra l genes o f  p u rin e  syn thesis has been o b ta in e d  in  B acillus  
anthracis. A denine, adenosine , and  aden ine  nucleo tides repressed  th e  p ro d u c tio n  of a lka line  
p h o sp h a ta se  in an ad en y lo su ccin a te  lyase d e fic ie n t m u ta n t  of B. anthracis. D uring  th e  g row th  
phase , th e  A TP level w as low er in th e  m u ta n t  th a n  in the  p ro to tro p h . The ad en ine  nucleo tide  
pool w as supposed to a c t as co-repressor in  th e  regu la tion  o f enzym e p ro d u c tio n . E x o genous 
cyclic A M P also ex h ib ited  a repressor e ffec t th o u g h  it was n o t  d e tec tab le  in a n y  of th e  B. 
anthracis  s tra in s  stud ied .

T h e  ra te  of a lka line  p h o sp h a ta se  syn th esis  in  Bacillus suhtilis  a n d  Bacil­
lus cereus is a fu n c tio n  o f th e  ano rg an ic  p h o sp h a te  co n cen tra tio n  in th e  m ed iu m . 
T h e  rep resso r effect o f o rth o p h o sp h a te  on th e  syn th esis  of th e  a lk a lin e  p h o s­
p h a ta s e  asserts  itse lf  m ore ex p lic itly  in  Bacillus anthracis  th a n  in  B. cereus 
s tra in s  p roduc ing  h ig h er am o u n ts  o f  th e  enzym e [1]. P h o sp h a ta se  p ro d u c tio n  
p ro v e d  useful in th e  d iffe ren tia l d iagnosis  o f th e  tw o  b a c te ria l species closely 
re la te d  p h y logene tica lly  [2]. In  o u r la b o ra to ry , a n u m b e r of a u x o tro p h ic  m u ­
ta n ts  h av e  been iso la ted  from  th e  acapsu logen ic  s tra in  V ollum  o f B. anthracis  
[3]. S tu d ies  of a lka line  p h o sp h a ta se  re g u la tio n  in th e  au x o tro p h s  show ed  th a t  
on th e  basis o f th e ir  o r th o p h o sp h a te  rep re ss ib ility , th e  m u ta n ts  cou ld  he d iv ided  
in to  th re e  groups [4]. T hose in  th e  f i r s t  group show ed a b eh av io u r id e n tic a l to  
th a t  o f  th e  p ro to tro p h . Some p y rim id in e  an d  v itam in  d ep en d en t m u ta n ts  and  
p u rin e  d ep en d en t m u ta n ts  in w hich th e  block occurred  before  th e  closing of th e  
ring , belonged  to  th is  group . In  th e se  s tra in s , a g rad u a l increase in p h o sp h a te  
c o n c e n tra tio n  was para lle led  by  a d ecrease  in enzym e syn thesis . In  th e  second 
g roup , a tw o-phase rep ression  was o b se rv ed  in s tra in s  defic ien t in th e  sy n th esis  
o f ad en y lo su cc in a te  sy n th e ta se  a n d  ad en y lo su cc in a te  lyase. A lka line  p h o s­
p h a ta se  syn thesis in some guanine d e p e n d e n t m u ta n ts  w as n o t rep ressed  even 
a t  low p h o sp h a te  co n cen tra tio n s . T h e  la t te r  belonged  to  th e  th ird  g roup .

T he cap su la ted  v a r ia n ts  of th e  ad en in e  d ep en d en t s tra in s  fa iled  to  prove 
p a th o g en ic  in ani mal  ex p erim en ts  [5].

E lec tro n  m icroscopic o b se rv a tio n s  show ed an  accu m u la tio n  o f a lk a lin e  
ph o sp h a ta se  in th e  space betw een  th e  cy top lasm ic  m em b ran e  an d  cell w all in
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th e  ad en in e  d ep en d en t s tra in . A ccum ula tion  o f th e  enzym e was accom panied  
b y  a d am ag e  or a lo osen ing  of th e  s tru c tu re  o f th e  cell wall [6 ].

T hese  findings h a v e  p ro m p te d  us to  s tu d y  w h e th e r  th e  loss of v iru lence  
in  th e  aden ine  d e p e n d e n t m u ta n t  was asso c ia ted  w ith  an  enh an ced  p ro d u c tio n  
o f a lk a lin e  p h o sp h a ta se . T h e  re la tionsh ip  b e tw een  ad en y lo su cc in a te  deficiency 
a n d  th e  derepression o f  a lk a lin e  p h o sp h a ta se  w as also in v estig a ted .

M aterials and m ethods

B acterial strains. T h e  non-capsu logen ic  p ro to tro p h ic  s tra in  Y ollum  (V R ) of B . anthracis 
a n d  i ts  aden ine  a u x o tro p h ic  d e r iv a te , ade II-3 , d e fic ien t in  ad en y lo su ccin a te  lyase [5] deno ted  
as 2 3 C “ a d e - , were u sed . S tu d ie s  were perfo rm ed  also on  th e  В s tra in  o f Escherichia coli.

M ed iu m . L ac ta lb u m in  h y d ro ly sa te  was su p p le m e n ted  w ith  p ro p e r am o u n ts  o f glucose, 
v i ta m in  B-,, and various s a lts  [4]. T he m edium  was p re p a re d  acco rd ing  to th e  follow ing m odifi­
c a tio n : a f te r  the d e p h o sp h o ry la tio n  of lac ta lb u m in  h y d ro ly sa te  b y  b a riu m  hy d ro x id e  [6], 
th e  b a s ic  m edium  was su p p le m e n te d  and  th e n  a p ro p e r  a m o u n t o f p h o sp h a te  was ad ded  from  
a  100 m M  solu tion  of K 2H P 0 4.

C ultivation. A fter th e  a d d itio n  to th e  la c ta lb u m in  o f o rth o p h o sp h a te  an d  aden ine the  
m ed iu m  w as d ivided in 10 m l a liq u o ts  in to  100 ml E rle n m ey e r flask s and  th en  each  of the  flasks 
w as in o cu la te d  w ith 105 spores. T h e  flasks while a ired  in  a rec ip ro ca l sh ak e r, w ere in cu b a ted  in 
a w a te r  b a th  a t  37 °C for 16 h r.

M easurem ent o f  optical density . T he o p tica l d e n s ity  o f th e  cu ltu res  was m easu red  in a 
M a g n e p h o t I I  a p p a ra tu s  (O rio n , B udapest).

M easurem ent o f a lka line  phosphatase activity. T he b a c te r ia l  cu ltu res  were cen trifuged  in 
cold  a t  3500 rpm  for 15 m in . T h e  pelle t was w ashed once a n d  th e n  resu sp en d ed  to  OD 0.6 in 
p h y sio lo g ic a l saline. To 2 m l b a c te r ia l  suspension, 2 m l re a g e n t co n ta in in g  0 .5%  p a ran itro p h e - 
n y l p h o sp h a te  in 0.2 м T ris -H C l b u ffer p H  8.5, w as ad d ed . T he sam ples were in cu b a ted  in a 
w a te r  b a th  a t  37°C for 20 m in . A fte r  incu b a tio n , th e  en zy m e reac tio n  w as sto p p ed  by  1.0 ml 
1.0 N  N a O H . The suspensions w ere cen trifuged  a n d  th e n  th e  e x tin c tio n  values o f th e  su p e r­
n a ta n t s  w ere m easured b y  a  S p ec tro n o m  201 sp e c tro p h o to m e te r  a t  410 nm . U n it o f enzym e ac ­
t iv i ty  w as expressed  in te rm s  o f 1.0 m ^m ol p a ran itro p h e n o l re leased  by  1.0 ml b ac teria l suspen­
sion  o f  O D  0.6 during  20 m in .

Repression o f  a lka line  phosphatase synthesis. Series o f la c ta lb u m in  m ed ium  w ere p rep ared  
b y  th e  a d d itio n  of v a ry in g  a m o u n ts  of 0.1 — 1.6 m M  p h o sp h a te . T he a m o u n t o f aden ine  v aried  
b e tw ee n  10 and  100 fig /m l. T h e  m ed iu m  also co n ta in ed  nucleosides and  nucleo tides in am o u n ts 
v a ry in g  be tw een  0.25— 1.0 m M .

T h e  in h ib ito ry  e ffec t o f som e enzym es on th e  a lk a lin e  p h o sp h a tase  syn thesis was 
s tu d ie d  also in a m edium  c o n ta in in g  1.0 rnM o rth o p h o sp h a te  and  10 /ig /m l aden ine. Cyclic 
A M P phosp liod ieste rase  in h ib i t io n  [7] was s tu d ied  w ith  caffeine an d  theophy lline  while 
ad en y lcy c lase  inh ib ition  [8] w ith  chlorprom azine (H ib e rn a l, E G Y T  P h a rm acochem ical W orks, 
B u d a p e s t) .

F u rth e rm o re , 2’4 -d in itro p h e n o l was also used  as an  u n co u p lin g  ag en t. The a lka line  phos­
p h a ta s e  a c tiv ity  of B. anthracis  cu ltu res  p rep ared  co n v en tio n a lly  in m edia  c o n ta in in g  enzym e 
in h ib ito r s ,  w as determ ined .

D etection o f 3,5-cyclic adenosine monophosphate. T he p ro to tro p h ic  an d  aden ine  d ep en d ­
e n t  s t r a in s  o f B. anthracis w ere c u ltiv a ted  in the  p resence  o f 1.0 т м  K 2H P 0 4 an d  10 /ig/m l 
a d en in e  in  lac ta lb u m in  m ed iu m . F o r  the  c u ltiv a tio n  of th e  В s tra in  of E. coli, th e  m edium  d e­
sc rib ed  b y  Makman  and  Su t h e r l a n d  [9] was used. F ro m  th e  cu ltu res  4 g o f the  sed im en t was 
re su sp e n d e d  in 20 ml co ld  0.05 N HC1 and  th e n  in c u b a te d  in  a w a te r b a th  a t  90°C for 5 m in. 
A fte r  c en trifu g a tio n , th e  s u p e rn a ta n ts  were d ecan ted  a n d  n eu tra lized  to  p H  7.4 w ith  N aO H . 
T h e  p re c ip ita te  form ed d u rin g  n e u tra liz a tio n  was cen trifu g ed  again . The pure s u p e rn a ta n t  was 
c o n c e n tra te d  to  5.0 ml by  freeze-d ry in g . A fter th aw in g , 0.3 m l o f 0.3 M Z n S 0 4 an d  0.3 ml of 
0.3 N  B a (O H )2 were ad ded  a n d  th e  p rec ip ita te  fo rm ed  w as rem oved  b y  cen trifu g a tio n . T his 
p ro c e d u re  w as rep ea ted  to  re m o v e  non-cyclic  nucleo tides [10]. T he sam ples w ere desalin ized  
on D o w ex  50 H + (100— 200 m esh) colum ns of 0.6 X 3.0 cm  size [11]. C h ro m ato g rap h y  was 
p e rfo rm e d  on Silicagel G F 254 p la te s  [11 |. The p lates w ere d ried  b y  cold a ir and  d e tec ted  u n d e r 
an  U V  lam p . The cyclic A M P sp o t  (R p =  0.39 -0 .4 1 ) w as sc rap ed  off, re su sp en d ed  in 3.0 ml 
d e io n ized  w a te r  and s to red  a t  50°C. Cyclic AM P was id en tif ie d  accord ing  to  its  sp ec tra  tak en  
in  th e  ra n g e  of 220—280 n m  a t  v a rio u s  p H  values [12].
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E stim a tio n  o f  adenosine triphosphate in grow ing  cultures o f  B. unthracis. Spores o f th e  p ro ­
to tro p h ic  a n d  adenine d e p e n d e n t stra in s  w ere in o c u la te d  in to  m ed iu m  co n ta in in g  1.0 inM 
K .,H P 0 4 an d  50 /fg/ml ad en in e  a n d  cu ltiv a ted  in  th e  co n v en tio n al w ay. T he o p tica l d e n s ity  o f 
th e  cu ltu re s  was d e te rm in ed  a n d  2 ml sam ples w ere tak e n  every  hour. A fter th e  a d d itio n  o f 
2.0 m l cold 0.5 n  perch loric  acid , th e  sam ples w ere  in cu b a te d  u n d e r c o n s ta n t s tirr in g  in  an  ice 
h a th  for 30 m in. A fter c en trifu g a tio n , the  s u p e rn a ta n ts  were n eu tra lized  b y  10.0 N K 2C 0 3 [13]. 
T he p re c ip ita te  form ed w as cen trifuged  and th e  A T P  c o n te n t of th e  su p e rn a ta n ts  w as d e te r ­
m ined  by  luciferase [14].

A 5 m g/m l so lu tion  of luciferase (F ire fly  L a n te rn  e x tra c t,  Serva , H eidelberg) w as p re ­
p a red  in deionized w ater. F o r th e  d e te rm in a tio n  o f  A T P , 0.4 ml deionized  w a ter, 0.1 m l en zy m e  
so lu tio n , a n d  th en  0.1 ml b a c te r ia l  e x tra c t were m ea su re d  in to  an  a b so rp tio n  cell. M easu rem en ts  
w ere s ta r te d  15 s a fte r  th e  a d d itio n  of the  b a c te r ia l  e x tra c t  co n ta in in g  A TP and  co n tin u ed  fo r 
1 m in . C oun ts per 1 m inu te  w ere determ ined  by  a  P a c k a rd  T ri-C arb  L iqu id  S c in tilla tio n  Spec­
tro m e te r , M odel 2001. As a s ta n d a rd ,  0.1 ml e ach  o f d iffe ren t d ilu tio n s o f a 5 x  104 niM/ml A T P  
s to ck  so lu tio n  added  to  th e  en zy m e, was used.

Results

T h e  p ro to tro p h ic  s t ra in  and  the a d e n in e  d e p e n d e n t  m u ta n t  of B . anthracis  
show ed subo p t im a l  g ro w th  and a high a lk a l in e  p h o sp h a ta se  ac t iv i ty  a t  co n c e n ­
t r a t io n s  of 10 / 'g/ml o f  aden ine  and 0.1 ш м  of p h o sp h a te .  The ra te  of en zy m e  
syn thes is  could be rep ressed  to a c o n s ta n t  low level b y  increasing th e  co n c e n ­
t r a t io n  of anorganic  p h o sp h a te .T h e  a m o u n t  of anorganic  p h o sp h a te  needed  for 
rep ress ion  was 0 .8 — 1 . 0  т м  for the p ro to t ro p h ic  s tra in  while un d er  th e  sam e 
cond it ions  enzym e syn thes is  was still de rep ressed  in th e  m u ta n t  req u ir in g  1 . 6  

т м  p h o sp h a te  for repression . W hen t h e  a m o u n t  of aden ine  was increased  to  
50 a n d  100 / 'g/ml in th e  m edium  repression  occurred  in the  au x o troph ic  s t ra in  
a t  0 .5— 0.8 т м  p h o s p h a te  concen tra t io n .  Increas ing  th e  a m o u n t  of a d e n in e  
failed to  influence en zy m e  produc tion  b y  th e  p ro to tro p h ic  s tra in  (F ig . 1).

F u r th e r  ex p e r im en ts  were p e r fo rm ed  in a m ed ium  con ta in ing  1.0 т м  
ano rgan ic  p h o sp h a te .  U n d e r  such co n d it ions ,  enzym e synthesis  was rep ressed  
in th e  p ro to tro p h ic  s t ra in  while it was sti l l  derepressed in th e  adenine d e p e n d e n t  
m u t a n t .  T h e  m edium  w as su p p lem en ted  w ith  10, 25, 50, and  100 / 'g/ml ad en in e .  
W h e n  bac te r ia  were cu l t iv a te d  in m ed ia  th u s  com ple ted , an e n h a n c e m en t  of  
enzym e repression was observed para lle l  to  th e  increase in th e  a m o u n t  of  a d e ­
n ine. In  th e  presence of  50 pg/ml a d e n in e ,  enzym e produc tion  of th e  m u t a n t  
w as essentia lly  th e  sam e as th a t  of th e  p ro to t ro p h ic  s t ra in  (Fig. 2).

Since alkaline p h o sp h a ta se  sy n th es is  in th e  aden ine  d ep en d en t  m u t a n t  
could  be repressed n o t  only  with ano rg an ic  o r th o p h o sp h a te  b u t  also w ith  a d e ­
n ine , th e  effects of som e o th e r  purine  co m p o u n d s  were also tes ted . F o r  these  
s tud ies ,  media co n ta in ing  1 . 0  т м  p h o s p h a te  and  1 0  / 'g/ml adenine were su p p le ­
m e n te d  sepa ra te ly  w i th  10 100 / 'g /m l o f  adenosine and  inosine. O f th e  c o m ­
p o u n d s  s tud ied , only  adenosine  exe r ted  a m o d e ra te  repression on enzym e s y n ­
thesis  b y  the  m u ta n t  (Fig. 3).

Inosine  proved  to  he ineffective a t  th e  concen tra t io n s  used. I t  seem ed  
t h a t  aden ine  a t  a low concen tra tion  w as  no t  able to  su p p o r t  an  a p p ro p r ia te  
syn thes is  of some a d en in e  nucleotide o f  re g u la to r  effect. C onsequently ,  in th e
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F ig . 1. E ffec t of o r th o p h o sp h a te  and adenine c o n c e n tra tio n s  o f the  m edium  on a lka line  p h o s ­
p h a ta s e  a c tiv ity  o f th e  p ro to tro p h ic  (VR) and  ad en in e  au x o tro p h ic  (23C~ a d e - ) m u ta n ts  o f

B. anthracis

I

F ig . 2. R epression  b y  ad en in e  o f alkaline p h o sp h a ta se  sy n th esis  in the  p ro to tro p h ic  (V R ) an d  
ad en ine  a u x o tro p h ic  (23C -  a d e ~ )  s tra in s  o f B. anthracis

n e x t  experim en ts ,  m ed ia  con ta in ing  1 . 0  гпм p h o sp h a te  and 1 0  //g/ml aden ine  
w ere  su p p lem en ted  w i th  0.25— 1 т м  cyclic-А М Р, AMP, A D P , A T P, and  IM P . 
T h e  p ro to t ro p h ic  a n d  a d en in e  auxo troph ic  s t ra in s  were cu l t iv a ted  in the  above  
m e d ia  a n d  th en  th e  a lka line  phospha tase  a c t iv i ty  of the  cu ltu res  was d e te r ­
m in e d .  T h e  cyclic-А М Р , A M P, and  A D P  c o n c e n tra t io n  d e p en d en t  repressors
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Fig. 3. R epression  b y  adenosine  of alkaline p h o sp h a ta se  sy n th esis in the p ro to tro p h ic  (V R ) and 
aden ine au x o tro p h ic  (23C -  ade ) s tra in s  o f B . anthracis
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F ig. 4. R epression  of a lkaline  p h o sp h a tase  sy n th e s is  by  cyclic-AM P, AM P, A D P , a n d  ATP 
in th e  p ro to tro p h ic  (V R ) and  the  aden ine  a u x o tro p h ic  (23C -  a d e - ) s tra in s  o f B . anthracis

exerted  com parab le  effects on enzym e sy n th es is .  Л Т Р  a t  0.25 niM co n c e n tra t io n  
sim ilarly  as th e  earlier s tud ied  nuc leo tides ,  led to  a p a r t ia l  decrease in enzym e 
p ro d u c t io n  while a fu r th e r  increase in  th e  a m o u n t  of ATP h ad  no in f luence  on 
enzym e repression.

N ucleotide concen tra t ions  of 0 .25— 0.5 mM induced  a repression o f  enzym e 
syn thes is  in the  m u ta n t  (Fig. 4).
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T h e  type  of th e  rep ress ion  curve of inosine  m ono p h o sp h a te  was d iffe ren t  
f rom  t h a t  of adenine  nuc leo tides .  Inosine m o n o p h o sp h a te  a t  concen tra t ions  
of  0 .7 5 — 1.0 т м  caused  a sm all decrease in t h e  m u t a n t ’s enzym e p ro d u c t io n  
(F ig . 5).

E n z y m e  syn thes is  hy  th e  p ro to troph ic  s t r a in  was not influenced h y  th e  
n u c le o t id e s  studied . T h e  repressor effect o f  cyclic-АМР p ro m p te d  us to  
s t u d y  th e  effect of caffeine a n d  theophylline in h ib i t in g  cyclic-AM P-phospho-

c o n c e n t r a t io n  of IMP mM

Fig. 5. R ep ression  by IM P o f a lk a lin e  phosphatase  sy n th e s is  in  th e  p ro to tro p h ic  (V R ) an d  a d e ­
nine a u x o tro p h ic  (23C~ a d e - ) s tra in s  o f  B. anthracis

d ie s te ra se ,  and of c h lo rp ro m az in e  inh ib iting  adeny lcyc lase ,  on ihe enzym e 
p ro d u c t io n  of the  tw o s tra in s .  Caffeine an d  th eo p h y ll in e  a t  concen tra t ions  of
1.0 — 5.0  т м  enhanced  th e  derepression of a lka line  p h o sp h a ta se  in b o th  s tra ins .  
C h lo rp rom az ine  a t  a c o n c e n tra t io n  of 1.0 т м  co m p le te ly  inh ib ited  the  p ro p a g a ­
t io n  o f  b ac te r ia .  C o n sequen tly ,  concen tra tions o f  0.008 — 0.040 т м  were used 
w hich  h a d  practically  no effect on the g row th  o f  th e  stra ins s tud ied . C h lo r­
p ro m a z in e  caused a m o d e ra te  repression in th e  ad e n in e  au x o tro p h  while i t  had  
no e ffec t on enzyme sy n th es is  b y  the  p ro to t ro p h ic  s t ra in  (Fig. 6 ).

I n  o rder  to s tu d y  th e  specific ity  of th e  a n t ib a c te r ia l  effect of ch lo rp ro m a ­
zine, a g a r  diffusion e x p e r im e n ts  were perfo rm ed . I t  was found th a t  c h lo rp ro ­
m a z in e  exe r ted  a b a c te r io s ta t ic  effect w hen  p re s e n t  in am oun ts  of 12 25
pg /m l.

T h e  differences in th e  effect of cyclic-А М Р a n d  various enzym e in h ib i­
to rs  m a d e  its specificity ques t ionab le .  C onseq u en t ly ,  th e  direct de tec t ion  of 
cyclic-А М Р  was a t t e m p te d  from  the  p ro to t ro p h ic  an d  adenine d ep e n d e n t  
m u t a n t s  o f  B . anthracis a n d  E . coli В used as c o n tro l .  Iden tif ica t ion  of cyclic- 
A M P  f ro m  purified b ac te r ia l  e x t ra c ts  was m a d e  b y  th in - lay e r  c h ro m a to g ra p h y .  
A f te r  e lu t io n  of the  sp o t ,  fu r l  her identif ica tion  w a s  m ade  hy sp e c t ro p h o to m ­
e try .  W h i le  no cyclic-А М Р could  be de tec ted  in  th e  p ro to troph ic  a n d  th e  
a d e n in e  d ep en d en t  m u ta n t s  o f  B. anthracis, 85 //g cyclic А М Р-could be iso la ted
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from th e  cu ltu res  of E . coli В. T he  spec trum  o f  th e  iso la ted  cyclic-А М Р  w as 
ta k e n  in th e  range  of  220— 280 nm  a t  pH  1.0, 7.0, a n d  12.0.

These  resu lts  spoke ag a in s t  th e  role of cyc lic -АМ Р in the a lkaline  p h o s ­
p h a ta se  syn thesis  hy  B. anthracis. I t  has th e re fo re  b een  concluded t h a t  o th e r  
aden ine  nucleotides  m u s t  h a v e  a role in physio log ica l regula tion . T he  e ffec t of 
the  uncoup ling  ag en t  2 ’4 -d in itropheno l on en z y m e  syn thes is  hy th e  p ro to t ro -

0  J ------------ 1------------1----------- г -----------1------------ 1------------r
1 2  3 6 5 6

c o n c e n t r a t i o n  of c h l o r p r o m a z i n e , mM

-Fig. 6. C hanges in duced  hy caffe ine , theophy lline , a n d  ch lo rp ro m az in e  in alkaline p h o s p h a ta s e  
sy n th esis  in  th e  p ro to tro p h ic  (V R ) and  aden ine a u x o tro p h ic  (2 3 C -  ad e~ ) stra ins of B . an th ra c is

pltic s t ra in  of B . anthracis has  been  s tud ied . A t  concen tra t ions  of 10 — 50//M 
2’4 -d in i t ro p h en o l  supp ressed  th e  growth of b a c te r ia  v'hile i t  m o d e ra te ly  
en h an ced  th e  p ro d u c t io n  o f  a lkaline p h o sp h a ta se  (Fig. 7).

T h e  decrease in th e  A T P  level induced  h y  2 ’4 -d in itropheno l seem ed  to 
derepress enzym e syn thes is  b y  th e  p ro to tro p h ic  s t ra in .  I n  order to  o b ta in  d irec t  
ev idence of th e  reg u la to r  role of A TP, th e  p ro to t ro p h ic  and  adenine a u x o t r o ­
phic s tra in s  of  B . anthracis  were cu l t iv a ted  in  a m ed iu m  con ta in ing  1.0 m M  

p h o sp h a te  a n d  50 mg/ml adenine . Samples w ere  t a k e n  from the  c u l tu re s  a t  
various phases  of b a c te r ia l  g row th . ATP was e x t r a c te d  by  perchloric ac id  and  
its level was d e te rm in ed  h y  m eans of luciferase  (Fig. 8 ).

U n d e r  th e  ex p e r im e n ta l  conditions chosen , 50 p.g/ml adenine  led  to  a 
repression  of  enzym e syn thes is  in th e  m u ta n t .  T h e  syn thes is  of A T P  show ed
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concentration of 2.4-dinitrophenol pM

F ig . 7. D erepression  of a lka line  p h o sp h a tase  b y  2’4 -d in itro p h en o l in th e  p ro to tro p h ic  (VR)
stra in s of B. anthracis
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A------A concentration of ATP VR
Д------ Д concentration of ATP •• 23 C’  ade

time in hours

Fig. 8 . C o rre la tio n  betw een A T P sy n th esis  and  o p tica l d e n s ity  in growing cu ltu res  o f th e  p ro to ­
tro p h ic  (VR) and  ad en in e  au x o tro p h ic  (23C~ a d e ~ )  stra ins o f B. anthracis

an  in c re a s e  parallel to  th e  g ro w th  of the  bac te r ia l  cu ltu res  and  ex h ib i ted  a t e m ­
p o r a r y  s ta g n a t io n  before th e  end of th e  lo g a r i th m ic  phase. L a te r ,  A T P  s y n ­
thesis  show ed  a decrease w i th  advanc ing  in c u b a t io n  time.

Discussion

A  m u ta t io n  occurring  in a s t ru c tu ra l  gene  m a y  have an ind irec t  in fluence  
on t h e  func t io n s  of o th e r  s t ru c tu ra l  genes [15, 16]. Cyclic 3’5’-A M P p lay s  a 
role in  th e  regulation  of the  syn thes is  of va r io u s  inducible  enzym es [17]. D e p r i ­
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v a t io n  of th e  a p p ro p r ia te  bases  led to  the  derepression of a lka line  p h o sp h a ta se  
syn thes is  in the  th y m in e ,  u rac il  and  guanine  d ep en d en t  m u ta n t s  of E . coli 
even  a t  2 X 10 3  м p h o s p h a te  concen tra t ion . In d u c t io n  is possib ly  associated  
w ith  changes in the  nuc leo t id e  pools [18]. T here  are  a t  leas t  tw o  re g u la to r  sys­
tem s  involved in th e  re g u la t io n  of alkaline p h o sp h a ta se  p ro d u c t io n  b y  B . an­
thracis, b o th  being in  close connection  w ith  pu r in e  synthesis . M u ta t io n s  affect­
ing th e  in itia l steps of p y r im id in e ,  v i tam in  and  pu r in e  syn thes is  (before  closing 
of th e  ring) induce no changes  in enzym e p ro d u c t io n  or in its  repressib ility . 
Conversion of xan th y l ic  ac id  in to  guanylic acid  is inh ib ited  in th e  G M P syn­
th e ta se  deficient m u ta n t .  E n z y m e  synthesis  in th is  m u ta n t  fa iled  to  be dere- 
pressed  even a t  low p h o s p h a te  concen tra t ions  and  i t  b ecam e  insens i t ive  to 
p h o sp h a te  dep riva tion  [4]. T h e  conversion of  inosinic acid in to  adeny lic  acid 
is ca ta lyzed  by  two en zy m es .  T he  capsu la ted  v a r ia n ts  of th e  adeny losucc ina te  
sy n th e ta se  and adeny lo su cc in a te  eyase defic ien t adenine  d e p e n d e n t  m u ta n ts  
of B . anthracis lost th e i r  v iru lence  [5] an d  a t  th e  sam e t im e  b o th  m u ta t io n s  
re su lted  in the  derepression  of alkaline p h o sp h a ta se  p ro d u c t io n  [4].

T he  derepressed e n zy m e  produc tion  was repressed  b y  1 .5— 1.6 т м  
o r th o p h o sp h a te  in th e  adeny losucc ina te  lyase defic ient m u ta n t .  T h e  sam e rate  
o f  repression was caused  b y  50 pg/ml adenine  a t  0.5 т м  p h o s p h a te  co n cen tra ­
tion . Adenosine re su l ted  in a p a r t ia l  repression even a t  th e  c o n c e n tra t io n  of 
1 0 0  jUg/ml while inosine h a d  no effect on th e  m u t a n t ’s derepressed  en zy m e  pro­
duc tion .  T he  low aden ine  co n cen tra t ion  (10 ц g/ml) used in p a r t  o f  t h e  experi­
m e n ts  failed to  su p p o r t  t h e  synthesis  of aden ine  nucleotides o f  co-repressor 
effect, while a h igher a m o u n t  of adenine allowed the  fo rm a tio n  of  ap p ro p r ia te  
a m o u n t  of co-repressor. T h e  repressor effect of cyclic-АМ Р on a lka line  phos­
p h a ta s e  synthesis  in E . coli is well know n [17]. T he  adenine  nuc leo tides  includ­
ing cyclic-АМР rep ressed  enzym e produc tion  b y  the  aden ine  au x o troph ic  
s t ra in  of B. anthracis a n d  a t  th e  same tim e  failed to  influence en zy m e  synthesis  
b y  th e  p ro to tro p h ic  s t ra in .  Caffeine and  theophy ll ine  in h ib i t in g  cyclic-AMP 
phosphod ies te rase  de repressed  to  a certa in  e x te n t  enzym e sy n th es is  in both  
th e  au x o troph ic  an d  th e  p ro to t ro p h ic  s tra ins .  I n  c o n tra s t  w ith  t h e  enzym e of 
m am m a lia n  cells, E . coli phosphod ies te rase  was no t inh ib ited  b y  m e th y lx an -  
th in es  [19]. Cyclic-AMP cou ld  n o t  be d e tec ted  in e i ther  th e  p ro to t ro p h ic  strain 
or th e  adenine  d e p e n d e n t  m u t a n t  of B. anthracis. This f ind ing  was supported  
b y  th e  absence of b o th  adenylcyclase  and  cyclic-AMP p h o sphod ies te rase ,  in 
o th e r  m em bers  of th e  genus  Bacillus v iz., in B . cereus, B . su b tilis , and  B. 
p u m ilu s  [20]. The a n t ib a c te r ia l  effect of ch lo rp rom azine  used  as enzym e in­
h ib i to r  in our ex p e r im e n ts  p ro b ab ly  m anifests  itse lf  on th e  ce llu la r  m em ­
b ra n e  [21] and  th ro u g h  th e  SH-enzym es [22].

T he  f inding t h a t  a d en in e  nucleotides rep ressed  a lka line  p h o sp h a ta se  
p ro d u c t io n  by  th e  m u t a n t  2 ’4 -d in itropheno l derepressed en zy m e  syn thes is  of 
th e  p ro to tro p h ic  s t ra in ,  ra ised  th e  possibility  t h a t  adenine  nuc leo tides  m a y  play
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a ro le  in  regulation as co -repressors .  The fac t  t h a t  th e  adenine  nucleo tides  
s t u d i e d  were  unahle to  in d u c e  a com plete  repression  o f  enzym e synthesis  could 
h e  e x p la in e d  by their p oor a b i l i t y  to  pene tra te  a n d  b y  th e  wide su b s t ra te  spec­
t r u m  o f  a lkaline p h o s p h a ta s e .T h e  substra te  specif ic ity  of alkaline p h o sp h a ta se  
for  p -n i t ro p h e n y l  p h o s p h a te  a n d  adenylic acid w as p rac t ica l ly  iden tica l  in 
B . a n th ra c is , ß . cereus, B . m ega terium  and B. subtilis  [23]. T he  repressor effect 
o f  in o s in e  m onophospha te  on  en z y m e  produc tion  b y  th e  m u ta n t  b ecam e effec­
t i v e  o n ly  above the  c o n c e n t ra t io n  of  0.5 шм which  m ig h t  be in connection  with 
t h e  p h o s p h a t e  to rn  off f rom  I M P .  IM P a t  th e  co n c e n tra t io n s  applied  exer ted  
no  e f f e c t  on enzyme sy n th es is  b y  th e  p ro to tro p h .  T h is  was in co n tra s t  w i th  the  
p o s s ib i l i ty  t h a t  the  a c c u m u la t io n  in the m u ta n t  of an  in te rm e d ia ry ,  e.g. o f  IMP, 
w o u ld  r e s u l t  in the  d e rep re ssed  synthesis of a lka line  ph o sp h a ta se .

W h e n  compared to  t h a t  in  the  p ro to tro p h ,  th e  r a te  of A T P  syn thes is  d e ­
c r e a s e d  in  the  adenine d e p e n d e n t  m u ta n t ,  s u p p o r t in g  th e  physiological role 
p l a y e d  b y  adenine n u c leo t id e s  as co-repressors in th e  a lkaline p h o sp h a ta se  
p r o d u c t i o n  of B. anthracis. T h e  role of t lie aden ine  nuc leo tide  pool m ay  n o t  be 
of  u n i v e r s a l  validity. E n z y m e  syn thes is  in the  ad en y lo su cc in a te  lyase defic ien t 
m u t a n t  o f  B . subtilis failed t o  b ecom e  derepressed even  a t  low p h o s p h a te  con­
c e n t r a t i o n s  [24]. The la t t e r  f in d in g  suggests t h a t  th e  re la t io n  be tw een  gene loci 
r e g u l a t i n g  the  production o f  a lk a l in e  phospha tase  a n d  cer ta in  s t ru c tu ra l  genes 
in v o lv e d  in  purine synthesis  v a r i e s  in different species of  bac te r ia .  T he  a m o u n t  
of  a d e n i n e  nucleotides sy n th e s iz e d  in the  m u ta n t s  m a y  be in fluenced  b y  th e  
r e d u c e d  capac ity  of the  b io s y n th e t i c  pa thw ays  still  fun c t io n in g  a f te r  th e  m u t a ­
t io n ,  a n d  b y  the  presence o f  ca tab o l ic  enzymes a f fec t ing  th e  in te rm e d ia te s  of 
p u r i n e  syn thes is  in the  cells.
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INHERITANCE OF SUSCEPTIBILITY ANI) RESISTANCE 
TO RAUSCHER LEUKAEMIA VIRUS

F .  D. T ó t h ,  L. V á c z i  a n d  M á r i a  B a l o g h

Institu te  o f  M icrobiology, U niversity M edical School, Debrecen 

( R e c e i v e d  J a n u a r y  5 ,  1 9 7 3 )

S u m m a r y .  S u s c e p t i b i l i t y  t o  R a u s c h e r  l e u k a e m i a  v i r u s  i s  d e t e r m i n e d  b y  t w o  g e n e s ,  viz. 
R v - 1  a n d  R v - 2 .  L o c u s  R v - 1  a n d  R v - 2  d e t e r m i n e s  t h e  s u s c e p t i b i l i t y  t o  L L Y  a n d  S F F V ,  r e ­
s p e c t i v e l y .  O n  t h e  R v - 1  l o c u s  r e s i s t a n c e ,  o n  t h e  R v - 2  l o c u s  s u s c e p t i b i l i t y ,  is  d o m i n a n t .  T h e  
t w o  g e n e s  s e g r e g a t e  i n d e p e n d e n t l y  o f  e a c h  o t h e r .  I n  R v - 2 S S  a n d  R v - 2 S / r  m i c e  t h e  d e g r e e  o f  
t u m o u r - s p e c i f i c  a n t i b o d y  p r o d u c t i o n  i s  d e t e r m i n e d  b y  t h e  R v - 1  l o c u s .  I n  c a s e  o f  g e n o t y p e  
R v - 1  F / F  R v - 2 S /' ’, i n t e r f e r o n  p r o d u c t i o n  m a y  b e  a  f a c t o r  d e t e r m i n i n g  r e s i s t a n c e .

T h e  genetic d e te rm in a n ts  of th e  suscep tib i l i ty  to  m ouse  leukaem ia  viruses 
have  been  in v es t iga ted  in Gross [1] and  in F riend  [2] leukaem ia , th e  fo rm er  being 
a ly m pho id ,  th e  l a t t e r  an  e ry th ro id  leukaem ia . T h e  susceptib il i ty  to  F r ien d  
v irus  is de te rm ined  b y  tw o  gene loci, viz. Fv-1 a n d  Fv-2 [2]. A m ong  th e  two 
com ponen ts  o f  th e  F r ie n d  v iru s  complex, th e  a c t iv i ty  of  S F F V  (spleen-focus- 
form ing  virus , i.e. th e  v i ru s  responsible for e ry th ro b la s t ic  t ran s fo rm a tio n )  
depends  on th e  Fv-2 gene, w hereas  t h a t  of th e  L L V  ( lym pho id  leukaem ia  virus) 
on th e  Fv-1 gene. On locus Fv-1  resistance, on  locus Fv-2 su scep tib i l i ty  is 
d o m in a n t .  T h e  effect o f  th e  Fv-1  locus m an ife s ts  i tse lf  only in  g eno type  
F v -2S/S of F v -2 s/r b ecau se  in th e  case of g e n o ty p e  F v -2 rN  e ry th ro b la s t ic  
t ran s fo rm a tio n  does n o t  occur. Genes Fv-1 a n d  Fv-2  segregate  in d e p e n d e n t ly  
of each  o ther.

T h e  R au sch er  v iru s  is a n o th e r  complex v i ru s  induc ing  e ry th ro leu k aem ia  
[3, 4]. T he  aim of th e  p re se n t  s tu d y  was to  ex p lo re  (i) w h e th e r  th e  two-gene 
hypo thes is  can be app lied  for R au sch e r  leukaem ia ;  a n d  (ii) w h e th e r  th e re  is any  
connexion be tw een  these  gene loci an d  the  degree  of  tum our-spec if ic  a n t ib o d y  
p ro d u c t io n .  As rega rds  th e  l a t t e r  question , some ea r ly  results  h ave  a l re a d y  been 
pub lished  [5]. In b re d  mice were in fected  w ith  la rge  doses of  v irus  to  exclude 
th e  possible effect of th e  1 1 - 2  locus on th e  course  o f  th e  illness [6 ].

M aterials and m ethods

Virus. R a u s c h e r  v i r u s  w a s  o b t a i n e d  f r o m  t h e  e n l a r g e d  s p l e e n s  o f  l e u k a e m i c  B a l b / c  
m i c e .  T h e  s p l e e n s ,  r e m o v e d  i n  t h e  3 r d  w e e k  a f t e r  i n o c u l a t i o n ,  w e r e  h o m o g e n i z e d  i n  p h o s p h a t e  
b u f f e r  u n d e r  s t e r i l e  c o n d i t i o n s  t o  p r e p a r e  a  2 0 %  s u s p e n s i o n .  T h i s  w a s  c e n t r i f u g e d  a t  5 0 0 0  g  a t  
4 ° C  f o r  1 5  m i n .  T h e  s u p e r n a t a n t  w a s  s t o r e d  a t  7 0 ° C  u n t i l  u s e d .  A n i m a l s  w e r e  i n t r a p e r i t o -  
n e a l l y  i n f e c t e d  w i t h  0 . 2  m l  o f  t h i s  s u s p e n s i o n .
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M ice .  I n b r e d  e i g h t - w e e k - o l d  B a l b / c ,  D B A / 1  a n d  C 5 7 B l / 1 0 S n  m i c e  a n d  t h e i r  F I  a n d  F 2  
h y b r i d s  w e r e  u s e d ,  F ,  h y b r i d s  w e r e  o b t a i n e d  b y  r e c i p r o c a l  c r o s s i n g s .

Course o f  illness. T h e  l o n g e s t  o b s e r v a t i o n  p e r i o d  w a s  3 6 0  d a y s  a f t e r  i n f e c t i o n .  S p l e n o ­
m e g a l y  w a s  e x a m i n e d  w e e k l y  b y  p a l p a t i o n ,  a n d  b y  w e i g h i n g  t h e  s p l e e n  a f t e r  d e a t h .  A c c o r d i n g  
t o  t h e  d y n a m i c s  o f  s p l e e n  w e i g h t ,  t h r e e  b a s i c  t y p e s  o f  i l l n e s s  w e r e  d i s t i n g u i s h e d ,  viz .  ( I )  e a r l y  
d e a t h  f o l l o w i n g  c o n s t a n t  i n c r e a s e  o f  s p l e e n  w e i g h t  ( p r o g r e s s i v e ) ;  ( I I )  i n i t i a l  s p l e n o m e g a l y  f o l ­
l o w e d  b y  p a r t i a l  o r  c o m p l e t e  r e m i s s i o n ,  e x a c e r b a t i o n  a n d  l a t e  d e a t h  ( b i p h a s i c ) ;  ( I I I )  s l i g h t  
s p l e n o m e g a l y  f o l l o w e d  b y  c o m p l e t e  r e m i s s i o n  ( r e s i s t a n t ) .

R esults

F ig .  1 shows spleen w e ig h t  for Balb/c , DBA/1 and  C 5 7 B l/1 0 S n  mice 
in f e c te d  b y  Rauscher v iru s .  Sp lenom egaly  is expressed by th e  sp leen  index.

T h e  characteristic  c o u rse  o f  illness w as progressive in B alb /c  mice and 
b ip h a s i c  in DBA/1 mice. C 5 7 B l/1 0 S n  mice p ro v e d  to  be re s is ta n t .  T h e  course 
w as  in d e p e n d e n t  of sex in  e a c h  s tra in .

T h e  F I  hybrids, d ue  t o  th e  reciprocal crossings, were d iv ided  in to  six 
g ro u p s  each  consisting o f  123 to  147 mice.

T h e  (Balb/c X C 5 7 B l/1 0 S n )  F I  mice p ro v e d  susceptib le  to  R a u s c h e r  virus; 
t h e y  sh o w e d  biphasic le u k a e m ia .  By the 360th  d a y ,  89%  of th e  in fec ted  mice 
h a d  d ie d .  M ortality r e a c h e d  th e  50%  level on th e  200th  d a y  (Fig. 2).

T h e  spleen index r e a c h e d  4 to  6  be tw een  d ay s  10 and  15. T h is  was fol­
low ed  b y  progression in 2 %  o f  th e  anim als. T h e  o thers  showed a remission. 
T h e  p e rc e n ta g e s  of the  a n im a ls  whose spleen in d ex  was 4 or h igher  a t  th e  indi­
c a t e d  t im e s  after infection a r e  shown in Fig. 3. T h e  ten d en cy  of th e  course  is 
c le a r  in  sp i te  of individual d ifferences in th e  degree  an d  d u ra t io n  o f  remission.

T h e  (DBA/1 X Balb/c) F I  hyb r id s  showed th e  b iphasic course  c h a ra c te r ­
is tic  o f  th e  DBA/1 mice; t h e  degree of sp lenom egaly  on th e  o th e r  h a n d  was 
s im i la r  t o  t h a t  observed in  t h e  Balb/c mice. T h e  m o r ta l i ty  r a t e  w as  100% ; 
a b o u t  9 0 %  of the mice d ied in  th e  phase of exace rb a t io n .

Fig. 1. D y n a m i c s  o f  s p l e e n  w e i g h t  i n  B a l b / c ,  D B A / 1  a n d  C 5 7 B l / 1 0 S n  m i c e  a f t e r  R a u s c h e r  v i r u s  
i n f e c t i o n .  О  —  О =  B a l b / c ,  Д  —  Д  =  D B A / 1 ,  • — •  =  C 5 7 B l / 1 0 S n .  S p l e e n  i n d e x  =  m e a n  

s p l e e n  w e i g h t  f o r  i n f e c t e d  a n i m a l s  v s .  t h a t  f o r  n o n i n f e c t e d  c o n t r o l  a n i m a l s
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Fig. 2. C u m u l a t i v e  m o r t a l i t y  o f  ( B a l b / c X  C 5 7 B l / 1 0 S n )  F I  m i c e  i n f e c t e d  w i t h  R a u s c h e r  v i r u s
a s  a  f u n c t i o n  o f  t i m e

w e e K S

Fig. 3. P e r c e n t a g e  o f  ( B a l b / c X  C 5 7 B l / 1 0 S n )  F I  m i c e  s h o w i n g  s i g n i f i c a n t  s p l e n o m e g a l y  i n  d i f ­
f e r e n t  w e e k s  a f t e r  i n o c u l a t i o n  w i t h  R a u s c h e r  v i r u s

T he (D BA /1  X C 57Bl/10Sn) F I  h y b r id s  p ro v ed  to  be as r e s i s t a n t  as the 
C 57B l/10Sn  p a r e n t  s t ra in  did. In  th is  g roup  no specific m o rta l i ty  h a d  occurred  
by the  360 th  d a y .

T h e  course  o f  illness in th e  (DBA/1 X Balb/c) F I  and  (DBA/1 X C57B1/10 
Sn) F I  h y b r id s  is i l lu s tra ted  in Fig. 4. T h e  suscep tib i l i ty  (or re s is tance )  o f  the  
F I  hyb rid s  was in d e p e n d e n t  of th e  d irec t ion  o f  th e  crossing.

E ach  g roup  o f  F2 genera tions c o n ta in e d  138 to  147 mice. D a ta  for  the 
(B a lb /c X C 5 7 B l/1 0 S n )  F2 hyb rid s  are su m m a r iz e d  in Table  I.

T h e  illness w as  progressive in 2 0 %  o f  th e  animals (m ean  su rv iv a l ,  53 
days). A b iphas ic  course  was observed in 5 4 % .  These  mice died a f te r  a rem ission 
of  va r iab le  d u ra t io n  be tw een  postin fec t ion  d a y s  121 and 334; 2 5 %  o f  th e  an i­
m als p roved  to  be  re s is tan t .

I n  (DBA/1 X Balb/c) F2 hyb rid s  tw o  differen t types of course  were 
observed  (Table  I I ) .

F ro m  th e  3 : 1 ra t io  of  biphasic  to  p rogressive  cases i t  follows t h a t  the  
course c h a rac te r is t ic  o f  th e  DBA/1 s t ra in  w as inher i ted  dom in an t ly .
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F ig. 4. D y n a m ic s  of spleen w e ig h t in  (DBA /1 x B alb /c ) a n d  (D B A /1 x C 57B l/10Sn) Г 1 m ice 
a f te r  in fe c tio n  w ith  R au sch er v iru s . П  — □  ^  (D B A /1 X B a lb /c ) F I ;  ■ ■ (D B A /1  X

X C 57B l/10Sn) F I

Table 1

D istr ib u tio n  by type o f course o f  Rauscher leukaemia in  ( Balb/c  X C 57B l/10SnJ F 2 mice

Type of illness
Distribution in

absolute value per cent

Progressive 28/138 20.3

Biphasic 75/138 54.3

R esistan t 35/138 25.4

Table II

D istr ib u tio n  by type o f  course o f  Rauscher leukaem ia in  ( D B A jl  X Balb/c) F 2 mice

Type of illness
Distribution in

absolute value per cent

Progressive 40/145 28.6

Biphasic 105/145 72.4

R esistan t 0/145 0.0

Table 111

D istr ib u tio n  by type o f course o f  Rauscher leukaemia in  ( D B A j l  X C 5 7 B l/lO S n ) F2 m ice

Type of illness
Distribution in

absolute value per cent

Progressive 0/147 0.0
Biphasic 72/147 49.0

R esistan t 75/147 51.0
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R esu lts  for th e  (D B A /1 X  C 57B l/10Sn) F 2  hybrids  are su m m a r iz e d  in 
Tab le  I I I .  O f  these an im als  5 1 %  p ro v ed  to  be re s is tan t ,  the  re m a in d e r  showed 
a sligh t sp lenom egaly  ch a rac te r is t ic  of th e  C 57B l/10S n  s tra in , a n d  t h a t  was 
followed by  a remission a n d  a slowly deve lop ing  splenomegaly. T h e  m ice  died 
be tw een  th e  63rd a n d  306 th  days.

Discussion

Mouse stra ins  B alh /e , DBA/1 a n d  C 57B l/10S n  can be c h a ra c te r iz e d  as 
susceptib le , m od e ra te ly  susceptib le  a n d  r e s is ta n t ,  respectively, to  R a u sc h e r  
leu k aem ia  virus. Suppos ing  t h a t  th is  su scep tib i l i t iy  to R au sch er  v i ru s  is con­
tro lled  b y  th e  two gene loci Rv-1 and  Rv-2 , th e  th ree  mouse s t r a in s  m a y  he 
ch a rac te r ized  as follows.

Balb /c  : R v - l s,s R v -2 S/S
D BA/1 : R v-1WR R v -2 S/S
C 57B l/10Sn  : R v - l RIR Rv-2'' '
T h e  results  o b ta in ed  w ith  th e  FI a n d  F2  hybrids  (Balb/c X C 57B l/10S n)  

and  (D BA /1  X Balh/c) h a v e  confirm ed th is  supposit ion . The m o d e ra te  suscep­
t ib i l i ty  of  th e  (B a lh /c X C 57B l/10Sn)  F I  an d  (DBA/1 X Balb/e) FI h y b r id s  cor­
responds  to  the  R v - l^ 's R v -2 ‘s/r a n d  R v -1R s R v -2 S s genetical co n s t i tu t io n ,  
respec tive ly .

Table IV

Distribution o f  Rv-1 and R v-2 genotypes in (B a lb /c  X C 57B l/lO Sn) F 2 mice

d

9
l K 2 r Is 2 r l w 2 s Is 2 s

1 ^  2 r 1R IR 2r/'' ] RIs 2 r/r j  R IR 2 S/r y R/s 2  S/ r

\ s 2 r 1R  is 2 rlr [S/s 2 r/r Y RIs 2 s i r [S/S «S/r

\ R  2 s j R/R öS/г 2  S/r \ R I R 2s/s iRIs 2S/S

Is 2s ! RIs 2 Slr p /s 2 sir Y R/s 2S/S j S /S 2  s/s

T ab le  IV shows th e  com bina tions  ex p e c ta b le  for the  F2  g e n e ra t io n  of 
(Balb/c  X C 57Bl/10Sn) mice i f i t  is a ssu m ed  t h a t  Rv-1 and Rv-2 seg reg a te  inde­
p e n d e n t ly  of each o the r .  Supposing  t h a t  on th e  gene locus Rv-1 re s is tan ce ,  and 
on th e  locus Rv-2 suscep tib i l i ty ,  is d o m in a n t ,  mice of g e n o ty p e s  R v - l ss 
Rv-26/s and  Rv-Ts/s R v-2S/r (i.e. 19%  of th e  mice) should he su scep t ib le ,  those 
of g en o ty p es  R v - l w* R v -2 s/r, R v - l R/e R v-2s/r, R v -1 R/R R v-2s/s a n d  R v -1 R,S 
R v-2S%  (i.e. 56% ) should  he m o d e ra te ly  susceptib le  and those  o f  geno types  
R v-1wr R v-2%  R v-1r/s R v-2r,r an d  R v - l s/s R v-2r/r (i.e. 2 5 % )  shou ld  he
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r e s i s ta n t .  T h e  pe rcen tag e  v a lu e s  20% , 54%  a n d  2 5 %  are consistent w i th  th e  
c a lc u la te d  d is tr ibu tion . F u r th e rm o re ,  the  p re s e n t  re su l ts  have p roved  t h a t  the  
R v - l ^ s R v -2 ^ r mice a re  r e s i s ta n t  to  LLV. I t  h a s  been  shown [4, 11] t h a t  
to  d e v e lo p  leukaem ia , R v - l ŝ s mice m ust  be in fe c te d  w i th  LLY before reach in g  
four  w e e k s  of age.

T h e  expec tab le  g e n o ty p e s  of the  g e n e ra t io n  (D BA /1X  Balb/c) F2  are

Table V

D istribution o f  R v-1 and  R v-2  genotypes in  ( D B A /1  X Balb/c) F 2 mice

3

$
I я  2s I s  2 s

1R  2 s [ R I R  2 s  I s Л Ris 2s/s

I s 2 s j R/s 2 $  Is ■js/s 2s/s

show n in  T ab le  V. Since a ll in d iv id u a ls  in th is  g e n e ra tio n  are Rv-2 s 4 h o m o zy ­
go tes, th e  occurrence o f  3 b ip h a s ic  cases for e ach  p rog ressive  case can  be  a t t r i ­
b u te d  to  a 3 : 1 ra tio  o f th e  occurrence of R v -1r /?  -)- R v-1r/s to  th a t  o f R v - l s,s.

T h e  results  o b ta in e d  for  th e  (DBA/1 X C 5 7 B l/1 0 S n )  F I  and  F2  mice are 
in c o n s is te n t  w ith  th is  schem e , viz., the  100%  re s is ta n c e  of the  F I  h y b r id s  dis­
agrees w i th  the R v - l /?/,<’ R v -2 6/r genotype. S im ila r ly ,  the  50%  resis tance  in 
th e  F 2  gen e ra t io n  (Table I I I )  is significantly d i f fe re n t  from  the  ca lcu la ted  2 5 % . 
The e x p e c ta b le  geno types  o f  th e  (C57Bl/10Sn) F 2  m ice as ca lculated  on the  
basis o f  t h e  susceptib il i ty  o f  t h e  p a re n t  s tra ins  a re  sh o w n  in Table VI.

Table VI

D istribu tion  o f  R v-1 and  R v-2  genotypes in  ( D B A /1  X C 5 7 B l/lO S n ) F2 mice

3
1R 2s 1R  2 r

?

1R 2s i R I R  2S/S ± R I R  2 S/r

1*  2 r ] RIR 2 Slr ■[RIR 2 r/r

O bviously ,  mice o f  gen o ty p e  R v-1r,,? R v -2 r/r are resis tan t,  w hereas  
those o f  geno type  R v - l Ä/i? R v-2S/Ä are m o d e ra te ly  resis tan t.  G en o ty p e  
R v -1r//? R v -2s% which h a s  b een  calculated to  o c c u r  in  50% , should m an ife s t  
i tse lf  in  a m odera te  su scep t ib i l i ty .  The shift t o w a r d  h igher resistance is sug­
gestive  o f  th e  role of  f u r t h e r  gene(s). In  th is  r e la t io n  i t  m ay  be n o te d  t h a t  
R a u s c h e r  v irus  infection is followed in DBA/1 m ice  b y  an  intensive in te r fe ro n
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produc tion  [7], which is a p p a re n t  in (D B A  /1 X C57Bl/10Sn) F I  h y b r id s  
too, h u t  docs n o t  ensue in (D B A /1  X Balh/c) F I  m ice  [8 ]. Accordingly, th e  degree 
of  in te rfe ron  p ro d u c t io n  m ig h t  he a res is tan ce -d e te rm in in g  fac to r  in th e  case 
of geno type  R v - l /<>/i? R v-26,lr. T he  pro tec tive  e f fec t  o f  interferon m ig h t  m an ife s t  
itse lf  via  an  inh ib it ion  of  cell division [9] a n d /o r  an  enhancem en t o f  p h a g o c y ­
tosis [10]. I f  the  in tens ive  in terferon p ro d u c t io n  in Rauscher v iru s- in fec ted  
mice were de te rm in ed  b y  a do m in an t  gene, t h e n  th e  p roportion  o f  r e s i s ta n t  
indiv iduals  in th e  (DBA/1 X C57Bl/10Sn) F2 g e n e ra t io n  should he ca lcu la ted  
a t  6 3 % . T h e  5 1 %  level o b se rv ed  by  us is sugges t ive  o f  a com plexity  o f  th e  genet-  
ical factors govern ing  th e  degree of in terferon  response . The u n ifo rm ity  o f  the  
response of  th e  F I  g en e ra t io n  m ay  he e x p la in e d  by  the  high-degree inb red  
n a tu re  of th e  p a re n t  s t ra in s .

A m ong  th e  tw o  c o m p o n en ts  of th e  m u r in e  e ry th ro leukaem ia  v iruses , 
the  im m unosuppress ive  e ffec t of SFFV  is m o re  in tensive th an  t h a t  o f  LLY 
[11]. On th e  o th e r  h a n d ,  i t  is LLY th a t  en ab les  S F F V  to replica te  in  cells of 
the  im m u n e  a p p a ra tu s  a n d  th u s  sign if ican tly  to  accelerate th e  progress ion  
of leukaem ia . A ccord ingly , in  mice of R v -2 Ŝ S o r  R v-2s r̂ genotype th e  degree 
of the  im m u n e  response a n d ,  consequently  t h e  course  of  the  illness m ig h t  he 
controlled b y  th e  Rv-1 locus. The delayed cou rse  characteris tic  o f  geno types  
R v -1 r,s an d  R v - 1r//? as well as the  in tensive tum our-spec if ic  a n t ib o d y  p ro d u c ­
tion b y  DBA/1 a n d  C 57B l/1 0 S n  mice, b o th  b e in g  of the  R v-1 r/r g e n o ty p e ,  is 
consis ten t w ith  th is  view.
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(R eceived  J a n u a ry  17, 1973)

Sum m ary . A b o u t 10 000 p re p a ra tio n s  o b ta in ed  fro m  n early  500 p a tie n ts  a n d  h e a lth y  
co n tro ls  were stu d ied . Cells o f sc rap in g s o f o ra l u lcers a n d  ly m p h o cy tes were e x a m in e d  w ith  
im m unofluorescence an d  th e  ly m p h o c y te  tra n s fo rm a tio n  te s t  as well as w ith  th e  ra p id  sw ell­
ing reac tio n  of ly m p h o cy tes  u n d e r v ira l effect. A d en o v iru s and herpesv irus a n tig e n s  were 
sig n ifican tly  m ore o ften  d e te c te d  in th e  ly m p h o cy tes  o f a p h th o u s  p a tie n ts  th a n  in th e  co n tro ls . 
T he s im u ltan eo u s presence of th e  tw o  v iru s ty p es  was freq u e n tly  observed in b o th  cell ty p es  
o f th e  sam e p a tie n t. A bout tw o -th ird s  o f th e  p a tie n ts  gave positive  lym phocy te  tra n s fo rm a tio n  
reac tio n  w ith  ty p e  1 ad en o v iru s an d  h a lf  o f th em  w ith  h e rpesv irus. A sim ilar inc id en ce  was 
found  w ith  th e  rap id  ly m p h o cy te  sw elling reac tio n . P a tie n ts  w ith  u lcerative  co litis d isp lay ed  
36 .4%  p o sitiv ity  in th e  ly m p h o cy te  tra n s fo rm a tio n  te s t  w ith  the  la te n t a d en o v iru s  ty p e s  1, 
2, 5 an d  6 while w ith  h e rp esv iru s th is  ra te  w as 17%  in p a tie n ts  w ith  h e p a tic  c irrh o s is  and  
20%  in d iab e tic  p a tie n ts , in c o n tra s t  to  the  6 — 8%  p o s itiv ity  of p a tie n ts  w ith  o th e r  d iseases 
an d  h e a lth y  persons, w hich re fe rs  to  a sen sitiv ity  o f th e  cells to  those viruses. T h u s , th e  close 
in te ra c tio n  betw een  ly m p h o id  cells an d  la te n t  ad en o v iru s  ty p es or h e rp esv iru s a p p e a rs  to 
p lay  a d irec t or in d irec t role, p e rh a p s  as a p a r t  of a llerg ic fa c to r , in the  p a th o g en es is  o f  som e 
g a s tro in te s tin a l diseases.

A denoviruses  m ay  p la y  an  im p o r ta n t  role in some diseases of t h e  a l im e n ­
t a r y  t r a c t  and  of the  ab d o m in a l  organs. These diseases are usua lly  a s so c ia ted  
w ith  re sp i ra to ry  sy m p to m s  [1 — 3]. Several a d en o v iru s  stra ins h ave  b e e n  iso­
la ted  in our prev ious e x p e r im en ts  from d ifferen t excre tions of ch ild ren  w h o  h a d  
heen o p era ted  for append ic i t is  and  suffered a t  th e  sam e tim e from  m e se n te r ic  
ly m p h a d e n i t is  and  p h a ry n g i t is .  T h e  s ign if ican t rise in an t ib o d y  t i t r e  a g a in s t  
the  iso la ted  viruses in t h e  conva lescen t  sera in d ic a te d  th a t  ad en o v iru se s  too  
m ig h t  h ave  a role in th is  p re su m a b ly  polyaetio log ic  disease. A ccord ing  to  ou r  
earlier  experim en ts ,  specific adenov irus  and  herpesv irus  an tigens  m a y  be 
p re sen t  in th e  cells of local lesions or in th e  c ircu la t ing  lym phocy tes ,  a n d  t h a t  
th e  la t t e r  m igh t  be sensitized  ag a in s t  the  correspond ing  v irus  a n t ig e n s  [4].

R esu lts  of observa tions  on p a t ie n ts  suffering  from g a s tro in te s t in a l  d is­
eases will be discussed in th e  p re se n t  paper .

M a te r ia ls  a n d  m e th o d s

The adenoviruses and herpesviruses used in these  ex p erim en ts  were p a r tly  la b o ra to ry  
s tra in s , and  p a r tly  s tra in s  fresh ly  iso la ted  from  p a tie n ts .

Cell cultures. M ain tenance  a n d  in fec tion  of H eL a, H E p -2 , MAS-A and  p r im a ry  h u m an  
am n io n  cell cu ltu res have  been  described  earlie r [5 — 6].
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Im m unofluorescence technique. Direct im m u n o flu o rescen ce  technique was perform ed 
acco rd in g  to  C o o n s  an d  K a p l a n  [7] w ith  certain  m o d if ic a tio n s  [8, 9]. C irculating  ly m p h o cy tes  
o f p a t ie n ts  were tes ted  w ith  flu o resce in -iso th io cy an ate  c o n ju g a te d  adenovirus a n d  h e rp esv iru s 
a n tis e ra  produced  in ra b b its .  C ytological p re p a ra tio n s  ta k e n  w ith  a scalpel fro m  th e  oral 
m u co sa  of p a tien ts  were s tu d ie d  w ith  indirect im m u n o flu o rescen ce  technique to  d e m o n s tra te  
h e rp e sv iru s  and ad en ov irus a n tig e n s  [10]. The d irec t im m unofluo rescence  m eth o d  w as applied  
to  s tu d y  p rim ary  h u m an  a m n io n  cell cultures in fec ted  w ith  adenoviruses and  h e rp esv iru ses. 
A d e n o v iru s  an tiserum  w as c o n ju g a te d  w ith flu o resce in  iso th io c y a n a te  and  h e rp esv iru s  a n ti­
se ru m  w ith  R hodam ine [11]. S ta in in g  was pe rfo rm ed  e ith e r  sim ultaneously  o r in successive 
o rd e r.

Lym phocyte transform ation  test (LTT) was p e rfo rm e d  according to  H a l p er n  et al. [1 2 1 
as d e sc rib ed  earlier [13]. T o s tu d y  th e  in te rac tio n  b e tw e e n  ly m p h o cy tes  and adeno  o r herp es­
v iru se s  a cell suspension w as m ix e d  w ith  virus an d  one d ro p  w as p laced on a slide, covered  w ith  
a co v erslip  and  sealed w ith  p a ra f f in .  The m orpholog ical ch an g es were observed w ith  th e  ligh t 
m ic ro sco p e  a fte r 15, 40 a n d  80 m in  as well as a f te r  2 a n d  24 hr. L ym phocyte  a n d  o th e r  cell 
su sp en s io n s  w ith o u t an tig e n s  o r  tr e a te d  w ith o th e r  a n tig e n s  an d  m ateria ls served  as con tro l.

Results

Demonstration o f  v iru s  antigens from  aph tha  scrapings . In  prev ious  
e x p e r im e n ts ,  type  1  a d e n o v i ru s  was isolated f rom  tw o  pa tien ts  w ith  oral ulcers. 
A d e n o v iru s  antigens w ere  d em o n s tra ted  b y  m e a n s  o f  im m unofluorescence  in 
th e  cells of pa t ien ts  f rom  w h o m  virus could n o t  be  isolated [10]. Six h u n d re d  
sm e a rs  of a to ta l  of ISO p e rso n s  were s tu d ied  w i th  ind irec t im m unofluorescence  
t e c h n iq u e ,  apply ing  a d e n o v i ru s  and he rpesv iru s  an t ise ra .  Results are p resen ted

Table I

Imm unofluorescence o f  cells o f  aphtha scrapings w ith  adenovirus and herpesvirus antisera

T o ta l No. of cases 150

No. o f  cases positive with

Disease
No.

of cases adenovirus
an tiserum

herpesvirus ndeno пш| 
antiserum  ] herpesvirus 

antisera

No. o f negative 
cases

R e c u rre n t ap h th a  

H erp es

H e a lth y  contro l

85

21
44

56

5

1

16

9

1

7

3

0

20

10

42

in T a b le  I. O ut of 85 a p h th o u s  patien ts  th e  cells of 49 revealed adenov irus-  
specific  fluorescence, s a m p le s  of 7 p a t ien ts  w ere  pos i t ive  w ith  b o th  adenov irus  
a n d  he rpesv iru s  a n t is e ra ,  a n d  9 reacted on ly  w i th  herpesvirus an t is e ru m . No 
specific  fluorescence w as  d e te c te d  in th e  a p h t h a  scrapings of 20 persons .  P e r ­
sons w hose  oral m ucosa  w a s  in tac t  and  h a d  n e v e r  suffered of a p h th a e ,  were 
ch o sen  for control. T h e  sc rap ings  were t a k e n  from  the ir  inner lab ia l  m ucosa 
w h e re  a p h th a e  occur f r e q u e n t ly .  A few cases o f  h e rp e t ic  g ing ivostom ati t is  and  
lah ia l  herpes  were also in c lu d ed  in th e  e x a m in a t io n s .  F o r ty - tw o  o u t  of 44 
h e a l th y  persons possessed n e g a t iv e  cells, 1  w as  p o s i t iv e  w ith  ad en o v iru s  a n t i ­
s e ru m  a n d  1 w ith  h e rp e sv i ru s  antiserum . N e i th e r  adenov irus  no r  h e rpesv iru s
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an t ise ru m  p roduced  specific fluorescence in 10 o f  th e  herpe tic  controls. S c ra p ­
ings of the  herpe tic  e rosions showed in 6  cases specific  fluorescence w ith  h e r ­
pesvirus  an t ise ru m , in 3 cases w ith  bo th  an t ise ra  a n d  in 2 cases w ith  a d e n o v i ­
rus a n t ise ru m .

Demonstration o f  v irus antigens in the circu la ting  lymphocytes o f  aphthous  
patien ts. Certa in  v iruses such  as cy tom egalov irus ,  E p s te in -B a r r  virus, e tc . m a y  
he p re sen t  in c ircu la t ing  h u m a n  ly m phocy tes  w i th o u t  ever hav ing  caused  
recognizable sy m p to m s  [14, 15]. Considering th e  fa c t  t h a t  the  cellular in f i l t r a ­
tion of ap h th o u s  ulcers consists  o f  lym phocy tes  [16], it  was a t te m p te d  to  e s t a b ­
lish w h e th e r  th e  v iru s  an tigens  found  in the  a p h t h a  scrapings were p re sen t  also 
in th e  lym p h o cy te s  of a p h th o u s  a n d  control in d iv id u a ls .  Seventy-six  a d u l t s  
were s tud ied  w ith  d irec t  im m unofluorescence  te c h n iq u e .  D a ta  are p re se n te d  in 
T ab le  11. As shown, p a t ie n ts  w ith  m ultifo rm  e r y th e m a  were all herpes pos i t ive .

Table II

Immunofluorescence o f  circulating lymphocytes with adenovirus und herpesvirus antisera

T o ta l No. of cases 76

No. o f cases positive wilh
No.

Disease No. of cases
adenovirus
antiserum

herpesvirus
antiserum

adeno and 
herpesvirus 
antisera

of negative 
cases

R ecu rren t a p h th a 43 27 30 92 8

M ultiform  ery th em a 6 2 6 9 0

R ecurren t labial herpes 6 3 5 2 0

O ral lichen 4 2 3 i 0

O ral cancer 3 1 1 1 о

L eukoplakia 2 2 2 9 0

X erostom ia 9 0 2 0 0

H ea lth y  oral m ucosa 10 0 1 0 9

T he sam e was th e  case w i th  th e  p a t ien ts  w i th  r e c u r r e n t  labial herpes, w i th  a 
single exception, while a b o u t  tw o-th ird s  of th e  p a t i e n t s  w ith  recu rren t  a p h th a  
were adenov irus  a n d  h e rpesv iru s  positive (F ig . 1).

S tu d y in g  oral l ichen, oral cancer, le u k o p la k ia  and  xerostom ia cases as 
contro l,  i t  was found  t h a t  nea r ly  ha lf  of them  w as  adenov irus  positive a n d  over  
tw o- th ird s  herpesv irus  positive .  T he  ly m p h o cy te s  of  only 1 of the  10 persons  
w ith  in ta c t  m ucosa  rev ea led  herpesv irus  p o s i t iv i ty .

W hen  th e  o p p o r tu n i ty  was given to  r e p e a t  t h e  exam ina tions  in th e  sam e  
p a t ie n ts  every  3—4 weeks, it  was found t h a t  m ore  lym phocy tes  show ing  
specific fluorescence were p re se n t  before th a n  a f t e r  th e  relapse.
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P a t ie n ts  whose cells co n ta in ed  b o th  v iru s  antigens s im u ltan eo u s ly ,  were 
d e t e c t e d  in aph th a  cell e x am in a t io n s  as well as in lym phocy te  s tu d ie s ,  though  
m o re  freq u en t ly  in th e  l a t t e r  case.

E xperim ental double in fection  was c a r r ie d  ou t  with ty p e  1 a d e n o v iru s  and 
h e rp e s v i ru s  isolated in ou r  lab o ra to ry .  P r im a r y  h u m a n  am nion cells p ro p a g a te d  
on  covers l ip  fragm ents  in  t e s t  tubes ,  were in fec ted  w ith  the  viruses. D o u b le  im m u ­
nofluorescence  m e th o d  w as applied  w ith  f luorescein  iso th iocyana te  c o n ju g a te d  
a d e n o v i ru s  an tiserum  a n d  R h o d am in e  c o n ju g a te d  herpesvirus a n t i s e ru m .

F ig . 1. L y m p h o cy tes  show ing specific  fluorescence w ith  c o n ju g a ted  type  1 a d en o v iru s  a n tise ru m

A  yellowish-green fluorescence  c h a ra c te r is t ic  of adenovirus  a n t ig e n  and  
c o n ju g a te  was found in  th e  cell nucleus o f  adenov irus  infected c u l tu re s .  An 
o ra n g e - re d  fluorescence cha rac te r iz ing  th e  he rpesv iru s  antigen  a n d  co n ju g a te ,  
w as d e te c te d  first in th e  nucleus and  l a t e r  in  th e  cytoplasm  of h e rp esv iru s  
in fe c te d  cells. To ob ta in  f luorescence of iden t ica l  in tensity , adenov irus  in fection  
h a d  to  precede th a t  of th e  herpesv irus  b y  48 hours, when a 100 c .p .u .  dose 
w as  app l ied .  U nder these  conditions th e  a d en o v iru s  infection did  n o t  inh ib it  
th e  d ev e lo p m en t  of h e rp esv iru s  an tigen . B o th  ty p es  of specific f luorescence  
co u ld  b e  observed in d o u b ly  in fec ted  cell cu l tu re s .  Certain cells of th e  p r e p a r a ­
t io n s  d isp layed  only a d en o v iru s  fluorescence  while others only he rp esv iru s  
f lu o rescen ce  and in ce r ta in  cells b o th  v iru s  an tigens  were d e te c ta b le .  I n  the  
case  o f  double  infection, th e  yellow ish-green  adenovirus f luo rescence  was 
s i t u a t e d  in the  nucleus, while th e  o range-red  herpesvirus f luorescence  in the  
c y to p la s m  or near the  n u c lea r  m em b ran e ,  o f ten  as small g ranules [ 1 1 ].

Lym phocyte transform ation  studies in  aphthous patients. L y m p h o c y te  cu l­
tu r e s  o f  89 adults  were s tu d ied ;  45 were a p h th o u s  pa tien ts  and  44 controls . 
T h e  r a t e  o f  blastic t r a n s fo rm a t io n  is p re se n te d  in  Table  I I I  a cco rd ing  to  th e
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Table 111

Lymphocyte transform ation test in  patients with recurrent aphthae using adenovirus and
herpesvirus antigens

Adenovirus types HSV Per cent 
of

A de lovirus types HSV

1 3 5 7 8 12 18
1 runsformed 

«eil» 1 3 5 7 8 12 18

No. of 14 39 37 39 44 39 38 22 0 — 5 39 42 40 40 44 43 40 41 No. of

cases Hi 6 8 6 1 5 3 15 5 10 4 2 2 4 1 2 3 cases

1 1 1 3 8 10 15 1 2 1

3 1 15 -20 1

1 20 25

No. o f ap h th o u s p a tie n ts , 45 No. o f  h ealth y  controls, 44

Fig. 2. L y m p h o b la s ts  develop ing  upo n  th e  effect o f  ty p e  1 adenov irus in ly m p h o c y te  cu ltu res
of p a tie n ts  w ith  r e c u r re n t  a p h th a e

an tigens  anti th e  n u m b e r  o f  persons e x am in ed .  I t  is seen th a t  th e  ly m p h o c y te s  
of p a t ie n ts  w ith  re c u r re n t  a p h th a  revea led  a h ig h e r  ra te  of blastic  t r a n s f o r m a ­
tion (Fig. 2) w ith  ty p e  1 adenov irus  and  h e rp e sv i ru s  antigens th a n  t h e  con tro ls .  
Tin; n u m b e r  of positive cases in which th e  r a t e  o f  lym phocytes  t r a n s fo rm in g  
with th e  tw o  v irus  ty p es  was over 5 % , p ro v e d  to  be significantly h ig h e r  in the  
a p h th o u s  group . A pp ly ing  o th e r  ad en o v iru s  an tigens ,  no such q u a n t i t a t i v e  
differences were found  be tw een  a p h th o u s  p a t ie n ts  and  controls. T h is  shows 
t h a t  i t  is n o t  the  com m on group-specific a d e n o v iru s  antigen t h a t  in d u ces  the  
ly m p h o b la s t ic  t ran s fo rm a tio n .

L y m p h o c y te  cu ltu res  which did n o t  c o n ta in  antigen show ed a b o u t  1% 
blastic  t ra n s fo rm a t io n  in b o th  ap h th o u s  a n d  co n tro l  persons. P h y to h a e m a g g lu -
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t in in  (P H A ) induced in b o t h  groups 30 to  7 0 %  b lastic  t ra n s fo rm a tio n ,  while 
c o n t r o l  cultures c o n ta in in g  t issue antigens, sh o w ed  a 0.5 to 2 %  tra n s fo rm a t io n  
r a t e .

Certa in  adenov irus  ty p e s  s tim ula ted  c h a n g e s  o the r  th a n  b lastic  t r a n s f o r ­
m a t i o n  in lym phocytes ,  e.g. t y p e  8  adenovirus  in d u c e d  the  appearance  o f  m ono- 
a n d  m u lt in u c lea r  p la sm a  cells, while the  h igh ly  oncogenic type  18 effec ted  mul- 
t i n u c l e a r  giant cells.

F ig . 3. M ultinuclear g ia n t  cell developing u p o n  th e  e ffec t of type 18 a d en o v iru s

Lym phocyte transform ation  in  patients su ffe r in g  fro m  diseases o f  the d iges­
tive  tract. The above re su l ts  ind ica ted  th a t  ty p e  1 adenovirus  and  h e rp e sv i ru s  
a n t ig e n s  were presen t in  a significantly  h ig h er  p e r  cen t in the ly m p h o c y te s  of 
a p h t h o u s  patien ts  t h a n  o f  th e  controls, f u r th e r m o r e  th a t  the  ra te  o f  b la s t ic  
t r a n s fo rm a t io n  was also con s id e rab ly  h igher in t h e  lym phocytes  of  th e se  p a ­
t ie n ts .  I t  has been o b se rv ed  t h a t  no t only ly m p h o id  tissue h u t  also th e l io ly m - 
p h o c y te s  m igh t  be fo u n d  u n d e r  the  mucosal e p i th e l iu m ,  among th e  cells o f  th e  
a l i m e n t a r y  canal [17]. T h e  association  of d iseases  of  th e  digestive t r a c t ,  e.g. 
u lc e r a t iv e  colitis w ith  a p h th o u s  s tom atitis ,  is w ell  know n  [18]. All th e se  h a d  
d r a w n  o u r  a t ten tion  to  th e  q u e s t io n  of w he the r  th e  v iru s  types m en tio n ed  m ig h t  
be  p r e s e n t  in the ly m p h o c y te s  of pa tien ts  su ffe r in g  of  in f lam m ato ry  o r  o th e r  
d isea se s  o f  the  lower d ig e s t iv e  t r a c t  and we w ish e d  to  obtain  in fo rm a tio n  also 
on  t h e  reac tion  of these  ly m p h o cy te s  w ith  th e  g iven  virus an tigens  in  th e  
l y m p h o c y t e  tran s fo rm a tio n  t e s t  (LTT) [19].

R esu l ts  are p re se n te d  in  Table  IV acco rd ing  to  th e  ra te  of b las t ic  t r a n s ­
f o r m a t io n .  Though th e  n u m b e r  of cases s tu d ie d  failed to  perm it  s ta t i s t ic a l  
e v a lu a t io n  according to  d iagnosis ,  the  results p r o v id e d  rem arkable  d a ta ,  if  th e

A c ta  1\1 irrobiologica Academ iae S c ic n tia ru m  H ungaricap 20, 1973



AETIOLOCICAL SIGN IFICAN CE O F V IRU SES 1 97

high n u m b e r  of  controls  is ta k e n  in to  cons ide ra t ion .  Thus , the  ly m p h o c y te s  of 
p a t ie n ts  w ith  u lcera tive  colitis were m ore sens i t ive  to adenovirus  an tigens ,  
especially  to  th e  la te n t  ty p es  1, 2, 5 and  6 , t h a n  were  th e  controls. T h e  ly m p h o ­
cy tes  of  a b o u t  one- th ird  of  th e  p a t ie n ts  were fo u n d  to  be sensitized also ag a in s t  
herpesv irus .  T he  ly m p h o cy te s  of p a t ie n ts  w ith  h e p a t ic  cirrhosis as well as of 
th e  d iabe tic  p a t ie n ts  showed an increased s e n s i t iv i ty  to  adenov iruses  a n d  to 
a ce r ta in  e x te n t  to  herpesv irus .

T ab le  V allows a p e rc e n tu a l  com parison . I t  includes the  su m m a r iz e d  
re su lts  of th e  LTT of th e  in d iv idua l  p a t ie n ts  a n d  10 v irus  antigen ty p e s  a c c o rd ­
ing to  positive  (over 5 %  blas t ic  t r a n s fo rm a t io n )  and  negative (u n d e r  5 % )

Table IV

Lym phocyte transform ation in pa tien ts w ith diseases o f  the a lim entary tract under the effect o f  
adenovirus and herpesvirus antigens 

T o ta l No. o f cases 111

Blastic transform ation over 5%

No.
of

Virus antigens

Diseuse A denovirus types

Latent Epidemic Oncogenic

I 2 5 6 7 8 10 12 18 HSV PHA

U lcera tive  colitis 14 9 7 8 7 2 3 3 4 3 5 14
C ancer 15 1 1 2 2 3 1 2 10
H ep a tic  cirrhosis 10 1 1 3 2 1 1 2 1 5 10

C ontrols

D iabetes m ellitus 10 3 3 1 2 1 3 7 10
O th e r diseases 18 4 3 1 1 1 2 1 16
H e a lth y  persons 44 4 1 1 1 4 5 8 4 44

Disease
No.
of

cases

Blastic transform ation under 5%
Virus antigens

PHA1

L atent 

2 5

Adenovirus types

Epidemic

6 7 8 10

Oncogenic 

12 18 HSV

U lcera tive  colitis 14 5 7 6 7 12 и 11 10 11 9
C ancer 15 14 14 15 13 13 15 15 12 14 13 5
H ep a tic  cirrhosis 10 19 9 9 7 8 9 9 8 9 5

C ontro ls

D iabetes m ellitus 10 7 7 9 8 10 10 9 7 10 3
O th er diseases 18 14 15 18 17 17 17 18 16 17 18 2

H ealth y  persons 44 40 43 43 43 40 44 44 39 36 40
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re s u l t s .  Accordingly, th e  L T T  was positive in  28 o u t  of 440 e x p e r im e n ts  p e r ­
f o rm e d  w i th  ly m p h o cy te s  o f  th e  hea l th y  p e rso n s  (approx. 6 % ). A sim ilarly  
low p o s i t iv i ty  ra te  w as fo u n d  am ong p a t i e n t s  suffering from o th e r  diseases 
or  f ro m  m alig n an t  tu m o u r s  of  th e  digestive t r a c t .  N o  change in L T T  w as  found  
in a few  cases of gas tr ic  u lce r  and  gastr i t is  (n o t  p resen ted  in the  T ab le ) .  The 
6  to  8 %  p os it iv i ty  in t h e  con tro ls  m ade th e  1 7 %  posit iv i ty  in h e p a t ic  c irrhosis 
a n d  2 0 %  in d iabetes m e ll i tu s  r a th e r  str ik ing. T h e  36 .4 %  positiv ity  in  u lce ra t iv e  
co lit is  w as  all the  m ore  re m a rk a b le ,  as m ore  t h a n  60%  of th e  po s i t iv e  cases 
w ere  in d u c e d  by  th e  4 l a t e n t  adenovirus  ty p e s .

Table V

R esults o f  lymphocyte transform ation  test

Disease No. of 
cases

No. of 
exam ina­

tions

Blastic transfor­
mation over 5% 

(positive)

Blastic transfor­
m ation  under 5% 

(negative)

U lcera tiv e  colitis 14 140 51 (36.4% ) 88 (62 .9% )
C ancer 15 150 12 (8.0% ) 138 (92 .0% )
H e p a tic  cirrhosis 10 100 П  (17.0% ) 82 (82 .0% )

C on tro ls

D iab etes  m ellitus 10 100 20 (20.0% ) 80 (80 .0% )
O llie r d iseases 18 180 13 (7.2% ) 167 (92 .8% )
H e a lth y  persons 44 440 28 (6.3% ) 412 (93 .7% )

T o ta l 111 1110

T a b le  VI shows th e  L T T  results  o b ta in e d  in  u lcera tive  colitis p a t ie n ts .  
I t  i n d ic a te s  sepa ra te ly  t h e  p e rcen tage  of b la s t ic  t ran s fo rm a tio n  acco rd in g  to  
th e  in d iv id u a l  pa t ien ts  a n d  an tigens .  The fac t  t h a t  5 %  or higher b la s t ic  t r a n s ­
f o r m a t io n  occurred only  in  a b o u t  6 %  of th e  h e a l th y  persons and  t h a t  t h e  r a te  
of t r a n s fo rm a t io n  was o n ly  0 . 1  to  1 %  in th e  ly m p h o c y te  p opu la t ion ,  m a d e  i t  
r e m a r k a b le  t h a t  in u lc e ra t iv e  colitis the  n u m b e r  o f  positive cases su rp assed  
5 0 %  e v e n  if only a r a t e  o f  3 %  or more was co n s id e red  positive. T h is  re fe r red  
to  a c lose  connection b e tw e e n  ulcerative colitis a n d  herpesvirus or a d en o v iru s ,  
espec ia l ly  of  the la te n t  ty p e s .  R eferring the  3 %  or h ig h e r  blastic t r a n s fo rm a t io n  
r a te  to  t h e  56 ex p e r im en ts  pe rfo rm ed  w ith  t h e  4 l a t e n t  types, th e  46 positive  
cases m e a n t  an 80%  p o s i t iv i ty .  Thus, in acc o rd a n ce  w ith  the  da ta  o f  T a b le  V I,  
th e  ly m p h o c y te s  of each u lc e ra t iv e  colitis p a t i e n t  g ave  a positive L T T  w i th  one 
or m o re  l a t e n t  adenov irus  ty p es .

T h e  lym phocy tes  o f  th e  u lcera tive  colitis p a t i e n t s  displayed n o t  on ly  th e  
u su a l  ly m p h o b la s t ic  t r a n s fo rm a t io n  un d er  t h e  e ffec t of certa in  v irus  antigen*,
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Table VI
Lym phocyte transform ation in  patients w ith ulcerative colitis

Antigens

Designation
of Adenovirus types

HSV РИАpatients
L a ten t Epidemic Oncogenic

l 2 5 6 7 8 10 12 18

l 7* 3 5.2 5.8 0.7 1 0.3 0.5 0.4 0.8 30

2 1.5 5 5.8 5.5 5.5 1.2 1.2 2.5 3.1 5.1 50

3 3 1.5 3.6 0.6 1 1.3 2 1.5 3.5 1.6 62

4 5.8 1.8 2.5 2.3 2.6 0.3 1.2 1.7 1.6 4.7 55

5 3 2.4 4.3 3 1 2.2 4.1 0.3 0.4 2 35

6 1.2 3.6 4.8 3.9 3.4 0.6 1.2 1.6 0.2 2.3 30

7 6 5.1 9.7 6 1.9 2.4 2.3 3.5 5.4 9.4 30

8 7.3 8.8 3.2 5.7 5.3 5.2 5.8 5.4 3 5.2 30

9 5.4 9.6 5.8 8.4 2.1 2.7 3.7 5.4 1.7 5.4 90

1(1 1 1.8 6.8 11 1.8 3.1 15.6 9 10 7.6 0.6 30

11 СЛ cc 3 3.5 4.1 0.9 1.3 9.2 2.1 0.8 1.8 65

12 4.2 6.7 11.2 1.8 1.6 5.8 3.2 10.4 7.6 0.2 30

13 5.7 4.3 5.9 8.1 2.7 1.9 2.1 2.2 1.6 4.8 75

14 6.3 9.6 7.2 8.8 1.8 2.1 1.4 2.2 0.9 5.1 70

1% an d

m ore; to ta l 12 11 13 10 4 3 6 5 6 7

* =  th e  figures in d ic a te  percentage of lym phob lasts

especially of th e  l a t e n t  adenov irus  types ,  b u t  s im ilarly  to a p h th o u s  pa tien ts ,  
large cells w ith  loose cy to p la sm  or m u lt in u c lea r  g ia n t  cells a p p e a re d  in th e  cu l­
tures.

To th ro w  ligh t  u p o n  th e  connection  b e tw een  th e  ly m p h o id  cells of the  
p a t ie n ts  s tud ied  a n d  th e  v iruses, im m unofluorescence  s tud ies  were perform ed 
to  es tab lish  w h e th e r  or n o t  th e  lym phocy tes  of th e  p a t ie n ts  were ca rry in g  virus 
an tigens .  These in v es t iga t ions  revealed  t h a t  the  ly m p h o cy te s  of u lce ra t iv e  colitis, 
hep a t ic  cirrhosis a n d  d iab e t ic  p a t ie n ts  were c a r ry in g  an tigens  of  th e  viruses to 
which  th e y  d isp layed  sens i t iv i ty  in th e  LTT.

Interaction o f  lym phocytes and viruses. T he  L T T  was p e rfo rm ed  with  ly m ­
pho cy te s  incuba ted  p rev ious ly  for 5 days to g e th e r  w ith  th e  v iruses . I t  was, 
how ever, observed t h a t  s ign if ican t m orphological changes deve loped  in the  
ly m p h o cy te s  of  p a t ie n ts  a few m inu tes  a f te r  ad d i t io n  of  th e  v iruses . This p h e ­
n om enon  was also su b jec ted  to  investiga tion , in p a t ie n ts  w ith  re c u r re n t  a p h th a e  
a n d  o th e r  oral diseases as well as in h ea l th y  persons.
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F if te e n  m inutes a f te r  t h e  ad d i t io n  of adeno  o r herpesv iruses , c e r ta in  cells 
o f  t h e  ly m phocy te  suspension  s ta r te d  swelling, showing a ch anged  re frac tion  
a n d  a f t e r  40 min th ey  d o u b le d  th e i r  size. These ly m p h o cy te s  could  well he dif­
f e r e n t i a t e d  from th e  o the rs ,  t h e  swelling co n t in u ed  a n d  reached  its  m a x im u m  
w i th in  2  hr,  and b y  th is  t im e  th e  d iam eter  of th e  cells h a d  becom e th ree  or

F ig . 4. R apid  sw elling  re a c tio n  o f lym p h o cy tes 2 h r  a f te r  v iru s tre a tm e n t

fo u r  t im e s  th e  original (Fig. 4). Para l le l  w ith  th e  ballooning, th e  n u c lea r  su b ­
s ta n c e  o f  th e  cells becam e  p re ssed  tow ard s  th e  m arg ins .  This p h en o m en o n  
c o u ld  b e  induced  by  b o th  in fec t iv e  and  in a c t iv a te d  v iruses. No f u r th e r  changes 
o c c u r r e d  in  the  la t te r  case, w hile  in  infective v i ru s - t r e a te d  p re p a ra t io n s  the  
b a l lo o n e d  cells decomposed gen e ra l ly  into debris a f te r  24 h r .  As show n b y  Table  
V I I ,  t h e  ra p id  swelling re a c t io n  w as observed w ith  a few excep tion  on th e  ly m ­
p h o c y te s  of  aph thous p a t i e n t s  w i th  b o th  adeno  a n d  herpesv irus ,  th e  r a te  o f  th e  
b a l lo o n e d  cells being in  m o s t  cases  a b o u t  1 to  3 % . S im ilar  resu lts  were ob ta ined  
in o t h e r  p a t ie n ts  and  a p o s i t iv e  swelling reac tion  w as observed  in tw o - th i rd s  of 
th e  ly m p h o c y te s  of a p p a r e n t ly  h e a l th y  persons, too . T hus , e x p e r im en ts  were 
c a r r ie d  o u t  to  th row  ligh t o n  th e  specificity a n d  m echan ism  of th e  reac tion .

T h e  ballooned cells co u ld  be  rem oved  b y  fibreglass f i l t r a t io n  from  the  
ly m p h o c y te  suspension. N o b a lloon ing  was found  in  f i l t r a te d  suspensions to  
w h ic h  t h e  originally app lied  v i ru s  h a d  been added , while in th o se  t r e a te d  w ith  
th e  o t h e r  v irus ty p e  —  e.g. H S V  to  adenovirus  t r e a te d  suspension  —  new 
b a l lo o n in g  cells appeared  w i th in  2 h r .  The reac t io n  to o k  place equa lly  a t  room  
t e m p e r a t u r e  and 4°C, in au to lo g o u s  plasm a as well as in  P a r k e r ’s 199 m a in te ­
n a n c e  so lu tion . We h ave  a t t e m p t e d  to  ac t iv a te  th e  ly m p h o cy te s  w i th  cell 
e x t r a c t s  o f  h u m an  am nion  a n  d H E p  - 2  cu ltures  a n d  th e  cells of these  suspension 
c u l tu r e s  were subjected to  t h e  a c t iv a t in g  effect o f  th e  v iruses. B o th  control 
p ro c e d u re s  gave negative  re su l ts .
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Discussion

T he  role of ly m p h o id  cells in h u m o ra l  a n d  cellular im m u n ity  [20— 22] is 
k n o w n . T h e y  are closely connec ted  w ith  t h e  epithelia l  cells of th e  sk in  and 
m ucosa . As th e  m ucosa o f  th e  a l im e n ta ry  can a l  conta ins  large n u m b e r s  of 
ly m p h o cy te s  [1 7 1 an d  comes into co n ta c t  w i th  several types of  a n t ig e n  such 
as a l im e n ta ry  a n d  m icrobia l ones, etc., th e i r  aetiological im por tance  is a s su m ­
able. W hen  th e  im m u n e  a p p a ra tu s  of th e  o rgan ism  is unab le  to  c o n tro l  c e r ta in  
v iruses, th e y  en te r ,  and  pe rs is t  in the  ly m p h o id  cells, where th e y  e x e r t  a dis­
tu rb in g  effect on th e  im m u n e  reaction  [15].

T h e  resu lts  suggest t h a t ,  besides o th e r  fac to rs ,  viruses or v iru s  an tigens  
a n d  ly m p h o id  cells m a y  p lay  a significant role in th e  deve lopm en t o f  chronic  
a n d  re c u r re n t  d igestive t r a c t  diseases of u n k n o w n  aetiology. T h e  p re sen ce  of 
ty p e  1  adenov irus  a n d  herpesv irus  an tigen  in  t h e  oral epithelia l cells a n d  lym ­
phocy tes  of a large n u m b e r  of pa t ien ts ,  re fe rs  to  an  aetiological r e la t io n sh ip .  
T he  s im u ltan eo u s  presence o f  adeno a n d  he rp esv iru s  antigens m a y  sim ilarly  
he connec ted  w ith  these  diseases and  th e i r  recurrence . V irus- induced  d is tu rb ­
ances of th e  im m u n e  reac tion  m ay  also p la y  a role.

A ccord ing  to  l i te ra ry  d a ta  and  to  o u r  own resu lts ,  the  ly m p h o c y te  t r a n s ­
fo rm atio n  te s t  is as v a lu ab le  as th e  allergic skin  te s t  and , a p p ly in g  specific 
an tigens ,  i t  fu rn ishes in fo rm atio n  on th e  ce llu la r  im m u n ity  a n d  sen s i t iv i ty  of 
th e  organ ism . O ur inves tiga tions  show t h a t  ly m p h o cy te s  of p a t ie n ts  suffering 
from  re c u r re n t  ulcers in th e  a l im en ta ry  t r a c t  (a p h th a ,  u lcera t ive  colitis) are 
sensitive  to  HSV a n d  to  th e  la te n t  a d en o v iru s  types .  This refers t o  a possible 
connec tion  b e tw een  these  viruses or v iru s  an tigens  and  th e  sa id  diseases. 
L y m p h o id  cells m a y  p lay  an im p o r ta n t  role in  such connections, as  th e  c ircu­
la t in g  ly m p h o cy te s  of m o s t  pa t ien ts  were fo u n d  to  con ta in  these v iru s  an tigens.  
On th e  basis  of these  facts, p a t ien ts  w ith  th e  above-m entioned  m ucosa l  diseases 
m a y  be reg a rd ed  as v irus  carriers, who h a v e  re lapses  from  tim e to  t im e .  Allergic 
a n d  a u to im m u n e  fac to rs  m a y  also p la y  a ro le  in  th e  recurrences [23].

L y m p h o c y te s  of a p p a re n t ly  h e a l th y  pe rsons  m a y  be sensitive to  d ifferent 
ad en o v iru s  a n d  herpesv irus  an tigens as well as specific an tigens o f  th e  viruses 
m a y  pers is t  in th e m  for sho rte r  or longer  periods. This refers to  th e  com plex  
connec tion  be tw een  these  viruses an d  th e  lym p h o cy te s ,  an d  one m a y  assum e 
t h a t  v irus  ca rr ie r  lym p h o cy te s  p lay  a role n o t  only  in  herpesvirus o r  adenov irus  
diseases b u t  also in o th e r  v ira l diseases.

T h e  ca rry in g  of herpes and  adenov iruses  deserves all th e  m o re  a t te n t io n  
as re cen t ly  no t  only ce r ta in  adenov irus  ty p e s  b u t  also herpesv irus  t y p e  2  have 
b een  found  to  cause m a lig n an t  changes [24]. A ccording to  a h y p o th e s is ,  con­
firm ed also b y  ou r  observations,  ly m p h o c y te s  becom e ac tiv a ted  if t h e  im m une  
reg u la t io n  suffers some im p a irm en t  [25]. Cellular im m u n ity  a p p e a re d  to  be 
d is tu rb e d  in our cases. As epithelial cells o f  th e  m ucosa  and  ly m p h o id  cells are
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c lose ly  connected , one m a y  assum e th a t  v iru ses  causing  periodic d iseases, are 
r e le a se d  from  the  m on o n u c lea rs  into epithelia l  cells and  induce recu rrences ,  or 
m a y  p l a y  a role in d is tu rb a n c e s  of cellular im m u n i ty .  W hen th e  ly m p h o id  cells 
c a r r y in g  th e  virus or v ira l  gene cease to  c o n tro l  th e ir  oncogenic effect, th e  
d isease  which up to  th e n  show ed recu rren t  or ch ron ic  features, tu rn s  in to  a 
m a l ig n a n t  disease.

O u r  observations on th e  rap id  a c t iv a t in g  effect of viruses on a sm all 
p e r c e n t  of lym phocy tes  m a y  furnish  new in fo rm a t io n  on the  in te ra c t io n  b e ­
tw e e n  cells and v iruses  as well as on the  f u n c t io n  of lym phocy tes .  T h e  p h e ­
n o m e n o n  m ay  also be u sed  as a rap id  d iagnostic  m e th o d .

Table VII

S w elling  reaction o f  lym phocytes under the effect o f  adenovirus and herpesvirus antigens

T o ta l No. of cases 65

Rate of swollen lymphocytes
Negative

Disease
No. 0.5- 1% 1 -3% over 3%

cases adeno- herpes- adeno- herpes- adeno- 1 herpes- adeno- herpes-
virus virus virus virus virus virus virus virus

R e c u r re n t  ap h thae 34 10 8 23 24 i l 1
R e c u r re n t  herpes 7 l 1 6 6

C o ntro ls

O ra l lich en 3 l 2 3

M u ltifo rm  ery th em a 5 l 3 4 1 l
O ra l c an c e r 2 l 2 l
B en ign  tu m o u rs 1 1 1

H e a lth y  persons 13 2 3 6 5 2 5 3
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MYCOBACTERIUM TUBERCULOSIS STRAINS SHOWING 
POSITIVE IRON UPTAKE

I .  S zabó and É v a  Iío iiy

K o rá n y i N ationa l In stitu te  fo r  Tuberculosis and Pulm onology, Budapest 

(R ece ived  J a n u a r y  17, 1973)

S u m m a r y ,  Stra ins  showing a posi t ive  iron u p ta k e  reac t io n  have  been iden t i f ied  to  belong  
to M ycobacterium  tuberculosis, a species kno w n  as n o t  g iving th is  reaction. The s t ra in s  iso la ted  
f ro m  p a t i e n ts  were re s is tan t  to I N H ,  failed to p ro d u ce  cata lase  and showed a  m o d e ra te  
p a th o g e n ic i ty  in the  guinea pig. In  o th e r  charac te ris tics  t h e y  corresponded to the  d r u g  sensi t ive  
M . tuberculosis s t ra in  I l 37Rv.

T h e  ca p a c i ty  for iron u p ta k e  of  ra p id ly  grow ing  m ycobac te r ia  w as  d e ­
scribed b y  S zabó  [1], confirm ed by  T is o n  et al. [2] and fu r th e r  in v e s t ig a te d  
b y  P a t t y n  a n d  v a n  E rm en g e m  [3]. T he  use  o f  th is  s tab le  ch a ra c te r is t ic  has 
been reco m m en d ed  for th e  ta x o n o m y  of a ty p ic a l  m ycobac te r ia  [4].

M ycobacterium  tuberculosis an d  M . bovis h a v e  b een  know n as n o t  r e d u c ­
ing iron am m o n iu m  c itra te .  I n  th is  p a p e r  an  a c c o u n t  is given of M . tuberculosis 
isolates g iv ing a positive reac tion .

M ateria ls and  m eth o d s

M ethods  were as described in [4]. F o r  am idase  t e s t  B ö n i c k e ’s m ethod  [5] was used .  D rug 
res is tance  was te s te d  as described by  Ca n e t t i  et al. [6], n i t r a te  reduction  by the  m e th o d  of 
Szabó an d  V a n d r a  [7].

R esults and  discussion

F o r  th e  cu ltu r ing  of specim ens from  p a t i e n t s  receiving I N H ,  i ro n  salt 
m ed iu m  allowing the  grow th o f s tra ins  w i th  decreased  catalase  a c t iv i t y  v7as 
used. On th is  m ed ium  some M . tuberculosis s t ra in s  showed b r ick -co lou red  
grow th . E x a m in a t io n  of these  cu ltu res  is p re s e n te d  in Table  I.

M . tuberculosis s tra ins  w ith  brick  or r u s t  red  colour instead of t h e  usual 
yellow one were re s is tan t  to  I N H ,  failed to  p ro d u ce  catalase  an d  sh ow ed  a d e ­
creased p a th o g e n ic i ty  to  th e  guinea  pig. I n  o th e r  p ropert ies  th ey  c o rre sp o n d ed  
to  th e  con tro l  s tra in .  I t  has  been  concluded  t h a t  iron u p ta k e  is a sso c ia ted  w ith  
I N H  res is tance  and  ca ta lase  n e g a t iv i ty  a n d  th e  l a t te r  m ay  be re spons ib le  for 
th e  u n u su a l  b eh av io u r  of these  cultures.
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Table I

Properties o f  the control and o f  iron uptake p o sitive  M . tuberculosis strains

S tra in
Grow

25

th  at

37°C
Niacin

N itrate
reduc­
tion

Lipase
A ryl-

su lpha­
tase

Amidase
reactions* Catalase

INH
1 /*g / 
ml**

Virulence***

1 I 37R v

(con tro l) — + + + ± — 3 (5.6) + s + + + +
227 — + + + — — 3 (5.6) — к

228 — + + + — — 3 (5.6) — R +
229 — + + + — — 3 (5.6) — R

230 — + + + — — 3 (5.6) — R +
231 — + + + — — 3 (5.6) — R +

* Amidase reactions: 3 =- urease,  5 - n ico tinam idase ,  6 =  pyrazinamidase; b racke ted  
f igures indica te  weak reactions

** S =  sensitive, R  =  re s is tan t
*** Virulence to guinea pigs,  0.001 mg (wet w t)  b a c te r ia  injected subcu taneously  in to  the 

r i g h t  in g u in a l  region; -J- +  +  4 - =  generalized tuberculos is ,  +  =  local changes

F ig . 1. C ontro l  s tra in  M . tuberculosis H 37R v  (left) a n d  tw o  M . tuberculosis s t ra ins  show ing  posi­
t iv e  i r o n  u p ta k e  reac t ion  (r igh t)  a f te r  4 weeks in c u b a t io n  on L ö w en s te in -Jen sen  m e d iu m  con­

ta in in g  2 %  ferric a m m o n iu m  c i t ra te
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A CRYPTIC PROPHAGE CARRIED BY BACILLUS CEREUS

V e r a  G a á l  an d  G .  I v á n o v i c s  

In s titu te  n f  M icrobiology, U niversity  M edical School, Szeged 

(Received F e b r u a ry  6, 1973)

S u m m a r y .  M itom ycin  C (MC) added to  a y o u n g  cu ltu re  of B acillus cereus s t ra in  W in- 
duced m ark e d  lysis. T he  c o n cen tra t io n  of MC affec ted  th e  degree of lysis as well as t h e  co n ­
c en t ra t io n  of phage  a n d  bactcriocin  (phospholipase  A) in th e  lysate . The factor con tro l l ing  the  
p rod u c tio n  of bactcr ioc in  could he e lim ina ted  by  chem ica l  agen ts;  th u s  c,in~, n o t  c ap ab le  of 
p roduc ing  bacter ioc in ,  was ob ta in ed  regularly .  W ith  th e  a id  of cin~  bacter ia ,  a p h a g e  was 
de tec ted  in the  ly sa te  o f  wild-type bacter ia ,  w h ich  was deno ted  as phage tvx, con tro l led  
b y  a p rophage.  Phage  w x  is of tem p era te  charac te r .  In  ad d it io n ,  these lysates also c o n ta in e d  a 
p roport ion  (ab o u t  1 0 -3 to 10~a) of c lear-plaque fo rm in g  m u ta n t s  (w xc). Phages w x  a n d  ß  dif­
fered in th e i r  an tigen ic  s t ru c tu re s  and o ther  c h a rac te r is t ic s ;  th u s  they  are no t  of c o m m o n  g ene­
tic  origin. A str ik ing  fea tu re  of  phage  ictc is i ts  h igh  h o s t  specif icity; none of th e  n u m e ro u s  
s tra ins  be longing to  a n y  species of the  genus B acillus  were a t tack ed  excep t  th e  cu red  d e r i ­
v a t iv e  of s t ra in  W, d e n o te d  as cin  of B. cereus.

M c C l o y  [1] described th e  lysogenic s t r a in  W  of Bacillus cereus, w h ich  
l ibera tes  a phage  h igh ly  specific to  B . an thracis , whereas s tra ins  b e lo n g in g  to 
oilier species o f  t h e  genus Bacillus  a re  p ra c t ic a l ly  all res is tan t .  T he  c h a r a c t e r ­
istics o f  this phage ,  des igna ted  as W/Î, a n d  its  allelic m u ta n t  Woe w h ich  form s 
clear p laques ,  h av e  been  s tud ied  in severa l re sp ec ts  [2, 3]. P hage  W/3 m a y  be 
considered  se m ite m p e ra te  because in ce r ta in  cases it  forms labile com plexes  
w ith  wild s tra ins  o f  B . anthracis [4]. F u r t h e r  m u ta n t s  were also described , w hich  
can  be considered to  be th e  alleles of phage  ß  [2, 3, 5]. The antigenic  s t ru c tu re s  
of th e  alleles were fo u n d  to  be identical.  P h a g e  ß  and  its m u ta n ts  w ere  desig­
n a te d  as phage  g roup  W.

I t  has  re cen t ly  been  repo r ted  [6 ] t h a t  th e  add it ion  of a small a m o u n t  of 
m ito m y c in  C (MC) to  a cu ltu re  of B . cereus s t ra in  W growing ex p o n e n t ia l ly  
resu lted  in a re s idua l  g ro w th  followed b y  m ass  lysis of the  b ac te r ia .  T h e  ly sa te  
co n ta in ed  b o th  p h a g e  ß  a n d  a bacteriocin  o f  n a r ro w  spectrum . T he  b a c te r io c in  
of s t ra in  W  was considered  to  be phosp h o l ip ase  A, like t h a t  p ro d u ced  b y  cer­
ta in  s tra in s  of  B . m egaterium  (see reviews [7, 8]) and  found b y  Oz e k i  et al. [9] 
to  be iden tica l  w i th  t h a t  enzyme.

I t  seemed reaso n ab le  to  s tu d y  th e  B . cereus s tra in  W  to d e te rm in e  the  
re la tions b e tw een  th e  lysogenic and  bac te r ioc inogen ic  fea tures . I n  th e  course 
of these  s tud ies  we found  t h a t  besides p ro p h a g e  ß  there  exists a n o th e r  u n k n o w n  
p rophage ,  r e m a rk a b le  for i ts  e x t ra o rd in a ry  specificity .
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M ateria ls  and m ethods

B acterial strains. The  12 s t r a in s  of B. cereus w h ic h  can  be induced by MC h a v e  a l re ad y  
b e e n  r e p o r t e d  [6] in connection w i th  our deta iled s tu d ies  on s tra in  W producing phospho l ipase  
A. B e s id es  these  stra ins we h ave  app lied  a n u m b er  o f  B . cereus s t ra ins as ind ica tors .  These  
s t r a in s  w e re  freshly isolated from  soil samples and  were  iden t i f ied  on the  basis of the  following 
c r i te r ia :  c o lony  m orphology, haem olysis ,  and  b e h av io u r  on  egg yolk agar. The s t ra in s  app lied  
in o u r  w o r k  are listed in Tab le  I.

Table I

N um ber and origin o f  the stra ins applied fo r  determ ining the host range o f phage ivxc

Designation Characteristics
No. Refer-Species of .■»ource

strains

B . cereus l i Own collection 6
wild type 28 Freshly isolated
T 1
6464 1 C. 11. T h o r n e 10
6464 C 1 C. 11. T h o r n e

B . th iir in g ien s is 14 J.  R. N o r r i s l i

B . an thracis Davis Non sporula ting 1 E. M e y n e l l l
Capsulogenic 3 Own collection 12
N on capsulogenic 
Defective p rophage

6 Own collection

carrier 6 Own collection 5

B . su b tilis M arburg Yale 1 Own collection
NRS 3 R. E. G o r d o n

B . su b tilis  var.
a tte rim u s NRS 5 R. E. G o r d o n

B . su b tilis  var.
niger NRS 3 R. E. G o r d o n

B . lich en ifo rm is N R S 5 R. E. G o r d o n

B . m cgaterium MUT-C Phage res is tan t ,
non sporula ting 1 Own collection 13

Phage sensitive, 2 Own collection
Sporulating 13 Own collection

A s a n  ind ica tor  for d e te c t in g  phospholipase  A p ro d u c e d  e ither by a growing colony  o r  one 
c o n ta in in g  a lysa te ,  a h ighly sensi t ive  B . m cgaterium  s t r a in  MUT-C was used. P h a g e  ß  was 
a s sa y e d  w i t h  s tra in  Davis of B . anthracis.

Phages. Phage m ateria ls  a  a n d  ß  were isolated f ro m  B . cereus W , and p ro p a g a ted  e i th e r  
on  s t r a i n  D av is  or V R  of B . anthracis.

A n ti-p h a g e  serum. T he  V R  b ro th  culture  of  B . anthracis  was inoculated  w ith  phage  
(M.o.i .:  1.5) a n d  aera ted  by  sh ak in g  a t  37°C un til  lysis,  followed by centrifugation. A f te r  a d d i ­
t ion  o f  0.5 M  NaCl and  5%  p o ly e th y len e  glycol (mol w t  6000) the  precip ita te  fo rm ed  was s u b ­
j e c t e d  to  f rac t iona l  cen tr ifuga tion .  T he  purif ied  p h a g e  p re p a ra t io n  from  the  u l t ra ce n t r i fu g e  
c o n ta in e d  2 . 4 x l 0 12 particles. A l to g e th e r  4 rabb its  were  im m unized ,  fi rs t  in travenous ly ,  th e n  
i n t r a m u s c u la r ly  w ith  F reu n d  a d ju v a n t .  The inocu la t ion  was generally  performed w i th  1.2 X Ю 12 
in fec t iv e  p h ag es ,  every  5 days ,  f ive  o r  six t imes.  I n d iv id u a l  ra b b i t s  gave a m ax im u m  va lu e  of 
10— 15 K .

A c ta  M icrob io log ica  Acadcm iae S c ien tia ru m  H ungaricae 20 , 1973



CRYPTIC PR O PH A G E OF BACILLUS CEREU S 2 1 1

Phage material wxc, th e  p rep a ra t io n  o f  which is described in the  exp er im en ta l  p a r t ,  was 
applied  to o b ta in  an tiphage  serum . R a b b i t s  were injected 4 t imes w i th  2 x  Ю 10 virions in F reu n d  
ad ju v a n t .

Culture media. Resides using the  previously  described Y P  (y eas t  e x tra c t -p e p to n e )  con­
ta in ing  b a k e r ’s yeas t  e x t r a c t  a n d  pep tone  (R eana l ,  B udapes t) ,  the  following media were used 
for co m p ara t iv e  exam inat ions :  B P Y :  Beef e x t r a c t ,  3 g; pep tone ,  5 g; y e as t  ex tra c t ,  3 g; NaCl, 
3.5 g; distil led water ,  1000 ml;  p H  7.2. T he  ingredients  were Difco products .  B P Y e , :  B PY 
was supp lem en ted  w ith  b iv a len t  cat ions:  M n ++ 1/5000 m; M g ++ 1/1000 m; Ca + + 1/1000 m; 
Fe + + + 1/50 000 M. B P Y e 2: besides con ta in ing  the ab o ve-m en t ioned  e lectrolytes,  the  following 
salts  were added  at a co ncen tra t ion  o f  1 /fg/inl; C o S 0 4 • H 20 ;  3 C d S ü 4 • 8 I i 20 ;  ZnCl2. T he  m edia  
were solidified by the  add it ion  o f  1 .5%  agar.

Cultivation o f  the bacteria. The  same m eth o d  was used as described previously [6]. W hen  
the  culture  reached an  OD of 0.2 0.3, m ito m y cin  C (MC) was ad d ed .  Afte r  a residual g row th
the  a e ra ted  cultures  were lysed to  a g rea te r  ex ten t .  The lysa tes  were f i ltered  (m em b ran e  filter,  
G ö t t ingen ,  No. 6) an d  assay of the  phage was perform ed as described  previously [6J. The  top 
agar  layer  con ta ined  0.7% agar.

Isolation o f  p lasm id-free clones. W b ac te r ia  were inocu la ted  in to  Y P  con ta in ing  e ithe r  
acridine o range  or e th id iu m  b rom ide  (5 10 /tg/ml) a n d  inocu la ted  u n d e r  vigorous shak ing  a t
37°C u n t i l  they  had  form ed spores.  Spore m ateria ls  were s t reak ed  to form 5 0 - 7 0  colonies, 
1 2  m m  in d iam ete r ,  on Y P  a g a r  a t  room  te m p e ra tu re  o vern igh t .  These m as te r  p la tes  were 
rep lica ted  w ith  the aid of ve lve teen  disk on  an  agar p la te  i.i w hich  the  soft  agar  layer  was 
seeded with 11. megaterium  MUT-C. The  replicas were i r rad ia ted  b y  H a n a u  low-pressure  ge rm i­
cide lam ps  (250 e rg /m m 2) before incuba t ion .

The  MUT-C in d ica to r  layer  was p repared  by add ing  to 1 ml o f  m elted  Y P  a g ar  1 ml of 
bac ter ia l  cu ltu re  w i th  an  OU of 0.5 a n d  was p u t  onto 25 ml b o t to m  agar.

The  clones which do n o t  p roduce  bacteriocin (c in ~ )  were successfully iso la ted  in th is  
way. A t tem p ts  to produce ß  p rophage-free  der iva tives have  failed. Several ways were tried 
using cin~  bac ter ia  in the presence of e ithe r  acridine orange o r  e th id iu m  brom ide a n d  0.05 м 
N a  ace ta te  a t  37°C or 43°C to fo rm  spores.  The  cultures also co n ta in ed  10% of a n t ip h a g e  serum. 
We have also tried,  b u t  w i th o u t  success, to t rea t  the spores w ith  a large dose of u l trav io le t  
i r rad ia t ion .  U n fo r tu n a te ly  we failed to select these ß  p rophage-free  clones when the  B . anthra- 
cis Davis ind ica to r  s t ra in  was used according to the above-desc r ibed  m ethod .  Colonies t rea te d  
by different  procedures were therefore  inocu la ted  into a few ml of Y P  b ro th ,  cu ltu red  a n d  cen tr i ­
fuged, a n d  the  su p e rn a ta n t  was in ves t iga ted  for the presence o f  phages .  In  this way  we could 
exam ine  n o t  more t h a n  a few h u n d re d  isolates.

R e su lts

Production o f  p lasm id-free derivatives o f  B . cereus stra in  W . Segregan ts  
which h a d  lost th e  ab il i ty  to  p roduce  bac te r ioc in  were iso la ted  w ith  ease. Fig. 1 
shows t h a t  while th e  wild ty p e  of clones have  a m a rk e d  halo, th e  cin ~ segre­
gan ts  h av e  no effect on th e  in d ica to r  bacteria .

T ab le  I I  lists the  f req u en cy  of cin~  segregants  u n d e r  d ifferent ex p e r im e n ­
ta l  conditions. T he  colonies seeming to be cin  on th e  ind ica to r  p la te s  were 
checked  b y  reisolation. I t  was found  t h a t  a b o u t  2/3 of  these  isolates were  s table , 
e.g. bacteriocin  p ro d u c t io n  could no t  he induced b y  th e  add it ion  of MG. The 
cin  s t ra in s  selected were m a in ta in e d  in the  form of spores.

We a t t e m p te d  to  iso la te  ß  prophage-free  seg reg an t  b y  th e  described 
m e th o d ,  b u t  failed to o b ta in  even a single one from  a b o u t  600 isolates. I t  seems 
t h a t  th e  p rophage  is in te g ra te d  in the  chrom osom e in a s table  form .

Induction  o f  the w ild  type stra in  and the cin derivative under d ifferent 
conditions. In d u c t io n  of wild ty p e  an d  cin~  s t ra in s  w as inves t ig a ted  u n d e r  
d ifferent conditions. MC was ad d e d  in con cen tra t io n s  of 0.1 pg /m l a n d  0.5 
pg /m l to  young  cultures . Sam ples  were ta k e n  a t  in te rv a ls ,  and  th e  n u m b e r  of

A cta  M icrobiulogica A cadem iae  Sc ien tia ru m  H ungaricae 20 , 1973



2 1 2 GAÄL and IVÄNOVICS

F ig . 1. Replicas on B . m egáterium  MUT-C of colonies fo rm ed  from  spore m a te r ia l  ob ta ined  in 
t h e  p re se n c e  of acridine orange.  T h e  halo a round  the  colonies indicates hac te r io c in  p roduction .  
T h e  colonies  w ithout  halo  are c lones which  have los t  hacter ioc in  ac t iv i ty  ( c in ~ ) .  Original size

Table II

F requency o f  cin segregant in  B . cereus strain W  sporulated under d ifferent conditions

Drug
No. of clones c in lones

examined
No. Per cent

0  (control) 542 0 0

EB 5 (j,g/ml 502 132 26.4
E B  10 /ig iril 561 154 23.3

AO 10 jitg/ml 1141 217 18.7

T h e  e x p e r im e n t  was pe rform ed o n  Y P  b ro th  containing e ithe r  e th id ium  b rom ide  (E B ) 5 /(g/inl 
a n d  10 |«g/ml or acridine o range  (AO) 10 /tg/ml. C ul tiva tion  was m ade  u n t i l  mass sporula tion

h a d  occurred

p la q u e - fo rm in g  un i ts  w as d e te rm in ed  on th e  D av is  in d ica to r  p la te .  Fig. 2 
i l l u s t r a te s  the  findings. S p o n ta n e o u s  in d u c t io n  of p ro p h ag e  ß  of th e  “ wild 
t y p e ”  s t ra in  W was in s ig n if ican t .  I n  the  presence  of 0.1 pg /m l MC, t ran s i t iona l  
lysis  co u ld  be observed, a cco m p an ied  b y  a sign if ican t phage  p ro d u c t io n .  In  
c o n t r a s t ,  0.5 pg/ml MC d id  n o t  increase th e  p h a g e  release in  sp ite  of causing 
a m a r k e d  lysis.
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Fig. 2. P h ag e  ß  p ro d u c t io n  by  fí. cereus s t ra in  W  u n d e r  d ifferen t  conditions. ( In d ica to r :  s tra in  
Davis of  H. anthracis). A. cu ltu re  w ithou t  m i to m y c in ;  B. 0.1 /íg/rnl; C. 0.S fig /m l m itom ycin .

о O D ; •  p .f .u ./m l

Phage-y ie ld  was insignificant in th e  absence  o f  MC. However, in th e  p res­
ence o f  0.1 fig/m l MC, th e  phage ß  yield w as  h ig h er  by 6  e x p o n e n ts .  I t  was 
rem a rk a b le  th a t  in sp ite  of th e  large phage-y ie ld  th e  optical dens i ty  o f  th e  cu l­
tu re  did n o t  change. In  th e  presence of 0.5 //g/ml MC, phage release was no t  
m ore sign if ican t th a n  in  th e  cu ltu res  w i th o u t  MC, a lthough  growth was re ta rd e d
(Fig. 3).
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F ig . 3. P h a g e  production  b y  s t r a in  B. cereus W  c in~  u n d e r  different  conditions.  ( In d ic a to r :  
s t r a in  D a v is  o f  B. anlhracis). A. cu l tu re  w i th o u t  m ito m y c in ;  B. 0.1 дог/ml; C. 0.5 /xg/m l m i to ­

m y c in .  о = OD; •  =  p .f .u ./m l

T h e  culture  fluid of  t h e  wild ty p e  s tra in  w i th o u t  MC displayed a b ac te r io -  
cin e f fe c t  a t  a t i t re  of 1 : 100, similarly  to  t h a t  found  when 0.1 fxg/m l MC was 
a p p l ie d .  I n  contrast ,  w hen  0.5 //g/ml MC was p resen t ,  even 1 : 3200 d i lu t io n  
o f  t h e  ly s a te  had an a n t ib a c te r ia l  effect.

T h e s e  results suggest t h a t  a t  least tw o p lasm ids  m ay  occur in th e  wild 
t y p e  s t r a in .

Iso la tion  o f phage w x. T h e  lysa tes  o b ta in e d  from  s tra in  W u n d e r  d iffe ren t  
c o n d i t io n s  were im p lan ted  in cin~  in d ica to r  cells, according to  th e  u sua l
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Fig. 4. P laq u es  of phage wx on cin  ind ica to r  strain.  Besides num erous  tu rb id  p laq u es  2 clear 
m u ta n t s  are seen ( indicated  by arrows). Original size
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Fig. 5. P laques  of phage  ß  on s tra in  Davis of  H. anthracis (X  1.5)

m e th o d  of phage-assay . T h e  n u m b e r  of p.f .u . was de te rm in ed  s im u ltaneous ly  
w ith  D av is  bacteria .  A p p ea ran ce  and  m orphology  of th e  p laques  fo rm e d  on the 
c in ~  in d ica to r  depended  g rea t ly  on th e  m ed ium  applied . On Y P  m ed ium , a 
large  n u m b e r  of tu rb id  p laq u es  1 .0— 1.5 m m  in d iam e te r  were fou n d .  These 
p laq u es  were different from  th o se  which h ad  form ed on D av is  in d ic a to r  plates 
(see Figs 4 and  5). W hen  B P Y  m ed ium  was used, no p la q u e - fo rm a t io n  was 
observed  in the  presence of  cin~  ind ica to r .  C erta in  ca tions seem to  be necessary  
for p h ag e  p ropaga tion ;  th is  was clearly  shown when  B P Y c j  a n d  B P Y e 2  media
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w ere  u se d ,  when a sim ilar  p laq u e - fo rm a tio n  re su l te d  as on Y P  agar.  W hen  the  
B P Y  a g a r  was su p p le m e n te d  w i th  incinerated  R e a n a l  pep to n e ,  th is  p rov ided  
th e  c a t io n s  necessary for th e  fo rm a tio n  of th e  ch a ra c te r is t ic  p laques  seen on Y P  
a g a r .

T h e  phages differed in  th e i r  antigenic s t ru c tu re ,  too . P hage  ß  could  he 
n e u t r a l i z e d  by its h o m o lo g o u s  serum, in c o n t r a s t  to  th o se  phages which 
g a v e  t u r b i d  plaques on c in ~  ind ica to r  plates.

T h is  means th a t  tw o  p h a g e s  were p resen t  in t h e  ly sa te  which differed in 
b o th  an t ig en ic  s tru c tu re  a n d  h o s t  specificity; one o f  these  was th e  well-known 
ph  ag e  ß  while the  second  p h a g e  was designated  as w x.

I t  should be stressed t h a t  phage  wx only fo rm ed  p laques  on cin  bac te r ia ,  
w h ic h  con ta ins  prophage  ß, a n d  thus  is im m une  to  its veg e ta t iv e  phage.

T h e  ra t io  of phages ß  a n d  w x  in ind iv idual ly sa te s  differed accord ing  to  
th e  co n c e n tra t io n  of m y to m y c in  C used for in d u c t io n  (see Tab le  I I I ) .

Table III

P .f.u ./m l o f  phages w x  and ß  in the lysates o f  B . cereus strain W

Mitomycin C added to  the culture
X xingc strain

0.1 /ig/ml 0.5 //g/inl 0

ß D av is 4 X 1«“ 1.5 X 10s 2 X Ю5
W X c in  ~ 4 X 105 2.3 X 10J 2 X 106

P h a g e  wx was n o t  e f fec t iv e  e ither on th e  d if fe ren t  w ild - type  isolates of 
B. cereus  or the 11 B. cereus s t r a in s  described p rev io u s ly  [6 ]. S imilarly, s tra ins  
o f  B. anthracis  were n o t  a t t a c k e d .  The host ran g e  o f  w x  will be described  in 
c o n n e c t io n  with its c lear m u t a n t ,  since th e  ly sa te  c o n ta in in g  phage  w x  was 
a s s o c ia te d  w ith  bac te r ioc in  w h ic h  often re su lted  in  m is ju d g em en t .

Characteristics o f  the fo rm a tio n  o f  clear plaques (wxc). L ysa tes  of s t ra in  W 
in d u c e d  with  MG alw ays c o n ta in e d  a fewr clear p la q u e s  in  ad d i t io n  to  tu rb id  
one in  cin  indicator p la te s .  T h e  morphology of th is  p la q u e  is clear a n d  a t  the  
edges  t h e  lysis is incom ple te  (F ig .  6 ). The in d iv id u a l  p laq u es  m easure  3—7 m m  
in d ia m e te r .  This typ ica l  m o rp h o lo g y  could be  o b se rv ed  w hen  b o th  Y P  and  
B P Y e 2  m ed ia  were used. I t  w a s  s trik ing t h a t  on occasions even a f te r  24 h r  a 
p in h e a d -s iz e d  secondary c o lo n y  developed in th e  m id d le  of  th e  p laque. A sporu- 
l a t e d  sam p le  was ta k e n  f ro m  t h e  secondary g ro w th  a n d  p h ag e  c o n tam in a t io n  
w as  in a c t iv a te d  by  hea t .  W h e n  th is  was used as an  in d ic a to r  s tra in ,  i t  tu rn e d  
o u t  t o  b e  completely r e s i s t a n t  to  phage w x. T h e  h o s t  ran g e  of th e  wxc phage 
s u s p e n s io n  was d e te rm in ed  w i th  num erous s t ra in s  of  th e  bacillus species. 
T h e  p h a g e  suspension was d i lu t e d  to  contain  1.6 X 10‘ v ir ions p e r  0.02 ml. The 
97 s t r a in s  listed in Table  I  w e re  exam ined  b y  in o cu la t in g  th e  d i lu ted  suspension
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of bac te r ia  onto  Y P  p la te  agar,  a f te r  w hich  d ro p s  of phage were app lied .  I t  
was s tr ik ing  t h a t  none  of  th e  n um erous  s t ra in s  o f  d ifferen t Bacillus  species were 
sensitive to  phage  wxc.

I t  m u s t  he p o in ted  o u t  t h a t  w hen  th e  sen s i t iv i ty  of B . anthracis s tra inë  
was te s ted ,  t he p h a  ge suspension was t r e a te d  w i th  W « an tiphage  se ru m , and 
th u s  th e  phage  W ( 1  v ir ions occurring in th e  ly sa te  had  been neu tra l ized .

Fig. 6. P la q u es  of phage  wxc on B. cereus W  c in ~  bacter ia .  Original size

All cin~  b a c te r ia  inc luded  p rophage  ß ,  a n d  this^suggested t h a t  i ts  p re s ­
ence m ig h t  su p p o r t  p ro p ag a t io n  of phage  w x. S tra in s  of B . anthracis (YR and  
S te rn e  18— 74) were therefo re  lysogenized w i th  p h a g e  ß  and  infected  w ith  wxc; 
even  in th is  case ph ag e  wxc  failed to  p ro p a g a te .

P h ag e  wxc res is ted  b o th  IlN A -ase  a n d  D N A -ase ;  when it  was p la te d  w ith  
cin~  b ac te r ia  in  a so f t-aga r  layer  co n ta in ing  e i th e r  5 p g /m l R N A -ase  or  50 
pg /m l D N A -ase, th e  n u m b e r  of  p laques  w as iden t ica l  w ith  t h a t  o f  a contro l 
p la te .  T he  t l ie rm o lab i l i ty  of  th e  ag en t  is also a  p ro o f  in  favour  of  th e  phage  
n a tu re  (see Fig. 7).

P h ag e  w x  can  be considered a w ild - type ,  a n  allelic m u ta n t  o f  w xc. The 
hom ologous se rum  of phage  wxc neu tra l ized  th e  w x  a n d  wxc virions to  th e  sam e 
e x te n t .

Production o f  phage w x. A conven ien t  m e th o d  for o b ta in ing  w ild - type  
v ir ion  w x  was to  induce  a growing cu ltu re  of  s t r a in  W  w ith  0.5 p g /m l MC. The
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MINUTES

F ig . 7. H e a t  inac t iva tion  o f  phages  ß  and  wxc. T he  lysa tes  were diluted 1 : 10 w i th  0.02m
p h o sp h a te  buffer  p H  7.2

p .f .u .  v a lu e  of this ly sa te  w as  a b o u t  1 0 6/m l, a n d  could easily be increased  by 
u l t r a c e n tr i fu g a t io n .  T h e  u su a l  soft-agar m e th o d  was applied to  o b ta in  a wxc 
p h a g e  suspension. A b o u t  10 3  phage  par tic les  w ere  m ixed w ith  cin~  b ac te r ia  
in to  t h e  soft-agar layer. T h e  in d ica to r  b ac te r ia  were  lysed overn igh t.  T h e  soft- 
a g a r  l a y e r  was scraped off  in to  saline con ta in in g  2 0 %  Y P  b ro th ,  u n d e r  v igorous  
sh a k in g  a n d  then  cen tr ifuged . I n  th is  w ay  a b o u t  1010/m l p.f.u. o f  wxc a n d  5 X Ю4 

p h a g e  ß  were found in th e  ly sa te .  Hence, t h e  concen tra t io n  of th e  w xc  v irions 
w as a b o u t  5 orders h ig h er  t h a n  t h a t  of p h a g e  ß.

Discussion

B . cereus s tra in  W  carries  a p ro p h ag e  ß  [1 -3 ] ,  and  w hen  in d u c e d  to  
lysis a bacteriocin  is re leased  which is iden t ica l  w ith  phospho lipase  A [6 ]. 
D u r in g  th e se  investiga tions a new fac to r  has  b een  observed, a p ro p h a g e  desig­
n a t e d  ivx . P rophage w x  can  be induced  by  o th e r  conditions th a n  those  u sed  for 
p ro p h a g e  ß. There is no d o u b t  t h a t  th e  tw o p ro p h ag es  represen t  tw o  d iffe ren t  
gen e t ic  entities . The a n t ig e n ic  s t ru c tu re  a n d  som e o the r  cha rac te r is t ic s  of 
th e i r  v ir io n s  are com ple te ly  different. The m o s t  s tr ik ing  fea tu re  of  p h a g e  wx  
is i t s  e x t ra o rd in a ry  hos t-specif ic ity .  N um erous  s t ra in s  belonging to  t h e  genus 
B acillus  were no t a t ta c k e d ,  ex cep t  for a d e r iv a t iv e  of  B. cereus s tra in  W , which 
does n o t  p roduce b ac te r ioc in .  F or  th is  reason  it  seems reasonable  to  den o te  
th e  p ro p h a g e  in ques tion  w i th  th e  a t t r ib u te  “ c ry p t ic ” .
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DISTRIBUTION OF 1311 ANTIBODIES AND ,25I ANTIGENS 
IN ANAPHYLACTIC SHOCK OF THE GUINEA PIG

M á r i a  K á v a i , J .  C s o n g o r  and В. C s a b a

In stitu te  o f  P athophysiology, U niversity  M edical School, Debrecen 

(Rece ived F e b r u a ry  7, 1973)

Su m m ary .  Guinea pigs were sensi t ized  w ith  13lI labelled isolated r a b b i t  an tibod ies .  
The  homologous an tigen  tr iggering the  shock  was labe l led  with  l25I. I t  was fo u n d  t h a t  the 
q u a n t i t y  of an tigen  in the  o rgans d epended  on the  concen tra t io n  of an tigen  in th e  blood of 
the  animals .  T he  ra tio  of ra b b i t  an ti -O A  an tibod ies  f ix a te d  to  lungs and the  b o u n d  a n t ig e n  was 
1 : 3— 1 : 4 in  cases of d ea th  due to an ap h y lac t ic  shock. I f  the a m o u n t  o f  b o u n d  an tigen  
decreased, th e  shock reac tion  also decreased. On the o th e r  hand,  on increas ing  q u a n t i t y  of 
a n t ig en  b o u n d  to antibodies  even to 30-fold, th e  reac t ion  did no t  change.

D ouble  labelling of  a n t ib o d y  a n d  an tigen  has  been applied  for t h e  e x a m ­
ina tion  of  th e  special co m bina tion  site  o f  a n t ib o d y  [ 1 ] and for d i f fe ren t ia t in g  
th e  b ind ing  of tissue an tigen  and  specific an t ig en  from the  b ind ing  of n o n -sp e ­
cific IgG [2].

In  th e  p resen t  experim en ts  we h av e  app lied  two k inds of  label and  a 
specific r a b b i t  an t i-ova lbum in -IgG  for c o m p ar in g  th e  d is tr ibu tion  o f  an t ib o d ies  
and  an tigens  in th e  guinea pig s an a p h y la c t ic  shock.

M ateria ls and  m ethods

A n tig en . F o u r  t im es recrysta ll izcd  a n d  gel-f i l tra ted  ova lbum in (OA).
A ntibody . R a b b i t  IgG  (specific IgG) isolated by  immune-specific  p r e c ip i t a t io n  from 

r a b b i t  se rum  hyper im m u n ized  b y  OA in a n  incom plete  F re u n d  a d ju v a n t  [3J.
N onspecific  IgG. Gel-fi l tra ted IgG  p rep ared  by  th e  am m onium  su lp h a te  m e th o d  from 

the  se rum  o f  u n t r e a te d  rabbits .
Labelling o f  proteins with radio-active iodine. The r a b b i t  anti-OA IgG a n d  th e  nonspecific  

r a b b i t  IgG were labelled w ith  1311, and  th e  OA was labelled with 125I, by the ch lo ra m in e  T  m e th ­
od [4]. T he  guinea pigs were t rea te d  as follows. Six teen  gu inea  pigs were g iven  in traca rd ia l ly  
480 //<g N /kg  body  weight of the  isolated a n t ib o d y ,  16 guinea  pigs were g iven  th e  same a- 
in o u n t  of non-specific  rabb it | IgG .  A fte r  48 h r ,  of  each group  8 animals were g iven  3 mg, and 
th e  o th e r  8 an im als  0.3 mg labelled OA in tra ju g u la r ly .  Before death  due to sh o ck ,  i.e. 2 —5 
m in u te s  a f te r  the  OA injection the  an im als  were bled to  dea th .  The ac t iv i ty  o f  0.5 ml blood 
a n d  0 .5— 1 g tissue sample  was m easured .  O x y haem oglob in  (O H b ) in  the  o rg a n  sam p le s  was 
d e te rm in e d  according to the m ethod  described  by  Tóth an d  Jókay [5].

M easuring  o / 131/  and  l25J. E ig h ty  pe r  c en t  of the  g a m m a  rays from 13,I h a s  a n  energy  of 
0.36 MeV, while the  energy of gam m a  a n d  X -ra y s  from  l25I is 0.035 MeV. H ence  t h e y  can  easily 
be  d e te rm in ed  n ex t  to each o ther.  A t  the  sam e  time 2 0 %  of the rad ia tion  from  1311 covers the 
ra d ia t io n  o f  l25I. Therefore we have m easured  s ta n d a rd s  o f  13,I and l25I of which  th e  c o u n ts  were 
e x ac t ly  know n, separa te ly  a n d  jo in t ly .  F ro m  these m easu rem en ts  we ca lcu la ted  ho w  m an y  of 
th e  coun ts  o r ig ina ted  from  131I and from  125I in our  own sys tem . This was 1 9 .4 % .  T h e  ac t iv i ty  
o f  the  sam ples was m easured  in 1 ml vo lum e corresponding  to the s ta n d a rd ,  o n  a  one-channel  
sc in t i l la to r  in such a way  t h a t  every  sam ple  was p laced  twice into the m ea su r in g  sy s te m  for 
e s t im a t in g  th e  higher and the  lower energy. T h e  19.4%  of the  13,I act iv ity  was s u b t r a c t e d  from 
the  n u m b e r  of counts due to 125I act iv i ty .  T h e  act iv it ies  were reduced to N  b y  m ean s  of the 
c a l ib ra t ion  curve.
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Results

I n  Fig. 1  two n e ig h b o u r in g  columns d isp lay  th e  d is tr ibu tion  of th e  spe­
cific a n t i -O A  rabb it  a n t ib o d ie s  and of the  non-spec if ic  r a b b i t  IgG in th e  tissues 
a n d  b lo o d  of the  guinea p ig s .  The im m unoglobu lin  q u a n t i ty  co rresponding  to  
t h e  b lo o d  conten t of t h e  o rg a n s  was su b tra c te d  from  th e  an tibody  c o n te n t  of 
t h e  tissues .

F ig . 1. D is t r ibu tion  of r a b b i t  I g G  in the  tissues of guinea  p igs 48 h r  after  IgG ad m in is t ra t io n .  
□  =  480 f i g  N r a b b i t  a n t i - O A  IgG/kg =  480 f i g  N  non-specific rab b it  IgG/kg

Fig . 1 shows t h a t  t h e  q u a n t i ty  of specific a n d  non-specific im m u n o g lo b u ­
lin w as  near ly  equal in b lo o d  a n d  tissues.

F ig .  2 indicates t h e  d is t r ib u t io n  of im m u n o g lo b u l in s  and an tigens  in th e  
id e n t ic a l  organs and  in t h e  blood of a gu inea  p ig  t r e a te d  with specific IgG  
a n d  a guinea  pig t r e a te d  w i t h  non-specific IgG  a f t e r  an  injection of 3 m g  OA. 
A l th o u g h  IgG is b o u n d  t o  o rgans  to  a larger e x t e n t  th a n  is OA, in th e  organs 
o f  t h e  con tro l  animals t h e  q u a n t i t y  of OA w as h ig h e r  th a n  th a t  o f  Ig G .  This 
m a y  h a v e  been due to  t h e  f a c t  t h a t  the  О A c o n te n t  o f  b lood  was 15-fold of  t h a t  
o f  IgG .

F ig .  3 displays t h e  d is t r ib u t io n  of an t ib o d ie s  a n d  antigen in gu inea  pigs. 
T h ese  guinea  pigs were t r e a t e d  w ith  im m uno g lo b u l in s  in a similar w a y  as th e  
p re v io u s  ones except t h a t  t h e y  were given 0.3 m g  o f  OA.

T h e  antigen c o n te n t  o f  th e  control o rgans dec reased  to  nearly  zero, the  
l iver  o f  th e  animal t r e a te d  w i th  specific IgG h a r d ly  co n ta in ed  any  OA. T h e  a n t i ­
b o d y -a n t ig e n  molecule r a t i o  in  the  lungs was 1 : 4. T h e  animals p re se n te d  in 
F igs  2 a n d  3 had been sen s i t iz ed  b y  antibodies a n d  t h e y  responded to  OA w ith  
sh o ck ,  therefore  th e y  h a d  to  be hied to d ea th  just before death  h ad  se t  in.

F in a l ly ,  Fig. 4 show s t h e  q u a n t i ty  of OA in t h e  lungs and liver in co rre la ­
t io n  to  th e  antigen c i rc u la t in g  in th e  blood o f gu in ea  pigs sensitized b y  specific
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Fig. 2. D is t r ib u tio n  of r a b b i t  IgG and  of ova lbum in  in o rgans  of guinea pigs 48 hours  a f te r  IgG 
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igG/kg; ^  3 mg OA in guinea pig t rea ted  w i th  specific antibodies;  [x] 3 m g  OA in
guinea pig t re a te d  w ith  non-specific  IgG. The  a n t ib o d y  c o n te n t  in the blood of th e  g u inea  pig 
t rea te d  with an tibod ies  was 1.96 //g N/ml,  the  OA c o n te n t  was 27.50 fig N/ml.  T h e  IgG  con­
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ten t ,  30 f ig  N /m l

ооо
m
E

erо

CP

Z
CPa

3

2-

1 АЬАдд

il [И  rf l
j - b  л и  J M  . ï _ _ _ CL \L  cl .
LIVER HEART LIVER HEART

LUNG BLOOD LUNG BLOOD

о
CD

E
cr 
О

Шz>
CO
lO

CP

z
CP

Ш
О

Fig. 3. D is t r ib u tio n  of IgG and  of ova lbum in  in t issues of guinea pigs 48 hours  a f te r  IgG a d ­
m in is tra tion .  □  = 480 fig N an ti-O A  ra b b i t  a n t ib o d y /k g ;  (3  480 fig N non-specific  r a b b i t
IgG/kg; ^  0.3 mg О A in guinea pig t r e a te d  w i th  O A ; [x] 0.3 mg OA in guinea  pig t re a te d

with  non-specific  IgG
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t

F ig . 4 . A n t ig e n  content  in l iver  a n d  lungs in co rre la t ion  to  the  q u a n t i ty  of an t igen  in blood 
T h e  a n t ib o d y - a n t ig e  n p ro p o r t io n  in  the  lungs is also sh o w n .  Po in ts  indicate  m eans  o f  paral le

m easurem en ts

a n t ib o d ie s  and  t rea ted  w i th  d iffe ren t  q u a n t i t ie s  o f  OA. The ra t io  of a n t ib o d y -  
a n t ig e n  m easured  in th e  lu n g s  is also shown. T h e  leas t  severe shock sy m p to m s  
w ere  o b se rv ed  in the  a n im a l  w hich  had in i ts  lu n g  an t ib o d y  and  a n t ig e n  in  a 
p r o p o r t io n  of 1  : 2 .

Discussion

A lth o u g h  p a r t  of t h e  a n t ib o d y  de tec ted  in  t issue can be rem oved  b y  r e ­
p e a t e d  w ashing , in th e  p r e s e n t  experim ents  w e d id  n o t  t r y  to  d e te rm in e  th e  
a b s o lu te  q u a n t i ty  of th e  s t ro n g ly  fixed an t ib o d ie s .  O ur aim was to  c o m p a re  
th e  b in d in g  of specific an d  non-specific  an t ib o d ies  a n d  to  determ ine th e  p r o p o r ­
t io n  o f  a n t ib o d y  and  th e  f ix e d  antigen  in th e  o rgans ,  under  iden tica l  e x p e r i ­
m e n ta l  conditions.

T h e  ra t io  of fixed a n t ib o d y  and an t ig en  b in d in g  is s ignificant f ro m  the  
p o in t  o f  v iew  of the gu inea  p ig ’s reaction  in  sy s tem ic  anaphy lax is  a l th o u g h  a 
la rg e  a n t ig e n  excess d id  n o t  in h ib i t  its d e v e lo p m e n t .  According to  CÎr s t e a  [6], 
in  s y s te m ic  anaphy lax is  t h e  reaction  d e p en d s  on ly  slightly on th e  a n t ig e n  
dose . O u r  own findings in  sy s tem ic  a n a p h y la x is  ind ica ted  th a t  th e  b iological 
e ffec t w a s  due to  a given q u a n t i t y  of bound  a n t ib o d ie s  reacting  w ith  a de f in i te  
q u a n t i t y  of  antigens. W h e n  perfo rm ing  a S ch u l tz -D a le  te s t  th e  changes ta k in g  
p la c e  o n  th e  m em brane  o f  t h e  muscle fibrils a re  p roport iona l  to th e  a n t ig e n ­
b in d in g  capac ity  of th e  s en s i t iz in g  (bound) an t ib o d ie s .  O pako [7] s tu d ie d  I he 
d e p e n d e n c e  on the  a n t ig en -d o se  of the  c o n t r a c t i l i ty  of the  sensitized gu inea  
p ig  i l e u m ,  an d  found t h a t  a to o  large a m o u n t  o f  a n t ig e n  inh ib ited  th e  re a c t io n .
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S h e l d o n  and  H icks  [8] observed  th a t  a m in im u m  dose o f  an tigen  increased  
the reaction; i f  the  an tigen  dose was increased, t h e  response reached a m a x im u m  
and a fter  further increasing  the a m o u n t  o f  a n tigen ,  the reaction  t e n d e d  to  
decrease.
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IV. AN TI B O D IE S  T O  T W E E N - 8 0 - T R E A T E D  A U S T R A L IA  A N T IG E N  AN D  TO A L L O ­

G E N E IC  L I V E R  F R A C T IO N S  IN P A T I E N T S  W I T H  H E P A T IT IS

I .H ollós , G y . S z é c s e y , E .  N ováic, B. L ászló , S. K i s s , Zs u z s a n n a  P e n k e , 
Zs u z s a n n a  K ő szeghy  and G. K e n d r e y

N a tio n a l Institu te  o f  P ublic H ealth , B udapest, “ László”  Central H osp ita l fo r  Infectious Diseases, 
Budapest and Central In stitu te  o f  Haematology and B lood T ra n sfu sio n , Budapest

(Rece ived March 10, 1973)

Sum m ary .  Dane pa r t ic les  were p a r t ia l ly  purif ied  b y  d ifferentia l  centrifugation  from 
pooled sera of hea l thy  H B A g  carriers. The  suspensions th u s  o b ta in e d  were t re a te d  with Tween 
80 an d  used as an tigen  (T H B A g )  in the  com plem en t- f ixa t ion  tes t .  Specific com plem ent fixing 
a n t ib o d y  (T H B A b)  was d e te c te d  a t  a considerable f req u e n c y  in se rum  samples from 
II BAg-posit ive p a t ien ts  w i th  acu te  hepati t is  and those w ith  chron ic  h ep a t ic  disease, viz., in 19% 
of 279 cases of  acute  hep a t i t is  f rom  each  of which a single b lood  sam ple  was tes ted ;  in 29 %  of 
136 cases of  acu te  hep a t i t is  f rom  which serial samples were t e s te d ;  in 10% of 371 convalescents 
te s ted  af te r  discharge from  hosp ita l ;  in 53%  of 74 p a t ie n ts  w i th  chronic  pers is ten t  or chronic 
aggressive hepati t is  or  h ep a t ic  cirrhosis. The  course of the  a cu te  illness in T H B A b-pos it ive  cases 
did n o t  differ from t h a t  in negat ive  cases. P a t ie n ts  who a l read y  h a d  de tec tab le  antibodies  a t  the  
onse t  of  clinical sy m p to m s  ten d e d  to recover earlier. D e m o n s t r a t io n  an d  follow-up of T l lB A b  in 
pa t ien ts  with acute  h ep a t i t i s  and  in those with  chronic h ep a t ic  disease m ay  serve as an add it ional  
tool in th e  u n d e rs tan d in g  of the  p a th o m ech an ism  and,  p e rh a p s ,  in t h e  differentia l  diagnosis of 
h epa t ic  diseases.

Acta microbial. Acad. Sei. hung. 20, 227—235, 1973

A lm eida  et al. [ I ] ,  u sing  im m uno-e lec tron  m icroscopy , d e m o n s t ra te d  in 
se rum  sam ples from h e p a t i t i s  p a t ie n ts  a long-pers is t ing  a n t ib o d y  d ifferen t in 
specificity  from th e  a n t i -A u s tra l ia  a n t ib o d y  (H B A b ) .  T h e y  supposed  th a t  tin* 
new  an t ib o d y ,  w hich  reac ts  w ith  th e  inner c o m p o n e n t  o f  D ane  partic les, m a y  
p lay  some role in recovery .

In a p rev ious s tu d y  [2] we t r e a te d  sem i-pu rif ied  D ane  partic les  w ith  
Tw een 80 to reveal th e  in te rn a l  com ponen t.  T h e  p re p a ra t io n  thus  o b ta ined  was 
exam ined  by  elec tron  m icroscopy  and by  th e  c o m p le m e n t  f ix a t io n  (CF) tes t ,  
using H B A b-pos it ive  h aem oph il iac  serum  as a n t ib o d y .

We have  ta k e n  in to  considera t ion  th a t  im m u n o -e lec tro n  microscopy c a n ­
not he used for m ass inves t iga t ions .  Therefore, we h a v e  ad o p te d  th e  micro-CF 
te s t  for the  d em o n s tra t io n  in h u m a n  sera of an t ib o d ie s  reac t in g  w ith  th e T w e e n -  
80 - trea ted  (T H B A g) p re p a ra t io n .  In th e  p re se n t  w ork  single and serial serum  
sam ples  from p a t ie n ts  w ith  hep a t i t is  and  those  w ith  chronic  h epa tic  disease 
were tested  for an tibod ies  (T H B A b) reacting  w ith  T H B A g  an d  for allogeneic 
an ti l ive r  antibodies.

Materials and m ethods

A ntigens. Se rum  from a p a t i e n t  w i th  Dow n’s sy n d ro m e  was used  as HBAg. T H B A g  
was p repared  from p a r t ia l ly  purif ied  Dane  particles by  t r e a t m e n t  w i th  Tween 80 as described 
elsewhere [2]. A lthough  the  D an e  particle  p rep ara t io n  as t e s te d  by  the  CF tes t  had  a lower
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I I B A g  a c t iv i t y  th a n  the u nse lec ted  H B A g ,  we h a d  to reckon w ith  b o th  H B A g  a n d  T H B A g  
a c t iv i t i e s  in  our  TH B A g p re p a ra t io n .  T he  an tig en s  an d  an tise ra  were s to red  a t  -60°C  a n d  a 
new  a m p o u le  was opened on each  d a y  w h e n  t es ts  were performed.

C om plem ent f ix a tio n  test. Takátsy’s micro-test was employed as in our previous studies 
[2, 3]. Sera showing H B A b and/or anticomplementary (AC) activity were not considered posi­
tive for T U B  Ah unless their T H B A b  titre exceeded both of the former titres by at least one 
dilution step.

C ontrol preparations fro m  H B A g -n eg a tive  sera. A t tem p ts  were m ade  to p re p a re  a Tween- 
8 0 - t r e a te d  p repara t ion  from  tw o  pools o f  H B A g -n eg a tiv e  sera. How ever ,  th e  f i r s t  p re p a ra t io n  
p r o v e d  to  be AC, the second one s l igh tly  posi t ive  for HBAg. To avoid f u r th e r  fa ilures ,  ind i­
v id u a l  se ra  were centrifuged sim ila r ly  as th e  pools [2] a n d  the  non-AC H B A g -n eg a t iv e  sedi­
m e n ts  w e re  pooled. The con tro l  a n t ig e n  gave  no CF reaction  w ith  e i th e r  th e  H B A b-pos i t ive  
h a e m o p h i l i a c  serum or w ith  sera  f rom  15 p a t i e n ts  w ith  chronic p e rs i s ten t  h e p a t i t i s  each 
h a v in g  h ig h  T H B A b titres.  T he  c o n tro l  a n t ig e n  was n o t  exam ined  by  e lec t ro n  microscopy.

A s s a y  fo r  antibodies to hepatic  sub cellular fra c tions. The passive h a e m a g g lu t in a t io n  micro- 
m e t h o d  w a s  used as described b y  Surján  a n d  Nyerges [4]. The an tigens  were p re p a re d  from 
th e  l iv e r  o f  a 21-year-old v ic t im  o f  an  acc id en t ,  using the  m eth o d  o f  Szécsey et al. [5]. The 
n u c le a r  f rac t io n  (NF) and the  m ito c h o n d r ia l  frac t ion  (MiF) were p re p are d  b y  cen tr ifuga t ion  
for 1 h r  a t  2000 g and 20 000 g , re spec t ive ly .  T he  s u p e r n a ta n t  a f te r  a 1-hr  c en t r i fu g a t io n  a t  
100,000 g  se rved  as a soluble p ro te in  f rac t io n  (SF).  F ro m  the  sed im ents ,  2 %  suspens ions  were 
p r e p a r e d ;  p ro te in  concen tra t ion  in  th e  S F  was also 2 % .

P a tien ts . Group A (279 cases) a n d  G roup  В (136 cases) consisted o f  H B A g  posi t ive  cases 
o f  a c u t e  h ep a t i t i s .  In  group A a single b lood  sam ple  was exam ined  from  each  o f  th e  pa tien ts .  
T h e  i n t e r v a l  between the  onse t  o f  illness a n d  the  d a y  of blood sam pling  was n o t  registered. 
F r o m  e a c h  o f  the  pa t ien ts  in g ro u p  В one sam ple  was tak e n  w ith in  5 d a y s  a f te r  admiss ion  
a n d  s u b s e q u e n t ly  several sam ples a t  7 to  14-day in te rva ls  u n t i l  discharge.

O f  t h e  acu te  cases, 32 T H B A b -p o s i t iv e  a n d  66 T H B A b -n eg a t iv e  p a t i e n ts  were  te s te d  for 
a llogeneic  an ti- l iver  antibodies .

G r o u p  C consisted of 371 co n v a lescen ts .  These  were te s ted  2 to 4 t im es  in th e  period  from 
th e  3 0 th  d a y  to the 200th d ay  a f t e r  d ischarge .  All these h ad  been H B A g -p o s i t iv e  du r ing  the 
a c u te  p h a s e  o f  their  illness. In  th is  g ro u p ,  73 p a t i e n ts  including 37 T H B A b -n e g a t iv e  ones were 
t e s te d  fo r  allogeneic anti- l iver a n t ib o d ies .

G r o u p  D included 10 p a t i e n t s  o f  chron ic  aggressive, 68 p a t ien ts  of  chron ic  p e rs is ten t  
h e p a t i t i s  a n d  49 pa tien ts  w i th  l iver  cirrhosis o f  dif ferent  origin. All these  were t e s te d  once for 
H B A g ,  H B A b ,  AC act iv ity  T H B A b  a n d  a n tibod ies  to  allogeneic an ti- l iver  a n t ibod ies .  Only the  
cases p o s i t iv e  for HBAg or H B A b  h a v e  been  an a ly zed  in detail.

I n  10 cases of aggressive ch ron ic  h e p a t i t i s ,  45 cases of pers is ten t  h e p a t i t i s  a n d  32 cases of 
c ir rhos is  t h e  diagnosis has been  c o n f irm ed  b y  liver biopsy. In  the  re s t  the  c linical p ic tu re  and 
th e  l a b o r a t o r y  tests seemed to be su ff ic ien t  for  correc t  diagnosis.

Results

G roup A .  Of th e  single se ru m  sam ples  o b ta ined  from  th e  279 p a t ie n ts  
o n ly  52 (19% ) conta ined  d e te c ta b le  a m o u n ts  of T H B A b  (Table  I). T h e  percen t-

ТаЫе I
T H B A b  in single serum sam ples fro m  279 H B  Ag-positive patients w ith acute hepatitis

Group

TH BA b Anti-
com plem entary

sera
No. of
cases

tested
negative positive

No. No. per cent No. per cent

C hild ren  2 15 years 78 21 18 15 13 114

M en  16—80 years 62 15 17 12 13 89

W o m e n  16—80 years 42 16 21 18 24 76

T o ta l 182 52 19 45 16 279
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age o f  pos itive  cases was a p p ro x im a te ly  th e  sam e for males, fem ales  a n d  chil­
d ren . F o r ty -f iv e  samples were AC; in these  sam ples the  T H B A b  te s t  could  not 
be  e v a lu a te d .

Table  II

T H B A b  in  serial serum sam ples fro m  136 H B A g-positive  patients with acute hepatitis

THBAb Anti-
No. of 
cases

followed up
Group negative positive

complementary
sera

No. No. per cent No. per cent

Children 2 IS years 19 12 3» 9 23 40
Men 16— 80 years 26 15 31 7 15 48
W om en 16—80 years :$o 12 25 6 13 48

T ota l 75 39 29 22 16 136

Group 11. In  th is  group 39 p a t ie n ts  (29% ) h a d  T H B A b  in at leas t  one blood 
sam p le  (Table  I I ) .  In  fu r th e r  22 cases (16% ) th e  presence of  T H B A b  could no t 
be exc luded  because of AC ac t iv i ty  a n d /o r  th e  presence of H B A b .

In T ab le  I I I  th e  39 T H B A b -p o s i t iv e  cases are analyzed  from  th re e  po in ts  
o f  v iew : (i) th e  d ay  of the  f irs t  pos itive  f ind ing  as re la ted  to  th e  d a y  of a d m is ­
sion; (ii) the  len g th  of the  period  d u r in g  which T H B A b  was d e m o n s t ra b le ;  
(iii) th e  possible re la tionsh ip  be tw een  th e  d isappearance  of T H B A b  a n d  recov ­
ery.

On this basis th e  39 T H B A b -p o s i t iv e  cases were d iv ided  in to  th ree  
g roups . Those  in group I had d e tec tab le  a n t ib o d y  only in th e  first b lood  sam ple 
ta k e n  in th e  hosp ita l .

Cases in which T H B A b  was d e m o n s t ra b le  in more t h a n  one sam p le  were 
classified in to  group II; those  in w hich  th e  f irs t  sam ple was n e g a t iv e  a n d  one 
o f  th e  su b seq u en t  samples was pos itive  were classified in to  g roup  I II .  In some 
o f th e  cases in groups I I  an d  I I I ,  t h e  t im e  o f d isappearance  of  T H B A b  could 
n o t  be es tab lished  because th e  p a t i e n t  h a d  left th e  hospita l.

O f  th e  40 children 12 (30% ), of th e  48 m en 15 (31 % ) an d  of t h e  48 wom en 
12 (25% ) h ad  T H B A b  in at least one se rum  sam ple.

G roup  I included 6  ch ild ren , 4 m en  and  2 women. T h e  a v e ra g e  period 
of  ho sp i ta l  care was 23 days (m ean , 23 days),  ind ica t ing  t h a t  the  m a jo r i ty  of 
these  p a t ie n ts  recovered in a re la t iv e ly  sh o r t  t im e.

G roup  I I  included 4 children, 4 m en  and  6  w om en. One m a n  a n d  one wo­
m an  died, b o th  of  hepatic  com a; for th e  o the rs  th e  average  period  of h o sp i ta l­
iza tion  was 34 days (mean, 28 days). T he  m an  who died h a d  a T H B A b -n e g a -  
t ive  sam ple  two days before d e a th ;  th e  w o m an  h a d  a l te rn a t in g  p o s i t ive  and 
n e g a t iv e  results.
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Table I I I

F irst demonstration and persistence o f  T H B A b  in serum sam ples from  H B A g-positive  pa tien ts
w ith acute hepatitis

F irs t positive Day
G roup P atient sample of first D ay of 

discharge Rem arksNo.
day

reciprocal negative
titre sample

C hildren
l 4 10 10 24
3 5 8 15 10

1 7 4 2 12 27
9 3 10 10 25

11 3 8 13 27
12 3 10 15 29

2 19 2 28
25 8 28

и 5 4 12
19 0 20 27

6 3 0
11 8 23 25

4 12 12 27 T rea tm en t  continued

h i 8 19 4 22
10 44 3 47

A d u lt  males
3 3 4 15 19

1 6 4 2 20 22
7 4 10 15 17
8 4 2 19 21

2 10 8
29 10 — 33

и 5 5 0 —
и 3 — 12

9 4 10 —
18 2 — 21

14 10 8 — Alternating positive
17 6 25 and  negative samples
31 4 38 Died on 40 th  day

1 15 0 24 20
4 9 10 12 14

h i 10 22 8 29 30
11 12 3 19 25
12 09 3 75 137 T rea tm en t  continued
13 2 5 2 — Died on 28th day
15 48 3 — 50
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F irs t positive 
sample

C A dult fem ales 

1

III

Xu.
day re • iprocal 

til re

1 4 6
3 3 2

4 3 2
59 4

5 4 12
13 8

10 20 3
27 2

11 24 2
31 3

12 5 3
12 3
33 2

8 37 3
45 8

2 43 12
6 15 8
7 14
9 31 2

included 2 children

Day 
of first 
negative 
sample

2(i
H

34

3H

45

Day of 
discharge

Alterna ting  positive 
and negative samples 
Died on 36 th  dav

m en and  4 wom en. One of th e  m ale 
p a t ie n ts  died of hepa tic  com a a few d ay s  a f te r  the  f irs t  d e m o n s t ra t io n  of 
T H B A b .  T he  average  period  of  hosp ita l  care  was 40 days (m ean, 28 days).

N one of th e  97 p a t ie n ts  w ith  no T H B A b  posit iv i ty  in the ir  se rum  sam ples 
died, an d  the  average  period  of hosp ita l  care  for th is  group was 34 d ay s .  The 
se rum  sam ples from  22 of these  p a t ie n ts  were AC which m igh t  h av e  m ask ed
T H B A b .

F o r  allogeneic an ti- l ive r  an tibodies  one se rum  sam ple  from each  o f  11 
children, 14 men and  7 w om en, all T H B A b -p o s i t iv e  p a t ien ts ,  was te s ted .  One 
child (No. 2 in group II )  h a d  an ti-nuc lea r  a n t ib o d y  in the  sam ple  ta k e n  on the  
19th day . The T H B A b  t i t re  of th e  same sam ple  was 1 : 2. One m a n  (p a t ie n t  
No. 9 in group 11) h a d  an tibod ies  to  the  SF  in th e  sam ple  ta k e n  on th e  4 th  day  
(T H B A b t i t re ,  1 : 16). All th e  o thers  were nega tive .

A m ong  the  6 6  T H B A b -n e g a t iv e  p a t ie n ts  te s te d  for allogeneic an tigens ,  
3 had  an tibod ies  to  b o th  M iF and  N F . All th e  o th e r  tes ts  were n eg a t iv e .

P atients follow ed up  after discharge. T h ree  h u n d re d  and  seven ty -one  
p a t ie n ts  were exam ined  for T H B A b  1 to 2 m o n th s  a f te r  hav ing  left th e  h o sp i ta l  
(Table IV). F rom  p a r t  of th e m  serial sam ples were available . T H B A b  was 
d em o n s trab le  in the  serum  of 37, an d  29 se rum  sam ples were AC. B o th  T H B A b  
a n d  AC ac t iv i ty  was th e  m os t  f req u en t  in a d u l t  m ale  pa t ien ts .

F if teen  m ale p a t ie n ts  were te s ted  b o th  in th e  acu te  phase  a n d  a f te r  
d ischarge. Of these 9 were consis ten tly  nega tive  for T l lB A h ,  5 were n e g a t iv e  in
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Tabic IV

P atients followed up after discharge

TH BA b Anti-
No. of
cases
tested

Group negative positive
complementary

sera

No. N o. per cent No. per cent

Children 2— 15 years 60 2 3 2 3 64

M en 16— 80 years 139 28 15 19 10 186
W om en  16—80 years 106 7 6 8 7 121

T ota l 305 37 10 29 8 371

t h e  a c u te  phase, b u t  T H B A b  was d em o n s trab le  in th e ir  se rum  on th e  96th , 
14 0 th ,  62nd, 60th and  116 th  d a y  after  onset, re spec tive ly .  In  one case T H B A b  
w as  p re se n t  from th e  1 0 th  to  th e  84th day, i.e. ove r  a period  of a t  least 75 days. 
F ro m  32 male p a t ie n ts  o n ly  a convalescence sam p le  was availab le . O f these  
f o u r  p ro v e d  to  be p o s i t ive .  I n  one case T H B A b  w as p re sen t  over a t  leas t  100 
d a y s .

T w elve  female p a t i e n t s  were tested b o th  in  th e  acu te  phase  and a f te r  
d isch a rg e .  Of these n ine  w ere  consistently  n e g a t iv e ,  two h a d  T H B A b  only  in 
t h e  h o sp i ta l ,  whereas one h a d  th e  f irst pos i t ive  sam ple  on th e  8 6 th  d a y  a f te r  
onse t .

T h e re  was no a p p re c ia b le  re la tionship  b e tw e e n  th e  leng th  of  a n t ib o d y  
p e rs is te n c e  and  the  course  o f  th e  illness.

F if teen  children, 38 m e n  and  20 w o m en  w ere  exam ined  for allogeneic 
a n t i - l iv e r  antibodies a f te r  d ischarge. All th e  73 p a t ie n ts  including 37 T H B A b -  
p o s i t iv e  ones proved  to  he  nega tive .

Chronic hepatic diseases. Of 6 8  cases o f  ch ron ic  p e rs is ten t  h e p a t i t i s ,  33 
(4 9 % )  p ro v e d  to  he H B A g -p o s i t iv e .  Five, inc lu d in g  one who also h a d  H B A g, 
w ere  pos i t ive  for H B A b . T h u s ,  37 pa t ien ts  (54% ) m a y  be considered positive  
for  t h e  H B  system. O f th e  37 p a t ie n ts  17 (46% ) h a d  T H B A b  in the ir  se rum  and  
25 (6 7 %  !) h ad  AC se ru m . F o u r teen ,  12 a n d  7 p a t ie n ts  h a d  allogeneic a n t i ­
b od ies  to  th e  liver cell f ra c t io n s  NF, MiF, a n d  S F , respectively .

T e n  pa tien ts  suffe r ing  f rom  chronic aggressive hep a t i t is  have  been  ex ­
a m in e d .  All proved to  be  H B A g-positive ,  tw o  H B A b-pos it ive  a n d  five h ad  
T H B A b .  All had allogeneic  antibodies  to  th e  S F  a n d  eight to  N F  as well.

O f  th e  49 p a t ie n ts  w i th  hepa tic  cirrhosis 22 (45% ) p roved  to  be H B A g- 
p o s i t iv e ,  and  five H B A b -p o s i t iv e ;  of these 27 p a t i e n t s  17 p roved  to  be positive  
fo r  T H B A b .  The freq u en cy  o f  allogeneic an t ib o d ie s  was similar to  t h a t  for p a ­
t i e n t s  w i th  chronic p e r s i s te n t  hepatit is .

I n  H BA g-positive  (or  H B A b-positive)  ch ron ic  hepa tic  disease, T H B A b  
p o s i t iv i ty  was considerab ly  m ore  frequen t  t h a n  in  th e  p a t ie n ts  w ith  acu te
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h ep a ti t is  followed u p  a f te r  discharge. A m ong  th e  74 chronic  cases pos i t ive  for 
H B A g or H B A b  39 (53% ) h ad  a l s o T I I B A b  in se rum .

Mean age of th e  p a t ie n ts  suffering from chron ic  aggressive h e p a t i t i s ,  
chronic p e rs is ten t  h ep a t i t is  and  hepa tic  cirrhosis  was 41, 51 and 58 y ea rs ,  r e ­
spectively.

Table V

Laboratory results fo r  chronic cases

Group
No. of
cases
tested

bß
<

AC TH
BA

b
Sero­

negative
Positive

allogeneic
‘or
ab

AC -f 
allo- 

geneic 
ab

THBAb
+alloge­

neic ab
AC-f

THBAb Mean
age

p o s live SF MiF NF Pо s i t i V e

«) Chronic persis ten t  h ep a t i t i s

Females 46 21 3 17 9 14
5  1  7

9 7 4 3 49
Males 22 12 2 8 8 8 2 5 5 3 4 5 55

Total 68 33 5 25 17 22 7 1 12 14 10 8 8 51

b) Chronic aggressive h epat i t is

Fem  ales 6 6 1 5 ! 2 0 6 I  5 5 5 2 1 39
Males 4 4 1 3 3 0 4 4 3 3 3 3 42

Tota l 10 10 2 8 5 0 10 9 8 8 5 4 41

c) Liver cirrhosis

Females 14 6 2 8 5 5 3 4 5 4 2 3 63
Males 35 16 3 19 12 6 3 4 4 4 3 8 56

Total 49 22 5 27 17 и 6 8 9 8 5 11 58

As shown in T ab le  V, th e  f requency  o f allogeneic  an tibodies a n d  o f  m u l ­
tiple pos i t iv i ty  was m uch  h igher  in chronic  aggressive  hepa ti t is  th a n  in e i th e r  
chronic p e rs is te n t  hep a t i t is  or h epa tic  c irrhosis.

Discussion

T he  CF te s t  for th e  d em o n s tra t io n  of  T H B A b  is less sensitive t h a n  im m u -  
no-electron m icroscopy . Besides, 16%  of th e  p a t i e n t s  in the  acu te  p h a s e  of 
hep a t i t is  a n d  8 %  of th e  convalescents  h a d  AC a c t iv i ty  and /o r  H B A b in th e i r  
serum and  th e se  m ig h t  h av e  m asked T H B A b .  T h u s  th e  num ber  of T H B A b -  
positive p a t ie n ts  m u s t  have  been higher t h a n  t h a t  registered  in th e  p re se n t  
s tu d y .  In  spite  of th is ,  it  seems to  be ju s t if ied  to suppose  th a t  pa t ien ts  w ho  h a d  
dem onstrab le  T H B A b  in th e ir  serum early  d u r in g  th e  acu te  phase of  th e i r  ill­
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ness, p e rh a p s  a lready  in th e  prodrom ic  pe r io d  (group  I in T able  I I I ) ,  t e n d e d  to  
r e c o v e r  earlier  th a n  those  developing T H B A b  la te r  or no t  a t  all. S upposed ly , 
t h e  a p p e a ra n c e  of T H B A b  a t  an  ad e q u a te  t im e  m a y  he favourab le , w hereas  its 
i n a d e q u a te  ap p earan ce  a n d /o r  re la tive ly  long  persistence m a y  he d i s a d v a n ta ­
geous, fo r  th e  course o f  th e  disease. In  acco rd an ce  with this , in all th e  th ree  
f a ta l  cases T H B A b  was d e m o n s t ra te d  in one or more serum  sam ples .  This  
seem s to  he a m echanism  resem bling  t h a t  sugges ted  for H B A b in th e  p a th o -  
m e c h a n is m  of h ep a t i t i s  B.

I n  some cases T H B A b  was d e m o n s t ra b le  for long periods of  t im e .  T he  
p r e s e n t  d a ta  failed to  p rov ide  evidence o f  a re la tionship  b e tw een  T H B A b  
p e rs is te n c e  and  th e  course of  th e  disease. T h e  fac t  th a t  allogeneic an t ib o d ie s  
o c c u r re d  in  T H B A b -p o s i t iv e  a n d  T H B A b -n e g a t iv e  pa tien ts  a t  a p p ro x im a te ly  
th e  s a m e  frequency  speaks ag a in s t  such a re la t ionsh ip .  On th e  o th e r  h a n d ,  th e  
h ig h  inc idence  of T H B A b  in th e  chronic cases seems to be in acco rdance  w ith  
t h e  v ie w  t h a t  th e  pers is tence  of T H B A b -p o s i t iv i ty  m ay be an  u n fa v o u ra b le  
sign.

Tn th e  m ateria l  o f  B o n d  and  H a l i . [ 6 ]  th e  ra tio  of 20-nm  p a r t ic le s  to  
4 5 -n m  part ic le s  was e s t im a ted  a t  1000 : 1. O u r  p rep a ra t io n  te c h n iq u e  was 
fa v o u ra b le  to  th e  45-nm  partic les  as show n b y  th e  electron m ic ro g rap h s  in 
o u r  p re v io u s  s tu d y  [2]. I t  w as also shown t h a t  th e  H BA g CF a c t iv i ty  becam e 
w e a k e r  d u r in g  p re p a ra t io n .  I n  th is  re d u c t io n ,  besides the  lower a n t ig en ic i ty  
of t h e  la rg e r  partic les, th e  loss of p ro tec t iv e  colloids m ight h ave  p la y e d  a role 
[6 , 7].

T h e  fac t  t h a t  T H B A b  was found  in  t h e  se rum  of one- th ird  of  th e  acu te  
H B A g -p o s i t iv e  p a t ie n ts  a n d  in 50%  of th e  chronic  cases suggests  t h a t  the  
c a r r ie r  o f  th e  T H  В Ag, i.e., t h e  large pa r t ic le  m ig h t  p lay  a role in  th e  p a th o -  
m e c h a n is m  of th e  H B A g-posit ive  cases of  h e p a t i t i s .

D e m o n s t ra t io n  a n d  follow-up of T H B A b  in  th e  serum of p a t i e n t s  w ith  
a c u te  h e p a t i t i s  a n d  of those  w ith  chronic  h e p a t ic  disease m ig h t  se rve  as an  
a d d i t io n a l  tool in  u n d e rs ta n d in g  th e  p a th o m ec l ian ism  and , p e rh a p s ,  in the  
d if fe ren t ia l  diagnosis o f  these  diseases.

A d d en d u m . J .  0 .  N i e l s e n  et al. [New Engl.  J .  Med. 228, 484 (1973)] have  re ce n t ly  show n 
t h a t  D a n e  par tic les  occurred in the  serum  of chronic  h e p a t i t i s  pa tients  more f r eq u e n t ly  t h a n  in 
t h a t  f ro m  m ild  acu te  cases or  h e a l th y  donors. S u p p o s in g  t h a t  antibodies a g a in s t  in trace l lu la r  
a n t ig e n s  a re  n o t  p roduced  unless these  antigens a re  re leased ,  this morphological o b se rv a t io n  
is in acc o rd an c e  w ith  our  serological results  in t h a t  a n t ib o d ies  to Dane particles h ave  been  found  
m ore  f r e q u e n t ly  in chronic  t h a n  in a cu te  cases.
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WII()U<: body  COUNTINí; OK п о т о м  in KUMI-
N ATI ON IN ENDOTOXIN-TOLERANT AND CONTROL

MICE

G. D e se ő , В. Cs a b a , S. S ipk a  ami J .  Csongor

Institute o f  Pathophysiology, l niversity Medical School, Debrecen 

(R ece ived  M arch 15, 1975)

Summary. T olerance w as in duced  in mice by  en d o to x in  p re tre a tm e n t, an d  th e  e lim i­
n a tio n  of 32P -e n d o to x in  has been  s tu d ied  w ith  whole bod y  c o u n tin g . T he en d o to x in  d isap p eared  
slow er from  an im als  d isp lay ing  increased  to lerance an d  h ig h er su rv iv a l ra te .

Studies  on th e  e lim ina tion  of endo tox in  h ave  been  dealing so fa r  w ith  the  
d isap p ea ran ce  of d ifferent iso tope-labelled  e n d o to x in s  from blood a n d  w ith  
th e i r  d is t r ib u t io n  in th e  organ ism  ( 1—3].

In  the  p re se n t  s tudies  th e  corre la tion  b e tw een  th e  effective half life (TCff) 
o f  32P  labelled endo tox in  a n d  th e  endo to x in  to le rance  of mice has been  inv es t i ­
ga ted .

Labelling  w ith  32P  of Escherichia coli endo to x in  was done by b io syn thes is ;  
a m e th o d  w hich  ensured  th e  m ost  s table  labelling  [ I ].

T he k inetics  o f  e lim ina tion  was s tud ied  in  vivo  by m eans of  th e  whole- 
body -co u n t in g  techn ique ,  on th e  basis of s t ro n g  b e ta  par tic les  induced  hrem s- 
s t ra h lu n g  deve loping  in th e  tissues of mice [5 7].

M a te r ia ls  an d  m e th o d s

Animals.  Fem ale  mice of ou r ow n s tra in , w eighing 20 to  25 g were used. T he an im als 
were g iven  m ouse chow  an d  w a te r  ad libitum.

Preparation o f  endotoxin.  F o r p re tre a tm e n t, e n d o to x in  w as p rep ared  w ith  the  tech n iq u e  
of Hoi v i n  an d  M e s r o b e a n u  [8] from  Escherichia coli 01 2 4 . T he Ы ) 50 of the e n d o to x in  was 0.5 
ml. 3“P  labe lling  was carried  o u t  by  th e  b iosyn thesis tech n iq u e  of S z a b ó  et al. | 4 |  as m odified  
by  D z v o n y á r  et al. [ 3 ] .  A ccording to  th is  m odification , th e  !\а.Л1:,2Р О , w hich p ro v id ed  the  
labelling  as well as ensu red  th e  p H , was ad ded  to  the  sh ak e  c u ltu re . T he co u n t ra te  o f I ml 
d ried  en d o to x in  w as 5X  105 cpm  as d e te rm in ed  in th e  GM tu b e . T ak in g  in to  co n sid era tio n  the 
degree of efficiency of the  m easu ring  assem bly , specific a c t iv ity  was 0.535 //Ci/0.1 ml. T he 
labelled  en d o to x in  co n ta in ed  L D 70/24 h r in 0.2 ml.

Measurement o f  32P  endotoxin disappearance.  T he e lim in a tio n  of labelled  en d o to x in  was 
e s tim a te d  in vivo  by whole body co u n tin g . W hole bod y  c o u n tin g  rep re sen ts  a te c h n iq u e  by 
w hich  the  ra d io ac tiv e  rad ia tio n s  em erg ing  from  the  live o rgan ism  are m easured  w ith  g eo m e try  
fac to rs  and  effic iency  is d e te rm in ed  in a 4n  or sm aller angle. In th e  ex p erim en ts , th e  brem s- 
s tra h lu n g  of h igh  en erg y  3!P b e ta  p a rtic les  was d e tec ted  w ith  an  effic iency  of )] 4.2 X 10 2.
U sing a lead  co llim a to r designed a t  o u r In s t i tu te  [7], a o n e -c ry s ta l to ta l  body c o u n te r  w ith  
reduced  b ack g ro u n d  was co n stru c ted  (F ig . I) w hich, w hen a p p ro p ria te  d e tec to rs  were app lied , 
was su itab le  fo r th e  m easu rem en t o f m iddle and low en erg y  у  ra d ia tio n  as well as o f b rem s- 
s trah lu n g . T he sm allest dem o n strab le  a c tiv ity  (A m) of b re m sstrah lu n g  induced  by :i2P  b e ta  
p a rtic les  was A m =  3 . 5 x l 0 ~ 2 /tCi in th e  m easuring  assem b ly , as ca lcu la ted  by  th e  e q u a tio n ,
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w h ere  к  rep resen ts th e  sa fe ty  fa c to r  (k 3 in o u r case); s =  ерш , co rresp o n d in g  to 1 /^Ci; 
t  =  m e a su rin g  tim e in m in u te s ; В =  cpm  of th e  b ack g ro u n d .

W e succeeded in m easu rin g  in  vivo th e  d isap p earan ce  k inetics o f h ig h -energy  pu re  be ta - 
a c tiv e  n u c lid es and th a t  o f p ro te in s  an d  p o lysaccharides labe lled  w ith  th em , b y  p ro d u c in g  an 
e n d o to x in  of high specific a c t iv ity  a n d  by  increasing  th e  level o f de tection .

Treatm ent. E lim in a tio n  o f  32P  labelled  e n d o to x in  has been s tu d ied  in th re e  groups of 
m ice , a f te r  physiological sa line  a n d  u n labelled  e n d o to x in  tre a tm e n t. E ac h  g ro u p  consisted  of 
26 a n im a ls . Mice of th e  f ir s t  g ro u p  w ere given 0.1 m l o f physio logical saline in tra p e rito n ea lly . 
T he seco n d  group was tre a te d  in tra p e rito n e a lly  w ith  0.1 ml o f ten fo ld  d ilu te d  en d o to x in , con­
ta in in g  L D jo/ 24 hr in 0.5 m l, th u s  w ith  th e  f if tie th  p a r t  o f L D fl50/24 hr. A nim als o f  th e  th ird  
g ro u p  rece iv ed  by the  sam e ro u te  0.1 ml u n d ilu ted  en d o to x in , i.e., one f if th  L D 50/24 hr. The 
t r e a tm e n t  was given every  o th e r  d a y , on 6 occasions. T he degree, o f e n d o to x in  d ilu tio n  is p re ­
se n te d  in  T ab le  I. Two d ay s a f te r  th e  la s t tre a tm e n t each  group  was in jec ted  in tra p e rito n ea lly  
w ith  0.2 m l o f 32P -endotox in . A c tiv i ty  was m easured  in th e  whole body c o u n te r  2 h r a f te r  t r e a t ­
m e n t on  fiv e  consecutive d ay s. T h e  e lim in a tio n  curve  w as p lo tte d  from  th e  d a ta  o f anim als 
su rv iv in g  five  days. A lthough  o n ly  4 o f th e  con tro ls a n d  10 an d  16 of th e  to le ra n t  an im als  lived 
on th e  la s t  d ay , the curve cou ld  s till  he p lo tted , as th e  h ig h es t an d  low est va lues for th e  d ifferen t 
g ro u p s  d id  n o t overlap.

F ig. 1. D iag ram  of m easu rin g ^assem b ly : A = T im e-sw itch  ch ro n o m ete r (accu racy  10 4 s/hr); 
В =  D e ca d a l counter (S iem ens sy s te m ); C L ead sh ie ld  for d e tec to r; D R o en tg en -c ry s ta l 
d e te c to r  (T ype 3 S 114055); E  L ead  wall of whole bo d y  c o u n te r co llim a to r, th ick n ess: 35 m m ; 
F  — C o n ta in e r  made of 0.2 m m  th ic k  plexiglass en su rin g  c ircu la r trac k  for th e  an im a ls , p ro v id ­

ing th u s  s ta n d a rd  m easu rin g  geom etry

(•/.)

1 0 2- 

5 -

Ю1-

5 -  Teff 1/2= J
6 6  h

Te ff  1 / 2 r 4 8 h

---------------- 1--------------1------------- — I--------------r 1-------------- 1—  — ►

I 2 3 U 5 days

F ig . 2. E ffec tiv e  half-period  o f 32P -e n d o to x in  in m ice. D e te rm in a tio n  of th e  e ffec tive  h a lf­
p e r io d  o f  32P -endotox in , in m ice m ad e  to le ra n t to  d iffe re n t degrees and  in co n tro ls. Sem i-loga- 
r i th m ic  p re sen ta tio n  of pu lses c o u n te d  2 h r a fte r 32P  e n d o to x in  t re a tm e n t. C =  co n tro l g roup; 
1/10 =  g ro u p  p re trea ted  w ith  0.1 m l o f tenfold  d ilu ted  e n d o to x in  co n ta in in g  L D 50/24 h r in 0.5 
m l; 1/1 =  group  p re trea ted  w ith  0.1 ml of u n d ilu ted  e n d o to x in  co ta in ing  L D 50/24 h r  in 0.5 ml

Teff 1/2 =99h
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Results

T he effective half-life of 32P  labelled e n d o to x in  was the sh o r te s t  in the  
contro l group, longer in an im als  p re t re a ted  w i th  d i lu ted  endotoxin  a n d  longes t  
in th e  an im als  t r e a te d  w ith  u n d ilu ted  en d o to x in  (Fig. 2).

T he  0.2 ml q u a n t i ty  o f  3 2 P -endo tox in  e q u a l led  L D 7u/24 h r in th e  an im als  
p r e t r e a te d  w ith  physiological saline. E n d o to x in  p re t r e a tm e n t  was fo u n d  to  
reduce  th e  le th a l i ty  ra te .  D ilu ted  endo tox in  in d u c e d  a m odera te ,  an d  u n d i lu te d  
endo tox in  p re t r e a tm e n t  a p ronounced , to le ran ce  of the  labelled en d o to x in .  
R esu lts  are sum m arized  in Tab le  I.

T ab le  I

The effect o f  pretreatment with diluted and undiluted endotoxin

Treatm ent
No.

of animuls
No.

of survivors Teff(hr)

Physiological saline contro l 26 4 48

1 : 10 d ilu ted  endotox in 26 10 66

U ndilu ted  endotox in 26 16 99

Discussion

T h e  use of labelled endo tox in  of high specific  ac t iv i ty  and o f  t h e  m ost  
su i tab le  d e tec to r  a llowed re l iab ly  to  follow th e  elim ination of 3 2 P -e n d o to x in .  
I t s  q u a n t i ty  was d e te rm in ed  by  th e  specific a c t iv i ty  and  the  efficiency o f  the  
m easuring  assem bly . T he  effective half-life o f  3 2 P -e n d o to x in  was p ro lo n g ed  by  
inac tive  endo to x in  p r e t r e a tm e n t  which dec reased  th e  le tha li ty  r a te  a n d  in ­
creased the  endo to x in  to le rance  of the  an im als .

These resu lts  in  vivo  h av e  su p p o r ted  th e  f ind ings obta ined  in iso la ted  
organs [ 1 ], ind ica t ing  t h a t  th e  t issular f ix a t io n  of  phag o cy ted  e n d o to x in  p a r ­
ticles increased in consequence  o f  an a c t iv a t io n  of th e  re t icu lo -endo thel ia l  
system  b y  endo to x in  p r e t r e a tm e n t  [2, 9 -1 1 ] .

A close connec tion  was found  be tw een  th e  increase  of to lerance on  e n d o ­
to x in  t r e a tm e n t  an d  of th e  effective half-life o f  endo tox in . Owing to  th e  in ­
creased R E S  ac t iv i ty  th e  endo tox in  d isa p p e a re d  slower from the  o rg an ism  
d isp lay ing  an  increased to lerance .
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ANTIVIRAL EFFECT OF 1 - AM INO AD AM AN TA N F 
DERIVATIVES IN VITRO

L. VÁczi, O lga H .  H a n k o v s z k y , K. H id e g  and G. H a d h á z y

Institu te  o f  M icrobiology, U niversity  M edical School, Debrecen and Central Laboratory, 
U niversity  M edical School, Pécs

(R ece iv ed  A pril 13, 1973)

Sum m ary . In h ib itio n  b y  1 -a m in o ad a m an ta n e  d e riv a tiv e s  of th e  re p ro d u c tio n  of the 
in flu en za  A (H 2N 2)S ingapore(l)57  a n d  p a ra in f lu e n z a -1 (Sendai) v iruses in ch ick en  cho rio a llan ­
to ic  m em b ran e  has been in v es tig a ted . N -m eth y len e  a ry l d e riv a tiv e s p ro v ed  to  be  less effec­
tiv e  th a n  1 -am in o ad am an tan e  hydro ch lo rid e . The a n tiv ira l a c tiv ity  o f th e  fo rm er com ­
p o u n d s depends on the su b s titu tin g  a ry l rad ica l. T he th io g lyco lla te  o f 1 -a m in o ad a m an ta n e  was 
fo u n d  to  be as active  as, an d  its  m ercap to p ro p io n a te  sligh tly  m ore a c tiv e  th a n , th e  h y d ro ­
ch loride.

1 -A m in o ad am an tan e  (am an  ta  din e) wa s f irs t  syn thes ized  in  1941 [1]. 
I t s  a n t iv ira l  effect was described in 1964 [2]. T he  com p o u n d  was fo u n d  selec­
t iv e ly  to  inh ib i t  in  vitro a n d  in  ovo some m em bers  of th e  M y x o v iru s  group , to 
th e  h ighes t  degree some s tra in s  of  in fluenza  A virus, and  to  e x e r t  a p ro tec t ive  
effect in  vivo in mice in fec ted  w i th  in fluenza  virus.

A p ro tec t iv e  effect was also d e m o n s t ra te d  in field tr ia ls  ca rr ied  o u t  during 
ep idem ics caused by  in fluenza  A /I I2N 2  v irus  s tra ins. In  su b je c ts  t r e a t e d  w ith  
a m a n ta d in e  th e  clinical p ic tu re  was m ilder, th e  course of th e  illness s h o r te r  and  
th e  f requency  of com plica tion  low er th a n  in th e  control g ro u p s  [ 3 -9 ] .  The 
d ru g  seems to  be less effective a g a in s t  th e  s tra ins  con ta in ing  H 3 h a e m a g g lu t in in  
(so-called H ong  K ong v irus  s tra ins) .

R ecen tly ,  n um erous  a m a n ta d in e  deriva tives  have  been  sy n th es ized .  Of 
these ,  r im a n ta d in e  (a lp h a -m e th y l- l -a d a m a n ta n e -m e th y la m in e )  p ro v e d  to  he 
m ore  effective in  vitro t h a n  a m a n ta d in e  [ 1 0 ] a n d  it  seem ed to  h a v e  a p ro p h y ­
lac tic  a n d  th e rap eu t ic  effect in v o lun tee rs  in fec ted  w ith  in f lu en za  A /H 2N 2 
v iru s  [ 1 1 , 1 2 ].

M ateria ls  and  m ethods

Tissue  culture. C horioallan to ic  m em b ran e  (СЛМ) frag m en ts  fro m  e m b ry o n a te d  h e n ’s 
eggs su rv iv in g  in a m edium  c o n ta in in g  p h o sp h a te -b u ffe red  saline, glucose a n d  eg g -w h ite  [13].

Viruses. T he stra in s  in flu en za  A (H 2N 2)S ingapore(l)57  an d  p a ra in f lu e n z a -1  (Sendai) 
w ere m a in ta in ed  in  serial a llan to ic  passages in  chick em bryos. T he a lla n to ic  f lu id s co n ta in in g  
v iru s  w ere s to red  a t  70°C.

Chemicals. C hem ical s tru c tu re , em p irica l fo rm ula  an d  m olecu lar w e ig h t o f  th e  com pounds 
u n d e r  s tu d y  are show n in T ab le  I /A .T h e  p ro ced u res app lied  in th e ir  sy n th esis  w ill be  p u b lished  
e lsew here.
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T o x ic ity  tests. T a m m ’s m e th o d  [14] was slightly  m o d ified  b y  us. A CAM frag m e n t was 
p lac ed  in  1 m l m edium  w ith  o r w i th o u t  th e  com pound to  be  te s te d  a n d  th e  tu b es  were t ig h tly  
s to p p e re d . E ac h  d ilu tion  o f th e  c o m p o u n d s  was tes ted  in fo u r p a ra lle l cu ltu res . The tu b es  were 
in c u b a te d  u n d e r  shaking fo r 40 h r  a t  35°C. M acroscopic ch an g e  in  th e  CAM frag m en ts  was 
re g a rd e d  as an  ind icator o f to x ic  e f fe c t [14].

A n tiv ira l activity. H o r v a t h ’s [13] rolling d rum  m e th o d  w as u sed  for th e  d e te rm in a tio n  
of a n t iv i r a l  a c tiv ity ; 0.5 m l m e d iu m  (co n ta in in g  a given d ilu tio n  or no n e  of th e  com pound  to  be 
te s te d ) ,  m in ced  CAM tissue in one  d ro p  m edium  and  0.1 m l v iru s  d ilu tio n  were p laced  in  each 
v ia l. E a c h  com bination  o f v iru s  a n d  d rug  d ilu tions was te s te d  in  e ig h t p a ralle l cu ltu res . The 
c o m p o u n d  to  be tested  an d  th e  v iru s  w ere added a t  a p p ro x im a te ly  th e  sam e tim e. A fte r  incu ­
b a tio n  a t  37°C the  h a e m a g g lu tin in  t i t r e  o f the  m ed ium  w as d e te rm in e d  in T a k á t s y ’s [15] 
M ic ro ti t r a to r  tray s . In fe c tiv ity  t i t r e s  were com puted  by  th e  R eed -M u en ch  form ula . T he a n ti­
v ira l  e ffe c t was calculated  fro m  th e  d ifference betw een  th e  c o n tro l t i t r e  and  th e  t itre  o b ta in ed  
in  th e  p re sen c e  of the  d rug  a n d  e x p re ssed  in  log10 u n its . In h ib it io n  b y  1 log t0 u n it  or m ore has 
b e en  c o n sid e red  significant.

T h e  selective a n tiv ira l  e f fe c t is expressed  by  th e  a c t iv i ty  in d ex  (A I), i .e . . the  q u o tie n t

c o n c e n tra t io n  causing tw o-cross to x ic i ty  e ffec t 
th e  lo w est co n ce n tra tio n  ex ertin g  a n  a n tiv ira l  effect

T h e  lim it of error is e s t im a te d  a t  î  2.

R esults

T h e  an tiv ira l  effect o f  25 1 -a m in o a d a m a n tan e  de r iv a t iv e s  was exam ined  
in  CAM s in  vitro, using in f lu e n z a  A /H 2N 2/S ingapore ( l)57  a n d  parainfluenza-1- 
(S en d a i)  s tra ins as te s t  v i ru se s .

T h e  s truc tu ra l  a n d  e m p ir ic a l  formulae an d  m o lecu la r  w eights  are p resen t-  
e d in T a b le s I /A ,  I/B  a n d l / C .  T h e  ac t iv i ty  indices a re  show n  in Tables I I /A  and 
11/B.

D iscussion

T h e  para influenza-1  (Sendai)  virus need ed  a h igh  concen tra t io n  (25 
p g /m l)  to  he inh ib ited  in  m u l t ip l ica t io n  an d  th e  a c t iv i ty  indices were too  low 
to  h e  u s e d  for com parison . F o r  th is  reason, th e  e ffec t on th e  an t iv ira l  ac t iv i ty  
o f  c h a n g e s  in chemical s t r u c t u r e  are discussed on ly  in  re la t io n  of th e  influenza 
А/ l l2N 2/S ingapore( l)57  s t r a in .

A . T he  N -m ethy lene  a ry l  derivatives p ro v e d  to  he less ac tive  th a n  
1 -a m in o a d a m a n tan e  h y d ro c h lo r id e  itself. The a c t iv i ty  o f  these  deriva tives  was 
d i f fe re n t ly  modified b y  th e  d iffe ren t  aryl rad ica ls .

(1) As com pared  to  t h e  N-benzyl d e r iva tive  (H-1265) a su b s t i tu t io n  in 
Lhe o r th o  position by  an  O H  (11-1246) or N 0 2  (H -1332) rad ica l  resu lted  in a 
4 -fo ld  a n d  15-fold increase  in  a c t iv i ty ,  respectively .  T h e  a c t iv i ty  index  of the  
o r th o  Cl derivative (H-1275) is low owing to  th e  h igh  to x ic i ty  of th is  com pound .

(2) The ac t iv i ty  in d e x  o f  th e  2 -h y d ro x y b en zy l  de r iv a t iv e  (H-1246) was 
r e d u c e d  b y  subs ti tu t ion  w i th  a m e th o x y  group on th e  o r th o  position (H-1333). 
T h e  d im e th o x y  de r iva tives  (H -1338, H-1339 a n d  H -1340) were even less active.

(3) The ac t iv i ty  o f  t h e  C l-substitu ted  b e n z y l  de r iva tives  (H-1342, 
H -1 2 7 5 ,  H-1334 and  H -1267) w as  considerably in f lu en ced  b y  th e  position  of the
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Table I/A
Chemical characterization o f  the compounds 

(A) D eriv a tiv es w ith chem ical s tru c tu re

> M l  -C M , RЛ У

Désignai inn К
Em p ir ica l

fo rm ula

Molecular

weight

II 1205 C itI1j :iN- I K ’I 277.85

И 1240 -О C ,7H j : ,NO-IIC| 293.84

IK)

II 1275 0 C l7H 22Cl X I i n 312.28

Cl

II 1 Ж

и m:i

и m s

II | : ш

il um

 ̂ / /
o2x

H O  ОСИ:,

CII3O ОСИ:,

\  //
( ) C I I 3

('11:0

CH:,О

OCH:,

Cl

11 I 3 3 4 Cl

ci

CVHsaXsOa-IICI 322.84

C t s l l j . X O  - HCI

('  11,M2"N(>2* MC) 337.89

C 10H 27N O 2 HCI 337.89

C|-..H27 . \0 - ' I IC I  337.89

C 17| | 22C| N-HCI

C I7H 2,0I2N H C |  340.73
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T ab le  I/A  c o n tin u e d

D e s ig n a t io n R
E m p ir ic a l

fo r m u la .

M o lec u la r

w e ig h t

H — 1267

CI

9
Cl

C u H î i CIüN -H C I 346.73

H — 1324 - Ч ^ ^ - С И з c ,»h 25 n -h c i 291 .86

H — 132(1 ^ / )— N  (C H s )2 С и н а г о г - Н С ] 322.84

H — 1335 - < Q b o c 2 H „ ( ’19H 27N O  • H ( '1 3 21 .89

H - 1 2 5 0 ^ ) —N H C O C H 3 f ’iü H 2 « N 2 0 -HC’l 334.89

H — 1331 C i9H 27N -H C 1 3 0 5 .8 9

H — 1243 —O c ,9 h 25 n - h c i 303.88

H — 1241 ' яN  C H 3

C i 7H 24N 2-2 H C 1 329.21

H — 1237 9
N

C ,eH 2 2N 2-2  H C l 3 1 5 .2 9

H — 1238 9
N

C ioH 22N 2 tHC1 315.29

H — 1239 4>n C i« H 22N 2 -H C I 315 .29

H — 1247 Vs
C isH î i N R  • H C l 283.86
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Table I/B

Chemical characterization o f  the compounds 

(В) D erivative  w ith  chem ical s tru c tu re

/ \
S Nil <’H2 К

V V

Designation R Empirical formula Molecular weight

H 1264 - Q C, , l l leNO  ■ HC1 241.76

HO

Table I/C

Chemical characterization o f  the compounds 

(C) D erivatives w ith  chem ica l s tru c tu re

Mb' X

Designation X Empirical formula Molecular weight

11 1242 l i s  C H , CDD c 12h 21n o 2s 243.37

II 1252 IIS  СИ COO
1

C H 3

c 13h 23n o 2s 257.39

1 -am i no-ad am an tané

HCl Cl CI0H 10N  ■ 11C1 187

su b s t i tu en t(s ) ,  an d  by  the ir  re la tive  pos i t ion  if  m ore  th a n  one Cl is su b s t i tu te d  
in a molecule . T h e  2,6-dichlorobenzyl d e r iv a t iv e  (H-1267) had  th e  h ig h e s t  ac­
t iv i ty  index  in view of its low tox ic i ty .

(4) S u b s t i tu t io n  on th e  p a ra  pos i t ion  o f  th e  benzyl g ro u p  (11-1324, 
11-1236, 11-1342, H-1335 and  H-1250) re su l te d  in reduced a c t iv i ty  as  com pared  
to  H-1265.

(5) An increase in  th e  length of  th e  cha in  l inking the  benzyl r in g  w ith  the 
am ino  group resu lted  in an  increased to x ic i ty  a n d  thus a low a c t iv i ty  index 
( il-1265 , 11-1331, 11-1243).
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Table II/A

A ctiv ity  indices o f  the com pounds

D esignation of 
derivative

Concentration 
causing 

two-cross 
toxic effect 

/ig/ml

Lowest an tiv ira l 
concentration ^g /m l A ctivity index

Influenza P arain fluenza Influenza P arainfluenza

H -1265 500 5 75 100 6

H -1246 1000 2.5 100 400 10

H -1275 125 5.0 50 25 2

H -1332 750 0.5 > 1 0 0 1500 < 7 .5

H -1333 750 15 75 50 10

H  1338 7 r 0 > 2 0 50 < 37.5 15

II 1339 250 > 2 0 75 < 12.5 3

11-1310 375 10 75 37.5 5

11-1342 180 15 25 12 7

11-1334 100 10 37.5 10 2

11 1267 2000 7.5 75 266 26

II 1324 375 1(1 25 37.5 15

11 1326 500 20 50 25 10

11-1335 375 > 2 0 37.5 < 18 .7 10

Table II/B

A ctiv ity  indices o f the com pounds

D esignation of 
derivative

Concentration 
causing 

two-cross 
toxic effeet

/ig/m l

Lowest antiviral 
concentration //g/m l A ctivity index

Influenza Parainfluenza Influenza Parainfluenza

11-1250 1000 25 200 40 5

I I I  331 50 10 25 5 2

11-1243 75 7.5 25 10 3

11-1241 1500 10 100 150 15

11-1237 3000 15 100 200 30

11-1238 3000 15 200 200 15

11-1239 4000 2.5 400 1600 10

11-1247 750 2 50 375 15

11-1264 1500 25 400 60 3

11-1242 1000 0.5 100 2000 10

11-1252 1500 0.25 100 6000 15

1-am inoadam an tane

IIC l 1500 0.5 50 3000 30
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(6 ) D erivatives  c o n ta in in g  a h e te ro a ro m atic  g roup  (H -1241, H-1237, 
H-1338, IT-1239 and  H-1247) in s tead  of th e  p h en y l  g roup  w ere  m ore  active 
t h a n  th e  pheny l d e r iv a t iv e  (H-1265). The 4 -py r idy l  d e r iv a t iv e  (H-1239) was 
16 t im es  as active as H-1265.

(7) The ac t iv i ty  in d e x  of th e  com pound  co n ta in ing  cyc lohexy l (H-1246) 
in s tead  of the  a d a m a n ty l  skeleton (11-1264), h u t  th e  sam e N -su b s t i tu e n t  
(N -o rtho -hydroxy-benzy l)  was v e ry  low.

B. The th iog lyco la te  of  1 -a m in o a d a m a n tan e  (11-1242) w as found  to be 
as ac tive  as its hydroch lo r ide .  T he  A I of th e  m e rc a p to p ro p io n a te  of  th e  basis 
( 11-1252) on the  o th e r  h a n d  was twice as h igh as t h a t  of th e  hydrochloride .

Acknowledgement. T he a u th o rs  are in d eb ted  fo r th e  fin an c ia l su p p o r t  o f the  EGYT 
P h arm aco ch em ica l W orks, B u d a p es t.
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SEROLOGICAL RELATIONSHIP BETWEEN PSELDO- 
VI ON AS AERUGINOSA AND ENTEROBACTERIACEAE

I I .  R E L A T IO N S H IP  O F  PSEU D O M O N A S A E R U G IN O S A  О A N T IG E N S  TO 
E S C H E R IC H IA , S H IG E L L A , P R O T E U S , M O R G A N E L L A , R E T T G E R E L L A  A N D

P R O V ID E N C IA

В. Lá n y i , S. V örös and Ma r i a  Ж. Á dám

N a t i o n a l  I n s t i t u t e  o f  P u b l i c  H e a l t h ,  B u d a p e s t  a n d  I n s t i t u t e  o f  M i c r o b i o l o g y , 
U n i v e r s i t y  M e d i c a l  S c h o o l ,  P é c s  

(R eceived  J u ly  26, 1973)

S um m ary . By ag g lu tin a tio n  and  c ro ss-ab so rp tio n  te s ts , 23 P s e u d o m o n a s  a e r u g i n o s a  
s tra in s  rep re se n tin g  all serological groups an d  su b g ro u p s  o f L a n y i ’s  an tig en ic  sch em a  were 
ex am in ed  for re la tio n sh ip  to 142 E s c h e r i c h i a  c o l i ,  43 S h i g e l l a ,  39 P r o t e u s  h a u s e r i ,  34 M o r g d -  
n c l l u  m o r g a n i i ,  36 R e t t g e r e l l a  r e t t g e r i  and  61 P r o v i d e n c i a  О an tig en  ty p e  s tra in s  o f in te rn a ­
tiona l an tig en ic  sch em a ta . R eac tio n s a t  titre s  1:160 o r above  in a t  least th ree  d iffe re n t serum  
b a tc h es  fo r each  a n tig en  w ere regarded  as rep re sen tin g  a re la tionsh ip . Л m a jo r b ila te ra l 
re la tio n sh ip  of th e  a ,b  a ,c  ty p e  was show n be tw een  E .  c o l i  0 2 6  and  P s .  a e r u g i n o s a  0 4 a ,4 d  
and betw een S. b o y d i i  7 an d  P s .  a e r u g i n o s a  ОЮ аДОЬ. M inor b ila te ra l re la tio n sh ip s  ex is ted  
be tw een  R .  r e t t g e r i  O la , l b ,  0 1 a , l c  and P s .  a e r u g i n o s a  0 3 a ,3 b , 0 3 c , 0 3 a ,3d, 0 3 a ,3 d ,3 e , 
0 3 d ,3 f  an d  be tw een  R .  r e t t g e r i  0 1 7  and  P s .  a e r u g i n o s a  0 3 a ,3 b , 0 3 a ,3d, 0 3 a ,3 d ,3 e , 0 3 d ,3 f. 
More im p o rta n t u n ila te ra l reac tio n s were (se ra /an tig en s): P . h a u s e r i  0 2 /P s . a e r u g i n o s a  ()7a,7b , 
0 7 a ,7 c ; P. h a u s e r i  0 2 0 / P s .  a e r u g i n o s a  0 3 a ,3 d ,3 e , 0 3 d ,3 f ;  P s .  a e r u g i n o s a  0 4 a ,4 b /S . d y s e n t e -  
r i a e  7, S .  f l e x n e r i  lb ,  S. f l e x n e r i  4aB , S. f l e x n e r i  6, S. b o y d i i  4, S. b o y d i i  6, S .  b o y d i i  9; P s .  
a e r u g i n o s a  0 4 a ,4 c /S . d y s e n t e r i a e  7, S .  f l e x n e r i  lb ,  S. f l e x n e r i  6 ,  S .  b o y d i i  9; P s .  a e r u g i n o s a  
()4a,4d /S . d y s e n t e r i a e  7, S .  f l e x n e r i  lb ,  S .  b o y d i i  4, S. b o y d i i  9; P s .  a e r u g i n o s a  0 8 / S .  f l e x ­
n e r i  lb ,  S .  f l e x n e r i  4aB ; S .  b o y d i i  5, S. b o y d i i  9; P s .  a e r u g i n o s a  O l l / S .  f l e x n e r i  l a ,  lb ,  4aB , 
3, Y; Ps. a e r u g i n o s a  0 2 J P .  h a u s e r i  0 2 2 ; P s .  a e r u g i n o s a  O lO aJ P .  h a u s e r i  0 3 9 ; P s. a e r u g i n o s a  
0 1 3 /M . m o r g a n i i  0 4 .

In a prev ious re p o r t  |1] we described () an tigen ic  re la tionsh ips  b e tw een  
Pseudomonas aeruginosa  and Salm onella—A rizo n a —Citrobacter .T h e  p re se n t  p a p e r  
repo rts  on fu r th e r  s tud ies  of Pseudom onas—Enterobacteriaceae an t igens .

M ater ia ls  an d  m e th o d s

B a c t e r i a l  s t r a i n s .  A  to ta l  of 142 E s c h e r i c h i a  c o l i  in te rn a tio n a l ty p e  s tra in s  re p re se n ted  
an tig en s 0 1  0 1 4 8 ; 43 S h i g e l l a  s tra in s  were used  as a n tig e n s  for S .  d y s e n t e r i a e  1 10, p rov isio n al 
se ro ty p es 3873-50, 2000-53, 3341-55, all S. f l e x n e r i  se ro ty p es  and  v a rian ts , S .  b o y d i i  1—15, 
p rov isional se ro ty p es 3615-53, 2710-54 and S .  s o n n e i  p h a se  1 and  2; 59 P r o t e u s  h a u s e r i  s tra in s  
were used  for О groups an d  sub g ro u p s of the  K a u f f m a n n - - P e r c h  schem a [2, 3]; th e  M o r g a n e l l a  
m o r g a n i i  an tig en ic  schem a of R a u s s  and  V ö r ö s  [4, 5] w as rep resen ted  by 34 ty p e  s tra in s ; 
the  R e t t g e r e l l a  r e t t g e r i  schem a o f N a m i o k a  and  S a k a z a k i  [6] by 36 type s tra in s ; fo r P r o v i d e n c i a  
groups 0 1  0 5 6  17 J an d  fo r g roups 0 5 7 -0 6 2  [8] a to ta l  o f 61 ty p e  stra in s  were em p lo y ed . The 
23 P s .  a e r u g i n o s a  ty p e  s tra in s  rep resen ted  all О g ro u p s  and  subgroups of L a n y i ’ s  schem a 
[9, 10].

I m m u n e  s e r a  were p re p are d  in ra b b its  w ith  E n t e r  o b a c t e r i a c e a e  an tigens h e a te d  a t  100 C 
for 2 V2 hr an d  w ith  P s .  a e r u g i n o s a  an tigens h e a ted  a t  75°C for 1 hr [9 |. Sera show ing  hom olo ­
gous t itre s  in th e  range  1:1280—1:10240 were used.

T u b e  a g g l u t i n a t i o n  was perform ed u su a lly  w ith  b a c te ria l suspensions h e a te d  f ir s t  a t 
100 C for 2 Уз h r in sa line  th en  a t  130°C for 1 h r in  g lycero l [9]. Screening e x a m in a tio n s  w ith 
E .  c o l i ,  M .  m o r g a n i i ,  R .  r e t t g e r i  and  P r o v i d e n c i a  a n tig e n s  were m ade w ith suspensions h e a ted  
a t 100°€ for 2 y2 h r  in saline. T he technique of tube  a g g lu tin a tio n  was described p re v io u s ly  [1].
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Results

M ethod o f  testing antigenic relationships. B ac te r ia  hea ted  f i rs t  a t  100°C, 
t h e n  a t  130°C were su itab le  fo r  d em o n s tra t in g  even  m inor  re la tionsh ips  b e tw een  
P s . aeruginosa  and  Salm onella—A rizona—Citrobacter [1]. The p re se n t  s tud ies  
w i th  o t h e r  groups of en te r ic  bac te r ia  con firm ed  th is  finding.

S im ila r ly  to th e  re s u l t  o f  previous screenings [1], m an y  aspecific ag g lu t i ­
n a t io n s  were recorded in  P s. aeruginosa  sera  w i th  th e  Enterobacteriaceae a n t i ­
gens t e s t e d  in th is  s tu d y  a n d  vice versa. T hese  aspecific reactions a p p e a re d  
u s u a l ly  on ly  in one b a tc h  o f  th e  serum  a n d  w ere  in th e ir  overw helm ing  m a ­
j o r i t y  low  in t i tre  (1 :20-1 :80) .

A n tig en ic  rela tionships. T i t re s  o f  1 :160 or ab o v e  in a t  least  th ree  d iffe ren t  
b a t c h e s  o f  serum for th e  a n t ig e n  concerned , w ere  regarded  as in d ica t in g  tru e  
a n t ig e n ic  re la tionships .

Table I

S p ec ific  reactions o f Ps. aeruginosa antigens in  E . coli, Shigella, P. hauseri, M . m organii and
R . rettgeri sera

Serum *
Homologous

titre* T itre  w ith P s .  aeruginosa antigens**

E . coli 0 2 6 5120 10240 0 4 a ,4 b  40-160; 0 4 a ,4 c  40-160; 0 4 a ,4 d  160-1280

S . b o yd ii  7 5 1 2 0 -1 0 2 4 0 OlOa 20 OlOa. 10b 640-5120

P . h a u seri 0 2 1280 -5120 0 7 a ,7 b  1 6 0 -3 2 0 ;  0 7 a ,7 c  160-320
P . h a u seri 0 2 0 5120— 10240 03a,3d ,3e  80-160 ; 0 3 d ,3 f  160-320

R . rettgeri О l a , lb 5120— 10240 0 3 a ,3 b  320; 0 3 c  320; 0 3 a ,3 d  320; 0 3a ,3d ,3e  
320-640; 0 3 d ,3 f  640-1280; 013  160

R . rettgeri 0 1 a , l c 5 1 2 0 -1 0 2 4 0 0 3 a ,3 b  80-160; 0 3 c  80-160 ; 0 3 a ,3d 160-320; 
0 3 d ,3 f  3 2 0 -1 2 8 0 ; 0 1 3  160

R . rettgeri 0 1 7 2560 03a,3d ,3e  80; 0 3 d ,3 f  80-160; 013  80

* E a c h  antigen was te s te d  in  a t  least 3 d ifferen t b a tc h es  o f serum  
** T h e  antigens were h e a ted  a t  100°C for 2 l/ 2 h r , th e n  a t  130°C for 1 h r 
T h e  s tra in s  used in th e  ex p erim en ts  p resen ted  in  T ab les  I - IV  were: E. coli 0 2 6  F41; 

S. dysen teriae  7 9764; S .fle x n e r i  l a  366/54; lb  20013; 4aB  R abau lensis; 5 M213; 6 20048 M an­
c h es te r; Y  L edingham ; S. boydii 4 9770; 5 Y aounde 214/72; 6 9771; 7 9734 and 25006; 9 F ran c is  
1320; P .  hauseri 0 2  F392; 0 2 0  F 4 7 5 ; 0 2 2  F233; 0 3 9  F 1 0 5 b ; M . morganii 0 4  285; R . rettgeri 
O l a , l b  T 6 5 ; O la .lc  12/261; 0 1 7  22/040; Ps. aeruginosa 0 2  170002; 0 3 a ,3 b  170003; 0 3 c  170004; 
0 3 a ,3d  170005; 03a,3d ,3e 170006; 0 3 d ,3 f  170007; 0 4 a ,4 b  170008; 04a ,4 c  170009; 0 4 a ,4 d  
170010; 0 7 a ,7 b  170015; 0 7 a ,7 c  170016; 0 8  170017; O lO a 170019; OlOa,10b • 170020; O i l  
170021; 0 1 3  170023,

T a b le  I  shows th e  t i t r e s  o f  P s. aeruginosa  an t ig en s  in sera for serologically  
r e l a te d  en te r ic  bacteria .  I n  T a b le  I I  th e  reac t io n s  of  Enterobacteriaceae an t ig en s  
in P s. aeruginosa  sera a re  reco rded .  F o u r  b i la te r a l  re la tionsh ips  are  e v id e n t :  
a m a j o r  one  between E . coli 0 2 6  a n d  Ps. aeruginosa  0 4 a ,4 d ,  a n o th e r  m a jo r
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Table II

Specific  reactions o f  E. coli, Shigella, P. hauseri, M . m organii and R. rettgeri antigens in
Ps. aeruginosa sera

P s .  a e r u g i n o s a  
serum*

Homologous
titre* Titre w ith E n te r o b a r t e r ia r e a e  antigens**

0 2 5120 10240

0 3 a ,3 b 2560 10240

0 3 a ,3d 5120

0 3a ,3d ,3e 5120 10240

0 3 d ,3 f 5120 10240

0 4 a ,4 b 2560 -5120

0 4 a ,4 c 1280 -5120

0 4 a ,4 d 1280 10240

0 8 1280 2560

OlOa
OlOa.IOb

1280
1280

-10240
-10240

O i l 5120

013 1280 2560

P. hauseri 0 2 2  80 160

It. rettgeri O la , lb  8 0 -160 ; R . rettgeri O la ,lc  80-160 ; R . rettgeri 
017  80 160

li. rettgeri O la , lb  80 160; R . rettgeri O la , lc  80 160; R . rettgeri 
0 1 7  80 160

R . rettgeri O la , lb  80-160 ; R . rettgeri O la ,le  80; R. rettgeri 
0 1 7  80 160

R. rettgeri O la . lb  80-160 ; R . rettgeri O la .lc  80 -1 6 0 ; R . rettgeri 
0 1 7  80 160

E . coli 0 2 6  40-160; S . dysenteriae  7 320—2560; S . f le x n er i  lb  
320-640; S. fle xn eri  4aB  640; S. flexneri 6 160 320; S. boy-
d ii 4 160; S . hoydii 6 80-160; S. boydii 9 640 1280

E. coli 0 2 6  80—320; S . dysenteriae 7 320—640; S . f le x n e r i  lb  
80-320; S. flexneri 6 80-160 ; S. boydii 9 80 160 '

E . coli 0 2 6  320-1280; S . dysenteriae 7 640-1280; S .fle x n e r i  lb  
80-160; S. boydii 4 8 0 -Í6 0 ; S. boydii 9 320

S. flexn eri l b  1280-2560; S. flexneri 4aB 640 1280; S . boydii 5 
640-1280; S . boydii 9 320 640

S. boydii 7 2560-5120; P. lumseri 022  80 160
S. boydii 7 1280-5120

S. flexneri la  1280; S . flexneri lb  640—1280; S . fle xn eri la li 
320-640; S. fle xn eri  5 80-320 ; S’, flexneri Y  320-640

M . morganii 0 4  640—1280

* E ac h  an tigen  was te s te d  in a t  least 3 d ifferen t b a tch es  of serum  
** T he an tigens were h ea ted  a t  100 C for 2 15 h r  th e n  a t  130°C for 1 h r

one be tw een  S. boydii 7 anti Ps. aeruginosa  О group 1 0 , anti tw o m in o r  re la ­
t ionsh ips  be tw een  R . rettgeri g roup  0 1  a n d  P s. aeruginosa g ro u p  0 3  and  
b e tw een  R . rettgeri g roup 0 1 7  a n d  cer ta in  subg roups  of Ps. aeruginosa  0 3 .  
T he  re s t  o f  the  reactions in d ica ted  u n i la te ra l  rela tionships, a l th o u g h  some 
of th e m  were  rem ark ab le  in t i t r e .  F ro m  T ab les  I a n d  I I ,  the  reac tions  o b ta in ed  
in  Providencia  O l l ,  0 3 0  a n d  0 4 8  sera were o m it te d .  Different b a tc h e s  o f  these 
sera  a g g lu t in a te d  several P s. aeruginosa  cu l tu re s  (0 1 ,  all 0 3 ,  all 0 4 ,  O i l  and 
0 1 2 )  to  low t i t re  (1 :40-1:160).

T ab le  I I I  shows th e  an tigen ic  analysis  o f  E . coli 0 2 6 — P s. aeruginosa  
0 4 a ,4 d  re la t ionsh ip . F ro m  agg lu t in a t io n  t i t r e s  given by  h ea ted  c u l tu r e s  it  is 
obvious t h a t  each of the tw o  organism s has a m a in  factor lack ing  in t h e  o ther ,  
while th e  com m on an tigen  is a less im p o r ta n t  fa c to r  in b o th  s tra in s .  I t  m a y  be 
conc luded  from th e  low t i t r e  c ross-agg lu tina t ions  betw een E . coli 0 2 6  and
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Table II I

A n a ly s is  o f the re la tio n sh ip  between E. coli 0 2 6  a n d  P s. aeruginosa 04a , 4d

Serum

Antigen E .  c o l i  0 2 6  
unabso rbed

E .  co li
O26:K60(B6)
unabsorbed

E .  c o l i  026  
absorbed by 

P s .  a e r u g i n o s a
0 4 a , 4d

P s .  a e r u g in o s a
04a, 4d 

unabsorbed

P s .  a e r u g i n o s a  
0 4 a , 4d 

absorbed by 
E .  c o l i  026

E . coli 0 2 6  heated* 5120 10240 2560 640 0
E . coli O26:K60(B6)

liv in g 0 320 K-type 0 80 Iv-type 0

Ps. aeruginosa 1
0 4 a ,4 d  heated* 160 640 0 10240 1280

Ps. aeruginosa
0 4 a ,4 d  living 0 320 0 10210 1280

* 100°C for 2 >/2 hr  +  130°C for l hr

P s. aeruginosa  04a ,4b  a n d  0 4 a ,4 c  th a t  th e  c o m m o n  fac to r  is p ro b a b ly  a p a r t  
of P s. aeruginosa  an t ig en  0 4 a .  Ps. aeruginosa l iv in g  cu ltu re  failed to  ag g lu t i ­
n a te  in  E . coli serum 0 2 6  (p re p a re d  with h e a te d  a n t ig en ) ,  b u t  gave a s trong ,  a l­
t h o u g h  low-titre  reac tion  in  se rum  E. coli O 26 :K 60(B 6) (prepared w i th  a lco­
ho lized  antigen). L iving E . coli O26:K60(B6) su sp en s io n  showed a low  t i t re  
К - ty p e  (coarse granular)  agg lu t in a t io n  in P s. aeruginosa  serum 0 4 a ,4 d .

Table IV

A nalysis o f  the re la tionsh ip  between S. boydii 7 and  Ps. aeruginosa OlO

Serum

Antigen
S. b o y d i i  7 
unabsorbed

S .  b o y d i i  7 
absorbed 

by
P s .  a e r u ­

g i n o s a  
OlOa

S .  b o y d i i  7 
absorbed 

by
P s .  a e r u ­

g in o s a
OlOa,10b

P .  a e r u ­
g i n o s a  
OlOa

unabsorbed

P s .  a e r u ­
g in o s a  
OlOa

absorbed by 
S. b o y d i i  7

P s .  a e r u ­
g in o s a  

OlOa,10b 
unabsorbed

P s .  a e r u ­
g in o s a  

()10a,10b 
absorbed by 
S’, b o y d i i  7

S. boydii 7 10240 10240 320 2560 0 5120 0

P s. aeruginosa  OlOa 20 0 0 5120 80 10240 160

Ps. aeruginosa  

O lO a ,10b 5120 5120 0 5120 80 10240 320

T a b le  IV presen ts  t h e  re su lts  of c ro ss -a b so rp t io n  te s t  be tw een  S . boydii 
7 a n d  P s. aeruginosa g roup  O lO  type  strains. T h e  re la t ionsh ip  of th e  fo rm e r  to  
P s. aeruginosa  0 10a ,10b  is a  bilateral, a, b — a, c t y p e  one. To P s. aeruginosa  
O lO a, S . boydii 7 is r e la te d  in  a unila teral m a n n e r :  in serum OlOa S . boydii 7 
show s a  considerable t i t r e ,  b u t  in serum S . boyd ii 7 culture  OlOa p rac t ica l ly  
fails to  agglutinate . T h a t  t h e  relationship in v o lv es  n o t  only an tigen  O lO b.
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is show n also by  th e  fac t  t h a t  a f te r  abso rp tion  of  serum  OlOa b y  S . boydii 7 
th e re  is a g rea t decrease in a n t ib o d y  t i t re  a g a in s t  s t ra in  OlOa.

A bsorp tion  e x p e r im en ts  w ith  o the r  re la ted  an tigens  gave th e  following 
resu lts .  T h e  un ila te ra l  connec tions  of Ps. aeruginosa  groups 0 4  a n d  0 8  to  shi- 
gellae w ere due to  several d ifferen t m inor factors, since a b so rp t io n  of  t h e  corre­
spond ing  Ps. aeruginosa  sera w ith  one reac ting  Shigella  cu l tu re  u su a l ly  failed to  
rem o v e  agglutin ins for th e  o thers .  F rom  R. rettgeri O l a , l b  a n d  O l a . l c  sera 
a n y  Ps. aeruginosa  0 3  cu l tu re  absorbed  agg lu tin ins  for o th e r  m e m b e rs  of the  
group , excep t  for 0 3 d ,3 f  w hich  seemed to  share  an  ad d i t iona l  f a c to r  with 
R. rettgeri group 0 1 .

Discussion

T he  results  o f  th e  p re se n t  s tu d y  are  in accordance  w ith  ou r  p rev ious  
f ind ings t h a t  few real an tigen ic  re la tionsh ips  ex is t  be tw een  P s. aeruginosa  and 
Enterobacteriaceae. A g g lu tina tions  recorded in th e  course of sc reen ing  ex am i­
n a t io n s  were m ostly  aspecific  ones associated  w ith  an tibod ies  n o t  specific for 
an t ig en s  o f  the  im m uniz ing  cu ltu re .

As to  th e  reactions con firm ed  in d ifferent b a tch es  of sera, i t  w ou ld  ap p ea r  
t h a t  an tigens  responsible for th e  in trag ro u p  re la t ionsh ip  of a given species, were 
usua lly  involved in th e  in te r fam il ia r  re la tionsh ip  (P s. aeruginosa  0 3 a ,  0 4 a  and  
0 7 a ,  R . rettgeri O la ,  S . f le x n e r i  group factors).

As in previous s tud ies  on th e  re la tionsh ips  be tw een  P s. aeruginosa  and 
Salm onella—A rizona—Citrobacter an tigens, p a r t  of th e  reac tions  b e tw een  o rg an ­
isms exam ined  in these  ex per im en ts  were u n i la te ra l  ones. I n  th is  respect 
P s. aeruginosa  group OlO b e h a v e d  unusua lly ,  since the  re la t ionsh ip  of S . boydii 
7 to OlOa was un ila te ra l ,  while t h a t  to  OlOa,10b was b i la te ra l  (T ab le  IV).

W i e d e r m a n n  a n d  F lamm  [11] showed t h a t  ce rta in  P s. aeruginosa  
isolates ag g lu tina ted  in E . coli O26:K60(B6) se rum  an d  t h a t  these  cu ltu res  
were an tigenically  re la ted  to  th e  corresponding  E . coli serogroup. T h e  p resen t  
s tud ies  h ave  confirm ed th is  observa tion : in w ork ing  dilu tion  of  se ru m  E . coli 
O 26:K 60(B 6) Ps. aeruginosa  0 4 a ,4 d  cu ltu res  gave a fa irly  de f in i te  slide 
a g g lu t in a t io n  and the  sam e re su l t  was o b ta in ed  b y  tu b e  ag g lu t in a t io n  with 
e i th e r  h e a te d  or living suspensions. In  view of th e  fac t  t h a t  on m ed ia  u sed  for 
th e  iso lation  of en te ro p a th o g en ic  coliforms, some E . coli O 26:K 60(B 6) 
s t ra in s  fail to  p roduce lac tose-fe rm enting  colonies [12] a n d  t h a t  P s. aeruginosa  
0 4 a ,4 d  is th e  serogroup w hich  occurs m ost  f re q u e n t ly  in th e  faeces of  in fan ts  
[9], th is  f ind ing  is o f  some diagnostic  im portance .

T he  re la tionsh ip  b e tw een  E . coli 0 2 6  and P s. aeruginosa  0 4 a ,4 d  is also 
o f  theo re t ica l  in terest .  In  E . coli 0 2 6  serum (p repared  w ith  h e a te d  c u l tu re )  the  
a g g lu t in a t io n  of living cells o f  th e  homologous s t ra in  is in h ib i ted  ow ing to 
th e  supposed  m asking  effect of a fac to r  te rm e d  К  an tigen . I n  P s. aeruginosa  
n o  К - ty p e  antigens h av e  been  observed [9], y e t  th e  living P s. aeruginosa
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c u l tu r e  fa iled  to  agg lu tina te  in  E . coli 026  se rum . T h e  living E . coli cu l tu re  gave 
a К - t y p e  (coarse g ran u la r  a n d  re la tive ly  low t i t r e )  agg lu t in a t io n  n o t  only in 
s e ru m  E . coli O26:K60(B6) b u t  also in se rum  P s. aeruginosa  0 4 a ,4 d .  F rom  
th is  f in d in g  it  would a p p e a r  t h a t  th e  factor responsib le  for th e  Ps. aeruginosa— 
E . coli re la tionsh ip  is p re s e n t  n o t  only in an t ig en  0 2 6 ,  b u t  also in an t ig en  K60 
(B 6 ), a n d  t h a t  in the  fo rm e r  i t  behaves  as an  О a n t ig e n  ( th e rm o rés is tan t)  and 
in  t h e  l a t t e r  as a К an t ig en  (w h ich  fails to  a g g lu t in a te  in 0  serum).

Acknowledgement. The a u th o r s  a re  in deb ted  to  Mrs. M. B e c k  f o r  skilled tech n ica l assis-
ta n c e .
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POSSIBLE ROLE OF ADENOSINE DEAMINASE 
IN SUBOPTIMAL GROWTH OF THE BACILLUS 
ANTHRACIS ADENINE AUXOTROPH MUTANT

J .  M o l n á r  a n d  B. P r á g a i  

In stitu te  o f  M icrobiology, U niversity  M edical School, Szeged 

(R eceived  M arch  30, 1973)

Sum m ary. T he a d en y l succ ina te  lyase  (E C  4. 3. 2. 2) d e fic ien t B acillus anthracis m u ta n t  
show ed w eaker g row th  th a n  did th e  p ro to tro p h  d esp ite  th e  p resence in  th e  m ed ium  of a p p ro ­
p ria te  co n cen tra tio n s o f ad en in e  or adenosine . T he ra te  of A T P sy n th esis  was also low er as 
com p ared  to  the  p ro to tro p h . A denosine d eam in ase  (EC  3. 5. 4. 4) a n d  nucleoside p h o sp h o ry lase  
(EC  2. 4. 2. 1) were d e m o n s tra ted  in th e  e x tra c ts  o f b o th  s tra in s . In  th e  a u x o tro p h  m u ta n t ,  
adenosine  deam inase red u ced  th e  syn thesis o f n u c leo tid e  from  exogenous adenosine  an d  aden ine. 
T he fa c t th a t  th e  ad en in e  nucleo tide  pool o f th e  m u ta n t  was below  th e  physio log ical level, 
m ig h t exp la in  th e  su b o p tim a l g row th  a b ili ty , viz. th e  a v iru le n t n a tu re  of th e  m u ta n t .

I v Án o v ic s  and  his te am  p re p a re d  several well defined  purine , py r im id in e  
and  v i tam in  a u x o t ro p h  m u ta n ts  from  th e  acapsu logenic  Vollum s t ra in  of 
Bacillus anthracis [1—3]. The iso la ted  m u ta n t s  were classified on th e  basis  of 
a lkaline  ph o sp h a ta se  p ro duc tion  [4], am ong  o thers . A m ong  the  pu r in e  r e q u i r ­
ing au x o tro p h s  th e  capsulogenic v a r i a n t s  o f  adeny l succ ina te  sy n th e ta se  and  
adeny l succinate  lyase  enzym e defic ien t m u ta n t s  p ro d u ced  tox in , b u t  p roved  
av iru len t  in mice [5]. Alkaline p h o sp h a ta se  syn thes is  b y  b o th  aden ine  r e q u i r ­
ing m u ta n ts  was p a r t ia l ly  de-repressed  [4]. A ccu m u la t io n  of  a lka line  p h o s ­
p h a ta se  in th e  area  b e tw een  th e  cy to p lasm ic  m e m b ra n e  a n d  th e  cell wall was 
observed  in th e  aden y l  succinate  lyase  defic ien t s t ra in .  T h e  a c c u m u la ted  enzym e 
caused in ju ry  of th e  cell wall [6 ] p ro b a b ly  th ro u g h  sp li t t ing  of th e  organic  
p h o sp h a te  com pounds  which p a r t ic ip a te  in  th e  m u ra l  a rch i tec tu re .  T h e  cell 
wall o f  th is  m u ta n t ,  viz . of th e  p ro to t ro p h  s tra in ,  did n o t  con ta in  th e  p h o s p h o ­
rus-con ta in ing  po lym er,  teichoic ac id ,  which is a ch a rac te r is t ic  c o m p o n e n t  of 
th e  wall of m ost G ram -posit ive  b a c te r ia  [7]. E x p e r im e n ta l  o b se rva tions  sug­
gested  th e  responsib il i ty  of the  low level of aden ine  nucleo tide  pool for  the  
de-repressed a lkaline  p h o spha tase  p ro d u c t io n  of th e  adeny l succ ina te  lyase 
defic ient m u ta n t  on th e  grounds t h a t ,  a p a r t  from inorganic  o r th o p h o sp h a te  it  
was repressible b y  aden ine  nuc leo tides  [8 ]. E v en  su b to x ic  am o u n ts  of aden ine  
failed to  prom ote  g ro w th  of the  m u t a n t  in  vivo  [2]. On th e  basis of these  f in d ­
ings it  was assum ed  t h a t  th e  non -p a th o g en ic  n a tu re  of  th e  adenine  a u x o t ro p h  
s t ra in  chiefly dep en d ed  on th e  su b o p t im a l  aden ine  nucleo tide  syn thes is .  
T he  p resen t  p a p e r  is a rep o r t  of s tu d ie s  on fac tors  influencing th e  g ro w th  of 
th e  m u ta n t  in  vitro.

1 A d a  M icrobiologica Academ iae Sc ien liarum  H ungaricae 20 , 1973
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M aterials and m ethods

Bacterial strains. B . anthracis  Vollum non-capsu logen ic  p ro to tro p h , d e sig n ated  as V R . 
O f th e  B . anthracis V ollum  non-capsu logenic  aden ine  a u x o tro p h  m u ta n ts , th e  23C_ ade ad en y l 
su c c in a te  lyase d e fic ien t s tra in  w as used.

M edia. The b asa l m ed iu m  co n ta in in g  la c ta lb u m in  h y d ro ly sa te  w as co m ple ted  by  a p p ro ­
p r ia te  am o u n ts  of sa lts , g lucose, v ita m in  B ,, ad en ine  an d  K 2H P 0 4 [4]. F ro m  th e  lac ta lb u m in  
h y d ro ly sa te , before its  a d d itio n  to  th e  m edium  all p h o sp h o ru s  were rem oved  by  b a riu m  h y d ro x ­
ide  [7].

C ultivation. T he in o rg an ic  o rth o p h o sp h a te  c o n ce n tra tio n  of th e  lac ta lb u m in  m edium  
w as m ad e  up  to 1.0 т м  a n d  its  adenine co n ce n tra tio n  was com ple ted  w ith  10 — 200 //g /m l 
a d en in e , depending on th e  p u rp o se  of the  ex p erim en t. T en  m l am o u n ts  o f th e  m ed iu m  th u s  
co m p le te d  were d is tr ib u te d  in to  100 ml E rlenm eyer flask s and  105 spores were in o cu la ted  per 
f la sk . In c u b a tio n  was done in  a reciprocal shaker in  a w a te r  h a th  of 37 °C u n d e r ae ra tio n  for 
16 hr.

D eterm ination o f  optical density . This was carried  o u t in a M agnephot II  (O rion, H u n g a ry ) 
d e n s ito m e te r.

Protein determ ination  w as done in B. anthracis cu ltu res  d is in te g ra te d  by  son ica tio n , 
b y  th e  m eth o d  of L o w r y  et al. [9 |. The colour in te n s ity  o f th e  sam ples w as d e te rm in ed  a t 750 
n m  in a Spectrom om  201 (M OM , H u n g a ry ) sp ec tro p h o to m eter. Bovine a lb u m in  400 800 /ig /m l
d isso lv ed  in  0.1 N sodium  h y d ro x id e  was used as re ference  s tan d ard .

Determ ination o f  adenosine triphosphate. D iffe ren t q u a n tit ie s  (10, 50 an d  100 //g /m l) 
o f ad en in e  were added  to  th e  b asa l m edium  co n ta in in g  1.0 т м  o r th o p h o sp h a te , in to  w hich 
e q u a l n u m b ers  of spores fro m  th e  p ro to tro p h  and ad en in e  a u x o tro p h  m u ta n ts  were in o cu la ted . 
F ro m  th e  cultures, sam ples o f 2.0 m l were w ith d raw n  every  hour and  2.0 m l o f 0.5 N ice cold 
p e rch lo ric  acid was ad d ed  to  eac h  sam ple. The cooled sam ples were p laced  in  a m eltin g  ice 
b a th  fo r 30 m in  and c en trifu g ed . T he su p e rn a ta n ts  w ere n eu tra lized  by  th e  ad d itio n  of 10 N  
K 0C O 3 [10]. The p o tassiu m  p e rch lo ra te  p re c ip ita te  w as rem oved  by  c en trifu g a tio n  a n d  th e  
c o n c e n tra tio n  of A TP in  th e  su p e rn a ta n ts  was e s tim a te d  b y  luciferase [11].

A 5.0 m g/m l so lu tion  of luciferase (F irefly  L a n te rn  e x tra c t, Serva, H eidelberg , G F R ) 
w as p re p are d  in d istilled  w a te r . F o r ATP d e te rm in a tio n , 0.4 m l d is tilled  w a ter and  0.1 ml 
en zy m e  so lu tion , th en  0.1 m l b ac te riu m  e x tra c t w ere p ip e tte d  in to  th e  c u v e tte . M easurem ent 
w as b eg u n  15 s a fte r th e  a d d it io n  of the  bacteria l e x tra c t  in a P ack ard  T ri-C arb  liqu id  Scin­
t i l la t io n  S p ectrom eter M odel 2001. S cin tilla tion  c o u n ts  w ere recorded  for 1 m in . V arious d ilu ­
tio n s  o f 5 X 10-4 т / ш /m l A T P  s to ck  solution were ad d ed  to  th e  enzym e in  0.1 m l a m o u n t as 
re fe re n ce  s tan d ard .

Preparation o f  crude bacterial extract. F o u r-h u n d re d  m l each from  16 h r cu ltu res  of th e  
p ro to tro p h ic  and aden ine  a u x o tro p h ic  bacterium  w ere cen trifuged  in th e  cold. T he m edium  
w as co m p le ted  w ith  50 /ig /m l ad en in e  for c u ltiv a tio n  of th e  m u ta n t. T h e  sed im en t w as re ­
su sp en d e d  in  0.1 M caco d y la te  b u ffe r  pH  7.4, a d ju s te d  to  OD 1.0 and  cen trifuged . The second 
se d im e n t was resuspended  in  one te n th  of the  p rev io u sly  used  volum e. F ive  m l of th e  su sp en ­
sio n  w ere d isin teg ra ted  in th e  cold  for 4 x 1  m in u te s  in  a M SE U ltraso n ic  P ow er U n it (M SE, 
E n g la n d ) . The son icated  b a c te r ia l  suspension was c en trifu g ed  for 10 m in  a t  1000 rpm  an d  th e  
en zy m e  a c tiv ity  of th e  s u p e rn a ta n t  was de term ined .

D eterm ination o f  adenosine deaminase  (EC 3. 5. 4. 4). T he b a c te ria l e x tra c t p rep ared  
as a b o v e  con tained  2.5 m g /m l p ro te in . The system  used  fo r th e  m easu rem en t of enzym e a c tiv ity  
c o n ta in e d  25 //1 bac teriu m  e x tr a c t  and 200 //1 su b s tra te  in 3.0 ml 0.1 м caco d y la te  b u ffer o f 
p H  7.4. Changes in ad so rp tio n  w ere determ ined in th e  sam ples a t  one-m in u te  in te rv a ls  a t  256 
n m , in  a n o th e r ex p erim en t a t  240 nm , a t 37 °C, in a U N IC A M  S P  800 sp ec tro p h o to m eter. 
A d en o sin e , deoxy-adenosine  a n d  A M P were used as su b s tra tes .

T h e  decom position  (d e -am in a tio n ) of adenosine w as assessed from  th e  a b so rp tio n  va lues 
ineasu i a t  265 nm , th e  a m o u n t o f  inosine form ed from  th o se  m easured  a t  240 nm  [12].

M etabolism  o f  14C adenine. T h e  e x tra c t of th e  p ro to tro p h ic  cells co n ta in ed  1.52 m g/m l 
p ro te in , th a t  of th e  ad en in e  a u x o tro p h ic  cells 1.71 m g /m l p ro tein . F rom  b o th  suspensions, 
0 .4  m l w as tran sferred  in to  sm all tu b es  and  1 /иCi ,4C ad en ine  (140 rn/íM, A m ersham  L ab o ra ­
to r ie s , E n g lan d ) was ad d ed  in 100 /Л volum e. T he tu b es  w ere in cu b a ted  in  a w a te r  b a th  al 
37 °C , 10 //1 sam ples were w ith d ra w n  a t 10-min in te rv a ls  an d  ch ro m a to g rap h ed  in  silica gel. 
T h e  silica  gel G F245 (M erck) p la te s , 10 x 20 cm, were a c t iv a te d  for 30 m in  a t  120 °C, th en  5 //g 
eac h  from  cold adenine, ad en o s in e , h y p o x an th in  a n d  inosine  were ap p lied  to  s ta r tin g  p o in ts  
to  serve  as control. T en //1 from  each  sam ple were th e n  ap p lied  to th e  s ta r tin g  p o in ts o f th e  
p la te s  p rep ared  as above. A m ix tu re  o f n -bu tano l, e th y l a ce ta te , m ethano l an d  25%  am m onium  
h y d ro x id e  (14 : 8 : 6 : 8) w as u sed  as runn ing  so lven t [13]. A fte r d ry ing , th e  sp o ts were d e tec ted  
b y  a n  UV lam p  and m ark e d  (R /^: aden ine, 0.68; ad en o sin e , 0.57; h y p o x a n th in e , 0.45; inosine,

A c ta  M icrobiologica A cadem iae S c ie n tia ru m  Hungaricae 20, 1973



A D E N O S I N E  D E A M I N A S E 2 5 7

0.23). T he m ark ed  sp o ts an d  s ta r t  spots w ere  scraped  off sep ara te ly  and  each w as su sp en d ed  
in  5.0 ml sc in tilla tio n  flu id  consisting  of 0.5 g P O P O P  an d  5.0 g P P O  in 1.0 l itre  to lu en e . T he 
a c t iv ity  o f eac h  sam ple  w as m easured  in a P a c k a rd  T ri-C arb  liq u id  S c in tilla tio n  S p e c tro m e te r, 
M odel 2001 for 1 m in.

R esu lts

G row th  of th e  p ro to t ro p h  and  ad en in e  a u x o tro p h  m u ta n ts  of B . anthracis  
was s tud ied  u n d e r  d ifferen t cond it ions .  The bac te r ia  were c u l t iv a te d  in  th e  
p resence  of inorganic  o r th o p h o sp h a te  a t  var ious  concen tra t ions  a n d  g ro w th  
w as expressed in te rm s  of rising o p t ica l  d ens i ty .  I t  was shown in p rev ious  
e x p e r im en ts  t h a t  th e  a lkaline p h o sp h a ta se  p ro d u c t io n  of b o th  s t ra in s  was 
m a rk e d ly  de-repressed in th e  presence  of  0.1 m M  p h o sp h a te .  P h o s p h a te  a t  1.0 
m M  co n cen tra t ion  repressed  enzym e p ro d u c t io n  by  the  p ro to t ro p h  to  a m in i­
m u m  an d  2.0 m M  repressed  also t h a t  o f  the  a u x o tro p h  [4, 8 ].

T he  grow th m ed ium  co n ta in ed  a m in im um  a m o u n t  (0.1 т м )  o f  o r th o ­
p h o sp h a te  which was com pleted  w i th  var ious  am o u n ts  of aden ine  for  c u l t i ­
v a t io n  of the m u ta n t .

T he  degree of m u ta n t  g row th  d id  no t reach  th a t  of th e  p r o to t r o p h  even 
a t  th e  applied m a x im u m  adenine c o n c e n tra t io n  of 1 0 0  pg/m l. I n  f u r th e r  ex ­
p e r im en ts ,  o r th o p h o sp h a te  co n c e n tra t io n  in th e  m edium  was c o m p le ted  to
1 . 0  or 2 . 0  т м .

G row th  of th e  au x o tro p h  did n o t  reach  th e  degree show n b y  th e  p r o to ­
t ro p h  e ither  w ith  an  e leva ted  co n cen tra t io n  of p h o sp h a te ,  or w ith  a n  e leva ted  
co n cen tra t io n  of aden ine . Increase o f  th e  aden ine  concen tra t ion  to  200 pg /m l 
ev en  inh ib ited  grow th .

1.5 •

1 . 0  ■

VR
—о 23 C  ode” 10 pg adenine 
—о 23 C~ ade ' 50 pg adenine 
- •  23 C" ade" 100 pg adenine

0 5 -

л /

F ig . 1. G row th of B . anthracis p ro to tro p h  (V R ) and ad en ine  a u x o tro p h  (23 C ade  ) in 0.1 mM 
o rth o p h o sp h a te  co n ta in in g  m edium , in th e  presence of aden ine a t  va rio u s c o n ce n tra tio n s
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F ig . 2. G ro w th  of B. anlhracis  p ro to tro p h  (VR) a n d  ad en in e  a u x o tro p h  (23 C“ ade“ ) in  1.0 mM 
o rth o p h o sp h a te -co n ta in in g  m ed iu m , in  the  p resence o f ad en in e  a t  various co n cen tra tio n s

time in hours

F ig . 3. G row th  of B. anlhracis  p ro to tro p h  (VR) an d  ad en in e  a u x o tro p h  (23 C“ ad e“ ) in  2.0 ш м 
o rth o p h o sp h a te -co n ta in in g  m e d iu m , in  th e  p resence of ad en in e  a t  various co n cen tra tio n s

As th e  co n c e n tra t io n  increase of b o th  ad en in e  a n d  p h o sp h a te  in  th e  
m e d iu m  also failed to  p r o m o te  au xo troph  g ro w th  to  th e  degree found  with 
t h e  p ro to t ro p h ,  A TP sy n th e s i s  was ex am in ed  fo r  dependence  on th e  applied  
c o n c e n tra t io n s  of ad en in e .

T h e  q u an t i ty  o f  A T P  synthesized b y  th e  m u t a n t  increased a n d  th e  
deg ree  o f  its decom posit ion  decreased w ith  th e  rise  of adenine  co n cen tra t ion  
in  t h e  m ed ium . At 50 (tg /m l adenine  c o n c e n tra t io n ,  th e  a u x o tro p h  synthes ized  
th e  s a m e  am oun t of A T P  as  did the  p r o to t r o p h .  E q u a l  concen tra t ions  of 
a d e n in e ,  adenosine, d eo x y -adenos ine ,  AM P a n d  A T P  were su b seq u en t ly  te s ted ,  
e a c h  in  itself, for effect on  m u t a n t  g row th.
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F ig . 4. Changes of A T P sy n th esis  in B . anthracis p ro to tro p h  (V R ) and aden ine  a u x o tro p h  
(23 C~ ade~ ) m u ta n ts  in th e  fu n c tio n  of tim e , a t  va rio u s co n cen tra tio n s  of adenine. T h e  m ed iu m

con ta in ed  1.0 mM o rth o p h o sp h a te

T ab le  I

Growth o f  the B. anthracis adenine auxotroph m utant in  the presence o f  adenine, adenosine , deoxy- 
adenosine, A M P  and A T P  at d ifferent concentrations

Substrate  concentration 
in  the medium 

т м
Optical density

0.05 0.20

0.10 0.40

A denine 0.20 0.52

0.30 0.60

0.40 0.68

0.05 0.06

0.10 0.11

Adenosine 0.20 0.24

0.30 0.32

0.40 0.39

D eoxy adenosine 0.40 0.02

Л М Р 0.40 0.01

A T P 0.40 0.03

The m edium  co n ta ined  1.0 т м  inorgan ic  o rth o p h o sp h a te . O ptical density  o f th e  sam ples 
w as determ ined  a fte r 16 h r incubation .
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I n  these  ex p e r im e n ts ,  bacteria l  g ro w th  w as  expressed in te rm s  of optical 
d e n s i ty ,  because th e  m u t a n t  multip lied  d i f fe re n t ly  in the  presence  of  the  
v a r io u s  subs tra te s .  T h e  au x o tro p h  s t ra in  show ed  o p tim um  g ro w th  in  th e  
p re sen ce  of  adenine; nucleosides  were u t i l iz ed  b y  it  to  a lesser degree  and  
n u c leo t id e s  p rac t ica l ly  n o t  a t  all. The w e a k e r  g ro w th  in the  presence o f  a d e n ­
os ine  as  com pared  to  a n  equa l  c o n cen tra t io n  of  adenine  m a y  h ave  b een  due 
to  t h e  w eaker  p e rm e a t io n  capac ity  of ad en o s in e  a n d  suggested th e  possib ili ty  
o f  i ts  p a r t ia l  b re a k d o w n  or dc-am ination . T o  o b ta in  more in fo rm a tio n  on th is  
p ro b le m , a sonicated  cell suspension of th e  a u x o t r o p h  m u ta n t  was t e s t e d  for 
i ts  e ffec t on the  s u b s t r a te s  adenine, ad en o s in e ,  deoxyadenosine  a n d  AM P.

F ig . 5. S u b s tra te  spec ific ity  o f adenosine deam inase  in  cell e x tra c t from  B. anthracis ad en in e  
a u x o tro p h  m u ta n t. To 3.0 m l b a c te r ia l e x trac t, co n ta in in g  65 /rg/inl pro tein , 200 m /ш  ad en in e , 
a d en o s in e , deoxyadenosine o r A M P were added . T he q u a n ti ta t iv e  decrease of th e  su b s tra te s  

was d e te rm in e d  a t  265 nm  in  th e  fu n c tio n  of tim e

T h e  bacte r ia l  e x t r a c t  h a d  no influence on  adenine , b u t  d e -a m in a te d  10 
т / ш  o f  A M P, 30 т,(Ш of deoxyadenosine  a n d  90 m /<м of adenosine  d u r ing  
15 m in  incuba tion . S u b se q u e n t ly ,  the  c rude  b ac te r ia l  ex trac t  was te s te d  for 
ad en o s in e  deam inase  a c t iv i ty .

T h e  am o u n t  o f  ad en o s in e  decreased b y  80 т р м ,  whereas t h a t  o f  inosine 
rose  t o  75 m//M d u r ing  th e  period  of in cu b a t io n .  T h e  cell ex trac t  of th e  aden ine  
a u x o t r o p h  m u ta n t  was t e s t e d  for adenosine d e a m in a se  ac t iv i ty  in th e  presence  
of  v a r io u s  su b s tra te  co n cen tra t io n .

T h e  K m  va lue  o f  th e  enzym e was c a lc u la te d  from  the  s u b s t ra te  s a t u r a ­
t io n  c u rv e  according to  L i n e w e a v e r  and  B u r k  [14].  The Michaelis c o n s ta n t  м 
p ro v e d  to  be 3.3 X l O -5 p e r  litre.

Since th e  p h o to m e tr ic  s tu d y  of aden ine  m e tab o l ism  was lim ited  b y  the  
h igh  p ro te in  con ten t  o f  t h e  b ac te r ia l  e x t ra c t ,  14C aden ine  m etabolism  w as n e x t  
e x a m in e d  b y  c h ro m a to g ra p h y ,  as described ab o v e .  A considerable a m o u n t  
o f  free  aden ine  was still p re se n t  after 60 m in  o f  incuba tion  of th e  ad en in e  re-
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minutes minutes

Fig. 6. T esting  of H. anthracis adenine a u x o tro p h  cell e x tra c t  for adenosine deam in ase  a c tiv ity . 
T o 3.0 ml of b a c te ria l e x tra c t,  co n ta in in g  65 /ig /m l p ro te in , 200 m /ш  adenosine  was add ed . 
T he q u a n tita tiv e  decrease  of adenosine w as follow ed up  a t  265 nm , th e  increase  o f inosine

c o n c e n tra tio n , a t  240 nm

Fig. 7. A denosine d eam inase  a c tiv ity  o f B. anthracis aden ine  au x o tro p h  cell e x tra c t  a t  rising 
su b s tra te  co n cen tra tio n . D ifferent a m o u n ts  o f  adenosine  were added  to  3.0 ml cell e x tra c t ,  
co n ta in in g  27 /ig /m l p ro te in . The sam ples w ere in cu b a ted  a t  37 °C for 5 m in  a n d  th e  q u a n tit ie s  

of inosine fo rm ed w ere d e te rm in ed  a t  240 nm

quir ing  s tra in .  T h e  concen tra tions o f  labelled  inosine an d  h y p o x a n th in e  rose  in 
th e  func tion  of t im e  as adenine decreased .

The son ica ted  cell suspension o f th e  p ro to t ro p h  s tra in  p roduced  a g rea te r  
decrease of th e  a d d e d  adenine c o n c e n tra t io n  u n d e r  similar conditions.  A den ine  
e i th e r  d isappeared  or fell to  a m in im a l  level dur ing  40 m in incu b a t io n ,  w hereas  
th e  h y p o x a n th in e  formed s lightly  exceeded  th e  a m o u n t  of inosine.

These f ind ings  suggest t h a t  seve ra l  enzym es p lay  a role in  th e  aden in e  
m etabo lism  of B . anthracis.

I t  has b een  concluded t h a t  t h e  t ra n s fo rm a t io n  of labelled a d e n in e  to  
h y p o x a n th in e  to o k  place in a t  le a s t  th re e  s teps: f irs t ,  adenine  w as tr a n s fo rm e d
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F ig . 8. In fluence  of В . an thracis  aden ine a u x o tro p h  cell e x tr a c t  on  m etabolism  of 14C adenine. 
T o 400 /Л cell e x tra c t, c o n ta in in g  1520/ig /m l p ro te in , 100 /Л labe lled  aden ine was ad ded  an d  
sam p le s  o f 10 //1 were c h ro m a to g ra p h e d  a t d ifferen t p o in ts  o f tim e . T he cpm  values are  re la te d

to 10 [A sam ples

F ig . 9. In flu en ce  of B. an thracis  p ro to tro p h  cell e x tra c t  on  m etab o lism  of 14C adenine. To 400 //1 
cell e x tr a c t ,  con ta in ing  1710 /ig /m l p ro te in , 100 /il lab e lled  ad en ine  was added  an d  sam ples 
o f 10 ^1 w ere c h ro m a to g ra p h e d  a t  d ifferen t in te rv a ls . T h e  cpm  values are re la te d  to  10 /il

sam ples
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I

Fig. 10. In fluence  o f B . anthracis aden ine  a u x o tro p h  live  cell suspension  on th e  m etab o lism  
of ,4C adenine. To 400 [A cell suspension, co n ta in in g  2110 //g /in l p ro te in , 100 /Л labelled  ad en in e  
was ad ded  and  sam ples of 10 /л\ were c h ro m a to g ra p h e d  a t  d iffe ren t in te rvals . T he cpm  v a lu es

are re la te d  to  10 sam ples

F ig. 11. In fluence  of B . anthracis p ro to tro p h  live  cell suspension  on th e  m etabo lism  o f ,4C 
aden ine. To 400 //1 cell suspension , co n ta in in g  2025 /jg /m l p ro te in , 100 //1 labelled ad en in e  was 
ad d ed  and  10 /Л sam ples were ch ro m a to g rap h ed  a fte r d iffe ren t periods of in cu b a tio n . T he 

cpm  values are re la te d  to  10 //1 sam ples
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in to  adenosine , which gave rise to  inosine b y  d e -am ina tion  a n d  f ina lly  h y p o ­
x a n t h i n e  arose from  inosine, p ro b ab ly  u n d e r  th e  influence of  nucleoside phos- 
p h o ry la s e .

I t  should  be n o te d  t h a t  equal a m o u n ts  o f  live (non-sonicated) cells in 
su sp e n s io n  of the  p r o to t r o p h  or adenine  a u x o t ro p h  s tra in  m e tabo lized  14C 
a d e n in e  in  a nearly  s im ilar  degree under  th e  ex p e r im en ta l  conditions em ployed  
fo r  cell suspensions d is in te g ra te d  by son ication .

M uch  less inosine b u t  m ore  h y p o x a n th in e  was form ed in  th e  func tion  of 
t im e  t h a n  in th e  case of  th e  d is in teg ra ted  cell suspensions.

Discussion

M an y  au th o rs  h a v e  s tu d ied  th e  a u x o t r o p h  m u ta n ts  o f  pa th o g en ic  b a c ­
t e r i a  a n d  a re la t ionsh ip  was sough t b e tw een  req u irem en ts  a n d  viru lence . O b ­
s e rv a t io n s  on the  v iru lence  of th e  purine  req u ir in g  m u ta n ts  o f  Pseudom onas 
pseudo m a lle i [15], Salm onella  typ h i-m u riu m  a n d  Salm onella ty p h i  [18] were, 
h o w e v e r ,  p a r t icu la r ly  c o n tra d ic to ry .  This w as p ro b a b ly  due to  th e  lack  of in ­
f o r m a t io n  concerning th e  precise  site of th e  b lock  in purine  syn thes is .  I v á n o - 
v ic s  et al. [2 ] h ave  show n t h a t  virulence is d e te rm in ed  b y  th e  pu r in e  re q u ire ­
m e n t  i f  th e  conversion of inosinic acid to  adeny lic  acid does no t ta k e  place. 
T h e y  also found t h a t  a lack  of th e  synthesis  o f  adeny l-succ inate  sy n th e ta se  or 
a d e n y l  succinate  lyase  was responsible  for th e  loss of viru lence b y  B . anthracis 
a d e n in e  au x o tro p h  m u ta n t s .  I t  was p o s tu la te d  t h a t  a p a r t  from  aden ine  de f i ­
c iency ,  o the r  fac tors ,  th u s  p ro b ab ly  changes in  th e  cell wall a rc h i te c tu re ,  p lay  a 
ro le  in  th e  m u t a n t ’s loss o f  viru lence for m ice. T h e  adenine  req u ir in g  m u ta n t s  
fa i led  to m ultip ly  in th e  an im al despite  a d m in is t r a t io n  of th e  base in sub tox ic  
doses ,  a l though  a sa t i s fa c to ry  blood level o f  aden ine  could te m p o ra r i ly  be e n ­
s u re d .  A lthough  free guan in e  does no t  occur  in  th e  ab d o m in a l  c a v i ty  of th e  
a n im a l ,  th e  guan ine-def ic ien t  m u ta n ts  b e g a n  to  m ult ip ly  a t  a slower r a te  th a n  
th e  p ro to t ro p h  did, h u t  f ina lly  th ey  killed th e  an im al [2 ].

A t te m p ts  to  exp la in  th e  av iru len t  n a tu r e  of the aden ine  requ ir ing  m u ­
t a n t s  h ave  led to th e  conclusion th a t  several fac tors  m us t  p lay  a role in th e  
p h e n o m e n o n .  A lth o u g h  aden ine  is rap id ly  e l im in a ted  by  th e  an im al [19, 20], a 
sa t is fa c to r i ly  high b lood  level can te m p o ra r i ly  be m a in ta in e d  [2]. B u t  th is  
in  i t s e l f  was no t suffic ien t,  as th e  adenine  a u x o t ro p h  m u ta n t  failed to  d isp lay  
o p t im u m  growth even  u n d e r  well-controlled conditions in vitro. An increase 
o f  t h e  adenine  co n c e n tra t io n  in th e  m ed ium  ab o v e  a given level in h ib i ted  r a th e r  
t h a n  p ro m o te d  th e  m u t a n t ’s grow th. I t  h a s  been  shown t h a t  an  adenine- 
specif ic  feed-back in h ib i t io n  takes  place in  th e  adeny l succinate  lyase defic ient 
m u t a n t s  of Escherichia coli an d  S. ty p h i-m u r iu m  [21]. Of th e  fac to rs  p lay ing  
a ro le  in  the  av iru lence  of  th e  B . anthracis  adenine  a u x o tro p h  m u ta n t ,  th e
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following could  be identif ied  on th e  basis o f  th e  presen t experim en ts .  In  the  
presence of 10 //g/ml aden ine , A T P  synthesis  b y  th e  m u ta n t  was lower th a n  
th a t  b y  th e  p ro to t ro p h .  T h e  g row th  req u ire m e n ts  of th e  m u ta n t  could  also 
he satisfied w ith  adenosine, a l th o u g h  it failed to  utilize th e  nucleoside to  such 
an  e x te n t  as it  utilized th e  base.

I t  was also found t h a t  th e  m u ta n t  deve lops  an  adenosine deam in ase  
a c t iv i ty ,  w hich  m ay  influence th e  synthesis  o f  aden ine  nucleotides. E pxer i-  
m en ts  w ith  l4C adenine  showed t h a t  adenosine  deam inase  ind irec tly  p a r t i c i ­
pa ted  in th e  aden ine  m e tabo lism  of th e  m u ta n t .  T h e  presence of h y p o x a n th in e  
m ay  be a t t r i b u t e d  to  th e  s t r a in s ’ nucleoside phosphory lase .  O th e r  a u th o rs  
[22, 23] d e m o n s t ra te d  adenosine  deam inase  in B acillus cereus, which is phy lo - 
genetica lly  closely re la ted  to  B . anthracis. C onsidera t ion  should also he g iven 
to  th e  recen t  e lec tron  microscopic find ing  t h a t  t h e  de-repressed a lka line  p h o s ­
p h a ta se  syn thes is  of th e  B. anthracis adenine a u x o t ro p h  m ay  a l te r  th e  s t ru c tu re  
of the  bac te r ia l  cell wall, a c ircum stance  t h a t  p ro b a b ly  decreases bac te r ia l  
resis tance  ag a in s t  th e  h o s t ’s p ro tec t ive  m e c h a n ism  [6 ].

Acknowledgement. T he a u th o rs  are in deb ted  to  P ro fesso r G. I v Á n o v i c s  for v a lu ab le  
adv ice  in th e  ex p erim en ts  and for help  in th e  p re p a ra tio n  o f th is  rep o rt.
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MACROPHAGE MIGRATION INHIRITION 
AS AN IN VITRO CORRELATE OF CUTANEOUS 

DELAYED SKIN REACTION
I. M E T H O D IC A L  C O N S ID E R A T IO N S  

A n n a  R é d e i

N ationa l Institu te  o f  Public H ealth , B udapest 

(R eceived  A pril 21, 1973)

Sum m ary . F o r th e  in v es tig a tio n  of de lay ed  ty p e  h y p e rsen s itiv ity  th e  m acrophage  
m ig ra tio n  in h ib itio n  tec h n iq u e  has been in tro d u c ed  w ith  som e m odifications. Q u a lita tiv e  
analysis of th e  p e rito n ea l e x u d a te  cells show ed th a t  m ono cy te -m acro p h ag es were p re sen t in 
60 — 9 8 % , ly m p h o cy tes  in  1 — 2 4% , eosinophil leucocy tes in 0 — 11% . A verage con tro l ch am b er 
g ro w th  of u n tre a te d  a n d  BCG v acc in a ted  an im als d isp lay ed  an  av erag e  value  of 95 an d  80 m g, 
resp ec tiv e ly  (from  7 to  256 m g). T he w ith in  an im al sd  was e s tim a te d  in 5 cases y ield ing  ± 3 3 %  
of th e  con tro l value . T h e  necessity  of d e te rm in in g  th e  h ig h est n o n -to x ic  an tig en  dose for th e  
m easu rem en t of m ac ro p h ag e  m ig ra tio n  in h ib itio n  of sensitized  an im als is suggested .

In  the  course o f  investiga tions in to  in trace llu la r  p a ras i t ism , e x am in a t io n  
of th e  deve lopm ent o f  cellular im m u n i ty  has a ssum ed  im portance . T herefore ,  
th e  recen tly  e la b o ra te d  m acrophage  m igra t ion  in h ib i t io n  te s t  [1 -3 ]  has  been  
in troduced  in our l a b o ra to ry  as an  in vitro  corre la te  o f  cellular im m u n i ty .  T he  
p re sen t  paper  is r e p o r t in g  on experience gained b y  th e  app lica t ion  of  th is  
m e th o d .

Materials and  m ethods

Preparation o f  peritoneal exudate cells (P E C ) .  G uinea pigs o f b o th  sexes w eighing 250 — 
300 g were used th ro u g h o u t. O lder an im als (w eighing 600 800 g) d id  no t y ield  PE C  in  a
su ffic ien t q u a n tity . T h e  gu inea  pigs received 30 m l sterile  m in era l oil in trap erito n ea lly  and  
were hied  on th e  5 th  d a y  follow ing th e  in jec tion . PE C  were co llected  by w ashing th e  p e rito n ea l 
c av ity  th ro u g h  a m ed ian  incision  w ith  ab o u t 60 ml sterile  H a n k s ’ so lu tion . B lood-tinged  ex ­
u d a te s  were d iscarded . T h e  P E C  were w ashed tw ice w ith  ste rile  TC 199 solu tion . A sm ear p re ­
p a red  from  PEC  was s ta in e d  by  P ap p en h eim er’s dye for q u a lita tiv e  analysis. T he cell su sp en ­
sion was k ep t in a re fr ig e ra to r  u n til  use.

Test procedure. Follow ing th e  las t c en trig u fa tio n  th e  s u p e rn a ta n t  was carefully  d ecan ted  
while re ta in in g  a sm all re m n a n t w hich  did n o t exceed 1/4 1/3 of th e  cell volum e. PE C  were
th o ro u g h ly  m ixed in th is  flu id  w ith  a glass rod  and  a cap illa ry  0.7 0.8 m m  in d iam e te r was
le t to  fill w ith  th e  cell suspension  by cap illa rity . An a d eq u a te  d ilu tio n  of th e  cell suspension  
was ev id en t when its  b o rd e rlin e  slowly c lim bed  up th e  cap illa ry . M ixing of PE C  was rep ea ted  
every  tim e when a new  cap illa ry  was used. In  th is  m an n er th e  lab o riu s cen trifu g a tio n  of cap il­
laries could be o m itte d . T h e  con tro l and a n tig en  ch am bers fo r th e  sam e an im al were a lw ays 
p re p are d  from  th e  sam e cap illa ry .

A t the  b eg inn ing , M ackaness ty p e  ch am bers were used  for cell cu ltu rin g , la te r  a m ore 
sim ple se t has been dev elo p ed  (F ig . 1) w hich co n ta in ed  6 holes 12 m m  in d iam e te r a n d  of 
0.25 ml co n ten t each. T h ese  p la tes  could he v e ry  sk ilfu lly  used  for th e  s im ultaneous p re p a ra tio n  
of 6 parallels. The co n tro l ch am b ers were filled  w ith  TC 199 c o n ta in in g  15% n orm al gu inea 
pig serum . A due q u a n ti ty  o f  th e  an tig en  was ad ded  to  th is  c u ltu r in g  flu id  for th e  m easu rem en t 
o f m ig ra tio n  in h ib itio n . T h e  cap illaries co n ta in in g  PE C  w ere b ro k en  in to  pieces o f 5 — 6 m m
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le n g th ,  sealed and sim u ltan eo u s ly  fix ed  on  cover g lasses w ith  ho t p a ra ffin . Follow ing in cu b a ­
t io n  a t  37 °C for 24 hr, th e  g ro w th  of PE C  w as p ro jec ted  on p ap er of un ifo rm  th ick n ess, traced , 
c u t  a n d  th e  paper was w eighed on a n  an a ly tic a l ba lance. D a ta  of m ig ra tio n  in h ib itio n  are given 
a c c o rd in g  to  th e  follow ing fo rm u la :

av erag e  g ro w th  in a n tig e n  ch am b er ^ 
average  g ro w th  in co n tro l cham ber

M acrophage m ig ra tio n  w as in v es tig a ted  in  co n tro l and  in BCG v a cc in a ted  (104 — 10r> 
v ia b le  u n its )  guinea pigs.

F ig. 1. Simple set for th e  p re p a ra tio n  of 6 p a ra lle l m acrophage m ig ra tio n  cham bers

Results

Q u a l i ta t ive  ana lysis  of 115 pe r i to n ea l  ex u d a te s  o b ta ined  from  control 
a n d  B C G  v acc ina ted  gu inea  pigs revea led  am o n g  P E C  81 .6%  ( 6 0 -9 8 % )  m o n o ­
cy te -m ac ro p h ag es ,  5 .6 %  (1 24% ) ly m p h o cy te s ,  a n d  0 .9%  ( 0 - 1 1 % )  eosino­
ph ils .  D is in teg ra ted  m o n o cy te s  could be fo u n d  in 7 .8%  (0 -3 0 % ) .  I n  tw o cases 
th e  n u m b e r  of d is in teg ra ted  cells reached  a b o u t  50%  w i th o u t  a n y  a p p a re n t  
c h a n g e  in  control m ac ro p h ag e  grow th . This w ould  suggest t h a t  th e  d e s tru c t io n  
cou ld  b e  th e  consequence of th e  p re p a ra t io n  of smears. T here  w as no  consider­
ab le  difference in ce llu lar com posit ion  be tw een  th e  PE C  of con tro l  (n =  30) 
a n d  B C G  vacc ina ted  (n =  85) guinea pigs.

A h igh va r iab i l i ty  of  con tro l  c h a m b e r  g row th  be tw een  an im a ls  was o b ­
se rv e d  in  agreem ent w i th  severa l au th o rs  [1, 4, 5] though  m o st  p a p e rs  m en tion  
on ly  p e r  cen t inh ib ition  a n d  n o t  th e  m easu red  ind iv idua l  va lues  for m acrophage  
m ig ra t io n .  The ca lcu la ted  m e a n  was in  ou r  experim en ts  95 m g in th e  case of  
c o n tro ls  and  80 m g in th e  case of BCG v a c c in a ted  guinea pigs (4 m m 2  a rea
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abso lu te  migration 
of m a c ro p h ag es

Fig. 2. A bso lu te  m ig ra tion  of m acrophages in  an tig en -free  n u tr ie n t  m edium . O pen  circles =  
u n tre a te d  gu inea pigs; closed circles BCG v acc in a ted  gu inea pigs. In se rt: per c en t o f low  
(c lear co lum n), m edium  (sh ad ed  colum n) and high (solid co lum n) va lues for con tro l m ac ro p h ag e

m ig ra tio n

corresponds to  47 +  3.9 mg). T he  lowest observed  va lue  was 7 m g  a n d  th e  
highest 256 mg (Fig. 2).

T he  m a jo r i ty  (82% ) of th e  d a ta  ra n g ed  be tw een  30 -130  m g a n d  only 
10.3%  were above a n d  7 .8%  below these  values .  E xcep tiona lly  h igh  or low 
va lues  were u n f re q u e n t .  I t  should  be m en tio n ed  t h a t  low control va lues  p re se n t  
a g rea t  difficulty  in th e  ev a lua tion  of m ac ro p h ag e  m ig ra t ion  inh ib it ion .
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p e r c e n ta g e
inhibition

Fig. 3. T itra tio n  of th e  non-tox ic  P P D  dose on  con tro l m acrophages

V ariab i l i ty  of m acro p h ag e  g row th  in d iffe ren t  control ch am b ers  of the  
s am e  a n im a l  is also considerab le . The w ith in  a n im a l  sd  of 9 -1 0  para lle ls  was 
e s t im a te d  in  5 cases; these  y ie lded  an  s d  o f  + 3 7 .1 ;  + 1 5 .0 ;  19.1; + 5 2 .2 ;
+  50.8 mg, i.e., 35, 26, 41, 24, a n d  37%  (in av e rag e ,  33% ) of th e  con tro l .  In  
v iew  o f  th is ,  a t  least 6  pa ra lle ls  were used ro u t in e ly .

M ig ra t ion  inh ib it ion  w as  in v es t ig a ted  in  BCG t r e a te d  an im als  w ith  
P P D  (S ta te n s  Serum  I n s t i tu te ,  Copenhagen), as specific an tigen . A P P D  co n ­
c e n t r a t io n  of  30 /ig/ml, th o u g h  widely used  [6 — 9], was too  h igh u n d e r  ou r  ex ­
p e r im e n ta l  conditions because  m acrophage  m ig ra t io n  was in h ib i ted  n o t  only 
in  B C G  v acc in a ted  an im als  b u t  also in th e  c o n tro l  ones. Therefore  th e  in vitro 
t o x ic i ty  of  P P D  on con tro l  P E C  was e x am in ed  (Fig. 3). A dose of  50 /tg/ml 
P P D  c au sed  com plete  m ig ra t io n  inh ib it ion  (81% ),  th e  slope was v e ry  steep  
a n d  o n ly  10 and  15 /ig/ml P P D  p roved  to  be ineffec tive  on contro l m ac ro p h ag e  
g ro w th .  Accord ing  to  these  d a ta ,  all in v es t ig a t io n s  were m ad e  b y  app ly in g  
th e  h ig h e s t  non-tox ic  P P D  doses.

T h e  question  arose w h e th e r  the  app lied  doses were really  non - to x ic  ones, 
o r  t h e r e  w as a spurious lack  o f  effect in  consequence  of th e  eq u il ib r ium  of 
s t im u la to r y  a n d  in h ib i to ry  effects on m a c ro p h a g e  g row th  [10]. No s t im u la to ry  
effect o f  P P D  could be d e m o n s t ra te d  a t  c o n c e n tra t io n s  lower t h a n  10 ^g /m l 
(F ig . 4).
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percentage
inhibition

concentration of PPD (pg/ml)

Fig. 4. E ffec t of low P P D  c o n cen tra tio n s  on con tro l m acrophages

D iscussion

T he  m acrophage  m ig ra t io n  techn ique  has gained w orld-w ide  a ccep tan ce  
in  ex p e r im en ta l  [ 1 1 —2 1 ] a n d  clinical [22—30] work for th e  d e m o n s t ra t io n  in  
vitro  o f  de layed  h y p e rsen s i t iv i ty .  H ughes [31], B ergstrand  a n d  K ä l l e n  

[32] and  Ma in i et al. [33] h av e  p o in ted  to  the  l im ita t ions  a n d  d ifficulties  of 
th e  m acrophage  m ig ra t ion  te s t .  A m ong  these  difficulties th e  m ost severe is th e  
considerab le  va r iab i l i ty  of  m ac ro p h ag e  g row th  in con tro l  cham bers .  Accord ing  
to  Lamelin  [34] “ E v e ry o n e  who has used th e  te c h n iq u e  realizes t h a t  even  
u n d e r  iden tica l  conditions th e re  are  a lways m acrophages  which  a re  v e ry  re a d y  
to  m ig ra te  a n d  o thers  are v e ry  unwilling to  leave th e  t u b e ” . O ur  re su l ts  h ave  
revea led  t h a t  th e  d a ta  for n o rm a l  m acrophage  m ig ra t io n  d isp lay  a quasi-  
r e c ta n g u la r  d is t r ib u t io n  from  30 to  130 m g; h igher a n d  lower va lues  a re  ex ­
cep tiona lly  ra re .  I n  view of th e  d iff icu lty  of  eva lua tion  i t  is reco m m en d ed  t h a t  
con tro l  ch a m b e r  g row th  low er th a n  3 m m 2  should  be d is rega rded  w h en  es t i­
m a t in g  m ig ra t ion  inh ib it ion . T h e  cause of the  increased  m ig ra t io n  of  m acro- 
pha  ges is n o t  know n, b u t  m ig ra t io n  inh ib it ion  being p ro p o r t io n a l  to  th e  contro l 
va lues ,  it  does no t  p re sen t  a n y  prob lem  in eva lua tion .

The o th e r  d iff icu lty  o f  th e  m e th o d  is th e  w ith in  an im al  v a r ia b i l i ty  of 
m ig ra t io n ,  as shown b y  th e  high values  for s d . In  a d d i t io n ,  i t  is d if f icu lt  to
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t r a c e  th e  m igra tion  a re a  p a r t ic u la r ly  in t h e  case o f  contro ls  w ith  g row th  of the  
“ la c y  fu n  ty p e ”  [35]. T h is  d iff icu lty  does n o t  arise in th e  case of  inh ib ited  m ig ra ­
t i o n  owing to  the  c lu m p in g  of cells and  th e  s t r ic t  bo rder l ine  of th e  m igra t ion  
a re a .  T o  overcome th e se  difficulties it  is reco m m en d ed  to  w ork  w ith  a high 
n u m b e r  of parallels and  to  re a d  th e  inh ib ited  m ac ro p h ag e  m ig ra t ion  before th e  
c o n tro l ,  in  order to  re d u c e  th e  observer’s error .

T h e  applied in  vitro  P P D  dose varies  b e tw een  2.5 a n d  300 ,ug/ml acco rd ­
in g  to  th e  l i te ra tu re  [7, 35]. I n  our la b o ra to ry  th e  non - to x ic  dose of P P D  was 
less t h a n  15 /tg/ml, b u t  i ts  v a lu e  should he d e te rm in e d  u n d e r  d ifferent experi­
m e n ta l  conditions (a n d  fo r  every  an tigen).

I n  spite of th e  l i t e r a r y  d a ta  suggesting  a possible s t im u la t in g  effect of 
lo w e r  th a n  “ n o n - to x ic”  a n t ig e n  doses, P P D  in  such low doses failed to  in ­
f lu  ence  m acrophage  m ig ra t io n .

F ina lly ,  it  m a y  be  s t a t e d  th a t  the  e v a lu a t io n  of  th e  m acrophage  m ig ra ­
t io n  t e s t  presents  m a n y  difficulties  for th e  in v es t ig a to r  [6 , 16, 31], b u t  being 
a w a re  o f  these p rob lem s t h e  m e th o d  is fa ir ly  rep roduc ib le  a n d  m a y  be a useful 
to o l  fo r  th e  in vitro m e a s u re m e n t  of de layed  h y p e rsen s i t iv i ty .
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MACROPHAGE MIGRATION INHIBITION AS AN 
IN VITRO CORRELATE OF CUTANEOUS 

DELAYED SKIN REACTION
I I .  IN V E S T IG A T IO N S  ON BCG V A C C IN A T E D  G U IN E A  P IG S  

A n n a  R é d e i , G izella  K e s e r ű  and A n n a  F ri gyesi

N a t i o n a l  I n s t i t u t e  o f  P u b l i c  H e a l t h  a n d  S ta t e  I n s t i t u t e  o f  P h a r m a c y  a n d  A c a d e m i c
B i o m e t r i c  U n i t ,  B u d a p e s t

(R eceived  A pril 21, 1973)

Sum m ary . T he connexion  be tw een  sk in  te s tin g , th e  m o st com m on m e th o d  fo r th e  e sti­
m atio n  of delayed  ty p e  h y p e rsen s itiv ity , and  th e  recen tly  e la b o ra te d  m ac ro p h ag e  m ig ra tio n  
in h ib itio n  te s t  has n o t been sa tis fac to rily  se ttled . The d ivergence  of th e  tw o re ac tio n s  has 
been  estab lish ed  in  experim en ts  carried  o u t in BCG v acc in a ted  gu inea pigs. D a ta  are p re sen te d  
to  show th a t  a p ositive  sk in  te s t  is a ssoc iated  w ith  a po sitiv e  m acrophage  m ig ra tio n  in h ib itio n  
te s t  b u t  in th e  case o f n e g a tiv e  sk in  te s ts  th e  m acrophage m ig ra tio n  in h ib itio n  te s t  o ften  show s 
p o sitiv ity . T h e  use o f an  e le v a te d  P P D  dose for sk in  te s tin g  d id  n o t im prove  th e  co rre la tio n  
of th e  p a ram e te rs  in v es tig a te d .

D elayed  ty p e  skin reac tions  have  been f re q u e n t ly  used as d iagnostic  te s ts  
for tubercu losis  or for th e  con tro l  of BCG v a cc in a t io n  and  in several cond it ions  
accom pan ied  b y  cellular ty p e  im m u n i ty  [1, 2]. Severa l a u th o rs  [3 -5 ]  h av e  
s tressed th e  d raw backs  o f  th is  te s t  th e  fu nc tion  of which is n o t  y e t  fu lly  
ap p re c ia ted  [6 ].

T h e  recen t ly  e lab o ra ted  m acrophage  m ig ra t io n  in h ib it ion  (MMI) te s t  
seems to  be a good m easu re  o f  cellular im m u n i ty  [7-10] possessing several 
com m on ch arac ter is t ics  w ith  th e  delayed ty p e  sk in  reac tions  [1 1 , 1 2 ] a n d  la c k ­
ing a n y  corre la t ion  w ith  c ircu la t ing  an tibod ies .  T h e re  are  several o b se rva tions  
on th e  d ivergence of  th e  MMI te s t  a n d  th e  de layed  ty p e  skin  reac tions  [13—16], 
th u s  th e ir  in te r re la t io n  does n o t  seem to be s e t t led  satisfac torily .

T h e  p re sen t  p a p e r  r e p o r ts  on a s tu d y  of th e  corre la t ion  of MMI a n d  de­
layed  ty p e  skin reac tions  in  BCG v acc ina ted  gu inea  pigs.

M a te r ia ls  a n d  m e th o d s

G uinea pigs o f b o th  sexes w eighing 250 — 300 g w ere used  in th e  ex p erim en ts . BCG 
v acc in a ted  an im als (104-1 0 5 v iab le  u n its  subcu tan eo u sly ) w ere sk in  te s te d  by  10 IU  P P D  
(P u rified  P ro te in  D e riv a tiv e , S ta te n s  Serum  In s t i tu te ,  C openhange) a t lea s t 4 w eeks a f te r  
im m u n iza tio n  and  no t m ore th a n  7 d ay s p rio r to  MMI tes tin g . T he larg est d iam e te r  of th e  
in d u ra tio n  was m easu red  to  th e  n ea re st m illim etre  on th e  second day . In  la te r  ex p erim en ts  
10 and 100 IU  P P D  were s im u ltan eo u sly  ad m in iste red  in tra cu ta n eo u s ly . T he M M I m eth o d  
has been p resen ted  in p a r t  I of th is  pap er [17]; th e  h ig h est P P D  doses no n -to x ic  i n  v i t r o  
(10 and 15 //g/m l) w ere app lied  for MMI te s tin g  w ith  th e  use  of 6 paralle ls for th e  co n tro l and  
th e  a n tig en  cham bers.
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R e su l ts

P ig .  1 presents  d a ta  o f  MMI p e rfo rm ed  w ith  10 pg/m l P P D  in re la tion  
to  t h e  d iam e te r  of P P D  in d u ced  skin  re a c t io n  in  76 BCG v a c c in a te d  guinea 
p igs .  F o r  th e  sake of b r e v i ty ,  d a ta  for  MMI o b ta in ed  b y  15 ^ g /m l P P D  are 
o m i t t e d ,  because th e ir  in h ib i to ry  a c t iv i ty  th o u g h  som ew hat m ore  expressed, 
w as  s im ila r  to  t h a t  of th e  fo rm e r  dose (59 a n d  6 8 %  inh ib ition , respec tive ly ) .

p e rcen tag e
inhibition

F ig . 1. I n h ib it io n  of m ig ra tio n  of m acro p h ag es o rig in a tin g  from  BCG v acc in a ted  gu in ea  pigs 
in  th e  p re sen ce  of 10 /(g/'ml P P D , co m p ared  to  sk in  reac tio n s  in d u ced  b y  in tra cu ta n eo u s ly  
a d m in is te re d  10 1U P P D  (n  =  76). S h ad ed  a rea  m ean s p o s itiv ity  o f m ig ra tio n  in h ib itio n  and

o f  sk in  reac tio n
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T he sm allest skin re a c t io n  to  10 IU  P P D  was a lw ay s  accom panied  b y  a co n ­
siderab ly  inh ib ited  m ac ro p h ag e  m igra tion . B u t  w hen  th e  skin re a c t io n  is 
nega tive ,  the  MMI is still posit ive  in non-neglig ib le  num bers .

T he  possib ili ty  arose of  a m ore  close in te r re la t io n  betw een  sk in  te s ts  
an d  MMI in th e  case o f  h ig h e r  in tracu tan eo u s  P P D  doses.

Fig. 2 d e m o n s tra te s  th e  d a ta  for MMI of 47 BCG vacc ina ted  an im als  skin 
te s te d  w ith  10 and  100 I U  P P D .  These an im als  d id  n o t  respond  to  in t r a c u ta -

percen tage
inhibition

l a r g e s t  d ia m e te r  of skin  r e a c t i o n  in mm

Fig. 2. P ercen tage  in h ib itio n  o f m ig ra tio n  of m acro p h ag es o rig in a tin g  from  BCG v acc in a ted  
gu inea pigs in th e  presence of 10 //g/iril P P D , co m p ared  to  sk in  reactions in d u ced  by in tra -  
cu taneouely  a d m in is te red  100 IU  P P D . The an im als d id  n o t reac t to 10 IU  P P D  (n  =  46). 

Shaded  a rea  m eans p o sitiv ity  of m ig ra tion  in h ib itio n  an d  of sk in  re ac tio n

Acta M icrobiulogica A cadem iae Scien tiarum  H ungaricae 20 , 1973



278 R É D E I  e t  a l .

n e o u s ly  adm in is te red  10 I U  P P D  ( th ey  were se lected  from a t r ip le  n u m b e r  of 
s im u l ta n e o u s ly  BCG v a c c in a te d  guinea pigs). N o closer in te r re la t io n  b e tw een  
th e  sk in  t e s t  and MMI could  be  found th a n  in th e  fo rm er series. M oreover,  som e­
t im e s  a skin  tes t  p o s i t iv i ty  was associa ted  w ith  a nega tive  MMI.

Fig. 3. T a b u la te d  form  of c o rre la tio n  be tw een  MMI an d  d e lay ed  ty p e  sk in  re ac tio n  d u e  to  10 IU  
P P D  i. c. ad m in iste red . M ore d e ta ils  see in  te x t

T o  com plete  th e  d a t a ,  som e anim als  w ere  exam ined  which h a d  a pos i t ive  
sk in  t e s t  to  10 as well as to  100 P P D .  T he  MMI w as of  course p os i t ive  in  these  
a n im a ls .

T o  establish  th e  sugges ted  d ivergence of  th e  exam ined  p a ra m e te r s  of 
ce l lu la r  im m u n i ty ,  th e  d a t a  were ran g ed  in to  a rb i t r a ry  groups o f  pos i t ive ,  
n e g a t iv e  a n d  in te rm ed ia te  resu lts .

I n  F ig . 3, the  skin  te s t  w as considered p o s i t ive  to  10 IU  P P D  w h en  th e  
la rg e s t  d ia m e te r  of the  in d u ra t io n  was 5 m m  or m ore ;  negative w hen  th e re  was 
no r e a c t io n ;  1-4 m m  re a c t io n s  were reg a rd ed  as in te rm ed ia te  ones. T h e  MMI 
was classif ied  as positive w h e n  m igra tion  in h ib i t io n  was more th a n  6 0 % ,  an d  
n e g a t iv e ,  w hen  it was 3 0 %  or less. B etw een  these  tw o  values, in h ib i t io n  was 
co n s id e re d  in te rm ed ia te .  I n  p a r t  A, th e  ev a lu a t io n  of  MMI based u p o n  d a ta  o b ­
ta in e d  b y  th e  use of 10 /ig /m l P P D  in  v itro ; in  p a r t  B, these  da ta  were b a se d  on 
■common ev a lua tion  of M M I p e rfo rm ed  w ith  10 a n d  15 jUg/ml P P D  as follows.
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T h e  MMI was reg a rd ed  as positive  if  a t  least  one o f  th e  applied  doses y ie lded  
a pos i t ive  resu l t ;  n ega tive ,  if  th e  MMI was n e g a t iv e  w ith  a t  least  one o f  th e  
P P D  doses; and  in te rm ed ia te ,  if  m acrophage  m ig ra t io n  displayed an  in te r ­
m e d ia te  inh ib it ion  w ith  b o th  P P D  doses. C o n tra d ic to ry  results  h av e  n o t  been 
observed .

P a r t  A
V  MMi
S R ^ fl 
100 и \

4- + - I

+ 11
\

3 1 15

+ 7 X 1 15

9 и X 17

i 27 и * 6 X ,  
___ ^

F ig . 4. T ab u la te d  form  of co rre la tio n  betw een  MMI a n d  d e layed  ty p e  sk in  re ac tio n  (S R ) due 
to  100 IU  P P D  i.c. adm in iste red . M ore d e ta ils  see in  te x t

Fig. 3 shows t h a t  th e  pos itive  skin te s ts  were  accom panied  in  m o s t  (p a r t  
A) if n o t  all (p a r t  B) of  th e  cases b y  a pos itive  MMI. Positive M M I reac tions  
were also f req u en t ly  m e t  w ith  in  a b o u t  52 to  6 6 %  o f  nega tive  sk in  reac tions .

I n  Fig. 4 th e  sam e d a ta  are  p resen ted ,  w ith  th e  only difference t h a t  the  
re su lts  ob ta in ed  with  in t racu tan eo u s ly  a d m in is te red  100 IU  P P D  are  co m p ared  
w ith  those  of th e  M M I. T here  was no a p p a re n t  change in the  f re q u e n c y  of 
n e g a t iv e  skin te s ts  associa ted  w ith  a positive M M I, b u t  in some cases a n eg a t iv e  
MMI occurred  w ith  positive  or in te rm e d ia te  sk in  reactions. C onsequen tly ,  
s ta t i s t ic a l  analysis  b y  m eans  of  th e  %2 te s t  y ie lded  a significant d ifference  b e ­
tw een  th e  tw o  reac tions.
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Discussion

I t  has  been  fo u n d  t h a t  a negative  sk in  t e s t  does no t  necessarily  reflec t 
a la c k  o f  im m unolog ica l com petence . Some p a t i e n t s  w ith  overw helm ing  tu b e r ­
cu lous  infection do n o t  re sp o n d  and the ev a lu a t io n  of the  efficiency o f BCG 
v a c c in a t io n  m a y  be d iff icu lt  in  cases w ith  a n e g a t iv e  skin reac tion  [18].

A ccord ing  to  t h e  re su l ts ,  a f te r  BCG v a cc in a t io n ,  th e  MMI t e s t  is more 
f r e q u e n t ly  positive t h a n  th e  sk in  tes t .  I f  it  cou ld  be proved  t h a t  th is  difference 
does n o t  y e t  m ean  a lower degree of specif ic ity  of  th e  MMI te s t ,  t h e n  th is  in 
vitro  re a c t io n  m igh t  he  a usefu l tool in th e  e s ta b l ish m e n t  of cellu lar im m u n e  
r e a c t io n s .

F u r th e rm o re ,  MMI in  vitro  seems to  h a v e  m an y  a d v a n ta g e s  over  th e  
sk in  t e s t s  in  vivo. F i r s t ,  a single m edia to r ,  th e  m ig ra t io n  in h ib ito ry  fa c to r  (M IF) 
of  k n o w n  chem ical p ro p e r t ie s  m ay  be considered  responsible for t h e  MMI, 
w hile  in  th e  de layed  ty p e  sk in  reactions a g re a t  n u m b e r  of m e d ia to r s  m a y  
p la y  a role [13, 19]. T h e  q u a n t i ta t iv e  or q u a l i ta t iv e  change of these  subs tances  
m a y  a l te r  th e  m a n ife s ta t io n  of  skin re ac t io n  even  in th e  case of developed  
ce l lu la r  im m u n i ty .  F u r th e rm o re ,  th e  a n im a l’s genera l condition  does n o t  seem 
to  in f lu en ce  th e  MMI while th e re  m ay  be seve ra l  know n  and  u n k n o w n  fac to rs  
a l te r in g  th e  in  vivo  sk in  te s ts .  T he  small a n t ig e n  dose repea ted ly  a d m in is te red  
in to  t h e  skin  m a y  change  th e  s ta te  of h y p e rse n s i t iv i ty  (and m a y  elicit  u n ­
w a n te d  effects) which is n o t  th e  case with th e  M M I. F inally , th e  p o s i t iv i ty  of 
M M I seem s to  depend  on th e  ava ilab il i ty  o f  a v e ry  few sensitized ly m p h o cy te s ,  
p r o b a b ly  T ly m p h o cy te s  [20] ( though  d a ta  on  M I F  p roduc tion  b y  В ly m p h o ­
c y te s  m a y  also be fo u n d  [2 1 ]), wrhereas sk in  t e s t  pos i t iv i ty  needs th e  p resence  
p i  o th e r  m ononuc lea r  cells, too . This has  been  c lear ly  shown b y  th e  e x p e r im en ts  
o f  V i s a c o r p i  [22] w ho  sensitized  X - i r ra d ia te d  (800 r) r a ts  b y  bov ine  se rum  
a lb u m in  in  com plete  F r e u n d ’s a d ju v a n t  a n d  th is  resu lted  in th e  suppression  
o f  t h e  sk in  reac tion  on  th e  0—5th  p o s t - i r ra d ia t io n  day . A t  th e  sam e t im e  th e  
M M I w as  positive. T ra n s fe r  o f  bone m arrow  cells w^as needed for re s to r in g  the  
sk in  re a c t io n .  F ro m  th is ,  V isa c o r pi  in fe rred  “ i t  seems th a t  p o s t - i r ra d ia t io n  
su p p re ss io n  of th e  sk in  re a c t io n  does no t  d e p e n d  on dam age of specific cells 
b u t  d e p e n d s  on sh o r tag e  of  a bone m arrow  d e r iv ed  cell ty p e  p a r t ic ip a t in g  in 
sk in  re a c t io n s  as a non-specif ic  c o m p o n en t” .

I n  spite  of its  d raw b ack s ,  the  skin te s t  is w idely  accepted  for th e  e x a m i­
n a t io n  o f  tu b e rcu l in  s e n s i t iv i ty ,  due pe rh ap s  to  i ts  simple tech n iq u e .  Once its 
su ff ic ien t  specificity  has  b een  established, t h e  M M I m a y  be a useful too l  for 
th e  c o m p le t io n  of d a ta  concern ing  th e  d e v e lo p m e n t  of  cellular im m u n i ty  
espec ia l ly  in the  case o f  a n e g a t iv e  skin te s t .
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STUDIES ON C4 INACTIVATOR INDUCED BY 
ADENOVIRUSES IN KB CELL CULTURES

Z s u z s a n n a  K o s a  an d  G y . F ü s t  

N ational Institu te  o f  Public Health, B udapest 

(R ece ived  A p ril 24, 1973)

S um m ary . In fe c t io n  of K B  cell cu ltu res  w ith  adenov irus p ro to ty p e  s tra in s  3, 4, 11, 
an d  13 in d u ced  an  in c re a se  in  th e  C4 in a c tiv a tin g  a c tiv ity  of th e  m edium  w hile in fec tio n  w ith  
v iru s ty p es  1, 2, 5, 6, 7, 12, an d  14 failed  to  cause  a n y  sig n ifican t change as co m p ared  to  th e  
con tro l. A d en o v iru s s t r a in s  o f th e  sam e ty p es  iso la ted  from  p a tie n ts  beh av ed  as th e ir  re sp ec tiv e  
p ro to ty p e  s tra in s . A te m p e ra tu re  re s is ta n t C4 in a c tiv a to r  o f low  m olecular w eigh t u n d e te c ta b le  
in  th e  m ed ia  o f u n in fe c te d  K B  cell cu ltu res  w as found  to  be responsib le for th e  increase  in 
C4 in a c tiv a tin g  a c t iv i ty .  No co rre la tio n  could  be found  be tw een  th e  C4 in a c tiv a to r  inducing  
c ap a c ity  of th e  s tra in s  s tu d ie d  and  th e ir  a b ili ty  to  cause early  CP changes.

T h e  results  o f  von  Z e i p e l ’s [L] and  our p rev ious studies h a v e  shown 
t h a t  K B  cell cu ltu res  o rig ina ting  from a h u m a n  m a n d ib u la r  ca rc inom a  p roduce  
th ree  substances  d ifferen t in m olecu la r  w eight, exh ib it ing  an t i -c o m p le m e n ta ry  
(AC) a c t iv i ty  each of which in a c t iv a te s  h u m a n  C4. Of these su b s tan ces ,  th e  
te m p e r a tu r e  sensitive one showing th e  h ighes t  m olecular w eight (above  2 0 0 , 0 0 0 ) 
is id en tica l  w ith  C l esterase , th e  a c t iv a te d  f i rs t  com ponen t o f  h u m a n  com ple ­
m e n t  [1—3]. As com pared  to  th e  contro ls ,  infection  w ith  po liov irus  ty p e  1 
re su l ted  in  a s ign if ican t decrease while t h a t  w ith  adenov irus  ty p e  3 led to  a 
s ign if ican t  increase in th e  C4 in a c t iv a t in g  a c t iv i ty  of  the  m edia  of  K B  cell 
cu l tu re s  in  24 an d  48 h r .  O ur  earlier  exp er im en ts  using gel f i l t r a t io n  th ro u g h  
S e p h a d e x  G-100 co lum ns ind ica ted  t h a t  th e  la t t e r  p h enom enon  m ig h t  be 
a t t r i b u t e d  to  th e  p ro d u c t io n  of  a t e m p e ra tu re  re s is ta n t  C4 in a c t iv a t in g  su b ­
s ta n c e  b y  cells in fec ted  w ith  adenov irus  ty p e  3. No similar su b s ta n c e  could 
be  d e te c te d  in  th e  m ed ia  of u n in fec ted  cells [2 ].

I n  th e  p re se n t  w ork, th e  following prob lem s h ave  been s tu d ie d ,  (i) W as 
th e  in d u c t io n  of th e  te m p e ra tu re  re s is ta n t  C4 in a c t iv a to r  (t .r .  C4IA) b ro u g h t  
a b o u t  exclusively  b y  adenov irus  ty p e  3 or  was it  a biological p ro p e r ty  c h a ra c te r ­
istic o f  adenov iruses  in genera l?  (ii) W as th e re  a co rre la tion  be tw een  th e  c a p a c ­
i ty  of  adenov iruses  to  induce t . r .  C4 IA  a n d  the ir  ab il i ty  to cause ea r ly  cyto- 
p a th o g en ic  (CP) chan g es?  (iii) F ina lly ,  some p ropert ies  of th e  t . r .  C4IA  p ro ­
duced  in  response to  adenov irus  ty p e  3 infection h av e  been s tu d ie d .
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Materials and  m ethods

Viruses. A denovirus p ro to ty p e  s tra in s  1, 2, 3, 4, 5, 6, 7, 11, 12, 13 and  14, and  ad en o v iru s 
s t r a in s  1, 2, 3, 5, 6, 7 an d  14 iso la te d  in our lab o ra to ry  w ere  used.

Cell cultures and their infection. K B  cells w ere g row n in  a m edium  co n ta in in g  i6 %  
in a c t iv a te d  hu m an  serum . 3%  of a 5%  aqueous s tock  so lu tio n  of lac ta lb u m in  h y d ro ly sa te , 
19%  P a rk e r ’s m edium  199, a n d  62%  H an k s’ BSS. P rio r  to  in fec tion , 6 -day-old  cu ltu res  w ere 
w ash ed  th ree  tim es w ith  P a rk e r ’s m edium  199 in o rd er to  rem ove h u m an  serum  from  th e  
c u ltu re s . From  each v iru s ty p e ,  0.1 m l u n d ilu ted  v iru s susp en sio n  was used  for in fection . F o r 
m a in te n a n c e , P a rk e r’s m ed iu m  199 alone was used .

M easurem ent o f  C4 inactivating  activity. Cell c u ltu re s  w ere frozen a n d  th aw ed  th ree  
t im e s  48 and  72 hr a f te r  in fec tio n  (viz. when com ple te  CP effects have been a tta in e d )  an d  
th e n  th e  m edia were h a rv es te d  a n d  cen trifuged  a t  2500 rp n i. T he su p e rn a ta n ts  were in cu b a ted  
a t  56 °C for 30 m in  an d  c o n ce n tra ted  by freeze-dry ing  to  ab o u t one s ix th  o f th e ir  o rig ina l 
v o lu m e . T he co n cen tra ted  m ed ia  w ere d ialysed ag a in s t v e ro n a l buffer (VBS, pH  7.4) o v ern igh t. 
C4 in a c tiv a tin g  a c tiv ity  w as th e n  de term ined  by  th e  m e th o d  of L a u r e l l  and  S i b o o  [4 |.

Sephadex gel filtra tio n .  F o u r  m l a liquo ts of th e  c o n c e n tra te d  cu ltu re  m edia  of K B  cells 
w ere  p u t  on Sephadex  (S ep h ad ex  G-100 course, P h a rm a c ia , U ppsala) colum ns m easu ring  
260 m m  in leng th  and  20 m m  in  d iam e te r. For e lu tio n , 90 100 m l VBS was used. A to ta l  o f
28 3 m l frac tio n s were collected . E lu tio n  speed w as 15 m l/h r.

T ryp s in  sensitiv ity . A fte r  in cu b a tio n  of 0.5 m l a liq u o ts  o f th e  frac tions co n ta in in g  
t .r .  C 4IA  w ith  0.2 ml a liq u o ts  o f a 5 //g /m l try p s in  so lu tio n  p rep ared  of c ry sta llin e  try p s in  
(D ifco ) a t  37 °C for 2 h r, th e  C4 in ac tiv a tin g  a c tiv ity  w as d e te rm in ed  im m ed ia te ly .

E stim ation  o f molecular weight. A m ix tu re  o f 3 su b s tan ces  o f know n m olecu lar w e igh t 
(B lu e  d e x tra n  2 X 106, haem o g lo b in  -  65 000 and  K 2C r 0 4—194) was ru n  th ro u g h  th e  S ep h a­
d ex  co lum ns used for th e  se p a ra tio n  of th e  m edia  o f K B  cell cu ltu res . T he m olecu lar w eigh t 
o f t . r .  C 4IA  was e s tim a te d  from  th e  V/V0 values [5].

Im m u n o d iffu s io n . D oub le  d iffusion  was carried  o u t  in 1%  ag ar (D ifco) dissolved in  
V B S p H  8.6 co n ta in ing  0 .01%  m erth io la te . H oles 5 m m  in d iam e te r were loca ted  a t  4 m m  
d is ta n c e .

C omplement f ix a tio n .  B o th  cold (a t  4 °C o v e rn ig h t) a n d  h e a t (a t 37 °C for 20 m in) b in d ­
in g s  w ere  done in paralle l by  T a k á ts y ’s m icro-m ethod  [6].

Results

1. Tem perature resistant C4 inactivator inducing  capacity o f  prototype  
adenovirus strains and s tra ins isolated fro m  p a tien ts . K B  cell cu ltu res  were 
in fe c te d  with p ro to ty p e  s t ra in s  1, 2, 3, 4, 5, 6 , 7, 11, 12, 13, a n d  14. A fte r  in c u b a ­
t io n  fo r  48 and 72 h r  th e  m ed ia  were h a rv e s te d  a n d  h e a t - t re a te d  a t  56 °C fo r  
30 m in .  A fte r  c o n c e n tra t io n ,  th e  C4 in a c t iv a t in g  a c t iv i ty  of th e  m edia  w as 
d e te rm in e d .  As controls , th e  m edia  of u n in fec ted  K B  cell cu ltu res  of th e  sam e 
p a ssa g e  n u m b e r  t r e a te d  in  t h e  sam e way, were used . C4 in ac t iv a t in g  ac t iv i ty  
w as d e te rm in e d  as th e  n u m b e r  of 50%  h a e m o ly t ic  un its  (C H 50) hound  from 
10 C H 50. T he  f ide lity  of th is  m e th o d  was + 9 . 6 %  in our studies an d  therefo re  
only ty p e s  fixing m ore  t h a n  1 of th e  10 C H 50, v iz . ty p es  3, 4, 11 and  13, were 
co n s id e red  positive as re g a rd s  t . r .  C4IA in d u c in g  capac ity  (Table I). In  th e  
m ed ia  o f  the  un in fec ted  con tro l  cultures h e a t - t r e a te d  a t  56 °C for 30 m in , 
no C4 in ac t iv a t in g  a c t iv i ty  could  be de tec ted .

T h e  same ex p e r im e n ts  were pe rfo rm ed  also w ith  adenov iruses  1, 2, 3, 
5, 6 , 7, an d  14 isolated  from  p a t ien ts .  As show n in Tab le  I I ,  s tra in s  iso la ted  
f rom  p a t ie n ts  behaved  e x a c t ly  as the co rrespond ing  p ro to ty p e  s tra ins :  all
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ТаЫ j

Tem perature resistant C4 inactivator inducing capacity o f  adenovirus prototypes

Adenovirus 1 04 inactivating ac tiv ity  
t v n e  (num ber o f CH,„ bound

from 10 CHS„)

1 0.27
2 0.00

3 1.44

4 2.12

5 0.00

6 0.13

7 0.00

11 1.44

12 0.88

13 Í.95

14 0.00

s t ra in s  o f  th e  adenov irus  type  3 s tud ied  in a c t iv a te d  m ore  th a n  1 C H 50, while 
ty p e s  1, 2, 5, 6 , 7, and  14 failed to  exer t  a n y  s ign if ican t C4 in a c t iv a t in g  effect.

2. E arly  C P  factor and  heat-resistant C4 inactivator indu c in g  capacity  
o f  various prototype, adenovirus stra ins. In  these  experim ents ,  t h e  ea r ly  CP 
changes  induc ing  and th e  C4 in a c t iv a t in g  effects o f  th e  m edia  h e a t - t r e a te d  
a t  56 °C for 30 m in of th e  K B  cell cu ltu res  in fec ted  w ith  the  p r o to ty p e  s tra ins 
s tu d ie d  in  the  previous ex p e r im en ts  were inves t iga ted  in pa ra l le l .  K B  cell 
cu l tu re s  were checked a f te r  th e  inocu la t ion  o f  m edia  b o th  c o n c e n t r a te d  and 
n o n -c o n c e n tra te d  for ea r ly  CP effect (5 a n d  24 hr a f te r  inocu la t ion )  (Table 
I I I ) .  I t  was only adenov irus  ty p e  11 which p roved  positive for b o th  p ropert ies .  
S tra in s  1, 2, 5 and  6  r e su lted  in early  CP effects, b u t  failed to  in d u c e  the 
p ro d u c t io n  of t .r .C 4IA , while ty p e s  4 and  13 failed to  induce CP effec ts  even 
if c o n c e n tra te d ,  b u t  th e y  p ro v ed  positive for C4 in a c t iv a to r  induc ing  capac ity .  
T y p es  3 a n d  7 induced a CP effect only a f te r  co n cen tra t ion  a n d  th e  la t te r  
was n e g a t iv e  also for th e  C4 in a c t iv a to r  in duc ing  capac ity .

3. Som e properties o f  the temperature resistant C4 inactivator. In  our 
earlier  s tud ies ,  the  C4 in a c t iv a to r  substance  induced  by  a d e n o v iru s  ty p e  3 
was iso la ted  on S ep h ad ex  G-100 colum ns, a n d  we could show t h a t  i ts  ac t iv i ty  
was n o t  des troyed  by  h e a t - t r e a tm e n t  a t  56 °C for 30 min nor b lo c k e d  by  Cl 
e s te rase  in h ib ito r  [2 ].

I n  th e  p resen t  s tud ies  it  has been  found  t h a t  iso lated  t . r .C 4 IA  lost 
its a c t iv i ty  when t r e a te d  w ith  tryps in  a t  5 pg/m l c o n cen tra t io n  a t  37 °C for 
2 h r .  T ry p s in  a t  th e  app lied  c o n cen tra t io n  failed to  influence t h e  C4 titre  
of th e  h u m a n  serum  used  for th e  t i t r a t io n  of  the  C4 in a c t iv a t in g  ac t iv i ty .
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Table II

Tem perature resistant C4 inactivator inducing capacity o f  adenovirus prototype strains and strains
isolated from  p a tien ts

A denovirus
type Strain

C4 inactiva ting  activity  
(num ber o f CH50 bound 

from  10 CHS0)

Prototype 0.27

1646/71 0.45

l 164/72 0.00

1564/71 0.00

346/72 0.00

Proto type 0.00

741/71 0.00

2 765/71 0.00

613/71 0.00

253/72 0.21

Proto type 1.44

344/71 1.21

3 695/71 1.07

26/66 2.80

406/72 2.26

5 Proto type 0.00

144/72 0.22

Proto type 0.13

6 1692/71 0.00

1971/71 0.13

633/72 0.00

Pro to type 0.00

1206/71 0.03

7 1336/71 0.00

1553/71 0.00

357/71 0.00

Pro to type 0.00

14 1285/71 0.00

83/68 0.16
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Table III

E arly  C P  factor and temperature resistant C4 inactivator inducing capacity o f  d ifferent adenovirus
types

Adenovirus
type

Early CP effect C4 inactivating 
activ ity  of the 

concentrated mediumm edium  non- 
concentrated medium concentrated

l + + —

2 + + —

3 — ± +
4 - — +
5 + + -

6 + + —

7 - ± -

11 + + +
12 - - ±

13 - — +
14 —

. n o t tested

F ro m  S ephadex  G-100 co lum ns, t .r .C 4IA  e lu ted  a t  72 -78  m l e lu tion  
v o lu m es ,  suggesting a m o lecu la r  w eight of 500—1000.

U sing radial im m unod iffu s ion  and  com p lem en t  f ix a t io n  te s t ,  a n  a t t e m p t  
w as  m a d e  to  d e tec t  ad en o v iru s  an tigen  in  frac tions c o n ta in in g  t .r .C 4IA . 
A s im m u n e  serum , a m ix tu re  of r a b b i t  se rum  im m unized  a g a in s t  adenov irus  
t y p e  3 a n d  a pool o f  conva lescen t  h u m a n  sera was used. As con tro ls ,  th e  frac­
t io n s  of  th e  exclusion p e a k  cer ta in ly  con ta in ing  adenov irus  a n t ig e n s  and 
those  o f  o th e r  peaks show ing C4 in ac t iv a t in g  a c t iv i ty  were a n a ly zed  b y  bo th  
m e th o d s .  P rec ip i ta t ion  b a n d s  a n d  specific com p lem en t  f ixa t io n  were  ob ta ined  
o n ly  w i th  fractions of  th e  exclusion  peak  while th e  frac tions c o n ta in in g  t .r .C 4IA  
p ro v e d  nega tive  b y  b o th  m e th o d s .

Discussion

C om plem ent fix ing  v iru s  an tigens p roduced  in t issue c u l tu re s  often 
e x e r t  an  AC effect [7, 8]. I n  ou r  studies, infection  of  K B  cell c u l tu re s  with 
c e r ta in  adenovirus  ty p es  also resu lted  in an  increase in  th e  AC a c t iv i ty  of  the 
m ed ia .  This p h enom enon  w as due to  the  in d u c t io n  b y  th e  v irus  o f  a subs tance  
in a c t iv a t in g  h u m a n  C4 in th e  cell cultu res . T he  su bs tance  is re la t iv e ly  te m p e ra ­
tu r e  r e s is ta n t  an d  could n o t  be  de tec ted  in th e  m edia  of u n in fec ted  cultu res .

F o r  s tudy ing  th e  t . r .C 4 IA  capac ity  of  th e  d ifferen t ty p e s  of  adenov irus ,  
ty p e s  from  each of th e  fo u r  h aem ag g lu t in a t io n  subgroups  were se lec ted . As
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s h o w n  b y  the  results, ty p e s  3, 4, 11, and 13 p ro v e d  positive  suggesting t h a t  
t h e  t . r .C 4 IA  inducing p r o p e r t y  is no t  ch a rac te r is t ic  of e i the r  of the  serological 
g ro u p s .  This was su p p o r te d  b y  th e  finding t h a t  all v irus  s tra ins  iso la ted  from 
p a t i e n t s  behaved  as th e  co rrespond ing  p ro to ty p e s .

Adenoviruses are  k n o w n  to  induce ear ly  C P changes in t issue cultu res , 
4—6 h r  a f te r  infection. T h e  c y to to x ic  factor responsib le  for th e  early  CP effect 
sh o w s  h igh  titres in som e o f  t h e  types, viz. ty p es  1, 2, 5, 6, 11, 14 a n d  16, while 
i t  is h a r d ly  detectable  e.g. in  ty p e s  3, 4 and  7 [9—11]. In  ou r  experim en ts ,  the  
p o ss ib le  correlation b e tw e e n  th e  t.r .C4IA  in d u c in g  cap ac i ty  an d  th e  early  
C P  e ffec t  of the  ad e n o v iru se s  has been in v e s t ig a te d .  T h e  assu m p tio n  was 
b a s e d  o n  th a t  the  c y to to x ic  f a c to r  -  similarly  to  th e  t . r .C 4 IA -  was re la t ive ly  
t e m p e r a t u r e  resis tan t,  cou ld  n o t  be dialysed a n d  was d e tec tab le  only  in  th e  
m e d ia  o f  cultures in fec ted  w i th  undilu ted  v irus  [9-13].

I n  agreem ent w ith  d a t a  in  the  l i te ra tu re ,  ea r ly  CP changes were observed  
to  o c c u r  w ith  types 1, 2, 5, 6 and  11. The fac t  t h a t  in th e  types  s tu d ie d  the  
t . r .C 4 I A  inducing c a p a c i ty  a n d  the  early CP effect m a y  ap p ea r  to g e th e r  or 
b y  th em se lv es  speaks a g a in s t  there  being a corre la t ion  be tw een  these  tw o 
b io lo g ica l  properties.

T h e  t.r .C4IA s u b s ta n c e  isolated from th e  m ed ia  of K B  cell cu ltu res  
in f e c te d  w ith  adenovirus  t y p e  3 seems to  be a p o ly p e p t id e  of low m olecular  
w e ig h t .  T rypsin iza t ion  c a u s e d  a loss of its  a c t iv i ty .  I t s  m olecular  w eight is 
b e tw e e n  500 and 1000 as e s t im a te d  by gel f i l t r a t io n ,  th o u g h  th e  a c tu a l  va lue  
m a y  be  som ew hat h ig h er  s ince  some po ly p ep t id es  m a y  be adsorbed  to  the  
gel a n d  th u s  elute la te r  [14]. O u r  experim ents  w i th  po lyac ry lam ide  gel e lec tro­
p h o re s is  are  still in p rogress;  t h e y  seem to su p p o r t  th e  above  d a ta  on m olecular  
w e ig h t .

T h e  fact th a t  th e  C4 in a c t iv a to r  su bs tance  induced  b y  adenov irus  ty p e  
3 is d e f in i te ly  different f ro m  th e  early  cy to to x ic  fa c to r  (viz. th e  free v e r te x  
c a p so m e re s  responsible for t h e  ear ly  CP effect) [15 ,16] and  our failure to  d e tec t  
v i ru s  an t ig en s  in th e  f r a c t io n s  contain ing t . r .C 4 IA  b y  e i the r  co m p lem en t  
f i x a t io n  o r  by im m unod if fu s io n ,  support th e  a s su m p t io n  t h a t  t .r .C 4IA  is a 
n ew  c e l lu la r  product fo rm e d  a s  a result of v iru s  in fec t ion  r a th e r  th a n  a v irion  
sp ec if ic  substance.
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RESISTANCE TO LISTERIA MONOCYTOGENES OF 
GUINEA PIGS SENSITIZED WITH A SIMPLE

PROTEIN

Georgette N yerg es

N ational In stitu te  o f  Public H ealth , B udapest 

(R ece ived  M ay 29, 1973)

Sum m ary . G uinea pigs in jec ted  w ith  bovine a lb u m in  in com plete  F re u n d ’s a d ju v a n t  
■developed specific  cu tan eo u s sen sitiv ity . M igration  of th e ir  p e rito n ea l m acrophage w as in h ib ­
ite d  by  th e  b o v in e  a lbum in , an d  an ti-b o v in e  an tib o d ies  a p p ea red  in  th e ir  sera. F o u r w eeks 
a fte r  sen sitiz a tio n  th e  an im als w ere given a n o th e r in tra p e rito n e a l a lbum in  in je c tio n  an d  
w ere in fec ted  w ith  Listeria monocytogenes. As a co n tro l, n on-sensitized  anim als w ere challenged  
sim ilarly . T he resis tan ce  to  in fec tion  was ch aracterized  b y  c o u n tin g  lis te riae  iso la ted  fro m  th e  
spleen of in fec ted  an im als. T w en ty -fo u r hours a fte r in fec tio n  th e re  was no considerab le  d iffe r­
ence in th is  re sp ec t be tw een  sensitized  and  contro l an im als . F iv e  days a fte r challenge, how ever, 
th e  germ  co u n t w as h igher for th e  sensitized  th a n  fo r th e  co n tro l anim als.

I t  is w ell-know n t h a t  organism s in fec ted  b y  facu l ta t iv e  in trace l lu la r  
pa ras i te s  (M ycobacterium , L isteria , Brucella, Salm onella) develop d e lay ed - ty p e  
h y p e rse n s i t iv i ty  (D T H ) to  th e  an tigens  of th e  in fec tious agen t  and  a re s is tance  
to  re infection . T he  res is tance  can be t r a n s m i t t e d  passively  w ith  cells, b u t  
n o t  w ith  se rum . F o r  th is  reason , th is  ty p e  o f  res is tance  is te rm e d  cellu lar 
res is tance  (CR) [1]. T h e  CR th u s  developed a c ts  n o t  only against th e  orig inal 
p a th o g e n  b u t  also ag a in s t  an tigen ica lly  u n re la te d  a n d  even phy logene tica l ly  
d i s ta n t  m icro-organism s [2]. A ccording to  Mackaness [3] D T H  a n d  a n t i ­
m icrobia l CR are  inseparab le  phenom ena . T h e  m a in  fa c to r  o f  CR is th e  increased  
m icrobic idal c ap ac i ty  of  th e  m acrophages,  w h ich  is a t t r ib u ta b le  t o  soluble 
m ed ia to rs  re leased  from  sensitized ly m p h o cy te s  on th e  antigenic  s t im u lu s .  
T h e  m an ife s ta t io n  of CR aga ins t  microbes o th e r  th a n  th e  p r im ary  p a th o g e n  
is exp la ined  b y  th e  fac t,  t h a t  besides th e  m ac ro p h ag es  o r ig inating  in  th e  
sensitized o rganism , no rm a l  m acrophages a re  also a c t iv a te d  by  th e  m e d ia to rs .  
A m ong  th e  ex p e r im en ta l  evidences su p p o r t in g  th e  Mackaness t h e o r y  those  
pub lished  b y  P atterson  a n d  Y oumans a re  th e  m o s t  convincing [4]. These  
a u th o rs  cu l t iv a te d ,  w ith  M . tuberculosis, ly m p h o c y te s  from an im als  in fec ted  
b y  th e  sam e b ac te r iu m . T h e  cell-free s u p e r n a ta n t  o f  th e  cu ltu re  in h ib i te d  
th e  m u lt ip l ica t io n  of  v i ru le n t  M . tuberculosis w i th in  no rm al m arco p h ag es  in 
t issue cu ltu re .

W hile  th e  causal re la t ionsh ip  be tw een  in fec t ion  allergy and  th e  CR has 
un ive rsa l ly  been  accep ted , i t  is n o t  clear w h e th e r  a s im ilar re la tionsh ip  ex is ted  
be tw een  D T H  of o th e r  origin and  CR.

Goihm an-Yahr et al. [5] claim ed th a t th e  microbicidal cap acity  of
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gu in ea  p ig  m acrophages is n o t  in fluenced  b y  e i ther  co n ta c t  d e rm a t i t i s  or 
r e je c t io n  im m u n i ty .  F o r b e s  [6] found  no increase  in th e  re s is tance  to  Listeria  
o f  m ice  sensitized b y  o v a lbum in .  O thers ,  how ever ,  have  p u b lished  positive 
r e su l ts .  D o d d  and  N a s h  [7] sensitized  a n d  re in jec ted  guinea pigs w i th  bovine 
g a m m a  g lobulin  and su b seq u en t ly  challenged  th e m  w ith  L isteria . One or two 
d ay s  a f t e r  challenge th e  L isteria  co u n t  was low er in  the  spleen o f  th e se  an im als  
t h a n  in  th e  non-sensitized contro ls  or in  th e  sensitized an im als  t h a t  had 
n o t  b een  rein jec ted  with g a m m a  globulin before listeria infection . S imon 
a n d  S h e a g r e n  [8, 9] in c u b a te d  pe r i tonea l  e x u d a te  cells of gu inea  pigs 
s e n s i t iz ed  b y  bovine g am m a globulin or b y  p ic ry la ted  h u m a n  serum  a lbum in  
w i th  t h e  corresponding  an t ig e n  in  vitro. D ue  to  th e  specific an t ig en ic  s t im u ­
la t io n  th e  listericidal c a p a c i ty  of  th e  pe r i to n ea l  m acrophages show ed a consider­
ab le  inc rease .  Pub lica tions  concern ing  th e  re la t ionsh ip  be tw een  D T H  of non- 
in fec t io u s  origin and  an tim ic rob ia l  CR a re  full of contrad ic t ions ,  d u e  pe rhaps  
to  d ifferences in the  n a tu re  o f  th e  sensitiz ing an tigens.  Since, how ever ,  in the  
co r re sp o n d in g  experim ents  th e  ex p e r im e n ta l  models were a lw ays d ifferen t, 
i t  seem s impossible to  e s t im a te  th e  role p la y e d  b y  th e  qua l i ty  of  t h e  an tigen .

T o  e l im inate  th e  differences in th e  e x p e r im e n ta l  model, we h a v e  ad o p te d  
th e  sch ed u le  applied b y  D o d d  a n d  N a s h  [7] in  inves t iga t ing  th e  re s is tance  
to  l is te r ia  infection of guinea pigs sensitized b y  a simple p ro te in  w ith  th e  only 
d iffe rence  t h a t  ins tead  of bo v in e  g am m a g lobulin , we used bo v in e  a lb u m in  
as th e  sensitiz ing  an tigen .

M ateria ls  and m ethods

E xp e r im e n ta l anim als. R an d o m -b red  gu inea  p igs, 300 — 350 g in  body  w e ig h t, fro m  th e  
I n s t i t u t e ’s b reed  were used  th ro u g h o u t.

A lb u m in .  Bovine a lb u m in  F ra c tio n  V (B row ning  C hem ical C orporation).
A d ju v a n t .  F reu n d ’s com plete  a d ju v a n t  (D ifco).
L is te r ia  monocytogenes. S tra in  NCTC 7973 m a in ta in e d  on D orset m edium .
E xp e rim e n ta l schedule for th e  ex am in a tio n  of re sis tan ce  to  lis te ria  in fec tio n  of sensitized  

g u in ea  p ig s . Sensitiza tion : 10 m g a lb u m in  in  1 m l iso to n ic  NaCl so lu tion  w ere m ix ed  w ith  
a n  e q u a l  v o lu m e  of F re u n d ’s com ple te  a d ju v a n t. F ro m  th e  m ix tu re  0.05 m l w as in je c te d  in to  
eac h  o f th e  fo u r foot pads of each  gu inea pig.

A lb u m in  reinjection and listeria  infection. In  th e  4 th  week follow ing se n s itiz a tio n  th e  
se n s itiz e d  g u in ea  pigs as well as a n  eq u al n u m b er of no n -sen sitized  con tro l an im a ls  o f th e  sam e 
age a n d  b o d y  w eigh t were in jec ted  i.p . w ith  1 m g a lb u m in  dissolved in saline. T w o h o u rs  la te r 
all th e  a n im a ls  were in fec ted  w ith  108 germ s o b ta in e d  from  a 48 h r cu ltu re  on  serum  agar 
m ed iu m  [10] of Listeria. One or 5 d ay s a f te r  in fec tio n  th e  an im als w ere k illed  b y  a  b low  on 
th e  n a p e  a n d  th e ir  spleens were hom ogenized . T he n u m b e r o f liv ing  Listeria  cells w ere  d e te r­
m in e d  b y  c u ltu rin g  on b lood agar p la te s  a t  37 °C for 48 h r. T he germ  co u n t w as c a lcu la te d  for 
th e  w ho le  spleen.

S h in  test. H u n d red  fig  a lb u m in  dissolved in  0.2 m l saline was in jec ted  in tra d e rm a lly  
in to  th e  sh a v e d  sk in  of gu inea  pigs. T he re su lts  w ere re a d  24 h r later.

T itra tio n  o f  an ti-a lbum in antibody by passive  haem agglutination ( H A ) .  S en sitized  sheep 
e ry th ro c y te s  w ere p rep ared  as described  by  B o y d e n  [11]. O ne m l 2%  tan n in ize d  e ry th ro c y te  
su sp en s io n  w as sensitized  b y  1 m g a lb u m in . T he re a g e n t th u s  ob ta in ed  was in c u b a te d  in  th e  
p re sen ce  o f 10%  form alin  o v e rn ig h t a t  room  te m p e ra tu re . T h en  the  fo rm alin  w as w ash ed  off 
a n d  th e  b ro w n  cell sed im en t was re su sp en d ed  in  a  p h o sp h a te-b u ffe red  saline o f p H  7.4 c o n ta in ­
in g  0 .5 %  n o rm al h e a t- in a c tiv a te d  ra b b it  serum  a n d  th io m ersa l a t  a d ilu tio n  of 1 : 10,000.
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T w o per cen t suspensions could be k e p t a t 4 °C fo r 4 — 6 weeks w ithou t loss o f sen sitiv ity . 
As re ference p re p a ra tio n , an  an ti-b o v in e  a lb u m in  r a b b it  serum  ( In s ti tu te  for Serobacterio log - 
ical P ro d u c tio n  a n d  R esearch  H u m an , B u d ap es t) w as applied . T itra tio n  of th is  p re p a ra tio n  
w as included  in  each  experim en t. As in d ica ted  b y  th e  c o n s tan t t i t r e  of the  re fe ren ce  p re p a ra ­
tio n , th e  e ry th ro c y te  suspensions p rep ared  a t  d iffe ren t tim es were equal in se n s it iv ity . The 
gu inea  pig sera to  be te s te d  were in a c tiv a te d  a t  56 °C for 30 m in . Passive H A  t i t r a t i o n  was 
p e rfo rm ed  b y  T a k a t s y ’s  m icro -m ethod  [12].

M i g r a t i o n  i n h i b i t i o n  te s t . G uinea pigs w ere in jec ted  i.p. w ith  30 ml s te rile  p a ra ff in  oil 
a n d , 4 d ay s la te r, k illed  by  a blow on th e  nape. T he p e rito n ea l cells were w ashed  o ff  an d  sub­
seq u e n tly  w ashed  th ree  tim es w ith  H a n k s’ so lu tio n . The la s t sed im ent w as re su sp en d ed , 
d ep en d in g  on its q u a n ti ty ,  in 0 .3 -0 .4  ml P a rk e r 199 so lu tion  co n ta in in g  20%  g u in ea  pig serum  
w ith  100 U  penicillin  and 50 //g s trep to m y c in  per ml. T h e  suspension th u s  o b ta in e d  w as d is tr ib ­
u te d  in glass cap illa ry  tu b es 1.1 m m  in d iam ete r. T h e  a ir-space end of th e  tu b e s  w as sealed 
over flam e and  th e  capillaries were cen trifuged , an d  cu t a t  th e  cell-fluid in te rp h a se . The 
m ig ra tio n  ch am b er consisted  of a 30 X 50 m m  glass p la te  w ith  a p las tic  ring  15 m m  in  d iam e te r 
fix ed  to  th e  p la te  by  silicon w ax. T he u p p e r edge of th e  ring  was sm eared  w ith  silicon  wax. 
T h e  piece of cap illa ry  co n ta in ing  th e  cells was fix ed  to  th e  b o tto m  of the  c h am b er  an d  th is  
was im m ed ia te ly  filled  w ith  th e  m edium . The m ed iu m  in th e  con tro l ch am ber w as th e  sam e 
as th e  su sp en d in g  m edium : th a t  in th e  an tig en  ch am b er co n ta in ed , in ad d itio n , 1 m g bovine 
a lb u m in /m l. T he cells ob ta in ed  from  each  gu inea pig were exam ined  in 5 a n tig e n  ch am bers 
a n d  5 con tro l cham bers . T he cham bers , t ig h tly  covered  by a cover slip, were in c u b a te d  a t  37 °C 
o v e rn ig h t. T h en  th e  m ig ra tion  areas w ere p ro jec ted  on to  a shee t of paper a t  X 15 m ag n ifica ­
tio n . cu t o u t an d  w eighed on an  an a ly tica l ba lance. B ased on s ta tis tic a l analysis o f th e  paralle l 
v a lues, in h ib itio n  was considered s ig n ifican t if th e  m ig ra tio n  area  in th e  an tig en  c h a m b e r  was 
70%  or less o f th a t  in th e  con tro l cham ber.

Results

7. Development o f  sensitiv ity  to a lbum in  (Table I). Four days  a f t e r  the  
sensitiz ing  in jec tion  the D T H  skin re a c t io n  of some animals a l r e a d y  h a d  a

Table I

D y n a m i c s  o f  s p e c i f i c  s k i n  s e n s i t i v i t y  o f  g u i n e a  p i g s  s e n s i t i z e d  w i th  b o v in e  a l b u m i n

Days after 
sensitization

No. of 
animals 
tested

D istribution of skin reactions by maximum diam e­
ter, mm

< 5 5 10 11 20 21 +

2 8 8 — — —

4 8 1 4 3 —

7 8 ] 7 —

28 9 1 2 6

d ia m e te r  of 5 m m  or more. By the  7 th  d a y  all the  an im als  show ed a positive 
skin  te s t .  On th e  28th day  necro tic  lesions w ith  u n ev en  outlines were  f re q u e n t .  
I t  should  he n o te d  th a t  th e  an im als  were used on a sole occasion, so th e  re a c ­
t ions  were n o t  influenced by  previous in t ra c u ta n e o u s  tests .

2. D ynam ics o f  the m igration tests. In  Fig. 1 p r in ts  rep resen t  ind iv id u a l  
m ig ra t io n  inh ib it ion  values. Migration in h ib it ion  was expressed b y  th e  follow­
ing index

m ig ra t ion  area  in an t ig en  ch am b er
Mi = - ^ -----:-------------- ;----------6  . , -----7—  XlOO

m igration area  in con tro l  c h am b er

A cta  M icrobiologica Academ iae Scien tiarum  H u n g a r ica e  20 , 1973



294 W E R G E S

Mi %

Fig. 1. A n tig en -in d u ced  in h ib itio n  of th e  m ig ra tio n  o f e x u d a te  cells of gu inea  pigs sensitized
w ith  bovine a lb u m in

I t  is clear t h a t  1 m g /m l a lbum in  in  th e  m ed iu m  in s tead  of  in h ib i t in g  
even  s t im u la te d  m ig ra t io n  o f  th e  cells o f  n o rm a l  anim als. Cells from  guinea 
p igs t r e a t e d  w ith  a lb u m in -a d ju v a n t  6  or 1 0  d a y s  previously  did n o t  show 
e x t r e m e ly  h igh  (150—160% ) values .  In  h a l f  o f  t h e  cases th e  m ig ra t io n  v a lu e  
d id  n o t  ev en  reach  100% . T h u s ,  in the  presence  o f  an tigen  th e re  was a p e rc e p ­
tib le ,  h u t  s ta t is t ica l ly  n o t  s ignificant, d ifference  in  cell m ig ra t ion  b e tw een  
sens i t ized  a n d  no rm al an im a ls .  S ta tis tica lly  s ig n if ican t  inh ib ition  f irs t  a p p e a re d  
on th e  1 4 th  day , a n d  b y  th e  2 8 th  d ay  all th e  sens i t ized  animals p roved  posit ive .

3. D ynam ics o f  a n ti-a lbum in  antibodies (T ab le  I I ) .  Specific serum  a n t i ­
bodies  w ere  d e m o n s t ra te d  in  7 of the  10 a n im a ls  as soon as on the  7 th  d a y  
p o s t  in jec t io n .

Table II

D ynam ics o f passive H A  serum antibodies in guinea p ig s  sensitized with bovine albumin

D ays afte r  
sensitization

No. of 
animals 
tested

D istribution of sera by titre*

< 4 4 8 16 32 6 4 -5 1 2 1024 2048 4096 8192

4

7 о
 

CO

со 
со 2 4

-

l
— — - - —

28 8 — — — l l — 3 2 — l

* R eciprocals
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4. L isteria  level in  the spleen o f  sensitized  a n d  non-sensitized  gu inea  pigs 
was de te rm in ed  1 an d  5 days  a f te r  a lb u m in  challenge and  lis teria  in fec t ion  
in  four re p e a te d  ex p e r im en ts  each. I n  F ig . 2 d a ta  of  re p e a te d  te s ts  h a v e  been  
com bined.

One day after infection Five days after infection

Fig. 2. D is tr ib u tio n  of a lb u m in -sen sitized  an d  no n -sen sitized  gu inea  pigs b y  lis te ria  c o u n t 
in  th e  sp leen , 1 and  5 d ay s a f te r  in fec tio n ; sh ad ed  co lum ns =  sensitized , c lear co lum ns =

u n tre a te d

T w en ty -fou r  hours  a f te r  infection th e re  was no apprec iab le  difference 
be tw een  th e  sensitized a n d  contro l groups, ex cep t  a te n d e n c y  to w a rd s  low er 
values in th e  sensitized group . H ow ever,  5 days  af te r  infection , th e re  was a 
s tr ik ing  difference b e tw een  th e  tw o g roups, h u t  surprisingly  in th e  opposite  
d irection . H igher values  occurred  m ore f re q u e n t ly  in th e  sensitized  th a n  in 
the  con tro l  group.

D isc u ss io n

T he o bse rva tion  t h a t  24 h r  a f te r  l is teria  infection  th e  sensitized  an im als  
d id  n o t  ap p ea r  to  he m ore  re s is ta n t  th a n  th e  non-sensitized  ones is consis ten t  
w ith  th e  d a ta  pub lished  b y  G o ih m a n -Y a h r  et al. [5]. A ccord ingly , CR is n o t  
in fluenced  by  D T H  of non-infectious origin. Considering t h a t  we a d o p te d  
th e  m odel of D o d d  an d  N ash  [7] and  th e se  au th o rs  observed  a co rre la t ion  
b e tw een  D T H  an d  CR, th e  lack of  co rre la t ion  in our e x p e r im en ts  m ig h t  be 
a t t r ib u te d  to  a difference in  th e  sensitiz ing an tigens .  In  th e  l i te ra tu re  bov ine  
a lb u m in  is considered to  be of poor a n t ig en ic i ty  for th e  guinea pig. In  our 
experim en ts ,  how ever, ty p ic a l  D T H  skin  reac t io n s  could be  elicited b y  in tra -  
cu tan eo u s ly  applied  a lb u m in  as soon as 4 to  7 days  a f te r  th e  sensitiz ing  in jec ­
tion ; fu r th e rm o re ,  on th e  28 th  day , (i.e., a t  th e  t im e  of th e  lis teria  infection , 
in challenge experim en ts)  a lb u m in  in v a r ia b ly  in h ib ited  th e  m ig ra t io n  o f  
per i tonea l  cells of sensitized  an im als .  T h u s  we h av e  succeeded in  in d u c in g  D T H  
in guinea pigs w ith  bov ine  a lbum in  ad m in is te red  in F r e u n d ’s a d ju v a n t .  On 
th e  o th e r  h a n d ,  th e  t i t re s  o f  th e  passive H A  te s t  c learly  show t h a t  t h e  sens i t iza ­
tion  re su lted  in a m ixed  ty p e  h y p e rse n s i t iv i ty .  A lthough  co rrespond ing
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d a t a  h a v e  n o t  been p u b l ish e d  b y  D o d d  a n d  N a s h  [7], th e re  is h a rd ly  a n y  
d o u b t  t h a t  specific a n t ib o d ie s  can  be in d u ced  b y  bov ine  g am m a globulin, 
too , if  given in F r e u n d ’s com p le te  a d ju v a n t .  C onsequen tly ,  th e  d ivergence  
o f  t h e  re su lts  should n o t  be  a t t r ib u te d  to  d ifferences in  th e  a n t ib o d y  s ta tu s .  
I t  seem s reasonable  to  a s su m e  t h a t  th e  D T H  in d u ced  b y  a lbum in ,  un like  
t h a t  in d u ced  by  gam m a globulin , is no t a c c o m p a n ied  b y  a resis tance  to  i n t r a ­
ce l lu la r  infection. This a s s u m p t io n  can n o t ,  how ever ,  be  accep ted  unless th e  
g u in ea  pigs sensitized w ith  bov in e  g am m a g lobulin  w ould  show an  inc reased  
re s is ta n c e  to  listeria  in fec t ion  u n d e r  ou r  e x p e r im e n ta l  conditions as well. 
S u ch  ex per im en ts  are in  progress .

T h e  increased lis teria  coun ts  in th e  spleen of ou r  sensitized an im als  
on th e  f i f th  d ay  following in fec t ion  was su rp r is ing . To our best know ledge, 
s im ila r  observations h av e  no t  been  published . W e te n d  to  a t t r ib u te  th is  p h e n o m ­
en o n  to  th e  re la tive ly  large  challenge dose of a lb u m in  given before th e  in fec­
t io n .  W ith  rega rd  to  th e  re su l ts  published  b y  J o k ip ii  an d  J o k ipii  [13], i t  m a y  
b e  a ssu m ed  th a t  the  sens i t ized  ly m p h o cy te s  were  desensitized  r a th e r  th a n  
s t im u la te d  by  the  a lb u m in  challenge. An e x p e r im e n ta l  evidence  for th is  w ould  
s u p p o r t  th e  connection  b e tw e e n  D T H  a n d  C lt  f rom  a new  side, on th e  basis 
o f  th e  decreased  re s is tance  m anifes t ing  itse lf  on th e  5 th  d ay  a f te r  infection .

R E F E R E N C E S

1. M a c k a n e s s ,  G. B.: B rit. m ed . Bull. 23, 52 (1967).
2. R u s k in , J . ,  McI n to sh , J . ,  R e m in g t o n , J .  S.: J .  Im m u n o l. 103, 252 (1969).
3. M a c k a n e s s ,  G. B.: D elayed  H y p e rse n s itiv ity  a n d  th e  M ech an ism  of C ellular R esistan ce

to  In fec tio n . A cadem ic P re ss , New Y ork 1971. p p . 413 — 423.
4. P a t t e r s o n ,  R. J . ,  Y o u m a n s ,  G. P . :  In fec t. Im m u n . 1 ,  600 (1970).
5. G o i h m a n - Y a h r ,  M., R a f f e l ,  S ., F e r r a r e s i ,  R . W .: J .  B a c t. 100, 635 (1969).
6. F o r b e s , 1. J . :  J .  Im m u n o l. 96, 734 (1966).
7. D o d d ,  R. Y ., N a s h ,  C h r . : R es. J .  R e ticu lo en d o th e l Soc. 10, 501 (1971).
8. S i m o n ,  H . B ., S h e a g r e n ,  J .  N .: J .  exp. Med. 133, 1377 (1971).
9. S im o n , H . B ., Sh e a g r e n , J .  N .: Cell. Im m u n o l. 4, 163 (1972).

10. R a l o v i c h ,  B ., F o r r a y ,  A ., M é r ő ,  E .. M á l o v i c s ,  H ., S z á z a d o s ,  I .:  Zbl. B a k t. I . A b t.
Orig. 216, 88 (1971).

11. B o y d e n ,  S. V .: J .  exp . M ed. 93, 107 (1951).
12. T a k á t s y ,  Gy .: A cta  m icrob io l. A cad. Sei. hung . 3, 191 (1956).
13. J o k i p i i ,  L., J o k i p i i , A. M. М .: Im m u n o lo g y  23, 861 (1972).

Address of the author:
G e o r g e t t e  N y e r g e s
National Institute of Public Health
H-1966 Budapest, P.O.B. 64, Hungary

A cta  M icrobiologica Academ iae S c ien tia ru m  H ungaricae 20, 1973



Acta microbiol. Acad. Sei. hung. 20, 297 304, 1973
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ENTEROBACTERIACEAE IN THE INTESTINES 
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(R eceived  M ay 30, 1973)

Sum m ary . A b o u t 90%  of 128 hosp ita lized  new borns an d  b ab ies  acqu ired  in d ep en d en tly  
•of an tib io tic  th e ra p y  Escherichia coli and  Enterobacter cloacae s tra in s  bearin g  f e r ( f )  ц  chi str 
sü l mer tet am p  an d  f e r ( f )  111 chi str sül mer am p k a n (n eo )  p lasm ids, v e ry  often  as he te ro -R - 
ty p e s . T hese R + b a c te r ia  could be d e m o n s tra ted  to  be p re sen t th ro u g h o u t th e  h o sp ita l.

T he sp read  of d rug  res is tance  (R -p lasm ids)  am o n g  Enlerobacteriaceae 
is due  to  th e ir  ab il i ty  of con ju g a t iv e  t ransm iss ion  and  a selection of R + b ac te r ia  
b y  an tib io t ics  app lied  for th e ra p e u t ic a l  a n d  feeding purposes [1—5].

T he  incidence of R -p lasm id  bear ing  b a c te r ia  increases from y ea r  to  
y ea r .  Differences in the ir  f requency  depend  u p o n  th e  species inves t iga ted  an d  
th e  n u m b e r  of R + bac te r ia  in th e  ind iv idua l  coun tr ie s  [1—3, 6—15].

O bserva tions  concerning th e  incidence o f  R p lasm ids  are r a th e r  in s tru c t iv e  
in  view of R -p lasm id  inves t iga t ions  in non -p a th o g en ic  bac te r ia  [1, 8 , 11]. 
T hese  species are  th o u g h t  to  he th e  reservoir  of R -p lasm ids  [1, 2, 3, 6 , 15]. 
S u c h  inves t iga t ions  h av e  recen t ly  d e m o n s t ra te d  t h a t  a b o u t  60%  of h e a l th y  
ch ild ren  a n d  a d u l ts  are  exc re t ing  enteric b ac te r ia  w ith  transfe rab le  single 
te t racy c l in e  resis tance  a n d  less th a n  1 0 %  w ith  t ran s fe rab le  m ultip le  d rug  
res is tance  [16]. T he  growing incidence of  t ra n s fe ra b le  te tracyc line  re s is t­
ance  am ong  such b ac te r ia  coincides ve ry  p ro b a b ly  w ith  th e  selection pressure  
in favour  of te t racy c l in e  re s is ta n t  b ac te r ia  by  te t ra c y c l in e  feeding in an im al 
fa rm s and  th e  a ssu m p tio n  of a d irec t  or ind irec t  t ra n s fe r  o f  R -p lasm ids  from 
a n im a l  to  h u m a n  bac te r ia l  s tra ins  [3—5].

This e n v iro n m e n ta l  an t ib io t ic  influence on th e  selection of d rug  re s is tan t  
b ac te r ia  p ro b a b ly  occurs also u n d e r  hosp ita l  cond it ions .  H ow ever, several 
a u th o rs  h av e  failed in f ind ing  a signif icant d ifference in th e  preva lence  of R + 
b ac te r ia  in  hosp ita lized  sub jec ts  t r e a te d  w ith  an tib io t ic s  [6 , 7, 14, 17, 18].

To gain de ta i led  in fo rm atio n  concerning th is  ques t ion ,  the  faecal f lora 
o f  hosp ita l ized  new borns  a n d  babies t r e a te d  w ith  a n d  w ith o u t  an tib io t ic s  
has  been inv es t ig a ted  w ith  rega rd  to  the  incidence a n d  ty p e s  of R-p lasm ids.
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M ateria ls  an d  m ethods

B acteria . The follow ing E scherichia coli K -12 s tra in s  w ere u sed  in  th e  experim en ts: 
VT 452 (arg~ mel~ leu~ his~ str-r n a l - r ) , \ T 2093 (th i~  thr~ leu~ trp~ his~ str-r n a l-r), H fr(H ) 
(th i~  )  a n d  th e  K-12 wild ty p e . All s tra in s  w ere o b ta in e d  from  th e  cu ltu re  co llection  of th e  
I n s t i tu te  o f E x p erim en ta l E p id em io lo g y .

Phages. D e term in a tio n  of th e  sex-pilli o f R  + H fr an d  R  + K -12 s tra in s  w as carried  ou t 
w ith  th e  F -spec ific  b ac terio p h ag e  f r  (5 .0  x  109). T he re s tr ic tio n  c ap a c ity  (hsp-locus) of th e  
p la sm id s  in v es tig a te d  w as d e te rm in e d  b y  th e  use  o f bac terio p h ag e  (1.5 X 109). A ll b a c te rio ­
p h ag es  w ere  o b ta in ed  from  th e  c u ltu re  co llection  of th e  In s t i tu te  of E x p e rim e n ta l E pidem io logy .

M e d ia .  All m edia used  w ere desc rib ed  p rev io u sly  [19].
C onjugation  techniques an d  th e  e x p erim en ts  to  charac te rize  th e  p lasm id s g en etica lly  

w ere a lso  described  prev iously  [19, 20].
Iso la tio n  and determ ination o f  the bacteria. F aeca l sam ples o f th e  new b o rn s an d  bab ies 

in v e s tig a te d  w ere streak ed  d irec tly  on  ag ar-p la te s  co n ta in in g  te tracy c lin e  (20 //g ini) a n d  ch lor­
a m p h e n ico l (20 /ig /m l) and  on E n d o -ag a r. T he colonies w ere ch aracte rized  acco rd in g  to  TSCHÄPE 
et al. [16].

A ir  sam ples. A ir sam ples w ere  o b ta in e d  w ith  se ttle  p la tes w ith  an  ex p o su re  tim e  o f 
1 h r. T h e  m ed ia  of th e  se ttle  p la te s  w ere th e  sam e as th o se  used  for th e  iso la tio n  of b a c te ria  
from  fa ec a l sam ples. T he colonies w ere ch arac te rized  accord ing  to  T s c h ä p e  et al. [16].

R esu lts

Iso la tion  and characterization o f  R -p la sm id s. D uring  th e ir  s ta y  in h o sp ita l ,  
128 n e w b o rn s  and  bab ies  were  observed  in re spec t  to  Enterobacteriaceae 
w i th  R -p lasm ids .

O f  628 exam ined  sam ples ,  572 y ie lded  m u lt ip le  d rug  re s i s ta n t  (91 .0% ) 
a n d  38 single ( te tracycline)  d ru g  r e s is ta n t  (6 .0% ) bac te r ia .  I n  18 sam ples  
s e n s i t iv e  or  o the r  bac te r ia  could  be found  (Table  I).

Table I

Drug-resistant Enterobacteriaceae isolated fro m  newborns and babies

No. of
No. o f samples

T otal incidence
infants

M ultiple Single

128 628 572 38

(91-0% ) (6 .0% )

F o r  transfe rab le  R -p lasm id s ,  230 m u lt ip le  a n d  single d ru g  r e s i s ta n t  
b a c te r i a  were s tud ied ;  9 1 .5 %  of th e  single re s is ta n t  b a c te r ia  a n d  89 .0%  
of t h e  m u lt ip le  r e s is ta n t  b a c te r ia  ex h ib i ted  t ransfe rab le  R -p lasm ids .  The 
f re q u e n c y  of transm iss ion  w as b e tw een  1 0 - 3  an d  1 0 ~ 5  pe r  rec ip ien t  cell (Table 
I I ) .

T h e  t ransfe rred  re s i s ta n t  d e te rm in a n ts  (Table I I )  a n d  th e  /e r -p ro p e r t ie s  
o f  m o re  th a n  100 isola ted  R -p la sm id s  (Table  I I I )  were cha rac te r ized .  T h e  over­
w h e lm in g  m a jo r i ty  of th e  p lasm id s  ana lyzed  was of th e  ty p e  f e r ( f ) n  chi str su f
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mer tet am p  (58 .5% ) and  of th e  ty p e / e r ( / ) m  chl str su l mer am p ka n (n eo )  (32 .0% ).  
T ab le  I I I  re p re se n ts  some selected R -p lasm ids .  O f all s tra ins ,  18 .5%  c o n ta in e d  
h e te ro -R - ty p e s  in d ica t ing  t h a t  b o th  p lasm ids  be longed  to  d ifferent c o m p a t i ­
b i l i ty  sets. As d e m o n s t ra te d  in T ab le  I V , / e r ( / ) n  was classified w ith  t h e  sam e 
c o m p a t ib i l i ty  groups as R222 [15], w hereas  fe r ( f )u j  p lasm ids did n o t  reveal 
superf ic t ion  im m u n i ty  aga ins t  f e r ( f ) n  or fe r ( i)  p lasm ids.

Table II

Transm ission o f  resistance

No. of 
strains Resistance type Transmission Transferred properties

200 m u ltip le  drug resistance 89.0% chl sír sul mer tet amp
chl str sul mer amp han ( neo)
str sul mer tet amp

30 single drug  resistance 91.0% tet
(tetracycline)

These  tw o  R -p lasm ids  b eh av ed  as l in k ed  s truc tu res .  S eg regan ts  from  
th e  ind iv idua l  p lasm ids  could no t  be iso la ted . T h e  fe r ( f)n  and fe r ( f)nl p la sm id s  
d id  no t  revea l  a n y  res tr ic t ion  cap ac i ty  to  bac te r iophage .

Epidem iological observations. T h e  occurrence  of a lim ited n u m b e r  of 
p la sm id  ty p e s  (Table  У) was a re m a rk a b le  fea tu re .  This  was u n d e r l in e d  by  
th e  fac t  t h a t  d u r in g  the  f irs t  days of life, a b o u t  9 0 %  of the  hosp i ta l ized  n ew ­
borns  h a d  acqu ired  E . coli an d  Enterobacter cloacae s tra ins  (Table V I)  b ea r in g  
th e  ana lysed  p lasm ids  f e r ( f ) n chl str sü l mer tet am p  and  fe r ( f) lu chl str  sü l mer 
am p k a n (n e o )  (o ften  as he te ro -R -ty p es) .  T hese  resu lts  are s u m m a r iz e d  in
F ig . 1.

M oreover, in fan ts  t r e a te d  w ith  a n t ib io t ic s  acquired , in d e p e n d e n t ly  of 
th e  an tib io t ic  used , also E . coli a n d  E . cloacae s tra ins  w ith  f e r ( f ) n  chl str sul 
mer tet am p  a n d  f e r ( f ) ln  chl str su l mer tet am p  ka n (n eo )  p lasm ids  w h e th e r  
o r  n o t  Enterobacteriaceae w ith  o th e r  p la sm id  ty p e s  were presen t (T ab le  V II) .

Colonization of a l im ited  n u m b e r  of  b a c te r ia l  s tra ins  c a r ry in g  th e  tw o 
m e n tio n e d  ty p e s  of R -p lasm ids led to  th e  a ssu m p tio n  th a t  th e se  b a c te r ia  
ex is t  in  th e  h o sp ita l  e n v iro n m en t  or in  food (e.g. milk). The m o th e r s ’ milk 
fed  to  th e  bab ies  was n o t  c o n ta m in a te d  w ith  R + Enterobacteriaceae.

I n  o rd e r  to  exam ine  th e  h osp ita l  e n v iro n m e n t  for a irbo rne  b ac te r ia  
w i th  th e  specific p lasm ids iso la ted  from  th e  b ab ie s ’ faeces, a ir  sam p le s  were 
o b ta in e d  b y  m eans  of se tt le  p la tes .

A fte r  1 h r  exposure, expecially  E . coli a n d  E . cloacae s tra ins  b e a r in g  th e  
p lasm ids  f e r ( f ) n  chl str su l mer tet am p  a n d  f e r ( f ) nl chl str su l mer a m p  k a n (n e o )  
were  found . These  results  are sum m arized  in  Tables V and  VI. T h e y  dem on-
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Table III

Genetic characterization o f  R-plasm ids isolated from  bacteria o f  in fants

Designation Properties
fr. lysis4 Fertility  inhibition Frequency0

of
transm ission

fer-type
R + Hfr R + K12 his5 trp ‘

R II2 2 3 1 tet — • — 1.0 1.0 lO -3 fer(f)

R H 248 chl str sül mer tet amp — — 0.3 1.0 10“ 3 fer(f)

R H 256 chi str sül mer tet am p - - 3.5 0.8 1 0 4 fe r(f)

R H 286 chl str sü l mer am p kan

(  neo ) - — 0.7 0.7 10“ 5 fe r(f)

R H 506 chl str sül mer tet am p - — 1.0 0.2 1 0 - 3 fe r(f)

R H 517 chl str sül mer am p kan

( neo) - — 5.0 1.5 10~5 fer(f>
R H 523 tet - — 6.5 3.0 10- 3 fc r(f)

R H 652 chl str sül mer tet amp - — 11.0 0.1 10- 3 fer(f)

R H 809-12 chl str sül mer tet amp - — 7.0 3.5 1 0 -4 fer(f)

R 1I809-22 chl str sül mer am p kan

( neo) - — 0.4 1.0 1 0 -4 fer(f>

R H 897 chl str sül mer tet am p - — 0.1 0.1 l O 4 fer(f>

R H 1076 tet ol — 91.0 99.0 l O 4 fer(i)

R H 1077 tet — — 2.0 4.5 1 0 -5 fer(f>

R II1085 tet — — 3.5 0.8 1 0 - 3 fe r(f)

R H 1236 chl str sül mer tet am p - — 3.5 2.0 10 -5 fe r(f)

R H  IV 3 chl str sül mer am p kan

(  neo) — 1.5 2.5 10 -4 fer(f>

R H  X V tet ol — 93.5 92.0 1 0 -3 fé rfi)
R H  X V III chl str sül mer tet am p - — 5.5 6.0 1 0 -3 fer(f>

R222 chl str sül mer tet — 7.0 2.0 10-4 fe r(f)

R - — ol — 100.0 100.0 — —

1 R -p lasm ids iso lated  from  th e  faecal flora of h o sp ita lized  in fan ts
2 B o th  ty p es of R -p lasm id  iso lated  from one clone (h e te ro -R -ty p e )
3 R -p lasm ids iso la ted  from  a ir-bo rn  bac teria  in  th e  h o sp ita l
4 P hage  fr is used  a t  a  co n cen tra tio n  of 3.5 X 109 p .f.u ./m l; ol =  o p aq u e  lysis
5 T h e  figures show th e  frequency  of p ro to tro p h ic  colonies of R + H fr X VT 2093 in  p e r 

cen t, as com pared to  th e  co n tro l ( =  100% ) R -  H frX V T  2039
6 F requency  of tran sm iss io n  calculated  according to  th e  a c tiv ity  of con jugation  of a 14- 

day-o ld  agar slan t R + cu ltu re

s t r a te  t h e  incidence of  f e r ( f ) u  chi str sül mer tet a m p  or f e r ( f ) m  chi str sü l mer 
am p k a n (n e o )  in E . coli a n d  E . cloacae from th e  faeces of  new borns  a n d  bab ies  
as well as from th e  h o sp i ta l  env ironm ent.  I t  is n o te w o r th y  t h a t  -  even  d u r in g  
a pe r iod  of  50 w ard  d ay s  — a few children (4 in  128) d id  not acquire  th e  E . coli 
a n d  E . cloacae s tra in s  b ea r in g  the  m en tioned  R -p lasm ids .
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Table IV

Superinfection data fo r  different R H -p la sm id s in isogenic E . coli K 1 2  strains and R222

Donors VT451
Recipients (CSH-2)

R 517 809 2 809-1 X V III 222

R H 517 1002 — — 99.0 78.0 75.0

R H 8 0 9 -2 1 100 — - 98.0 93.0 90.0

1Ш 809-11 100 98.0 100 — - 0.1

KH X V III 100 95.0 83.5 — - 0.1

R222 100 68.5 89.0 0.1 0.1 —

1 R H 809-1 and  R H 809-2 w ere iso lated  from  one cell (he tero -R )
2 The figu res show th e  p e rce n tu a l frequency  of tran sm iss io n
P ro p e rtie s  of th e  plasm ids:
R H 517 =  f e r ( f )  щ  chi str sul mer am p kan (neo)
R1I809-2 =  f e r ( f ) m  chi str sül mer amp kan (neo)
R H 809-1 =  f e r ( f ) i  j chi str sul mer tel amp
R H X V III  =  f e r ( f )  и  chi str sul mer tet amp
R222 (W ) =  fo r ( f )  il chi str sul mer tet

Table V

Frequency o f  R -plasm ids isolated fro m  Enterobacteriaceae o f  hospitalized newborns and babies
and o f  air samples in  the ward

R-plasm id type
Faeces, 

per cent
Air samples, 

per cent

f e r ( f )  chi sir sul mer tet am p 58.5 45.0

f e r ( f )  str sul mer tet amp 3.5 —

f e r ( f )  chi str sul mer am p kan  ( neo) 32.0 16.0

f e r ( f )  tet 2.0 19.0

f e r ( i )  tet 4.0 20.0

Table VI

Frequency o f  bacterial species isolated fro m  newborns and babies and fro m  air sam ples o f  the ward

Bacterial species
Faeces, 

per cent
Air samples, 

per cent

Escherichia coli 53.0 60.0

Enterobacter cloacae 22.5 26.5

Proteus mirabilis 13.0 —

Proteus morganii 0.5 -

Klebsiella aerogenes 8 .0 7.5

Citrobacter freu n d ii 2.0 -

Pseudomonas aeruginosa 1.0 6.0
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F ig . 1. C olonization  in  th e  in te s t in e s  o f 85 new borns o f d is t in c t  m u ltip le  d rug  re s is ta n t b ac te ria  
d u r in g  4 u p  to  64 w ard  d ay s . R  + b a c te ria  w ith  f e r ( f ) \ \  chi sir sül mer tet am p or f e r ( f ) щ  chi

sír sü l mer am p kan (n eo )  (See te x t)

Table VII

Incidence o f  multiple drug resistant bacteria in  the faeces o f  in fan ts before and after oral antibiotic
therapy

P lasm id  type
N o. of babies 

before antibiotic 
the rapy

No. of babies 
after antibiotic 

therapy

f er( f )  chl str sul mer tet a m p 51 23

f e r ( f )  chi sir sul mer am p ka n  ( neo) - 5

f e r ( i) / fe r ( f )  tet 12 1

no plasmids 13 1

1 In fa n ts  w ith Enterobacteriaceae carry ing  th e  p lasm id  f e r ( f )  chi sir sul met tet am p  h ad  
b e e n  h o sp ita lized  several d ay s  befo re  th e  f irs t sam ple w as ta k e n

Discussion

I n  th e  faecal f lora  of  128 newborns a n d  bab ies ,  m ultip le  d rug  res is tan t  
b a c te r i a  were d e m o n s t ra te d  in  91%  and  single te t racy c l in e  re s is ta n t  bac te r ia  
in n o t  m o re  th a n  6 %  o f  t h e  628 samples in v e s t ig a te d .  Of th e  m u lt ip le  d rug  
r e s i s t a n t  b ac te r ia  8 9 %  a n d  o f  th e  single te t r a c y c l in e  re s is tan t  b a c te r ia  91%  
were  d u e  to  transfe rab le  R -p lasm ids .  The R -p la sm id s  isolated from  E . coli 
a n d  E . cloacae were m a in ly  o f  tw o  types: f e r ( f ) n  chi str su l mer tet a m p  (58% ) 
a n d  f e r ( f ) lu  chi sul mer a m p  k a n (n e o )  (32% ), w h ich  often  occurred as hetero- 
R - ty p e s .  O bservation  o f  a l im i te d  nu m b er  of b a c te r ia l  species bear ing  th e  two
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ty p es  of t ran s fe rab le  plasm ids was under l in ed  b y  th e  fac t  t h a t  new b o rn s  h ad  
p refe rab ly  acqu ired  th e  b ac te r ia l  s t ra in s  w ith  th e  specific p lasm ids m e n tio n e d .  
M oreover, bab ies  subjected  to  an t ib io t ic  th e ra p y  acquired  in d e p e n d e n t ly  
o f  th e  an tib io t ics  used  E . coli a n d  E . cloacae s t ra in s  w ith  th e  f e r ( f ) u chi str sul 
mer tet am p  or th e  f e r ( f ) ш  chi str su l mer am p ka n (n eo )  p la sm id  w h e th e r  or 
no t  Enterobacteriaceae w ith  o th e r  p la sm id  ty p e s  h ad  been p re se n t  before 
hosp ita liza tion .

I t  has  been  shown b y  m eans  o f  th e  se t t le -p la te  m e th o d  t h a t  th e  sam e 
bac te r ia  w ith  th e  sam e R -p lasm ids h a d  to  be p resen t  in th e  h o sp ita l .  I n  th e  
p re se n t  s tu d y ,  th e  hosp ita l  e n v iro n m e n t  r a th e r  th a n  food or m ilk  w as th e  
source of c o n tam in a t io n .  M othe r’s m ilk  fed to  th e  babies was n o t  c o n ta m in a te d  
w ith  coliform R +  bac te r ia  an d  could therefo re  be excluded  as a p o te n t ia l  
source of infection.

The existence of b ac te r ia  sp read ing  over  th e  hosp ita l  in sp ite  o f  s tr ic t  
hygienic  m easures  is a w ell-known fac t  [6 , 9, 18, 21, 23]. In  th e  la s t  years , 
in te re s t  has  especially been focussed up o n  p a thogen ic  bacteria  a n d  th e  dev e lo p ­
m e n t  of  an t ib io t ic  resis tance  am o n g  th e m . This  has led to  a neg lec t o f  the  
ap p ea ran ce  of  bac te r ia  which are  j u s t  beg inn ing  th e ir  d eve lopm en t in  p a th o ­
logic processes a n d  of the p reva lence  of  m u lt ip le  d rug  resis tance  (R -p lasm ids)  
am o n g  th e  so-called non-pa thogen ic  bac te r ia  as p o ten tia l  reservo irs  o f  R- 
p lasm ids. This has  been described as a n  env iro n m en ta l  po llu tion  due  to  d rug  
resis tance  [9].

A pathogen ic  b ac te r ia  m ay ,  how ever,  acqu ire  virulence u n d e r  h o sp ita l  
c i rcum stances  {e.g. in stress s i tua t ions)  o r  b y  con juga tive  acq u is i t io n  of 
v iru lence-p lasm ids [cf. 22]. This has  been s tressed  in a case of g rave  m eningitis  
caused  b y  h osp ita l  s tra ins  (E . cloacae) ca r ry ing  th e  f e r ( f ) n  chi str sur mer tet 
a m p  p lasm ids (to  be published).

T he  incidence of R -p lasm ids ,  th e  bac te r ia l  s tra ins  iso la ted  (E . coli, 
E . cloacae, K lebsiella aerogenes), a n d  especially th e  types  of  R -p lasm ids iso la ted  
from  hosp ita l  en v iro n m en t  a n d  from  th e  faeces of  the  hosp ita lized  new b o rn s  
a n d  babies (91% ) were in  c o n tra s t  to  th e  incidence and  ty p es  of  R -p lasm ids  
in bac te r ia  from  th e  in testines  o f  h e a l th y  in fan ts  [16]. A m ong m ore  t h a n  1000 
exam ined  h e a l th y  in fan ts ,  5 5 %  ex h ib i ted  Enterobacteriaceae b e a r in g  f e r ( i )  tet 
o r  f e r ( f )  tet p lasm ids,  often l inked  w ith  th e  c o ll  d e te rm in an t .  O f  th e  b ac te r ia ,  
7 .5 %  were in fec ted  with f e r ( f )  chi str su l mer tet p lasm ids. O nly  0.5— 1 %  of 
th e  h e a l th y  in fa n ts  was shown to  exc re te  E . coli s tra ins  ca rry ing  R -p lasm ids  
s im ilar  t o  th e  ty p e s  isolated from  th e  hosp ita l .  T h e  difference in  th e  inc idence  
o f  t ransfe rab le  single te tracyc line  res is tance  a n d  m ultip le  re s is tance  am ong  
Enterobacteriaceae o f  h ea l th y  in fa n ts  was found  to  be due to  te t ra c y c l in e  
feeding of an im als . I n  the  G D R , solely te tracyc lines  are used for  th is  purpose .

Moreover, 9 0 -1 0 0 %  of th e  w orkers em ployed in a n t ib io t ic  ( t e t r a ­
cycline) p lan ts ,  in  th e  food in d u s t ry  app ly ing  te tracyc line  ad d i t iv e s  or  in
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a n im a l  p ro d u c t io n  w i th  te t racy c l in e  feeding h a v e  b een  shown to  h a rb o u r  
Enterobacteriaceae w i th  tran sfe rab le  te t ra c y c l in e  re s is tance  (to be published).

O bviously ,  such a selection pressure  ex is ts  also u n d e r  hosp ita l  conditions,  
b u t  d i f fe re n t  of th e  ty p e  of  th e  d rug  res is tance  selected . The selection of  t r a n s ­
fe rab le  m u lt ip le  d rug  res is tance  in n o n -p a th o g en ic  bac te r ia  in th e  hosp ita ls  
ex p la in s  t h a t  o th e r  a u th o rs  h ave  found  no  s ig n if ican t  differences be tw een  
h o sp i ta l iz e d  p a t ie n ts  w i th  a n d  w ith o u t  a n t ib io t ic  th e ra p y  [7, 18, 23].

T h e  resu lts  p re se n te d  in  th is  p a p e r  p o in t  to  th e  p roblem  of en v iro n ­
m e n ta l  p o l lu t ion  b y  d ru g  resis tance  and  a re  calling  for a careful a n t ib io t ic  
policy  n o t  only in an im al feeding h u t  also in th e  hosp ita ls .

A cknow ledgem ents. W e are  in d eb ted  to  M essrs. B .  V o l k m a n n , R. U h l m a n n  an d  R . 
B i e l e r  fo r sk ilfu l assistance .
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Sum m ary . C u ltiv a tio n  an d  b iochem ical p ro p e rtie s  of m icroorganism s iso la te d  from  
c a ttle  an d  classified w ith  th e  o rder M ycoplasm atales , have  been stud ied . T h e  s tra in s  stu d ied  
co rresp o n d ed  to  th e  c rite ria  o f c lassifica tion  in th e  o rder M ycoplasmatales. O n th e  basis of 
th e ir  cholestero l re q u irem en t, d ig ito n in  an d  sod iu m -p o ly an e th o l-su lp h o n ate  s e n s it iv ity , n o t only 
th e  Acholeplasm a laidlaw ii A  PG 8 species b u t  also L e a c h ’s group 6 (PG 49) a n d  A l - A u b a i d i ’s 
К  (B 107 PA) s tra in  were found  to  belong to  th e  Acholeplasmataceae an d  th e  o th e rs  to  the  
M  ycoplasmataceae  fam ily . T he galactose , xylose, escu lin  and  a rb u tin  f e rm e n ta t io n  te s ts  as 
well as th e  d e te rm in a tio n  of caro ten o id  syn thesis p ro v id e  su itab le  m eans for th e  d iffe re n tia tio n  
of Acholeplasm a  species. D e te rm in a tio n  of glucose, a rg in in e  and  sorbitol f e rm e n ta t io n , phos­
p h a ta se  a c tiv ity , film  an d  sp o t fo rm atio n  as well as o f th e  serum  d igesting  c a p a c ity ,  serves 
fo r th e  p re lim in ary  d e fin itio n  of M ycoplasm a  species.

T h e  classification of m icroorganism s w ith in  th e  order M ycoplasm atales  
is based  on th e  absence o f  cell wall, ty p ic a l  colony m orphology , f i l te rab il i ty  
th ro u g h  450 n rn m e m b ra n e  f i l te r  a n d  lack  o f  reversion under  a p p ro p r ia te  con­
d itions .  On th e  basis o f  th e ir  cholesterol re q u ire m e n t  [1] the  o rg a n ism s  of the 
o rd e r  M ycoplasm atales  belong to  th e  fam ilies M ycoplasmataceae  or Achole­
plasm ataceae  which include  one genus each . To the  first fam ily  be longs the  
M ycoplasm a  genus which includes th e  T s t ra in s  too [2]; to  th e  second  family 
belongs th e  genus Acholeplasm a. I n  th e  M ycoplasm a  genus 33 species and 
in th e  Acholeplasm a  genus 3 species are  d istinguished [3, 4].

The purpose  of  th e  presen t s tud ies  was to  select su i ta b le  cu l tu r in g  
m e th o d s  for bovine  m ycop lasm as  and  acholeplasm as o th e r  t h a n  T  stra ins  
a n d  to  com pare  th e ir  charac ter is t ics .  I n te r e s t  was focussed on  d if fe ren t ia t io n  
o f  th e  individual species w ith  special r e g a rd  to  the  criteria  o f  c lassification  
in to  th e  order M ycoplasm atales, viz. t h e  families M ycoplasm ataceae  and 
Acholeplasmataceae.

Materials and  m ethods

S tra ins. A to ta l  o f 17 s tra in s  w as in c lu d ed  in  th e  stud ies (Table I). O f th e se , 7 stra in s  
w ere re p re se n ta tiv e s  of a M ycoplasm a  o r Acholeplasm a  species or subspecies, 3 s tra in s  (PG 49, 
PG 50, an d  PG 51) rep re sen ted  I . e a c h ’s [5] se ro g ro u p s 6, 7 and 8, and 4 s tra in s  (B 1 2 9 P , B142P, 
B 107PA  and  B144P) th e  H , I, К  and  L  serogroups o f A l - A u b a i d i  and F a b r i c a n t  [ 6 ] ,  while 
s tra in  M165/69 belonged to  th e  group  iso la ted  by  L a n g f o r d  and D o r w a r d  [7] fro m  epidem ic 
k e ra to co n ju n c tiv itis  of c a ttle . T he s tra in s  M . agalactiae  subsp. agalactiae PG 2 o f  sh eep  origin, 
an d  M . mycoides subsp . capri PG 3 of th e  g o a t w ere in cluded  in th e  s tud ies b ecau se  th e y  resem -
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Table I

M ycoplasma type s tra in s  and reference stra ins o f  cattle origin

Type o r reference Origin Isolation Origin (organ)

M . d ispar 462/2 NCTC Go u r l a y  (1970) c a ttle  lung
M . bovirhin is PG43 

(5M 331)
NCTC H a r b o u r n e  et al. 

(1965)
c a ttle  lung

M . m ycoides subsp. 
m ycoides

PG1 E . A. F reundt 
(D. G. ff. 
E d w ard)

L a id l a w  (1931) c a ttle
lung

M . m ycoides subsp. 
capri

PG3 E . A. F reundt 
(D . G. ff. E d w a r d )

С ни  (1954) goat
lung

A l-A u b a id i group L B144 P J .  F abricant M o u lto n  (1956) c a ttle
jo in ts

L ea ch  g ro u p  7 PG 50(N 29) D. G. ff. E dw ard S im m ons and  
J o h n sto n  (1963)

c a ttle
jo in ts

M . bovigenitalium PG 11(B 2) E . A. F reu n dt  
(D . G. ff. 
E d w a rd )

E d w a r d  (1950) c a ttle
gen ita ls

M . agalactiae  subsp. 
agalactiae

PG2 E . A. F reundt  
(D . G. ff. E d w a rd )

L o pe z  (1934) sheep
ud d er

M . agalactiae  subsp. 
bovis

D o n e tta D . G. ff. E dward H a l e  et al. (1962) ca ttle
u d d e r

M . a rg in in i G230 M. F. Ba rile Mo r r is  (1968) m ouse b ra in
L ea c h  g ro u p  8 PG51

(M47/67)
D . G. ff. E dward H u d s o n  and  

E t h e r id g e  (1963)
c a ttle

nose
Al -A u b a id i group H B139 P J .  F abricant Al -A u b a id i (1970) c a ttle

u te ru s

A l-A u b a id i group I B142 P J .  F abricant F a b r ic a n t  (1959) c a ttle
lung

U n ty p e d M165/69 NCTC L a n g f o r d  and  
D o rw a rd

c a ttle
eye

A . la id law ii PG8 E . A. F reundt L a id l a w  and  
E l f o r d  (1936)

sewage-
w ater

L ea ch  g ro u p  6 PG49
(Squire)

D . G. ff. E dward L a n g e r  and  
Ca r m ic h a el  (1963)

c a ttle
lung

Al-A u b a id i g roup  К B/107 PA J .  F abricant A l -A u b a id i (1970) ?

N C TC  =  N ational C ollection o f T ype Cultures, Colidale A v ., London, N. W. 9.

b led  in  c e r ta in  p roperties th e  b o v in e  s tra in s  M . agalactiae  su b sp . bovis (D onetta ) a n d  M .  
m ycoides su b sp . mycoides PG 1, re sp ec tiv e ly .

C ulturing . On th e  basis o f  a 5 -y e a r  experience, tw o  s ta n d a r d  m ed ia , В and  N  were chosen . 
M ed ium  В h as  been described e a r lie r  [8]. M edium  N  c o n ta in e d  B acto  b ra in  h e a r t in fu s io n  
(D ifco), 3.7 g; y eas t e x tra c t (D ifco ), 0.5 g; d istilled  w a te r , 100 m l; horse serum , 20 m l; 25%  
y e a s t e x tr a c t  [9], 10 m l; 10%  th a l l iu m  ace ta te , 1 m l;  p e n ic illin  (200,000 U /m l), 1.3 m l; 0 .2 %  
d e o x y rib o n u c le ic  acid (S igm a), 1.3 m l;  50%  glucose, 2.0 m l; p H  7.8.

T o  p re p a re  a solid m e d iu m , a g a r was added  befo re  a u to c lav e  trea tm e n t. To s tu d y  
M . d isp a r  s tra in s , Gourlay  a n d  L e a c h ’s [10] as well as F r iis ’ [11] m ed ia  were used.
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O p tim u m  gaseous e n v iro n m en t an d  tem p e ra tu re  as well as th e  g ro w th  cu rv es have  
b een  d e term ined  as described earlie r [8].

Filtra tion  experiments. F o u rty -e ig h t-h o u r-o ld  b ro th  cu ltu res  were passed  th ro u g h  filte rs 
of 450 nm , (G elm an M etrical GA-6), 200 nm  (G elm an M etrical GA-8), 100 nm  (M illipore  ty p e  
VM) and  50 nm  (M illipore ty p e  VM) pore  size. Colony fo rm ing  u n its  (c .f.u .) w ere d e te rm in ed  
before  an d  a fte r  filtra tio n .

M orphology. S tra in s  w ere c u ltu red  on agar a t  o p tim u m  te m p e ra tu re  a n d  a tm o sp h e re , 
a n d  th e  colonies w ere stu d ied  u n d e r th e  stereom icroscope daily . In  th e  log p h a se , th e  b ro th  
c u ltu re s  w ere stu d ied  w ith  d a rk  field  m icroscopy.

Reversibility. T he s tra in s  w ere m ain ta in ed  on th e  above-described  m ed ia , in  th e  absence 
o f  pen ic illin  an d  th a lliu m  a c e ta te , th ro u g h  5 passages.

Classification w ith in  M ycoplasmataceae and Acholeplasmataceae was b ased  on cholestero l 
[12] req u irem en t as well as on  d ig ito n in  [8] and  sod ium  p o ly an e th o l-su lp h o n a te  sen sitiv ity .

Biochemical exam inations. A rgin ine and u re a  decom posing a c tiv ity  [8], p h o sp h a tase  
a c t iv ity  [14], film  an d  sp o t fo rm atio n  [15], serum  d ig es tio n  [14], tr ip h e n y l- te tra z o liu m  chloride 
(TTC ) red u ctio n  [16], se n sitiv ity  to  e ry th ro m y cin , p o ly m y x in  В and  k a n am y cin  [8], as well 
as haem olysis, h aem ag g lu tin a tio n  an d  h aem ad so rp tio n  caused  b y  th e  s tra in s  [17] h a v e  been 
s tu d ied . M odified m ed ium  В w as used  in  these  ex p erim en ts  ex cep t in  th e  case o f M . dispar  
a n d  M ycoplasm a  165/69 s tra in s , fo r w hich F in is ’ an d  G o u r l a y  and  L e a c h ’s m ed ia  w ere sup ­
p lem en ted  w ith  th e  su b s tra te s  m en tio n ed  and  in o cu la ted  w ith  0.1 m l o f th e  w ash ed  a n d  20-fold 
c o n ce n tra ted  suspension of th e  stra in s .

Polyacrylamide-gel electrophoresis. C oncen tra ted  a n d  w ashed  m y co p lasm a  suspensions 
w ere  d issolved in  a 2 : 1 : 0.5 m ix tu re  o f  phenol, ace tic  acid  and  w a ter, an d  ru n  in  p o ly acry l­
am id e  co n ta in in g  5 M u rea  an d  35%  ace tic  acid [18].

Carotenoid synthesis. T hese  experim en ts  were carried  o u t w ith  th e  te c h n iq u e  o f R a z i n  
a n d  C l e v e r d o n  [19].

Results

1. C ulturing conditions

(a) Culture m edia. E x c e p t  for M . d ispar  (462/2), all th e  s t r a in s  showed 
?a tisfac to ry  g row th  (10 7  c .f.u./ml) on m ed ium  B. Similar good re su l ts  or 
s ligh tly  less favourab le  ones were observed on m ed ium  N. In  v iew o f  i ts  simple 
com posit ion , m ed ium  В was used more freq u en t ly .  Good results  were  o b ta ined  
w ith  M . dispar  in F r i i s ’ f lu id  m edium . G ro w th  was less sa t i s fa c to ry  on th e  
sam e  solid m ed ium  t h a n  on G o u r l a y  and  L e a c h ’s m edium , on w h ich  ‘fried 
egg’ colonies were f req u en t .

(b) Growth in  d ifferen t gaseous environm ents. F if teen  s tra in s  g rew  equally  
well in th e  4 d ifferen t a tm o sp h eres .  S tra in  M165/69 showed a considerab ly  
b e t t e r  g row th  in  th e  p resence  of  C 0 2. A f lask  con ta in ing  a b u rn in g  candle  
p rov ided  the  condition  o p t im u m  for th e  g row th  of 462/2 M . d isp a r  s tra in ,  
w hich  failed to  grow u n d e r  aerobic conditions.

(c) Growth at d ifferen t temperatures. As T ab le  I I  shows, th e  m a jo r i ty  
o f  s tra ins  failed to  grow a t  22 °C. M . arg in in i G230 grew slowly a t  th is  t e m ­
p e ra tu re  and  yielded a 5 ex p onen ts  lower c.f.u. The same p h en o m e n o n  was 
observed w ith  s t ra in  PG 50  belonging to  L e a c h ’s group 7. M . m ycoides  suhsp. 
capri PG3 and  s tra in  P G  49 (which belongs to  L e a c h ’s group 6) yie lded  an 
iden tica l c.f.u. a t  low te m p e ra tu re s  and  37 °C, th e  g row th  r a te  b e in g  ab o u t  
5 0 %  slower in th e  fo rm er  case. On th e  o th e r  h a n d ,  A . la id law ii A P G 8  and 
A l-A u b a id i  K(B107 PA ) s tra in s  showed nea r ly  iden tica l c .f.u. a n d  g row th  
r a te  a t  b o th  te m p e ra tu re s .
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Table II

Growth o f bovine M ycoplasm a and Acholeplasma stra ins at different temperatures

M axim um c.f.u. and grow th index

Species or serogroup
Type o r reference 

s tra in 37 °C 27 °C 22 °C

c.f.u. Index c.f.u. Index c.f.u. Index

M . d isp a r 462/2 105 3.6 3 X 104 1.8 0 0

M . bovirh in is PG 43 5 X 101 5.0 0 0 0 0

M . m ycoides  subsp. 
m ycoides PG1 5 x 1 0 ’ 7.5 6 X 10s 0.2 0 0

M . m ycoides subsp. capri PG 3 2 X 109 10.0 109 9.2 109 4.6

Al -A u b a id i group L В 144 P 3 X 108 9.0 3 x 1 0 “ 4.6 0 0

L e a c h  g ro u p  7 PG 50 109 10.0 109 8.0 104 0.8

M . bovigenitalium PG11 5 X 107 7.6 3 +  10- 0.2 0 0

M . agalactiae subsp. 
agalactiae

PG 2 109 10.0 109 4.0 0 0

M . agalactiae  subsp. bovis D o n e tta 10“ 7.2 105 1.4 0 0

M . a rg in in i G230 3 X 107 8.0 107 5.4 102 1.0

L e a c h  g ro u p  8 PG51 3 X 108 9.0 0 0 0 0

A l -A u b a id i group H В 139 P 5 x 1 0 “ 7.0 7 X 102 0.2 0 0

A l -A u b a id i  group I В 142 P 10“ 9.0 6 X 10' 5.2 0 0

U n ty p e d M 165/69 107 5.4 2 X 105 3.8 0 0

A . la id la w ii PG 8 2 x 1 0 s 9.0 2 x 1 0 “ 7.8 10“ 8

L e a c h  g ro u p  6 PG 49 5 X 105 5.8 5 x  105 5.2 2 x  105 3.8

A l -A u b a id i group К
.

В 107 P A 3 x 1 0 “ 9.0 2 x 1 0 “ 8.4 2 x 1 0 “ 7 . 4

(d) Growth curves. G ro w th  curves of t h e  in d iv id u a l  s tra in s  differed in 
r a t e ,  c .f .u ./m l yield a n d  su rv iv a l  time. T he ir  m a jo r i ty  reached  th e  h ighest 
t i t r e  b e tw e e n  the  second  a n d  fou r th  day ;  acho lep lasm as  grew qu icker  th a n  
m y c o p la s m a s .  The M .165/69 a n d  especially th e  M . d ispar  s t ra in  grew slowly. 
S ig n if ic a n t  differences w ere  found  in the decrease  o f  c.f.u. coun t.  A rap id  
d e c re a se  of  c.f.u. occurred  w i th  M . arginin i G230 tw o  days a f te r  h a v in g  reached  
th e  p e a k  t i t re ,  while t h e  decrease  was e ssen tia l ly  slower w ith  M . agalactiae 
su b s p .  bovis (D onetta )  o f  L e a c h ’s group 8 (PG 51). U nder  o p t im u m  con­
d i t io n s ,  all  th e  s tra ins  r e a c h e d  a t i t re  of a t  le a s t  1 0 7 c.f.u./ml.

2. F iltration.

T h e  smallest r e p ro d u c t iv e  u n i t  was la rg e r  t h a n  100 nm  an d  sm aller  th a n  
2 0 0  n m  w ith  each of t h e  s t ra in s  studied.
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3. M orphology

T y p ica l  ‘fried egg’ colonies were form ed b y  each s tra in .  This o b se rv a t io n  
app lied  also to  M . dispar  th o u g h  it form ed p re v a le n t ly  a typ ica l colonics. The 
size of  th e  colonies va r ied  b e tw een  0.25 m m  (M . dispar) and  3 m m  (M . 
m ycoides subsp . capri). U n d e r  th e  dark-fie ld  m icroscope th e  s t ra in s  show ed  a 
typ ica l  p leom orphous  p a t t e r n ,  in  which coccoid, f i lam entous  a n d  b ran ch in g  
f i la m e n to u s  s t ru c tu res  were visible. Buds a r is ing  from th e  f i lam en ts  could 
he  obse rved  w ith  some s tra in s .

4. R eversibility

B y  th e  end of th e  f i f th  passage, all t h e  s tra in s  form ed ty p ic a l  fr ied  egg 
colonies even  on an tib io tic -  and  tha l l ium -free  m edia ,  consequen tly  t h e y  were 
n o t  L-form s.

5. C lassification w ith in  the M ycoplasm ataceae and Acholeplasm ataceae  
fa m ilie s

(a) Cholesterol requirement. N e ither  th e  A . la id law ii s tra ins  n o r  th e  A l- 
A u b a i d T s group  К  (B107 PA ) a n d  L e a c h ’s group  6  s tra ins  (PG49) req u ired  
cholesterol.  D e te rm in a t io n  of  th e  cholesterol req u irem en t  was unsuccessfu l 
w ith  t h e  M . dispar  s tra in ,  as i t  failed to  grow on th e  te s t  m ed ia  u sed .  The 
s t ra in s  A l-A u b a id i  H /B 1 3 9 P , I /B 1 4 2 P , L /144P, th e  M165/69 as well as L e a c h ’s 
group  7 (PG50) an d  g roup  8  (PG51) and  6  nam eless s tra ins  all req u ired  
cholesterol (Table I I I ) .

Table III

Cholesterol requirement, digitonin and sodium-polyanethol-sulphonate sensitivity o f  bovine M yco­
p lasm a and Acheloplasma  s tra in s

Species or serogroup
Type or reference 

strain
Cholesterol

requirem ent
Digitonin 

sensitivity, 
in m

Sodium-
polyanethol-
sulphonate
sensitivity ,

mm

M . dispar 462/2 no t exam ined 12.0 7.5
M . bovirhinis p o i .:s + 4.5 3.0
M . mycoides subsp . mycoides P G I 8.0 9.5
M . mycoides subsp . capri PG3 + 3.0 3.5
A l-Au b a id i g roup  L В 144 P + 6.0 5.0
L each  g roup  7 PG50 + 4.5 4.5
M . bor igenitaliam P G I 1 + 10.0 6.0
M .  agalactiae subsp. agalactiae P I , 2 + 7.0 7.0
M . agalactiae subsp. bovis D onetta + 7.0 6.0
M . arg in in i (42.30 + 7.0 2.0
L each  g ro u p  8 PG51 + 5.0 5.0
A l - A u b a i d i  group  II В 139 P 4 - 7.0 1.0
A l-Au b a id i g roup  I В 142 P + 3.0 0.0
U n ty p ed M 165/69 + 10.0 5.0
A . laidlaw ii PG8 0 0.0 0.0
L each g roup  6 PG49 0 0.0 0.0
A l-Au b a id i g roup К В 107 PA 0 0.0 0.0
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(b) D igitonin a n d  sod ium  polyanethol su lphonate  sensitiv ity . A .  la idlaivii 
A  P G 8 , L each ’s g roup  6  (PG49) and th e  A l -A u b a i d i  К  (B107 PA) s tra ins  
w ere  re s is ta n t  to  d ig i to n in ,  while the  in h ib i t io n  zone was 3 to  12 m m  wide 
w i th  t h e  rem ain ing  s t r a in s .  F o u r  strains, th r e e  o f  th e  d ig itonin  r e s is ta n t  ones 
a n d  A l -A u b a id i  I /B 1 4 2 P  were  res is tan t  to  sod ium  po lyane tho l  su lphona te .  
W i th  th e  o the r  s t ra in s ,  t h e  inh ib it ion  zone w as 1.0 to  7.5 m m  wide (Table  I I I ) .

6. Biochemical stud ies

T h e  stra ins  s tu d ie d  w ere  all negative  in  th e  u rea ,  sucrose an d  m an n ito l  
t e s t s .  F o r  the  d i f fe re n t ia t io n  of d igitonin r e s i s ta n t  s tra ins  w hich  do no t  
r e q u i r e  cholesterol, i.e. acholeplasm as, th e  galac tose ,  xylose, a rb u t in  and 
ae scu l in  fe rm en ta t io n  t e s t s  are  suitable (T ab le  IV).

Table TV

D ifferen tia tion  o f bovine Acholeplasm a species

Species or group Reference stra in Galactose X ylose Aesculin A rbutin Carotenoid
Polym yxin

B '

A . la id law ii A PG 8 — — + — + R

Leach group 6 P G  49 - — — — — S

Squire

Al-Aubaidi group К B107 PA + + + + — R

S =  sensitive, R  =  r e s is ta n t

A t th e  sam e t im e  all these  strains g ave  a positive glucose te s t  u n d e r  
b o th  aerobic  and  an a e ro b ic  conditions, p o s i t ive  cellobiose and  TTC reduc tion  
te s t s ,  nega tive  m annose ,  sorbito l,  arg in ine, p h o sp h a ta se  reac tions,  a n d  did 
n o t  show  film and  sp o t  fo rm a tio n  and se ru m  digestion . All th e  s t ra in s  gave 
b e ta -h aem o ly s is  w ith  gu in ea  pig e ry th ro cy tes ,  a lp h a  and  in some cases b e ta -  
haem o ly s is  w ith  bov in e  a n d  sheep e ry th ro c y te s .  T h ey  ag g lu t in a ted  guinea 
p ig  e ry th ro cy te s ,  b u t  n o t  c a t t le  and  sheep e ry th ro c y te s .  None of th e  s tra in s  
sh o w ed  h a e m a d so rp t io n  w i th  guinea pig a n d  c a t t le  e ry th rocy tes .  T he  following 
t e s t s  ap p ea red  to  be n e c e ssa ry  for fu r th e r  d if fe ren t ia t io n  of th e  cholesterol- 
r e q u ir in g ,  d ig iton in -sens itive  stra ins  of th e  genus  M ycoplasm a: glucose and  
a rg in in e  fe rm en ta t io n ,  p h o sp h a ta se  ac t iv i ty ,  f i lm  and  spot fo rm a tio n  and  
se ru m  digesting c ap ac i ty .  T h e  f irst two te s ts  a l low ed  to  divide th e  M ycoplasm a  
g enus  in to  3 groups.

(a) M . mycoides su b sp .  mycoides, M . m ycoides subsp. capri, t h e  A l - 

A u b a i d i  L-group, L e a c h ’s group  7. M . d isp a r  a n d  M . bovirhinis be longed  to  
th e  glucose-positive a n d  a rg in ine-negative  g ro u p ,  which was cha rac te r ized  b y  
m a n n o s e  fe rm en ta t io n ,  T TC  reduction , a lpha  a n d  beta -haem olys is  w ith  guinea
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pig, c a t t le  and  sheep e ry th ro cy te s ,  h igh e ry th ro m y c in  sens i t iv i ty ,  b y  th e  lack 
o f  cellobiose, galactose, xylose, aesculin  a n d  a rb u t in  fe rm e n ta t io n  as well as a 
lack  of  haem ad so rp t io n .  Glucose ox id a t io n ,  phospha tase  a c t iv i ty ,  film and  
sp o t  fo rm ation , serum  d igestive a n d  so rb ito l fe rm en ta t io n  p ro p e r t ie s ,  k an a -  
m y c in  a n d  po ly m y x in  В sens i t iv i ty  p ro v id ed  m eans for a fu r th e r  d iffe ren t ia ­
t io n  w ith in  this g roup (Table Y).

(b) M . a rg in in i, L e a c h ’s group  8 , H  a n d  I  groups of  A l- A u b a i d i  an d  
th e  u n ty p e d  M165/69 s tra ins  belonged to  th e  arg in ine-positive a n d  glucose­
n eg a t iv e  group. The l a t t e r  s t ra in  was found  to  form acid; how ever ,  as th is  did 
re su l t  from glucose fe rm en ta t io n ,  th e  d e te rm in a t io n  of a rg in ine  f e rm e n ta t io n  
was r a th e r  difficult.

T he  s tra ins  in th is  g roup were u n ifo rm ly  negative  in m annose ,  galactose, 
cellobiose, xylose, sorbito l,  aesculin , a rb u t in -sp l i t t in g  an d  se ru m  digestion  
te s ts ;  th e y  failed to  a g g lu t in a te  ca t t le  e ry th ro cy te s ,  h u t  show ed  a lp h a  and  
som etim es beta -haem olys is  w ith  th e  e ry th ro c y te s  tes ted , a n d  w ere  sensitive 
to  k a n am y c in .  F o r  fu r th e r  d iffe ren tia t ion , pho sp h a tase  ac t iv i ty ,  f ilm  a n d  spot 
fo rm a tio n ,  TTC re d u c t io n ,  h a e m a d so rp t io n  of guinea pig a n d  c a t t le  e ry th ro ­
cy tes ,  agg lu tina t ion  of guinea pig e ry th ro c y te s  as well as p o ly m y x in  В and  
e ry th ro m y c in  sens i t iv i ty  te s ts  were needed  (Table VI).

(c) T hree  species coud  be inc luded  in th e  glucose-negative a n d  a rg in ine ­
n eg a t iv e  group : M . bovigenita lium , M . agalactiae subsp. agalactiae a n d  the  
M . agalactiae subsp. bovis (D o n e t ta )  s t ra in .  T h ey  were all neg a t iv e  in  th e  ca rb o ­
h y d r a te  tes ts ,  none o f  th e m  ag g lu t in a ted  c a t t le  e ry th ro cy tes  b u t  all showed 
a lp h a  or be ta -haem olys is  w ith  th e  e ry th ro c y te s  studied . All th e  th re e  s tra ins  
p ro d u ced  p h o sp h a ta se ,  fo rm ed  film a n d  spo t ,  an d  reduced  TT C . H ow ever,  
th e y  displayed differences in  ca t t le  e ry th ro c y te  adsorp tion , gu inea  p ig  e ry th ro ­
cy te  h aem ag g lu t in a t io n  and  po lym y x in  В sensitiv ity  (Table V I I ) .

7. Polyacrylam ide-gel electrophoresis

E ach  s t ra in  d isp layed  a d ifferent b eh av io u r .  The e lec trophore tic  analysis  
o f  ce r ta in  sepa ra te  species revea led  s ign if ican t  differences. In  t h e  case of  the  
s t ra in s  M . mycoides subsp . m ycoides, M . m ycoides subsp. capri, a n d  M . agalac­
tiae  subsp . bovis th e  differences did no t  suffice for s ta t in g  t h a t  th e  s tra in s  
s tu d ied  belonged to  s e p a ra te  species.

8. Carotenoid synthesis

Only s t ra in  A . la id law ii A P G 8  was positive .  The ca ro ten o id  sy n th e t iz in g  
c a p a c i ty  of L e a c h ’s group  6  and  A l-A u b a i d i ’s К  group could  n o t  he proved  
(Table  1).
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Table V

Biological properties o f  glucose-positive and arginine-negative M ycoplasm a species

S'

ST Species or serogroup

ей

Reference strain Glucose
oxidation

Sorbitol
decomposi-

î ;on
Serum

digestion
Phosphatase

activity
Film and spot 

form ation

Guinea pig 
erythrocyte 
agglutina­

tion

Kanam ycin Polymyxin
B ‘

M . mycoides subsp. mycoides P G l + — — — — + s R

I. M . bovirhinisa PG43 + - - ( + ) —f-(14 days) + s S

ÿ  M . mycoides subsp. capri PG3 + + - f — - + R R

jr. L each  group 7 PG50 + - + - — + S R

1 Al-Au b a id i g roup L B144P + — + - - + s R

s ' M . dispar
Aa

462/2 — — — — — — s S

S =  sensitive, R  =  re s is tan t

Table VI

Biological properties o f  arginine-positive and glucose-negative M ycoplasm a species

Species or serogroup Reference strain Phosphatase
activity

Film and spot 
form ation

TTC
reduction

Guinea pig 
erythrocyte 
adsorption

Cattle
erythrocyte
adsorption

Guinea pig 
erythrocyte 
agglutina­

tion

Polymyxin
В

E rythrom y­
cin

M . arginini G230 — — — — — — R R
L each  group 8 PG51 + - — — — + R R
Al-Au ba id i group H B139P — — — — — — S S
A l -Au b a id i group I B142P - + + — — + R S
U n ty p ed M l 65/69 +

(14 days)
+ + + S s

S =  sensitive, R =  resis tan t
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Table VII

Biological properties o f  glucose-negative and arginine-negative M ycoplasma species

Species or group Reference strain
Guinea pig 
erythrocyte 
adsorption

C attle
ery th rocy te
adsorption

Guinea pig 
erythrocyte 

agglutination
Polym yxin

В

M . bovigenitalium P G l 1 — — — s
M . agalactiae subsp. 

agalactiae PG2 + + — s
M . agalactiae subsp. bovis D o n e tta — — R

S =  sensitive , R  =  re s is tan t

Discussion

T h e  m a jo r i ty  of bovine  M ycoplasm a  a n d  Acholeplasm a  species were 
successfully  grow n on s ta n d a rd  m edia  В a n d  N. T h e  sam e media seem ed s u i t ­
able  for th e  f irs t  iso lation  of these  species. G ro w th  o f M . dispar  req u ired ,  
how ever ,  F r i i s ’ a n d  Gourlay' and  L e a c h ’s m e d iu m . T he  m a jo r i ty  of s t ra in s  
d id  n o t  d isp lay  essentia l differences in re spec t  o f  th e  gaseous e n v iro n m e n t .  
A t  th e  sam e t im e ,  cha rac te r is t ic  req u irem en ts  m u s t  be ta k e n  in to  co n s id e ra ­
t io n  w ith  ce r ta in  species such as M ycoplasm a  165/69 an d  M . dispar.

As to  th e  in cu b a t io n  te m p e ra tu re ,  acho lep lasm as  were found to  he capab le  
o f  grow ing a t  22 °C. This p ro p e r ty  m igh t  be ta k e n  in to  accoun t a t  c lassifica­
t ion . T h is  c r i te r ion , how ever, is n o t  an  ab so lu te  one, as certa in  M ycoplasm a  
species m a y  also grow a t  low tem p era tu res .  Before de ta i led  serological e x a m in a ­
t ion , it  is adv isab le  to  de te rm ine  th e  g row th  cu rv e ,  to  be able to  pe rfo rm  th e  
t r a n s fe r  in due  t im e .

•The m orpho logy , f i l t rab il i ty ,  penicillin re s is tan ce  and  lack of  revers ion  
o f  th e  s t ra in s  s tud ied ,  excluded  th e  possib ili ty  o f  th e i r  being L-forms.

T h e  f i rs t  s tep  in  th e  iden tif ica t ion  of  iso lates is th e i r  c lassification w ith  
th e  families Mycoplasmataceae or Acheloplasm ataceae. Here  is th e  s t r a in ’s 
cholestero l re q u ire m e n t  th e  criter ion. F o r  th is  purpose  E d w a r d ’s m e th o d  
[ 1 2 ] ap p ea red  su itab le ,  h u t  th e  less com plica ted  sod ium  polyane tho l  su lp h o n a te  
te s t  re co m m en d ed  b y  K u nz e  [13] is also a d e q u a te  a n d  th e  d ig itonin  sen s i t iv i ty  
te s t  even  m ore  so. T h e  la s t  m e th o d  is adv isab le  w ith  s tra ins  difficult to  grow 
e.g. w ith  M . d ispar, since th e y  do n o t  grow on se ru m  frac t ion  and cholesterol-  
c o n ta in in g  m ed ia .

I n  th e  p re sen t  s tu d y ,  3 Acholeplasm a  s t ra in s  were d e m o n s t ra te d .  T he  
s t a t e m e n t  o f  E d w a r d  [12] has been  confirm ed  concerning L e a c h ’s g ro u p  6  

s t ra in  (PG49). As to  the  A l-A u b a id i  К  (B107 PA) s t ra in  [6], th e  a u th o rs  
h ave  m e n tio n e d  t h a t  sim ilarly  to  th e  s t ra in  A l- A u b a i d i  I (B142P), th is  one
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co u ld  also be passaged  on m edia  devoid  o f  se ru m  and  th u s  a ssu m ed  t h a t  b o th  
w ere  acholep lasm as. I n  ou r  s tudies, only  t h e  A l-A u b a id i  К  (B107 PA ) s t ra in  
w as , how ever ,  found  to  be Acholeplasm a. T h e  A l-A u b a i d i  I (B 1 4 2 P )  s t ra in  
w as  p ro v e d  to  requ ire  cholesterol, so we classified i t  w ith  th e  fa m ily  M yco- 
plasm ataceae.

A fu r th e r  d if fe ren t ia t io n  of c a t t le  A choleplasm a  is m ade  on th e  basis of 
t h e  galac tose ,  xylose, aescu lin  and  a r b u t in  te s ts  a n d  caro tenoid  d e te rm in a t io n .  
T h e  significance of th e  a r b u t in  te s t  m u s t  he  em phasized. In  o th e r  ex p e r im en ts  
we h a v e  shown th a t  o f  acholep lasm as, o n ly  A . axanthum  f e rm e n ts  a rb u t in .  
As th is  te s t  was pos itive  in th e  A l-A u b a i d i  К  group too, i t  a p p ea rs  necessary  
to  in v e s t ig a te  the  re la t io n sh ip  be tw een  A . axan thum  and  th a t  g roup . This was 
in d ic a te d  also by  th e  lack o f  caro tenoid  sy n th es is ,  since ca ro teno id  syn thes is  
ch a ra c te r iz e s  A . la id law ii a n d  A . g ranu larum  b u t  no t A . axan th u m  [4]. De­
te r m in a t io n  of glucose a n d  arginine fe rm e n ta t io n  appears  to  be su i tab le  for 
th e  g ro u p in g  of species belonging to  th e  M ycoplasm a  genus.

D e te rm in a t io n  of  film a n d  spot fo rm a t io n ,  p h o spha tase  a c t iv i ty  a n d  serum - 
d ig es t iv e  capac ity  p rov ides  m eans for th e  fu r th e r  d iffe ren tia tion  o f  species 
be lo n g in g  to  th e  ind iv id u a l  groups. O ur  o b se rv a t io n  on th e  se rum -d iges t ing  
c a p a c i ty  of  th e  A l-A u b a i d i  L and  L e a c h ’s g roup  7 stra ins, which charac ter izes  
a lso  c e r ta in  M . mycoides s tra ins ,  is em p h as ized .  According to  A luo tto  et al. 
[14], M . bovirhinis  m a y  also digest se rum , b u t  o u r  d a ta  failed to  con firm  this . 
B iochem ica l  ex am in a t io n  o f  M . dispar  a n d  M ycoplasm a  165/69 is d iff icu lt .  The 
fo rm e r  grows only on G o u r l a y  and  L e a c h ’s a n d  F r iis ’ m edium . Th is  fac t 
in i t se l f  is sufficient for a p re l im in a ry  d iagnosis ,  which m ay  fu r th e r  be  con­
f i rm e d  b y  an  ex am in a t io n  in  specific se ru m .

T h e  results  of a n t ib io t ic  resis tance  t e s t s  differed in m a n y  resp ec ts  from 
th e  d a t a  of  A l-A u b a i d i  a n d  F a b r ic a n t  [6 ].  O u r findings concern ing  h aem ad -  
s o rp t io n  were also d iffe ren t .  I n  our e x p e r im e n ts ,  M . bovirhinis failed to  adsorb  
th e  e ry th ro c y te s ,  while all M . bovirhinis  s t ra in s  isolated in Czechoslovakia  
[20] d isp layed  h a e m a d so rb in g  cap ac i ty .  T h e  role of these  te s ts  in  species 
d e te rm in a t io n  is d iff icu lt  to  define; i t  a p p e a rs  to  be necessary  to  exam ine  
sev e ra l  s t ra in s  belonging  to  th e  sam e species or  serogroup.

T h e  use of reference sera  is abso lu te ly  necessary  for th e  fina l d e te rm in a ­
t io n  o f  th e  species. These  te s ts  are req u ired  for  p re l im ina ry  diagnosis , to  reduce 
th e  necessa ry  n u m b er  of  reference sera , a n d  for th e  confirm ation  o f  th e  final 
d iagnosis .
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VIRULENCE AND ACID AGGLUTINATION OF
SHIGELLA

L. K e r e k e s

N ationa l Institu te  o f P ublic  H ealth , B udapest 

(R ece ived  Ju n e  19, 1973)

Sum m ary . A to ta l  of 710 Shigella  f le x n e r i  and  290 Shigella sonnei s tra in s  w ere ex am ined . 
Saline suspensions of v iru le n t 24 h r cu ltu res  show ed a g g lu tin a tio n  in one or m ore tu b es  of a 
b u ffer so lu tion  series in th e  r a n g e  of p H  1.6 —4.9. T he m a jo r ity  o f av iru len t S-form  cu ltu res  
ag g lu tin a ted  in th e  range  of p H  1 .0 —1.4 or no t a t  all. S. sonnei phase  I I  and  som e S. f le x n e r i  
cu ltu res  reac ted  in all tu b es a t  p H  1.4 4.9. N ine ty  per c en t of S .fle x n e r i  and  75%  of S. sonnei
m ixed  phase  cu ltu res b eh av ed  in  th is  m an n er. P u re  ph ase  1 a v iru le n t S. sonnei cu ltu res  were 
in ag g lu tin ab le . S tra in s  g iv ing  u n u su a l ty p es of acid a g g lu tin a tio n  consisted  m o stly  o f d ifferen t 
co lony  v a r ia n ts : v iru le n t an d  a v iiu le n t  fo rm s and , in S. sonnei, a v a riab le  ra tio  o f ph ase  I and  
ph ase  I I  cells. T he a lte ra tio n  of acid  a g g lu tin a tio n  on h e a tin g  a t  1C0CC for 2 h r. on w ashing 
in ch loroform , 70%  e th a n o l, a ce to n e  or 2%  c e ty lp y rid in iu m  brom ide  w as c h a ra c te ris tic  of 
th e  v iru lence  of th e  o rgan ism . A cid a g g lu tin a tio n  w as in fluenced  by a change in th e  m ed ium , 
nam ely  w hen aqueous ag ar (1 0 - 3 - 10~8 g /m l), a lbum in  (10 3-1 0  7 g/m l) or p ep to n e  (10 - 10~5 
g/m l) so lu tions were s u b s t i tu te d  for physiological saline.

T he guinea pig eye re a c t io n  in troduced  b y  Se r é n y  [1] is a re liab le  model 
for e s t im a t in g  the  v iru len ce  of shigellae. In  w ork ing  w ith  a g rea t  n u m b e r  of 
s tra in s ,  th e  a d v a n ta g e  of  an  i n  v i t r o  m e th o d  is obvious. In  th is  p a p e r  an  
acco u n t  is given of e x p e r im e n ts  w ith  acid ag g lu t in a t io n ,  a te c h n iq u e  the  
re l iab il i ty  of which has  been  d e b a te d  [2, 3].

Mater ials  and metho ds

Reagents. A series of b u ffe r  so lu tions consisting  of 15 tu b es  was p rep ared  as show n 
in T ab le  I [4 6].

Bacterial strains  w ere fresh ly  iso lated  from  p a tie n ts  or s^ n  p tom less carriers . V iru len t 
a n d  a v iru len t d e riv a tiv e s  re su ltin g  from  sp o n tan eo u s v a r ia tio n  or o b ta in ed  by  passag ing  
on cu ltu re  m edium  or a f te r  UV ir ra d ia tio n  and  stra in s  s to red  a t  5 °C w ere also te s ted .

Bacterial suspensions. T he g row th  from  24 h r m e a t e x tra c t  ag ar p la tes w as suspended  
an d , in p a r t  of th e  e x p e rim e n ts , w ashed  in 0 .8%  saline  and  a d ju s te d  to  a d en sity  of 10M— 10^ 
cells/m l. In  som e ex p erim e n ts  th e  b ac te ria  were resu sp en d ed  in th e  su p e rn a ta n t o f a m u ltip le  
a m o u n t of cu ltu re  cen trifu g ed  p rev io u s ly . S tud ies w ere also p e rfo rm ed  w ith  0 .1%  ag ar. 0.1%  
a lb u m in , 0 .1%  p ep to n e  (R ic h te r )  an d  th e ir  10“ 1 — 10— s d ilu tio n s  as resuspend ing  ag en ts . Acid 
a g g lu tin a tio n  was exam ined  a f te r  h ea tin g  a t ICO °C for 2 h r, an d  a f te r  w ashing in 70%  e th an o l, 
a ce to n e , chloroform  or 2%  c e ty lp y rid in iu m  brom ide.

A cid  agglutination  w as c a rr ie d  o u t in 1 5 x 1 6 0  m m  tu b es . To each  of 15 tu b es  0.5 ml 
of th e  d iffe ren t buffer so lu tio n s , to  one tu b e  0.5 m l sa line  w as p ip e tted , th en  1 m l b a c te ria l 
suspension  w as added to  each  tu b e .  R ead in g s were m ad e  a f te r  24 and  48 hr in cu b a tio n  a t  room  
te m p e ra tu re . The a g g lu tin a tio n  of v iru le n t suspensions w as finely  g ran u la r  and  d is in te g ra te d  
read ily  on shak ing . T herefore, r in g  fo rm atio n  was considered  as p ositive  reac tio n  (-{-)• N egative  
( ) tu b es  were ch arac te rized  b y  a deposit of b ac teria  a t  th e  b o tto m . In hom ogeneous cu ltu res
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Table I

P reparation o f  buffer series fo r  acid agglutination

p H

1.0 1.2 1.3 1.4 1.6 1.9 2.3 2.6

0.1 N  HC1, ml 300 270 240 210 180 150 120 90

0.1 M glycine, ml — 30 60 90 120 150 180 210

p H

2.9 3.3 3.7 4.0 4.3 4.6 4.9

0.1 N  HC1, ml 60 30 15 132 107.1 69.3 13.2

0.1 M glycine, ml 240 270 285 — — — —

0.1 M sodium  c itra te , ml — — — 168 192.9 230.7 286.8

sh o w ed  b o th  ring fo rm atio n  a n d  d ep o sit, and  th e  re su lt w as reco rded  as -|---- (ring  fo rm atio n
p re d o m in a n t)  and a s ---- [- (d ep o sit p red o m in an t). A fte r sh ak in g  th e  tu b es , th e  b a c te r ia  descend­
ed  in  a m an n e r sim ilar to  th e  o rig in a l reac tio n . S. sonnei p h ase  I I  and  S. f le x n e r i  R  suspensions 
a g g lu tin a te d  in coarser g ra in s a n d  d is in teg ra ted  less easily  on  shaking.

Passages were c a rried  o u t  on  agar p la tes, in  b ro th  an d  in  sy n th e tic  m ed ia  co n ta in ing  
d if fe re n t  am ino acids or N H 4H , P 0 4 as n itro g en  source [7, 8].

Colony morphology w as e x am in ed  w ith  a h an d  lens a t  re flec ted  an d  tra n s m itte d  lig h t [9].
U V  irradiation  w as p e rfo rm e d  a t  250 nm  an d  20 cm  d istan ce  fo r y2 to  16 m in  in  a th in  

1a y e r  o f 2 %  hr p ep tone  w a te r  c u ltu re .

Results

R esu lts  for S . f le x n e r i  a re  p resen ted  in  T ab les  I I  an d  I I I .  Suspensions 
p r e p a r e d  w ithou t  a n d  w i th  w ash ing  in 0 .8 %  saline gave s im ilar  p a t t e r n s  of 
ac id  agg lu t in a t io n .  T h e  m a jo r i ty  of s tra ins  v i ru le n t  b y  th e  guinea  p ig  eye 
t e s t  r e a c te d  positively, w hile  cu ltu res  no t  caus ing  k e ra to co n ju n c t iv i t is  usua lly  
fa i led  to  agg lu tina te .  A g g lu t in a t io n  of u n w a sh e d  bac te r ia  began  u sua lly  a t  
m o re  ac id  reactions (p H  1.0—1.2) th a n  th a t  o f  w ashed  suspensions (p H  1.9).

As th e  p H  range  of  ag g lu t in a t io n  va r ied  considerab ly , th e  cu ltu res  were 
g r o u p e d  in the following m a n n e r .  F or  Tab le  I I  (unw ashed  suspensions) the  
s t r a in s  were grouped a c co rd in g  to  th e  u p p e r  p H  l im it  of agg lu t in a t io n ,  since 
t h e  low er  limit was u su a l ly  u n ifo rm  (pH  1.0). F o r  T ab le  I I I  (washed  b ac te r ia ) ,  
in  v iew  of the  va r iab le  lo w er  limit, the  following classification was m ade:  
g ro u p  3 .3-3 .7  co n ta ined  s t r a in s  showing ag g lu t in a t io n  in  a t  leas t  one tu b e  
w i th in  th is  range, a l th o u g h  m a n y  o f them  re a c te d  also ou ts ide  o f  th is  range , 
d o w n  to  p H  1.6 and  u p  to  p H  4.9; the  re s t  o f  th e  groups was fo rm ed  as in 
T a b le  I I ,  indica ting  th e  u p p e r  l im it  of agg lu t in a t io n .  B ac te r ia  g iv ing a g g lu t in a ­
t io n  u p  to  p H  1.6 were p a r t l y  v iru len t ,  p a r t ly  a v i ru le n t ;  th is  ty p e  of  reac tion
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Table II

A cid agglutination o f  unwashed S. flexneri cultures

Acid agglutination positive, 
pH

N ega­
tive,
pH T otal

1.4 1.6 1.9-2.6 2.9 3.7 4.9 1.0—4.9

G uinea pig eye te s t positive 
No. of stra in s 5 3 4 9 195 47 21 284

G uinea pig eye te s t  negative, 
No. of stra ins 21 3 - - 8 2 71 105

Table I I I

Acid agglutination o f S. flexn eri cultures after washing in saline

Acid agglutination positive,
pH

N fga-
tive,
pH Total

1.6 1.9-2.6 2.9 3.3-3.7 1.0—4.9 1.0-4.9

G uinea pig eye te s t positive, 
No. o f stra ins 3 2 12 174 l 27 219

G uinea pig eye te s t negative, 
No. o f stra ins 4 - - 6 2 96 108

(show n b y  2 %  of th e  s tra ins)  was unsu i tab le  for th e  e s t im a t io n  o f  v iru lence . 
T h ree  w ashed  cu ltures  a g g lu t in a te d  in every  tu b e  (p H  1.0-4.9), s im ila r ly  to  
S . sonnei phase  I I  s tra ins  which will be dea lt  w ith  in a su b se q u e n t  p a r t  of 
th is  paper .  F rom  Tables I I  and  I I I  it  is ev iden t  th a t ,  if  only 3 bu ffe r  so lu tions 
(p H  2.9, 3.3 and  3.7) a re  considered, unw ashed  a n d  w ashed  b a c te r ia  gave 
p rac t ica l ly  iden tica l  resu lts .

R ep ea ted  ex per im en ts  w ith  a typ ica l ly  beh av in g  34 w ash ed  s tra ins  
show ed t h a t  th e  ty p e  of  acid  a g g lu t in a t io n  becam e con g ru en t  w ith  v iru lence  
for 14 suspensions, while for  9 s tra in s  th e  re su l t  of th e  eye re a c t io n  changed  
so as to  correspond  to  th e  acid agg lu t in a t io n  p a t te rn .  T he  difference in  the  
re su lts  of th e  f i rs t  and  th e  re p e a te d  experim en ts  was a t t r ib u ta b le  to  a n  in ­
hom ogene ity  or to  a conside rab ly  decreased viru lence  of  th e  cu l tu re s ,  as 
in d ica ted  by  th e  following m odel experim ents .

V iru len t (ac id-agglu tinab le)  and  av iru len t  (ac id -inagglu tinab le)  v a r ia n ts  
o f  th e  sam e s tra in  were m ixed  a t  d ifferen t p ropo rt ions .  I n  th e  presence  o f  20%
a v iru le n t  cells only a p a r t ia l  (-|-----) agg lu tina t ion , w ith  5 0 %  a v i ru le n t  cells
no ag g lu tina t ion  was observed . A t  th e  sam e t im e  a loopful of a g a r  cu ltu re  
(ap p ro x .  1 0 a cells) con ta in in g  n o t  m ore t h a t  an  e s t im a ted  a m o u n t  o f  1 %  
v iru le n t  b ac te r ia  gave rise to  ke ra to co n ju n c t iv i t is .  F ro m  th e  co n ju n c t iv a l  
d ischarge , v iru len t  bac te r ia  g iv ing typ ica l  acid agg lu t in a t io n  were iso lated .
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Table IV

Relationship o f  colony morphology with acid agglutination and virulence

Colony m orphology

Result of acid agglutination as com pared to  guinea 
pig eye test

Congruent Incongruent

Eye test 
positive

E ye te st 
negative

Eye test 
positive

Eye test 
negative

G, No. of colonies 33 12 2 _
R , No. of colonies 11 42 2 l

N , No. of colonies 7 7 6 —

G =  greenish g lis ten ing , R  =  redd ish  and N  =  n e t-s tru c tu re  colonies selected a t  oblique
light

A h  a lte ra t ion  o f  th e  v iru lence  of S . f le x n e r i  is f req u en t ly  accom panied  
b y  th e  appearance  of  co lony  v a r ian ts  [10]. T h e  re la t ionsh ip  of colony v a r ia n ts  
w i th  ac id  agg lu tina t ion  a n d  v iru lence is show n in T ab le  IV, where th e  beh av io u r  
o f  t h r e e  k inds of colony v a r i a n t s  of the  sam e s t ra in s  is d e m o n s tra te d .  Greenish 
(G) a n d  n e t-s t ru c tu re  (N) colonies were v i ru le n t  in  a b o u t  7 0 % , while reddish  
(R )  colonies in a b o u t  2 0 % .  W ith  colonies G a n d  R  there  was a good corre la­
t io n  b e tw een  v iru lence a n d  acid ag g lu t ina t ion ;  a b o u t  a th i rd  of colonies N 
g ave  d isc repan t  re su lts .  O ld , av iru len t  l a b o ra to ry  s tra ins  showed var iab le  
co lo n y  m orphology a n d ,  w i th  some exceptions,  failed to  agg lu tina te .

V iru len t  S. sonnei s t r a in s  were usua lly  inhom ogeneous. On aga r  p la tes  
th e  serologically a n d  m orphologically  d is t in c t  av iru len t  form ap peared  
r e g u la r ly  in  the  f irs t  s u b c u l tu re  [9]. The a v i ru le n t  forms are s tab le :  one o f  
th e m  corresponds to  p h a s e  I I ,  the  o the r  still  con ta in s  phase  I an tigen  and  
p ro d u c e s  a t  t r a n s m i t te d  l ig h t  optically  hom ogeneous  ‘S’ colonies sim ilar  to  
th o se  o f  S . flexn eri. A c id  a g g lu t in a t io n  of  v i ru le n t  S . sonnei was considerab ly  
in f lu en ced  b y  the  p resence  o f  phase  I I  (Tables V a n d  VI). V iru len t  cu ltu res  
in h om ogeneous  in co lony  m orpho logy  m o st ly  a g g lu t in a te  over a w ider p H  
ra n g e  t h a n  S . flexn er i a n d  t h e  ty p e  of  ag g lu t in a t io n  is s im ilar to  t h a t  o f  S . 
sonnei I I .  A virulent,  m orpho log ica l ly  hom ogeneous phase  I I  cu ltu res  reac ted  
o v e r  a w ide  p H  range , w hile  phase  I  S-form colonies, s im ilarly  to  a v i ru le n t  
ho m o g en eo u s  S. fle x n e r i  cu l tu re s ,  failed to  a g g lu t in a te .  E x a m in a t io n s  w ith  
w a sh e d  cu ltu res  re su l ted  in  a sh a rp e r  d iffe ren t ia t io n  of  v iru le n t  a n d  av iru len t  
s t r a in s .

T h e  above ex a m in a t io n s  were p e rfo rm ed  w i th  v a r ia n ts  derived  spon­
t a n e o u s ly  upon  serial p a ssag e  or prolonged s to rage .  A f te r  sub jec t ing  b ro th  cul­
tu r e s  to  UV irrad ia t ion , th e  acid  agg lu tina t ion  of  ag a r  p la te  subcu ltu res  was 
in c o n g ru e n t  with the  v iru len ce  te s t  when b o th  v i ru le n t  and  av iru len t  v a r ia n ts  
w ere  p re se n t .  After se lec t ing  pu re  cu ltu res ,  no  d isc repancy  was revea led .
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Table V

A cid  agglutination o f  unleashed S . sonnei cultures

pH  spectrum Agglutina­
tion

Guinea pig eye reaction 
positive, No. o f S. s o n n e i  

I and I I  cultures

Guinea pig eye reaction 
negative, No. of S. s o n n e i  

II  cultures

1.0-4.9 and 0 .8%  NaCl + — 10

1.0-4.9 + 8 18

1.0-3.7 + 58 10

1.2-4.9 + 33 -

1.0-4.9 — 15 —

T o ta l 114 38

Table VI

A cid  agglutination o f  S . sonnei cultures after washing in saline

pH  spectrum Agglutination
Guinea pig eye reaction 
positive, No. o f 6'. s o n n e i  

I and  II  cultures

Guinea pig eye reaction  
negative, No. o f  S. s o n n e i  

cultures

I II

1.0-4 .9  and  0.8%  NaCl + — — 10

1.0-4.9 + l — 13

1.2-4.6 + 83 — —

1.0-4.9 — 20 12 —

T o ta l 104 12 23

T h e  aim  of su b seq u en t  ex p e r im en ts  w as to  decrease the  n u m b e r  o f  dis­
c re p a n t  resu lts .  W ash ing  in saline o f  a g a r  cu l tu re s  resulted  in a n a r ro w in g  
of th e  ran g e  of  acid  agg lu tina t ion ,  especially  a t  low p H  values. I f  t h e  w ashed  
b ac te r ia  were re suspended  e i ther  in th e i r  ow n original s u p e rn a ta n t  o r  in  th e  
s u p e r n a ta n t  of th e  cu ltu re  of v iru len t  or a v i ru le n t  shigellae or of o th e r  b a c te r ia ,  
th e  range  of  acid agg lu t in a t io n  becam e s im ila r  to  t h a t  exh ib ited  b y  u n w a sh e d  
b ac te r ia .  D ilu t ion  of  the  s u p e rn a ta n t  re su l te d  in a g radual n a r ro w in g  of the  
ag g lu t in a t io n  sp ec tru m  a n d  a t  4-8-fo ld  d i lu t ions  th e  reaction  was s im ila r  to  
t h a t  of w ashed  bac te r ia  suspended  in  saline. A similar effect w as  o b ta in e d  
w ith  0 . 1 %  agar  a t  1 0 -5, 1 %  p ep to n e  a t  1 0 ~ 2 - 1 0 -3 , and 0 . 1 %  a lb u m in  a t  
10 “ 4  d i lu t ion . In  th e  presence o f  m e a t  e x t r a c t  th e  agg lu tina t ion  ceased  or 
n a r ro w ed  in sp ec tru m , depending  on th e  concen tra t ion .

V iru len t  s tra ins  failing to  a g g lu t in a te  u n d e r  rou tine  cond itions  u su a l ly  
b ecam e  agg lu tinab le  a t  10~a—1 0 ~ 2  d i lu t ion  o f  0 .1%  agar in th e  p H  ran g e
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1.0—2.3. A v iru len t  s tra in s ,  however, rem a in ed  inagg lu tinab le  w hen e x am in ed  
in  th i s  m a n n e r .  A f te r  dialysis th e  above so lu tions  exerted  th e  sam e effect.

V iru le n t  S . fle x n e r i  cu l tu res  failed to  a g g lu t in a te  after  washing  in  e th a n o l  
or ce ty lp y r id in iu m  b ro m id e .  T he  a g g lu t in a t io n  sp ec tru m  was b ro ad en ed  b y  a 
p re v io u s  t r e a tm e n t  w ith  acetone. W ash ing  in  chloroform  was ineffective or 
c au sed  a n  u n im p o r ta n t  n a rrow ing  of th e  ag g lu t in a t io n  spec trum . S. sonne i, 
w h ich  show ed  a wide range  agg lu tina t ion , w as n o t  influenced b y  a n y  of the  
a b o v e  t r e a tm e n ts .

C u ltu res  sub jec ted  to  hea ting  a t  100 °C for 2 h r  behaved  as follows. 
T h i r ty - tw o  ou t of 50 v iru le n t  S . fle xn er i  s t r a in s  giving typ ica l ag g lu t in a t io n  
los t  t h e i r  agg lu t in ab i l i ty ;  th e  agg lu t in a t io n  sp e c t ru m  narrow ed cons ide rab ly  
for  8, s l igh tly  for 10 s tra in s .  A viru len t,  inagg lu t in ab le  \S. fle x n e r i  s t ra in s  
b e c a m e  p a r t ly  ag g lu tinab le  a f te r  hea ting . T h e  m a jo r i ty  of v iru len t  S . sonnei 
s t r a in s  show ed no change  a f te r  hea ting ;  som e s tra in s  showed a n a r ro w in g  of 
t h e  a g g lu t in a t io n  sp e c t ru m  or becam e in ag g lu t in ab le .  A viru len t p u re  p h ase  I I  
S . so n n e i stra ins  were n o t  in fluenced  b y  h e a t in g .

F in a l ly ,  th e  effect on acid  agg lu t in a t io n  o f  th e  culture  m ed ium  used  for 
s u b c u l tu r in g  th e  s t ra in s  w as exam ined . M edia  v a ry in g  in N-source y ie lded  
d i f fe re n t  resu lts  as to  th e  app ea ran ce  a n d  inc idence  of colony v a r ia n ts .  T h e  
a sso c ia t io n  b e tw een  v iru lence  an d  acid ag g lu t in a t io n ,  however, w as n o t  
in f lu e n c e d  b y  th e  ing red ien ts  o f  the  m ed ium . T h e re  was one excep tion : p e p to n e  
w a te r  y ie lded  cu ltu res  n eg a t iv e  in  th e  eye te s t  h u t  agg lu tina t ing  sim ilarly  as th e  
v i ru le n t  s t ra in s  did. A gar  p la te  subcultures  o f  th e se  cultures  were c h a rac te r ized  
b y  a g r e a t  n u m b e r  of  dense  colonies opa lescen t  in  oblique light, t h a t  h a d  lost 
th e i r  v iru lence .  I f  such colonies were p re sen t  in  a sufficient n u m b er ,  th e  ty p e  
of  a g g lu t in a t io n  was ch a rac te r is t ic  of v i ru le n t  cu ltu res  in d ep en d en t ly  o f  th e  
s t a t e  o f  th e i r  viru lence .

Discussion

L i t t le  is know n  a b o u t  th e  fac to r  d e te rm in in g  the  virulence of shigellae. 
S tu d ie s  h a v e  been  p e r fo rm ed  on th e  h is to p a th o lo g y  of shigella in fec t ion  
[11] a n d  on  models for ex am in in g  virulence [12—15]. Virulence is m os t  re l iab ly  
a n d  s im p ly  te s ted  b y  Se r é n y ’s guinea pig eye  m e th o d  [1]. Good resu lts  were 
o b ta in e d  b y  Gerber  a n d  W atkins in t issue  cu l tu re  [16] an d  b y  K éty i  in 
ch ick en  em bryos  [17]. Several,  m ostly  unsuccessfu l or con trad ic to ry  a t t e m p t s  
were m a d e  a t  f ind ing  m ark e rs  associated w ith  v iru lence : serological a n d  b io ­
ch em ica l  p ropert ie s  [13, 18—23], f im briae  [24], colony m orphology  [25—27] 
e x o en zy m es  [28-32], m e tab o l ic  differences [33 -3 6 ] .  O f the  studies  of p h y s ic o ­
chem ica l  cha rac te r is t ic s  o f  th e  cell surface, th o se  o f  B ogdanova [37] are  
w o r th  m en tio n in g .  She fo u n d  t h a t  th e  m icroe lec trophore tica l ly  m e a su re d  
e le k t ro k in e t ic  p o te n t ia l  was h igher  in a v i ru le n t  th a n  in v iru len t  v a r ia n ts .
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T he use of acid ag g lu t in a t io n  associated  w ith  surface fac to rs  has  long 
been  a t t e m p te d  in bac te r io logy . Michaelis [4] was th e  f i rs t  to  describe t h a t  
d ifferen t b ac te r ia  ag g lu t in a te  a t  charac ter is t ic  p H  values . T h is  f ind ing  was 
u tilized  in  d iagnostic  bac te r io logy  by  several au th o rs  [38—42]. Scholtens 
[43] and  B éguin  and  Grabar  [5] applied  th is  m e th o d  for th e  d iffe ren tia t ion  
o f  Vi a n d  R  v a r ia n ts  o f  Salmonellae, Rauss  et al. [44] for following u p  the 
p h ase  v a r ia t io n  of S . sonnei. T h e  association  b e tw een  v iru lence  a n d  acid 
a g g lu t in a t io n  of shigellae w as s tud ied  b y  A azai [2] a n d  N akamura  [3]. The 
corre la tion  was sign if ican t accord ing  to  Aazai; th is  f ind ing  was n o t  confirm ed 
by  N akam ura .

M ost of  N akam ura’s d isc rep an t  results  concerned  S . f le x n e r i  l b  and  
S . sonnei. V iru len t  S . f le x n e r i  l b  s tra ins  failed to  a g g lu t in a te  while av iru len t  
S . sonnei cu ltu res  gave a pos i t ive  reaction . H e concluded  t h a t  acid  ag g lu t in a ­
t io n  was cha rac te r is t ic  o f  th e  se ro type  ra th e r  th a n  th e  v iru lence  o f  th e  organism . 
T he  p re sen t  studies in d ica ted  t h a t  th e  p ro p o r t io n  of d iffe ren t  colony v a r ia n ts  
in inhom ogeneous cu ltu res  in fluenced  th e  re su l t  of acid a g g lu t in a t io n .  The 
m a jo r i ty  of  S . f le x n e r i  l b  a n d  all S . sonnei cu ltu res  dissociate  read i ly  an d  are 
inhom ogeneous. This  fac t  exp la ins  the  d isc rep an t  re su lts  o b ta in e d  for  these 
organism s. Iso la tion  of d iffe ren t  colony types  an d  con ju n c t iv a l  passage  experi­
m en ts  in th e  p resen t  s tu d y  h av e  d em o n s tra ted  t h a t  o th e r  S . fle x n e r i  sero types 
m ay  also be inhom ogeneous.

T h e  a g g lu t in a t io n  in  ac id  buffer  series o f  v iru le n t  a n d  agg lu tinab le  
av iru len t  cu ltu res  is u su a l ly  d ifferen t in ap p ea ran ce .  W ash ed  suspensions 
of freshly  iso lated  v i ru le n t  cu ltu res  ag g lu tina te  in tu b e s  in th e  m idd le  of the  
series. A gglu tinab le  a v i ru le n t  s tra in s  show reac t io n  in tu b es  w i th  low p H  
buffer  or in  every  tu b e  a n d  form  coarse granules  w hich  do n o t  d is in teg ra te  
read ily  on shaking.

D iffe ren t fac to rs  a re  p ro b a b ly  responsible  for th e  ag g lu t in a t io n  of 
v iru le n t  a n d  of a v iru len t  cu ltu res .  Chemicals a n d  h ea t in g  a re  in f luenc ing  the  
reac tion  of  th e  form er cu ltu res  b u t  are ineffective or e x e r t  a k in d  o f  adverse  
effect on th e  l a t te r  ones. A rt if ic ia l  conditions in m a in ta in in g  th e  s t ra in s  evi­
den t ly  a l te r  th e  physicochem ica l s t ru c tu re  of th e  cell surface, since th e  sooner 
a f te r  iso lation  th e  s t ra in s  a re  te s te d  an d  th e  less th e  la b o ra to ry  m an ip u la t io n s  
p e rfo rm ed  w ith  th e m , th e  bes t  th e  correla tion  be tw een  v iru lence  a n d  acid 
agg lu t in a t io n .

A lthough  it  is im p ro b ab le  t h a t  th e  fac to r  responsible  for acid  ag g lu t in a ­
tion  should  d irec tly  be  associa ted  with th e  p a th o m e c h a n ism  of infection, 
th e  m e th o d  is a d v a n ta g e o u s  for a simple and  n o t  laborious e x a m in a t io n  of a 
g rea t  n u m b e r  of cu ltu res .  T he  resu lts  are read  a f te r  24—48 h r  in c u b a t io n  in 
c o n tra s t  to  th e  one week o b se rv a t io n  of guinea pigs te s te d  for eye reac t io n .  The 
m e thod  is rendered  even  m ore  reliable if it is connec ted  w ith  th e  ex am in a t io n  
of colony m orphology.
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VIRULENCE AND ALUMINIUM HYDROXIDE  
GEL ADSORPTION OF SHIGELLA
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Sum m ary. T he p ro p o rtio n  of b ac teria l cells adso rbed  to A l(O H )3 gel v a ries from  s tra in  
to  s tra in . A dsorp tion  is in h ib ited  by  p h o sp h a te  ions; th e ir  co n cen tra tio n  a llow ing ad so rp tio n  
o f 50%  of the  cells has been te rm ed  A C 50. T his va lue  was usually  h igher for v iru le n t (0 .1-0.001 
m )  th a n  for av iru len t (0.00065 м or less) Shigellaflexneri cu ltu res  an d  was in fluenced  by  colony 
m orpho logy , n u m b er of p rev ious su b cu ltu res , in g red ien ts  of th e  m edium  a n d  passage  on the 
gu inea  pig eye. T he AC-0 w as u n re la te d  to th e  se ro ty p e  of th e  stra in s . In  view  of s tra in -to -  
s tra in  differences in AC:,0, in stead  of ab so lu te  values th e  re la tiv e  d ifference be tw een  d e riv a tiv es 
o f th e  s tra in  exam ined  should  he considered  in o rd er to d is tingu ish  v iru le n t a n d  av iru len t 
v a ria n ts .

An association  b e tw een  v iru lence of shigellae and  th e  sp e c t ru m  of 
ag g lu tina t ion  in acid bu ffe r  series described in a prev ious p a p e r  [ 1 ] p o in te d  to  
th e  existence of physico-chem ical differences in the  cell surface o f  av iru len t  
and  v iru len t  v a r ian ts .  A d so rp tion  ex per im en ts  on A l(O H ) 3  gel h a v e  shown 
differences be tw een  s tra in s  w ith in  th e  sam e sero type  an d  even th e  p h a g e  ty p e  
o f  Enterobacteriaceae a n d  revealed  t h a t  pa thogen ic  Escherichia coli s tra ins 
differ in th is  respec t  from ap a thogen ic  ones [2]. Insp ired  by th e se  findings, 
an  a t t e m p t  was m ade  to  d is tinguish  be tw een  v iru len t  and  a v i ru le n t  Shigella  
fle x n e r i  s tra ins  b y  th e  use of th e  m e th o d .

M aterials and  m ethods

Bacterial strains  iso la ted  fresh ly  from  p a tie n ts , a v iru len t an d  v iru le n t v a r ia n ts  o b ta in ed  
a f te r  su b cu ltu rin g , an d  a v iru le n t s tra in s  s to red  a t  5 °C were used . S u b cu ltu re s  w ere perfo rm ed  
on agar p la tes, in  p ep to n e  w a te r  and  in sy n th e tic  m ed ia  co n ta in in g  d iffe ren t N -sources [3]. 
Colony m orphology  was ex am ined  a t  ob lique tra n s m itte d  l ig h t [4]. V iru lence  w as tes ted  
by  th e  gu inea pig eye tech n iq u e  [5].

A dsorption experiments. B acteria l suspensions a d ju s te d  to  s ta n d a rd  d e n sity  w ere added  
to  А1(ОЫ)3 gel su p p lem en ted  w ith  a series o f 2-fold d ilu tions o f p h o sp h a te  b u ffer in  th e  range 
of 0.33 to  0.00065 M. p h o sp h a te  ions in h ib ited  th e  ad so rp tio n  of b ac teria l cells p ro p o rtio n a lly  
to  th e ir  co n cen tra tio n . E a c h  s tra in  w as ch arac te rized  by th e  m o la rity  o f p h o sp h a te  buffer 
allow ing a 50%  a d so rp tio n  o f th e  cells (A C S0 va lue).

T he den sity  o f th e  su p e rn a ta n t  co n ta in in g  th e  u n ad so rb ed  cells w as a t  th e  beginning 
e s tim a te d  by  m easu ring  o p tica l d en sity  [2]. L a te r , 32P-labellcd  b ac te ria  w ere u sed . In to  an 
E rlen m ey e r flask , 20 m l b ro tli and  0.25 mCi carrierless 32P  were m easu red , th e n  th e  m edium  
w as in o cu la ted  w ith  a loopful of cu ltu re  and  in cu b a ted  a t  37 °C ov ern ig h t. T h e  b a c te r ia  were 
w ashed  5 tim es in  20 m l sa line  a d ju s te d  w ith  T ris  b u ffer to  p H  7.5, th e n  re su sp e n d ed  in T ris 
b u ffer so as to  give a b o u t 5000 cpm . O th e r d e ta ils  o f th e  a d so rp tio n  e x p e rim e n ts  hav e  been 
described prev iously  [2, 6].
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R esults

T a b le  I  shows t h a t  v i r u le n t  cultures te n d  to  give higher, while av iru len t  
c u l tu r e s  lower AC 5 0  va lues .  A sm all n u m b er  o f  cu ltu res  failed to  follow th is  
ru le .  T h e  resu lts  were in f lu en ced  by  colony m orp h o lo g y .  V iru len t  cu ltu res  w ith  
h ig h  A C 5 0  values consisted  p u re ly  of t ra n s lu c e n t ,  greenish (‘G ’) colonies [4, 
7, 8 ]. Less tran s lu cen t ,  r e d d is h  (‘R ’) colonies w ere  ch arac ter ized  by  lower 
A C S 0  v a lu e s  (Table I I ) .  A v i ru le n t  cultures fo rm ing  op aq u e  colonies a f te r  su b ­
c u l tu r in g  in  pep tone  w a te r  w ere  adsorbed b y  A l(O H ) 3  gel as m ark ed ly  as were 
t h e  v i r u le n t  cultures ( las t  r i g h t  h a n d  co lum n o f  T ab le  I I I ) .  T he  resu lts  are 
in f lu e n c e d  b y  an  in h o m o g e n e i ty  of th e  cu ltu re  (presence of m orphologically  
d i f fe re n t  colonies). T h e  n u m b e r  of subcu ltu res  m a y  also a l te r  th e  re su l t :  
v i r u l e n t  v a r ia n ts  iso la ted  a f t e r  several passages  te n d  to  give lower A C 5 0  

v a lu e s .
A com parison  of p a irs  o f  v a r ia n ts  iso la ted  f rom  th e  same s t ra in  a f te r  the  

s a m e  n u m b e r  of su b c u l tu re s  showed th a t  th e  v i ru le n t  form yielded h igher  
AC go v a lu es .  This is obv ious  f ro m  Table  I I I ,  w h ich  p resen ts  th e  effect on th e

Table I

A C 50 spectrum o f  virulent and avirulent S . flexn eri cultures

AC50
No. o f  strains

V irulent Avirulent

0.1-0.06 20 7*

0.05-0.001 74 30

0.00065 or less 27 70

-(30-50% )** 6 21

* Tw o ou t of the  7 s tra in s  w ere old lab o ra to ry  cu ltu res  s to red  in  th e  re frigerato r; 3 v a r ia n ts  
iso la te d  fro m  peptone w a ter fo rm ed  opalescen t colonies (las t co lum n of Table I I I ) ;  2 s tra in s  of 
u n u su a l b eh av io u r belonged to  se ro ty p e  4aA

** In  th e  absence of p h o sp h a te  ions no t m ore th a n  30 — 50%  of th e  cells were adsorbed

Table II

Colony morphology and value o f  virulent cultures

ACS, Greenish glistening 
colonies Reddish colonies

0.1-0.06 20 —

0.05-0.001 58 7

0.00065 or less 11 16

-(30-50% )* 3 3

* I n  th e  absence of p h o sp h a te  ions no t m ore th a n  3 0 —50%  of th e  cells were adsorbed
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Table III

AC-jq values fo r  virulent and avirulent pairs o f S .flexneri strains obtained by subculturing in different media

Serotype Strain
N H jH jPO, Asparagine Peptone water Peptone water, 

opalescent colonies

Virulent Avirulent Virulent Avirulent Virulent Avirulent A virulent

2a 009 0.06-0.10 0.001-0.002 0.03-0.06 < 0 .00065 0.004-0.008

2a 244 0.10 0.00065 0.10 < 0 .00065 0.008-0.016

2a 377 0.10 0.002-0.004 0.008-0.016 0.001-0.002 0.004 < 0 .00065 0.03-0.066

2a 473 0.016-0.033 0.004 0.008-0.016 < 0 .00065 0.008-0.016 0.004-0.008

3a 226 0.03-0.06 0 .0 0.004 0.0 0.03-0.06 < 0 .00065

3a 275 0.016 0 .0 0.016-0.033 < 0 .00065 0.004-0.008 0 .0 0.06-0.10

3a 299 0.06-0.10 < 0 .00065 0.066 < 0 .00065 0.016-0.033 < 0 .00065 0.10

3a 384 0.03 < 0 .0 0 0 6 5 > 0 .1 0 0.00065-0.001 > 0 .1 0 <  0.00065 0 .0 0 1

3a 613 0.002-0.004 < 0 .00065 0.008-0.016 < 0.00065 0.008-0.016 < 0 .00065 0.066-0.10

4a 372 0.06-0.10 0.03-0.06 0.06-0.10 0.06-0.10 •

X  var. 717 0.002-0.004 0.00065 0 .0 0 1 < 0 .00065 0.001-0.002 0.00065 0.004
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Лсд,, v a lue  of d ifferent m ed ia  used  in subcu l tu r in g .  F o r  s tra in s  275, 299, 613 
a n d  473 th e  pairs o f  v a r i a n t s  were isolated from  th e  5 th  subcu ltu re ,  for o the r  
c u l tu r e s  from the  9 th  to  14 th  subcu ltu re .  T h e  p a re n t  s t ra in s  were isolated 
f re sh ly  from pa t ien ts .  T a b le  I I I  shows t h a t  a d so rp t io n  was s lightly  influenced 
b y  t h e  ingredients  o f  th e  m e d iu m  and  t h a t  th e  difference in  A C 5 0  be tw een  
v i r u l e n t  and  av iru len t  b a c te r i a  rem ained  ev id en t  in  every  m ed ium . Opalescent 
a v i r u le n t  v a r ian ts  g row n f ro m  pep tone  w a te r  b e h a v e d  excep tiona lly  in t h a t  
t h e y  y ie lded  AC S 0  va lues  ch a rac te r is t ic  of v i ru le n t  cu ltu res .  I t  is also ev ident 
t h a t  th e re  was no difference  in  AC 5 0  accord ing  to  sero types.

D iscussion

T h e  presen t re su lts  h a v e  revealed  th e  fac to rs  in f luenc ing  th e  parallelism 
b e tw e e n  virulence an d A C 5 0  v a lue  of S. f le x n e r i  cu l tu res .  I n  exam ining  acid 
a g g lu t in a t io n  it  has b een  rev ea led  th a t  th e  a l te ra t io n  of v iru lence  m a y  he 
a c c o m p a n ie d  w ith  a change  in  colony m orpho logy  a n d  t h a t  colony m orphology  
i t s e l f  m a y  influence th e  r e s u l t  o f  acid agg lu t in a t io n .  I f  th e  fac to rs  influencing 
A C 5 0  va lues  (num ber  o f  su b cu l tu re s ,  ingred ien ts  o f  th e  m ed iu m  an d  guinea 
p ig  eye  passage) can  be  s tan d a rd ized ,  th e  re su lts  of th e  te s t  correspond in 
re l ia b i l i ty  to  o ther  b io logical m e thods . Some cu l tu re s  are  u n su i tab le  for A C 5 0  

d e te rm in a t io n  due to  th e i r  f l a t  e lu tion  curve  or to  th e  fac t  t h a t  th e  m a jo r i ty  of 
th e i r  cells are no t  a d so rb e d  even  in the  absence  of p h o s p h a te  ions. A s tr ic t  
t e c h n ic a l  control of th e  m e th o d  is essential, since even  sligh t chemical im ­
p u r i t ie s  m a y  considerab ly  in fluence  the  a d so rp t io n  o f  b a c te r ia  [6 ].

I t  is no t know n w h e th e r  viru lence is d irec t ly  assoc ia ted  w ith  th e  surface 
fa c to r s  de term in ing  gel a d so rp t io n  or the re  is a m ere  para lle lism  be tw een  th e  
tw o  propert ies .  In  th is  re sp ec t  it should be m e n tio n e d  t h a t  pa thogen ic  sero- 
g ro u p s  of  E . coli show ed a w eaker  adso rp t io n  t h a n  ap a th o g en ic  ones [2].
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IS IT POSSIBLE TO DILUTE OUT THE INDUCER 
FROM ESCHERICHIA COLI CELLS?

J .  S cH L A M M A D IN G E R  a n d  G. SZABÓ  

Institute o f  Biology, University M edical School, Debrecen 

(R eceived  Ju n e  28, 1973)

Sum m ary . The in d u ce r d ilu tio n  tech n iq u e  is p roposed  for sto p p in g  m R N A  syn thesis 
■on th e  lac operon of induced  Escherichia coli cells. E v id en ce  is p resen ted  to  show  th a t  th e  proce­
d u re , i.e., 50-fold d ilu tio n  of th e  in d u ced  cu ltu re  in inducer-free  m ed ium , does n o t sto p  /i-galac- 
to sid ase  fo rm atio n  a fte r a longer in d u c tio n  period in w ild ty p e , y + cells. D ilu tio n  in glucose- 
co n ta in in g  m edium  stro n g ly  in h ib its  /1-galactosidase sy n th esis  by  tra n s ie n t repression .

T he Escherichia coli lac operon  p roved  to  he a ve ry  useful tool for in­
v es t ig a t in g  t ran sc r ip t io n  an d  tran s la t io n .  These processes can  be s tud ied  
s im u lta n e o u s ly  h u t  th e re  a re  im proved  techn iques  for sep a ra t in g  them , 
a llowing k inetic  m e a su re m e n ts  o f  e ither  process [1 ].

To stop m R N A  syn thes is  on th e  lac s t ru c tu ra l  genes, it  is suffic ient to 
rem o v e  t h e  g r a t u i t o u s  i n d u c e r  (com m only, i s o p r o p y b / S - D - t h i o g a l a c t o s i d e :  

I P T G ,  or m ethyl-ß-D -th iogalactos ide: TMG), which allows r e s t i tu t io n  o f  the 
lac rep ressor p r o t e i n  a n d  th e  lac ope ra to r  com plex . The inducer  can  be r e m o v e d  

by  f i l t ra t io n  of th e  in d u ced  bacte r ia l  suspension  on m e m b ra n e  fil te r ,  then  
w ashed  a n d  resuspended  in  pre -w arm ed , inducer-free  m ed ium  [2, 3].

This  procedure  w ashes ou t  th e  inducer  molecules from  th e  cells t n d  it is 
effective, a lthough  n o t  suffic ien t for fine k inetic  analysis , because  th e  opera ­
t io n  needs ab o u t  one to  th re e  m inu tes  [3, 4].

A n o th e r  a l te rn a t iv e  is th e  so-called inducer  d ilu t ion  tech n iq u e ,  a 50- 
fold d i lu tion  of the  ind u ced  cu l tu re  in p re -w arm ed  inducer-free  m ed ium  [5 ,6] . 
T h i s  washes ou t th e  in d u ce r  in to  th e  m ed ium , which decreases to  such a low 
in trace l lu la r  concen tra t io n  as to  allow th e  repression  of lac s t ru c tu ra l  genes 
b y  th e  lac repressor. I t  was p roposed  to  use 10 ~ 4  м IP T G , which is five times 
less t h a n  th e  usual co n c e n tra t io n  of th is  in d u cer  in /I-galactosida.se induction . 
Th is  m e th o d  has been  app lied  for the  useful pulse in duc tion  te c h n iq u e  [6 ], 
too , which results  in a c c u ra te  fine analysis  of th e  ind u c t io n  a n d  repression 
k ine tic  of th e  lac o pe ron  [7J.

W h en  using th e  in d u ce r  d ilu tion  tech n iq u e ,  we failed to  o b ta in  reliable 
re su lts  w ith  our E . coli K-12 s t ra in  a f te r  longer ind u c t io n  period. This  led us to 
conclude th a t  it  is n o t  th e  d i lu t ion  of th e  inducer ,  b u t  th e  glucose p re sen t  in 
th e  d i lu t ing  inducer-free  m ed ium  in some ex p e r im en ts  [7] t h a t  m a y  be m ade 
responsib le  for th e  effect c o u n te rac t in g  th e  induc tion  of th e  p rocedure .
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M aterials and m ethods

E .  c o l i  К - 12 wild ty p e  cells w ere  used  th ro u g h o u t. A n o v e rn ig h t c u ltu re  o f th e  b ac teria  
w as d i lu te d  in  fresh, p re-w arm ed  m in e ra l sa lts  j- glycerol m ed iu m  [8] to  an  O D 570 =  0.075 
a n d  c u lt iv a te d  in a reciprocal sh a k e r  (G allenkam p IH -350) a t  37 °C. A t O D 570 =  0.300, i .e .  
in  th e  log  p h ase , a p a r t  of th e  cell suspension  was in d u ced  w ith  5.10— 4 м  a n d  a n o th e r  a liq u o t 
w ith  10“ 4 M IP T G  (M ann R esearch  L ab o ra to ries): 0 m in . T w e n ty  or 30 m in  a f te r  th e  in d u ctio n ,
0.2 m l a liq u o ts  of th e  induced  c u ltu re s  w ere d ilu ted  in  10.0 m l o f th e  sam e, p re -w arm ed  m ed ium  
lac k in g  IP T G , w ith o u t or w ith  10“ 3 м  glucose. (P ra c tica lly  51-fold d ilu tio n .) F ro m  th ese  d ilu ted  
su sp en s io n s , 0.2 m l sam ples w ere ta k e n  an d  p ip e tted  in to  te s t  tu b es  co n ta in in g  50 ^ g  ch lor­
am p h en ico l in  0.1 m l pH  7.0 p h o sp h a te  buffer. T hese w ere k e p t  in an  ice b a th  u n til  th e  e sti­
m a tio n  o f ß -ga lactosidase  a c tiv ity . F i r s t  th e  sam ples w ere to lu en ized  a t  37 °C an d  th e n  in c u b a t­
ed w ith  o -n itropheny l-/? -D -galactopyranoside  (O N PG , F lu k a ) a t  37 °C for 1 h r. T he reac tio n  
w as s to p p e d  by  adding 1.0 m l o f 1.0 м N a 2C 0 3. A fte r c en trifu g a tio n , th e  ab so rb an ce  of th e  
s u p e rn a ta n ts  w as read  a t 420 nm  in  a  U N IC A M  SP 1800 sp e c tro p h o to m ete r. T he enzym e a c tiv ­
i ty  w as expressed  as m ju  m ole O N P G  hydro lized  pe r hour.

T h e  experim en ts  were re p e a te d  e ig h t tim es, also using  a glucose co n ce n tra tio n  of 10“ 2 m. 
In  o th e r  ex p erim en ts , d ilu tio n  w as m ad e  40 s a fte r  in d u c tio n  w ith  c ry sta llin e  IP T G  (final 
c o n c e n tra tio n  10-4 m).

Results

As can  be seen in F ig . 1, a 50-fold d ilu t ion  in inducer-free  m ed iu m  did 
n o t  r e s u l t  in  complete s to p p in g  of induced /?-galactosidase syn thes is ,  in th e  
p resence  o f  n e i the r  5 • 10 ~ 4  м n o r  of 10 “ 4  м IP T G . A fte r  d i lu t io n  th e re  was a 
t r a n s i e n t  decrease in th e  r a t e  o f  enzym e syn thes is .  A t  h igher  in d u ce r  con­
c e n t r a t io n ,  th e  ra te  of /?-galactosidase p ro duc tion  was so m ew h a t  h igher. L a te r ,
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F i g .  1 . E .  c o l i  K -12 wild ty p e  s tra in . In d u c tio n  w ith  IP T G  a t  0 m in u te ; 30 an d  31 m in  a f te r  
th e  in d u c tio n  (arrow s A and  B , re sp ec tiv e ly ), 0.2 m l a liq u o ts  o f th e  in d u ced  cu ltu res  w ere 
d ilu te d  in  10.0 m l of th e  sam e, p re -w arm e d  m edium  lack in g  IP T G , w ith o u t or w ith  10“ 3 M 
glucose. • ------ •  5.10-4 M IP T G , d i lu t io n  in glucose-free m ed iu m ; О ...........О 5.10“ 4 IP T G , d ilu ­
tio n  in g lucose-con ta in ing  m ed iu m ; A ---- Á 10-4 M IP T G , d ilu tio n  in  glucose-free m ed ium ;

Л ................ Л 10-4  M IP T G , d ilu tion  in  g lucose-con ta in ing  m edium
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th e  ra te  of enzym e synthesis  increased so m ew h a t .  In  co n tra s t ,  d i lu t ion  in 
g lucose-conta in ing  m ed ium  resu lted  in a com ple te  inh ib it ion  of ß-galac tosidase  
synthesis ,  w hich  la s te d  for a b o u t  25 m in  w hen  app ly ing  5 ■ 1 0 ~ 4  м IP T G , 
a n d  for a b o u t  35 m in  w ith  1 0 - 4  м IP T G . A f te r  th is  period, enzym e synthesis  
s ta r te d  again , th e  case of  a h igher  inducer  concen tra t io n  a t  a higher, an d  w ith  
lower inducer  doses a t  a ve ry  low ra te .  This  was typ ica l  for glucose-repression; 
fo rm a tio n  of /9-galactosidase s topped  for a while (severe t ra n s ie n t  repression) 
a n d  th e n  it  s t a r t e d  again  a t  a r a t e  lower t h a n  in  th e  contro l (p e rm a n e n t  
c a ta b o l i te  repression).

Discussion

K e p e s  [7] in te rp re te d  th e  decrease and  la te r  th e  cessation  of  /I-galac- 
tosidase  syn thes is  as a consequence of th e  lack o f  effective inducer  from  the  
cells to  th e  inducer-free  m ed ium . This  would s top  m R N A -p o ly m erase  m o v em en t  
a long  th e  lac operon , th u s  an  ex h au s t io n  o f  th e  lac m R N A  pool in th e  cell 
w ould  lead  to  decreased  /S-galactosidase syn thes is ,  which levels off a b o u t  
6 — 8  m in  la te r .  H e  used th e  a m o u n t  of /9-galactosidase sy n th e t ized  a f te r  the  
d i lu t io n  as a m easu re  of th e  a m o u n t  of lac m R N A  p resen t  a t  th e  t im e  of d i lu ­
t ion , and  followed enzym e syn thes is  for 18 m in  a f te r  d ilu tion , assum ing  th a t  
th is  t im e  was enough  for th e  ex h au s t io n  of  enzym e-fo rm ing  cap ac i ty  based  
on previously  sy n th e t iz e d  and  con tinuously  degrad ing  m R N A  molecules.

A pplica t ion  o f  th e  inducer  d i lu t ion  techn ique  using y + cells a f te r  a 
longer ind u c t io n  period  needs g lucose-conta in ing  d ilu t ing  m ed ium , and  in  th is  
case the  p o in t  o f  a t t a c k  is n o t  th e  lac op e ra to r ,  h u t  th e  lac p ro m o te r  region. 
I t  is w ell-know n t h a t  glucose, ad d ed  to  ind u ced  cu ltures  o f  E . coli growing 
on  non-glucose c a rb o n  source (e.g. glycerol, succinate ,  etc.), evokes a short ,  
abso lu te  or n ea r ly  abso lu te  inh ib it ion  of  (Tgalactosidase synthes is :  th e  so- 
called t r a n s ie n t  repression, which is followed b y  a less severe, th e  so-called 
c a tab o l i te  (or p e rm a n e n t )  repression. S tud ies  of  these  p h en o m en a  h ave  shown 
t h a t  th e  t r a n s ie n t  a n d  ca tab o l i te  repressions are  m ed ia ted  th ro u g h  cyclic 
adenosine-3 ’,5’ m o n o p h o sp h a te  (cAMP) a n d  cA M P re c e p to r  p ro te in  (C R P, 
[9]). J a cq ue t  a n d  K e p e s  [1] h av e  show n t h a t  th e  glucose repression  a n d  its 
c o u n te ra c t io n  b y  cA M P are m ed ia ted  a t  th e  level of t ran sc r ip t io n .

I t  has  the re fo re  been concluded t h a t  th e  inducer  d i lu t ion  techn ique  
w ith  a longer in d u c t io n  period can  be app lied  as described above and  ac tu a l ly  
causes a t r a n s ie n t  severe repression  and  p re v e n t io n  of m R N A  syn thes is  (i.e. 
t r a n sc r ip t io n  of  th e  lac DNA) due to  the  glucose p resen t  in th e  d ilu t ing  m edium  
a n d  does not a c t  upon  th e  lac ope ra to r ,  h u t  u p o n  th e  lac p ro m o te r .  T h e  ou tcom e 
is th e  sam e, ex cep t  t h a t  th e  cessation  of t ra n sc r ip t io n  b y  repression  m a y  be 
so m ew h a t  m ore  in s ta n ta n e o u s  th a n  th e  one w hich  would  h av e  been  caused  by  
th e  inh ib it ion  of  in i t ia t ion .
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A lth o u g h  our resu lts  do n o t  effect th e  re liab ili ty  of prev ious ex p e r im en ta l  
d a t a ,  subs tances  which are  to  be te s te d  a n d  which affect t ra n s ie n t  rep ress ion  
m a y  lead  to  erroneous ex p lan a t io n s  concern ing  th e  t ran sc r ip t io n  a n d  t r a n s la ­
t io n  o f  lac operon w hen  u s ing  th e  inducer  d i lu t ion  techn ique .

I n  th e  case of pulse in d u c t io n ,  th e  d ilu t ion  in inducer  and  glucose-free 
m e d iu m  resu lted  in a com ple te  block of /З-galactosidase synthesis  for a b o u t  
35—40 m in ,  b u t  la te r  en zy m e  synthesis  s ta r te d  again . In  th e  presence  o f  
1 0 - 2  M  glucose in th e  d i lu t in g  m ed ium , th e  lag was a b o u t  80 m in. This f in d in g  
a n d  th e  fac t  t h a t  K e p e s  [7] used m ostly  y ~  cells, po in t  to  th e  role of galac- 
to s id e  perm ease , th e  p ro d u c t  of lac y  gene. T he  level of th is  enzym e m u s t  be 
m u c h  low er after  a sh o r t  pu lse  in duc tion ,  b u t  it  still seems suffic ien t fo r  
a c c u m u la t in g  the d i lu ted  in d u c e r  in th e  cells a f te r  a longer period.

A c k n o w l e d g e m e n t .  W e are  in d e b te d  to  Mrs. I. S z e k e r e s  for sk illed  tech n ica l a ssis tan ce .
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(R eceived  A u g u st 16, 1973)

Summary. P a ra s itic  and  sa p ro p h y tic  lep to sp ire s  a re  h igh ly  re s is tan t to  m e tro n id az o le . 
T heir g ro w th  a n d  m o tility  was n o t in h ib ited  by  100 /rg /m l m etron idazo le  e ith e r u n d e r  aerob ic, 
o r u n d e r  an aero b ic  conditions. M etron idazo le  re s is tan ce  seem s to  be a genus-specific  fe a tu re  
o f th e  lep to sp ire s , w hich d iffe ren tia te s  th em  from  th e  b o rre liae  and  treponem es.

F o r  th e  d iffe ren tia tion  of  sp irochae tes  th e re  are few m ethods  a n d  some 
o f th e m  c a n n o t  be easily applied  in p rac t ice ,  since several s tra ins  a re  d iff icu lt  
to  m a in ta in  a n d  cer ta in  species are  n o t  cu lt ivab le  a t  all.

M etronidazole  is in wide use for  th e  t r e a tm e n t  of genital t r ich o m o n ia s is  
a n d  am oeb iasis .  T he  drug has  re cen t ly  b een  found  to  be active a g a in s t  sp iro ­
chaetes  and  d ifferen t species of  borrelia  a n d  tre p o n e m a  have been r e p o r te d  to  
be suscep tib le  to  m etron idazo le  [1—6]. In  p rev ious  studies we have, h o w e v e r  o b ­
served  t h a t  some lep tosp ira  s tra in s  te s te d  were re s is ta n t  to  m etron idazo le  [7, 8 .] 
On th e  basis  o f  these  findings we h av e  dec ided  to  te s t  the  in vitro e ffec t o f  th e  
d ru g  on th e  g row th  and  m o ti l i ty  of  a n u m b e r  of  leptospira  s t ra in s  in  o rd e r  
to  e luc ida te  w h e th e r  the  m etron idazo le  re s is tan ce  was a ch a rac te r is t ic  fe a tu re  
of lep tosp ires  which m igh t  be useful for d if fe ren t ia t in g  th e  genera in  t h e  fam ily  
Treponem ataceae. T he  p resen t  p ap e r  discusses th e  results  of th e se  in v e s t ig a ­
tions.

Materials and m ethods

O rganism s. S ev en ty -five  p a ra s itic  an d  15 sa p ro p h y tic  s tra in s  were te s te d . T h e  p a ra s it ic  
lep to sp ire s  re p re se n ted  13 se rogroups and  47 se ro ty p es : Leptospira  icterohaemorrhagiae, m ankar- 
so, naam , b irk in i, sm ith i, ndam bari, budapesl, ja va n ic a , po i, coxi, canicola, jo n s is ,  sum neri, 
schueffneri, m alaya, pyrogenes, zanoni, abram is, biggis, ham ploni, butembo, cynop teri, bang- 
k inang , erinacei-auriti, maoris, d ja sim a n , g u ru n g i, austra lis, ja ln a , fu g is , bra tislava , pom ona, 
grippotyphosa , hebdomadis, kremastos, worsfoldi, kabura , szivajizak, hardjo, m edanensis, wo I f f i , 
sejroe , saxkoehing , ricard i, hataviae, p a id ja n , tarassovi.

O f th e  sa p ro p h y tic  com plex th e  follow ing s tra in s  were used: ЛМ-3, A M -6, AM-8, 
AM -12, AM -20, AM -21, USA free liv ing , G an d  IV , W aZ , T ib u rtin o , P a to c  1, A n c o n a , L eeds, 
S em aran g a  a n d  A n d am an  A.

A ll th e  s tra in s  were m ain ta in ed  in K o r th o f ’s m ed iu m  (10%  h ea t in a c t iv a te d  ra b b it  
serum  w ith  a d d ed  haem oglobin , p H  7.2) a n d  w ere tra n s fe rre d  a t  2-week in te rv a ls  b e fo re  te s t ­
ing-

Growth inh ib ition  was s tu d ied  in liq u id  K o r th o f ’s m edium . M etron idazo le  (K lion , 
R ich te r , B u d a p e s t)  w as dissolved in h o t d is tilled  w a te r  a n d  ad d ed  to the  m ed iu m  a t  1, 10 and
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100 /<g/ml co n cen tra tio n s . T h e n  2 m l am oun ts o f th e  m ed iu m  were dispensed a se p tica lly  in 
tu b e s  a n d  these  w ere c losed  b y  ru b b e r  plugs. T he tu b e s  w ere  in o cu la ted  w ith  0.2 m l o f 7 -10- 
d a y -o ld  cu ltu res  an d  v is ib le  g ro w th  was read  a f te r  10 d a y s  in cu b a tio n  a t  30 °C. In  fu r th e r  
e x p e rim e n ts , re p re se n ta tiv e  s tra in s  of each se ro g ro u p  w ere  te s te d  in  sem isolid  K o r th o f’s 
m ed iu m  (0 .1%  agar), in  liq u id  K o rth o f’s m edium  c o n ta in in g  0.1%  sodium  th io g ly co lla te , 
a n d  in  liq u id  K o rth o f’s m ed iu m  supplem ented  w ith  th ia m in e  hydroch loride  (10 /<g/ml), 
v i ta m in  B l2 (1 ,«g/ml) a n d  y e a s t  e x tra c t (1% ).

T h e  e f f e c t  o f  m e t r o n i d a z o l e  o n  th e  m o t i l i t y  o f p a ra s i t ic  a n d  sap ro p h y tic  lep to sp ire s  w as 
s tu d ie d  b y  dark -fie ld  m ic ro sco p y  o f cu ltu res in liq u id  K o r th o f ’s m edium  an d  liq u id  K o r th o F s 
m ed iu m  w ith  0.1%  so d iu m  th io g ly co lla te , each c o n ta in in g  100 /<g/ml m etron idazo le . T o 1.8 m l 
o f th e  m ed ia , 0.2 ml o f 3 -4 -d a y -o ld  cu ltu res were ad d ed  a n d  th e  tu b es  were in cu b a ted  aerob ica lly  
a t  ro o m  tem p e ra tu re  a n d  a t  30 °C for 20 hr. T h en  s t r a in s  rep resen tin g  d iffe ren t serog roups 
o f p a ra s it ic  lep tosp ires w ere  ex am in ed  a t 35 °C by  u s in g  th e  above tech n iq u e , fu r th e rm o re  
a f te r  in cu b a tio n  a n ae ro b ic a lly  a t  30 °C and 35 °C. P e rc e n ta g e  m o tility  was d e te rm in e d  b y  
c o u n tin g  100 cells o f eac h  tu b e  u n d e r d ry  x 4 0 0  m a g n if ic a tio n  and com pared  to  d rug-free  
c o n tro ls .

Results

M etronidazole  a t  th e  concentra tions e m p lo y e d  failed to  affect th e  g ro w th  
o f  lep tosp ires .  All t h e  75 parasit ic  s tra in s  a n d  th e  15 sap rophy tic  s tra in s  
show ed  u n in h ib ited  d e v e lo p m e n t  a t  1 0 0 / tg /m l o f  m etron idazole  in l iqu id  and  
sem isolid  K o r th o f ’s m e d iu m .  N either was t h e  lag-phase  prolonged b y  th e  
d ru g .  T here  were no  differences in th is  r e s p e c t  be tw een  old a n d  re cen t ly  
iso la ted  s tra ins of v a r io u s  serotypes or a m o n g  s tra in s  cu ltu red  from  m a n ,  
a n im a ls  or surface w a te r s  in  several con t in en ts .  A d d i t io n  of sodium th iog lyco l­
la te  to  th e  m edium  d id  n o t  influence th e  re su l ts  a n d  the  same resis tance  was 
o b se rv ed  in K o r th o f ’s m ed iu m  su p p lem en ted  w i th  th iam ine h yd roch lo r ide  
(10 jig/ml), v i tam in  B 1 2  (1 pg/ml) and y e a s t  e x t r a c t  (1%).

M etronidazole  p ro v e d  to  be ineffective a g a in s t  leptospires also in  m o t i l i ty  
ex p e r im e n ts .  N e i th e r  loss n o r  par t ia l  in h ib i t io n  o f  m o ti l i ty  of p a ras i t ic  le p to ­
spires exposed to  1 0 0  / ig /m l of m e tron idazo le  could  be d e m o n s t ra te d  in 
l iq u id  K o r th o f ’s m e d iu m  a n d  in K o r th o f ’s m e d iu m  contain ing 0 .1%  sod ium  
th iog lyco lla te  a t  ro o m  te m p e ra tu re ,  30 °C a n d  35 °C, w ith in  20 h r .  U n d e r  
an a e ro b ic  conditions, suspensions of pa ra s i t ic  leptospires  showed th e  sam e 
m o t i l i ty  in  the  presence  of  1 0 0  pg/ml of m e tro n id a z o le  as did th e  drug-free  
c o n tro ls  af te r  in c u b a t io n  a t  30 °C and 35 °C fo r  20 h r .  Saprophy tic  lep tosp ires  
t e s t e d  a t  room  te m p e r a tu r e  and  a t  30 °C sh ow ed  n o rm a l  m otil i ty  p a t t e r n s  a t  
1 0 0  pg /m l.

Discussion

T h e  a n t isp iro ch ae ta l  a c t iv i ty  of m e tro n id azo le  was f irst suspec ted  w hen  
S h i n n  observed th e  effec tiveness  of the  d rug  in  V in c e n t ’s s tom ati t is  [9]. D a v ie s  
et al. [ 1 ] repo r ted  t h a t  ora l spirochaetes o b ta in e d  from  scrapings of  gingivitis 
cases were im m obilized in th e  presence of 4 p,g /m l o f  m etron idazole  w ith in  15 m in  
a n d  Treponem a reiteri r e q u i r e d  0.02 /ig/ml for  in h ib i t io n  of growth. T h e n  va r ious
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species of t reponem es  a n d  borreliae were te s te d  for susceptib ility  to  th e  c o m ­
pound , and  all cu ltu res  were inh ib ited  or im m obil ized  a t  a co n cen tra t io n  of 
10 /ig/ml or less. D a v ie s  [3] showed t h a t  m e tro n id azo le  was effective a g a in s t  
Treponem a pa llid u m  in  vivo  and high doses o f  th e  d rug  caused a d i s a p p e a r ­
ance of t reponem es  from  lesions of h u m a n  seco n d a ry  syphilis. W i l k i n s o n  et al. 
[4] no ted  a re d u c t io n  in th e  n u m b e r  of sp irochae tes  in lesions of ear ly  syphilis  
dur ing  m etron idazo le  th e ra p y .  The c o n c e n tra t io n  of m etron idazole  caus ing  
5 0 %  im m obiliza tion  of t reponem es in T P I  m e d iu m  was 5.2 /ig/ml in  18 h r  a t  
35 °C u n d e r  anae rob ic  conditions. L e Clair  a n d  K e e t i n  [5] s tu d ied  th e  in  
vitro  im m obiliz ing ac t ion  of th e  com pound  on  d ifferen t oral sp irochaetes ,  T. 
reiteri an d  T . p a llid u m . T he  cultures  of oral sp irochae tes  and  T . reiteri were 
te s te d  in th iog lyco lla te  m ed ium  con ta in ing  0 . 1 %  ag a r  and  1 0 %  r a b b i t  se rum  
u n d e r  aerobic conditions.  T. pa llidum  was e x am in ed  in in a c t iv a te d  r a b b i t  
se rum  d ilu ted  w ith  buffe red  saline and  k e p t  in 9 5 %  nitrogen plus 5 %  c a rb o n  
dioxide a tm osphere .  All tubes  were in c u b a te d  a t  35 °C for 24 hr. M etron idazo le  
im m obilized all th e  spirochaetes  te s ted  and  th e  following m ean  c o n cen tra t io n s  
p roduced  5 0 %  im m obil iza t ion  of th e  d iffe ren t  species: Borrelia buccalis, 
6.25 jUg/ml; Borrelia v in cen tii, 5.20—6.25 p g /m l;  Treponem a m icrodentium  a n d  
small oral t rep o n em es ,  3.06—4.68 /ig/ml; T . reiteri, 0.42 /ig/ml; and  T . p a llid u m , 
5.20 jMg/ml. H olm a n d  Mo b a c k e n  [6 ] r e p o r te d  t h a t  T . p a llidum  suspensions 
were p a r t ia l ly  im m obilized  a t  1 0  /tg/ml a n d  a lm o s t  com pletely im m obilized  
a t  100 /ig/ml of m etron idazo le  in T P I  m ed iu m  a t  35 °C in 18 h r  u n d e r  an ae rob ic  
conditions.

The p resen t  re su lts  h av e  confirm ed ou r  p rev ious  f inding on th e  m e t r o n id ­
azole resis tance  of  leptospires  an d  ind ica te  t h a t  i t  is a charac ter is t ic  fe a tu re  
of th e  genus Leptosp ira . T esting  a high n u m b e r  of  parasit ic  and  sa p ro p h y t ic  
s tra ins  we could n o t  d e m o n s tra te  any  in h ib i to ry  ac t ion  of 1 0 0  /ig/ml of  m e t ro ­
nidazole  on th e i r  g ro w th  and  m oti l i ty .  T h e y  d isp layed  the  same res is tance  in 
d ifferent m ed ia  con ta in in g  ra b b i t  serum , ag a r ,  o r  sodium th iog lyco lla te  a n d  
th e i r  m o ti l i ty  was n o t  affected by  th e  c o m p o u n d  u n d e r  anaerobic  cond it ions .  
Since borre liae  a n d  treponem es  have  been  fo u n d  susceptible to  th e  d ru g  u n d e r  
sim ilar  conditions, th e  above d a ta  clearly  show  th e  difference in  th e  ac t io n  of 
m etron idazo le  a g a in s t  aerobic an d  anae rob ic  sp irochaetes . These obse rv a t io n s  
are  consis ten t  w ith  th e  results  of ou r  fo rm e r  studies  on th e  a n t ib a c te r ia l  
a c t iv i ty  of m e tron idazo le ,  which h ave  suggested  th a t  th is  n itro im idazo le  
com pound  m a y  be reg a rd ed  as a selective in h ib i to r  of anaerobic  m icroorgan ism s 
[7, 8 , 10-16].
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DOUBLE GEL DIFFUSION STUDIES 
ON PSEUDOMONAS AERUGINOSA О ANTIGENS

B. L á n y i  and  M a r i a  M . Á d á m

N ationa l Institu te  o f P ublic  H ealth , Budapest 

(R ece ived  N o vem ber 28, 1973)

Sum m ary . Pseudom onas aeruginosa  an tig en  ty p e  s tra in s  of d ifferen t a u th o rs  a n d  Entero- 
bacteriaceae О an tig en s re la te d  to  P. aeruginosa w ere te s te d  by  double ag ar gel d iffusion  ag a in st 
u n a b so rb ed  and  ab so rb ed  О im m u n e  sera. From  L á n y i’s 23 О an tigen  ty p e  s tra in s  th re e  d iffer­
e n t e x tra c ts  were p rep ared : (a) su p e rn a ta n t of a g a r c u ltu re s  suspended  in  sa line  a n d  s team ed  
fo r 2 y 2 h r; (b) L t f rac tio n s  a n d  (c) purified  LPS f ra c tio n s  o f W estp h a l p h eno l w a te r  e x tra c ts . 
In  hom ologous a n tig e n -a n tib o d y  system s th e  n u m b e r o f p rec ip ita tio n  lines v a r ie d  n o t only 
w ith  th e  s tra in  te s te d  b u t  also w ith  the  k ind  of e x tr a c t ;  u su a lly , L, frac tions gave  th e  h ig h est 
n u m b er of lines. C ro ss-p rec ip ita tio n  w ith saline an d  L P S  e x tra c ts  reflected , w ith  th e  ex cep tion  
of n o n -p rec ip ita tin g  p a r tia l  an tig en s 0 5 d  and 0 7 c , th e  sam e group an d  su b g ro u p  specific 
an tig en s  as d e m o n s tra ted  by  ag g lu tin a tio n , w hile L , frac tio n s  of c e rta in  ty p e  s tra in s  (0 7 a ,7 b , 
0 7 a ,7 c , 0 8 , 0 9 , O i l  an d  0 1 3 )  fa iled  to  reac t. R esu lts  w ith  saline e x tra c ts  o f 47 o th e r  P. aeru­
ginosa  a n tig en  ty p e  s tra in s  (H a bs , F is h e r , L á n y i) an d  of 3 Enterobacteriaceae serogroups 
sh a rin g  m ajo r О an tig en s  w ith  P . aeruginosa also co rresp o n d ed  to th e  an tig en ic  s tru c tu re  
d e te rm in e d  by a g g lu tin a tio n . M inor som atic  fac to rs  d e m o n s tra te d  by  ag g lu tin a tio n  of cu ltu res  
h e a te d  a t  130 °C were n o t d e te c ta b le  w ith  th e  d o u b le  d iffusion  tech n iq u e  used .

In  a s tu d y  of th e  О an tigens of P seudom onas aeruginosa , L á n y i  [1] 
d e m o n s t ra te d  tw o k inds  of som atic  fac to r .  In  addition  to  g roup  specific 
an tigens  p rac tica l ly  all P .  aeruginosa  s t ra in s  co n ta in  a com m on th e rm o s ta b le  
co m ponen t.  The l a t t e r  produces low t i t r e  an tibod ies  detec tab le  w ith  h e a te d  
b u t  n o t  w ith  living bac te r ia .  The studies o f  Á dá m  et al. [2] on th e  serological 
b eh av io u r  of  P .  aeruginosa  l ipopolysaccharides  revealed  th a t  th e  com m on 
fa c to r  can  be d e tec ted  w ith  LPS-coa ted  e ry th ro c y te s  b u t  no t  by  tu b e  p re c ip i ta ­
tion  te s t .  These findings inspired us to  em p lo y  th e  double diffusion techn ique  
for a fu r th e r  in v es t iga t ion  of P . aeruginosa  an t igens .

Materials and  m ethods

Bacterial strains. P. aeruginosa  ty p e  s tra in s  o f LÁn y i’s [1, 3], H a bs’ [4] a n d  F is h e r ’s 
[5] an tig en ic  sch em a ta  w ere used .

Saline  extract. P e p to n e -m e a t e x tra c t ag ar c u ltu re s  grow n for 20 h r a t  37 °C w ere sus­
p en d ed  in m erth io la te -sa lin e  (m erth io la te , 0.1 g; N aC l, 8.5 g; d istilled  w a te r , 1000 m l) and 
h e a te d  a t  100 °C for 2 %  h r. A fter c en trifu g a tio n  a t  4000 rp in  th e  su p e rn a ta n t  w as used. 
E ac h  m l of th e  e x tra c t  re p re se n ted  a p p ro x im a te ly  12 m g bac teria  (m oist w eigh t).

L , extract w as p re p are d  by  W estph a l  an d  J a n n ’s p h eno l w ater m eth o d  [6] as em ployed  
by  Á d á m  et al. [2]. T he cru d e  e x tra c t  was d ia ly zed , freeze-d ried , re h y d ra te d  a n d  u ltra c e n tr i-  
fuged  a t  105 000 g. T he su p e rn a ta n t  (L ,) was freeze-d ried  and  sto red . S to ck  so lu tio n s  were 
p re p are d  by d isso lv ing  5 m g L, in 1 ml m erth io la te -sa lin e  an d  heating  th e  so lu tio n  a t  100 °C 
fo r 1 hr.
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P u rifie d  L P S  extract w as p re p a re d  as described in  re ference [2]. To m ake a s to ck  so lu tio n , 
5 m g  L P S  w ere dissolved in  1 m l m erth io la te -sa lin e  a n d  h e a te d  a t  100 °C for 1 hr.

Im m u n e  sera. R a b b its  w ere  im m unized  w ith  L Á n y i ’s  О a n tig en  ty p e  s tra in s  h e a ted  
a t  75 °C  fo r  1 h r  [1]. The sera  w ere  p reserv ed  w ith  p h en o l a t  0 .5%  f in a l c o n cen tra tio n . Serum  
a b s o rp t io n  fo r gel diffusion te s t  w as  perform ed as desc rib ed  fo r a g g lu tin a tio n  te s t  [1], ex cep t 
t h a t  th e  se ra  were absorbed  u n d ilu te d .

A g a r  gel. Agar No. 1 (O x o id , L ondon), 8.5 g; K „ H P 0 4, 9.2 g; K H 2P 0 4, 1.8 g; NaCl, 
6.0 g; m e r th io la te , 0.1 g; d is tilled  w a te r , 1000 m l. A fte r  d isso lv ing  th e  in g red ien ts , th e  ho t 
m e d iu m  w as s tirred  for 5 m in  w ith  a n  U ltra tu r ra x  a p p a ra tu s ,  d is tr ib u te d  in to  b o ttle s  a t  50 ml 
a m o u n ts  a n d  steam ed w ith o u t p re ssu re  for 1 hr.

A g a r  d iffu sion  technique. O n to  c lean  slides 25 x 7 5  m m  in  size, 3.5 m l ag ar gel were 
p o u re d , th e n  holes 3 m m  in  d ia m e te r  were m ade by  m ea n s  of a c u tte r  so th a t  six  p e rip h e ra l 
w ells w e re  a rran g ed  h ex agonally  a ro u n d  a cen tra l well. T h e  d is tan ce  betw een th e  c en tre s  of 
each  p a ir  o f  wells was 9 m m . I n to  th e  wells 10 ft\ a n tig e n  so lu tio n  or im m une se ru m  were 
p ip e t te d .  T h e  slides were in c u b a te d  in  a m oist ch am b er a t  37 °C for 3 days. A fter w ash in g  in 
sa lin e , s ta in in g  of the  p re p a ra tio n s  w as perform ed w ith  am id o b lack  [7].

Results

1. A ntigen -an tibody reactions obtained w ith  d ifferen t extracts. In  th e  f i rs t  
p a r t  o f  t h e  experim ents  u n d i lu te d  im m une  sera were  p ip e t ted  in to  th e  c e n tra l  
wells. T h e  peripheral wells w ere  filled w ith  tw o-fo ld  serial d ilu tions (1 : 1 -  
1 : 128) o f  saline ex trac ts ,  L 4 f rac tions a n d  L P S  f rac t ions  of the  hom ologous 
s t r a in s .

T h e  m ajo r i ty  of sera qua lif ied  good on th e  basis of tube  ag g lu t in a t io n  
t i t r e  a n d  s to red  not longer  t h a n  for 1 year,  gave  p rec ip i ta t io n  lines a f te r  24 h r  
w i th  t h e  homologous a n t ig e n s  d i lu ted  1 : 16 or  above .  As a rule, L 4  e x t r a c ts  
r e a c te d  a t  th e  highest d i lu t io n ,  L P S  e x t ra c ts  were  som ew hat less re a c t iv e  
anti sa l ine  ex trac ts  gave  a considerab ly  low er t i t r e .  A fter  an in c u b a t io n  
la s t in g  lo n g er  th an  24 h r ,  t h e  lines becam e m ore  in tens ive  and  a p p e a re d  a t  
h ig h e r  a n t ig e n  dilutions. T h e  n u m b e r  of lines o b ta in e d  in a given a n t ig e n -  
a n t i b o d y  sys tem  varied  n o t  o n ly  from  s tra in  to  s t ra in ,  a n d  w ith  th e  q u a l i ty  
o f  t h e  s e ru m , b u t  depended  h ig h ly  on the  k in d  of e x t r a c t  used. L x frac t io n s  
o f  p r a c t i c a l ly  every s t ra in  g av e  2 or 3, som etim es  even 4 or 5 lines a f te r  
72 h r  (non -reac ting  L 4 f r a c t io n s  will be dealt  w ith  la te r  in this p ap er) .  L P S  
a n t ig e n s  a n d  especially sa l ine  ex trac ts  gave less lines: LPS and  saline e x ­
t r a c t s  fo r  7 and  10 d iffe ren t  t y p e  s tra ins, resp ec t iv e ly ,  showed only one line 
w i th  t h e  sera  used. Fig. 1 p re sen ts  an ex am p le  o f  th is  finding. T h e  t e n d ­
en cy  o f  L t ex trac ts  to  g ive  th e  h ighest n u m b e r  o f  lines is ev id en t .  T he  
n u m b e r  o f  lines seems to  v a r y  m a in ly  w ith  th e  q u a l i ty  of th e  e x t ra c t  a n d  less 
w i th  i ts  an t ig en  c o n c e n tra t io n  ( the  single line o b ta in e d  with  saline e x t r a c t  
is as  m a r k e d  as the co rre sp o n d in g  lines w ith  L x a n d  L P S  fractions).

I n  t h e  second p a r t  o f  t h e  experim en ts  serial dilu tions of th e  im m u n e  
sera  w e re  m easured  in to  th e  p e r ip h e ra l  wells a n d  te s te d  for reaction  w i th  1  : 1  

to  1  : 8  d i lu t ions  of th e  hom ologous  saline e x t r a c ts  and  L 4 an tigens p ip e t t e d  
in to  t h e  c e n t ra l  well. Fig. 2 show s t h a t  the  in te n s i ty  of  lines decreased para l le l
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Fig. 1. P re c ip ita tio n  reac tio n s o f tw ofo ld  serial d ilu tio n s  o f saline, L , and  L P S  e x tr a c ts  (s tra in  
170005) a g a in s t th e  hom ologous u n d ilu te d  serum . C en tra l well: se rum ; p e r ip h e ra l  wells: 
a n tig en  ( th e  figu res s tan d  for th e  reciproca ls o f an tig e n  d ilu tions); S =  sa line  e x tr a c t ;  L j =  L t 

frac tio n ; L P S  =  lip o p o ly sacch a rid e  fraction

Fig. 2. P re c ip ita tio n  reac tio n s o f sa line  e x tra c ts  (S) a n d  L, frac tion  (L ,)  o f  s t r a in  170005 
ag a in s t tw ofo ld  serial d ilu tio n s of th e  hom ologous se ru m . C entral wells: S a n d  L t an tig en s 
(u p p e r slide: u n d ilu ted ; lower slide: d ilu te d  1 : 4). P e rip h e ra l wells: serum  ( th e  f ig u re s  s tan d  

for th e  rec  p rocals o f se ru m  d ilu tions)
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Table Г

A g a r gel cross-reactions o f  sa line, L l and L P S  antigen extracts o f  P . aeruginosa type stra ins

U nabsorbed

0  antigen Type strain

СЧ 3a
,3

b

оCO 3a
,3

d

co
"6co
яeo 3d

,3
f A

Tj< 4a
,4c

T3
«

l 170001 +
2 170002 — +
3a,3b 170003 - - + ± + - ± - — —
3c 170004 - - ± + X ± - - — -
3a ,3d 170005 — - + + + ± + - - -
3a,3d,3e 170006 — - ± — ± + + - — -
3d ,3f 170007 - - + ± + + + - — X

4a,4b 170008 — — - - — - - + + ±
4a,4c 170009 - - - — — - - + + ±
4a,4d 170010 — - - — — — - ± + +
5a,5b,5c 170011

5a,5b ,5d 170012

5a,5d 170013

6 170014

7 a, 7 b 170015

7a,7c 170016

8 170017 — — — — , — — - - — —
9 170018 -
10a 170019

1 0a ,101» 170020 — — - — — — - X X X

11 170021

12 170022

13 170023 — - — — — — ’ — — — —

-f- P rec ip ita tio n  line(s) a f te r  24 hr 
±  P re c ip ita tio n  line(s) a f te r  48 — 72 hr

w ith  th e  d ilu tion  of  th e  s e ru m . W ith  u n d i lu te d  a n t ig e n s  the  lines fell n e a re r  
to  th e  se rum  reservoir  t h a n  w ith  diluted a n t ig e n s .  F ro m  the  d is tance  of  th e  
lines to  th e  serum well i t  is ev id en t  t h a t  th e  L x f r a c t io n  conta ined  the  an tigen(s)  
a t  a h ig h e r  concen tra t io n  t h a n  the  saline e x t r a c t .

2. Comparison o f  cross-precipitation p a tte rn s  w ith  the antigenic schema  
established on the basis o f  agglutination. U n a b s o rb e d  im m u n e  sera rep re sen t in g  
th e  23 О groups and  su b g ro u p s  were p ip e t ted  u n d i lu te d  in to  the  cen tra l  wells. 
S to ck  solutions of saline, L n a n d  LPS antigens p re p a re d  from the  correspond ing
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X F a in t line a fte r 48- 72 h r w ith  L PS  a n tig en  only 
* No p recip ita tio n  w ith  L t frac tions

ty p e  s tra in s  were m easu red  u n d i lu te d  in to  th e  peripheral wells. C ross-p rec ip ita ­
tion  p a t te rn s  ob ta ined  in th is  m a n n e r  a re  shown in Tab le  I .

D ouble  agar  diffusion w ith  saline e x t ra c ts  and w ith  L P S  antigens 
re f lec ted ,  except for p a r t ia l  an tigens  5d and  7c, in every de ta i l  th e  antigenic  
s t r u c tu r e  d em o n s tra ted  by ag g lu t in a t io n  [1]. W ith  Lj frac tions  th e  m a jo r i ty  
of  reac tions  corresponded  to  b ac te r ia l  agg lu tina t ion .  L, f rac t ions  o f  antigens 
0 7 a ,7 b ,  07a ,7c ,  0 8 ,  0 9 ,  O i l  a n d  0 1 3  failed to  p rec ip ita te .  As a lk a l i  t r e a tm e n t  
u sua lly  im proved  the  re ac t iv i ty  of  an tigens ,  these Lj frac tions were sub jec ted
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to  h e a t in g  w ith  0.25 N N a O H  p a r t ly  a t  56 °C, p a r t l y  a t  100 °C for 1 h r ,  th e n  
n e u t r a l iz e d  with HC1. T h ese  t r e a tm e n ts  were  ineffective. Saline e x t ra c ts  of 
s t r a in s  170017 (08) a n d  170018 (09) differed in  b e h a v io u r  from th e  o thers  
in n o t  reac t in g  w ith  t h e  hom ologous sera. W h e n  th e  saline e x t ra c ts  were 
p re p a re d  w ith  dense suspensions  washed off b lood  agar  cultures grow n a t  
37 CC fo r  1 d ay  then  a t  ro o m  te m p e ra tu re  for  4 d ay s ,  a fairly good p re c ip i ta ­
t io n  w as  ob ta ined  for th e se  stra ins .

F ig. 3. U p p e r  slide: p re c ip ita tio n  lin e s  o b ta in ed  w ith  u n d ilu te d  S an d  L t e x tra c ts  for a n tig e n s  
0 3 a ,3 b  (1), О Зс (2), 0 3 a ,3d (3), 0 3 a ,3 d ,3 e  (4) and 0 3 d ,3 f  (5) a g a in s t u n abso rbed  serum  0 3 a ,3d 
(c e n tra l  w ell). Low er slide: re a c tio n s  o f th e  sam e an tig en s  a g a in s t serum  0 3 d  (serum  0 3 a ,3 d

a b so rb ed  w ith  an tig en  0 3 a ,3 b )

W ith  certa in  b a tc h e s  o f  sera, c ro ss-p rec ip i ta t ions  n o t  conform ing to  t h e  
a n t ig e n ic  s t ru c tu re  were reco rded .  These re a c t io n s  ap p ea red  as fa in t  lines 
a f te r  4 8 -7 2  h r  and  were u s u a l ly  dem onstrab le  b y  agg lu t in a t io n .  T h e y  were 
a b se n t  w i th  o the r  b a tc h e s  o f  sera  for the  c o r re sp o n d in g  an tigen  a n d  w ere, 
th e re fo re ,  regarded  as aspec if ic  reactions a n d  o m i t t e d  from Tab le  I .  L P S  
a n t ig e n  t e n d e d  to  give m ore  aspecific  reactions t h a n  th e  o ther  tw o  k inds  o f  
e x t r a c t :  in  th e  first series o f  cross-p rec ip ita tion  ex p e r im e n ts  (consisting o f  
529 a n t ig e n —an tibody  sy s te m s  for each of th ree  k in d s  o f  ex trac t) ,  th e  n u m b e r  
of aspec if ic  reactions w as 19 fo r  L P S , 6  for saline a n d  2 for an tigens.

3. D em onstration o f  p a r tia l ( subgroup)  an tigens by double d iffu s io n  
technique. I n  these e x p e r im e n ts  u n d ilu ted  sera for  t h e  ty p e  stra ins  were  a b ­
so rbed  w i th  cultures re c o m m e n d e d  for the  p re p a ra t io n  of subgroup ty p in g  
se ra  [1]. T h e  results a re  s h o w n  in th e  r igh t h a n d  co lu m n  of Table  I .  A p a r t  
from th e  u n u s u a l  b eh av io u r  o f  an tigens  0 5 d  a n d  0 7 c ,  t h e  resu lt  of gel p re c ip i ta ­
t i o n  w as  iden tica l  w ith  t h a t  o f  agglu tina t ion . A n tig en s  0 5 d  and 0 7 c  failed
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to  p rec ip i ta te  in several ba tches  o f  abso rbed  sera (serum  0 5 a ,5 b ,5 d  abso rbed  
by  0 5 a ,5 b ,5 c  a n d  se rum  0 7 a ,7 c  abso rbed  b y  0 7 a ,7 b ) ,  -which gave a g g lu t in a ­
t io n  t i t re s  for an tigens  0 5 d  and  0 7 c  h igh enough to  ex pec t  a m ark ed  p re c ip i ta ­
t ion . W h en  serum  0 5 d  was p rep a red  in a d ifferen t m a n n e r  (serum  0 5 a ,5 d  
abso rbed  b y  05a ,5 b ,5 c ) ,  n o t  specified for th e  def in it ion  of  a n t ig e n  0 5 d ,  
e x t ra c ts  o f  0 5 d  s tra in s  gave a fa in t  p rec ip i ta t io n  line. F o r  agar  gel p re c ip i ta t io n  
th e  tech n iq u e  o f  abso rp t io n  was so m ew h a t  m odified  as fa r  as u n d i lu te d  sera 
were abso rbed  w ith  less bac te r ia  t h a n  th e  a m o u n t  e s t im a ted  for th e  p r e p a r a ­
t io n  of  ag g lu t in a t in g  sera. Agglu tin ins  to  be  abso rbed  were n o t  com ple te ly  
rem oved  in th is  m an n e r ,  b u t  for gel p rec ip i ta t io n  th e  sera were specific. An 
exam ple  of  a b so rp t io n  is p resen ted  in  Fig. 3.

T he  presence of  a n t ib o d y  0 3 d  in  th e  abso rbed  serum  is ev iden t .  T h e  
m a rk e d  line o b ta in ed  w ith  th e  hom ologous sys tem  as com pared  to  th e  fa in t  
lines for an tigens  0 3 a ,3 d ,3 e  and  0 3 d ,3 f  ind ica tes  t h a t  an tigen  0 3 d  is m ore  
p ro m in e n t  in  s t ra in  0 3 a , 3d th a n  in  th e  o th e r  tw o s tra ins .

4. D eterm ination o f  the antigenic structure o f  other strains w ith  gel d i f ­
fu s io n  technique. U nab so rb ed  and  absorbed  sera used in  th e  p receding  ex p e r i­
m en ts  were p ip e t te d  in to  th e  cen tra l  wells a n d  u n d i lu te d  saline e x t ra c ts  were 
m easu red  in to  th e  per iphera l  wells.

R esu lts  show n in Tab le  I I  ind ica te  t h a t ,  excep t  for an tigens  0 5 d  a n d  
0 7 c ,  th e re  is a com ple te  ag reem en t  be tw een  g roup ing  b y  a g g lu t in a t io n  a n d  
group ing  by  gel diffusion. I t  should  be m en tioned  t h a t  for o th e r  a u th o r s ’ 
s t ra in s  th e  d a ta  express only  th e  an tigen ic  s t ru c tu re  as d e te rm ined  b y  L Á n y i ’ s  

sera . As no cross-reactions an d  cross-absorp tions  were perfo rm ed  for these  
s tra in s ,  th e y  m a y  con ta in  add it iona l  an tigens  n o t  described in L a n y i ’ s  schem a.

M any  Enterobacteriaceae se rogroups show n b y  a sensitive tech n iq u e  to  
share  p a r t s  o f  som atic  an tigens  w ith  P . aeruginosa  [8, 9] failed to  re a c t  w h en  
te s te d  b y  gel diffusion. M ajor an tigen ic  re la t ionsh ips  were, how ever,  d e m o n ­
s t ra b le  w ith  th is  m e th o d  as well as b y  slide a n d  tu b e  agg lu t in a t io n .

Discussion

V a n  d e n  E n d e  [10] showed t h a t  accord ing  to  tu b e  p rec ip i ta t io n  w ith  
P . aeruginosa  Boiv in  e x t ra c ts  th e  isolates fell in to  th e  sam e 6 an tigen ic  groups  
as b y  ag g lu t in a t io n  te s t  w ith  alcoholized bac te r ia .  I n  exam in ing  th e  h y d ro ­
chloric acid  and  fo rm am id e  e x tra c ts  of P . aeruginosa, K ö h l e r  [11] e s tab lished  
8 serological g roups by  tu b e  p rec ip i ta t io n  te s t .  K l e i n m a i e r  a n d  M ü l l e r  [12] 
d e m o n s t ra te d  t h a t  tu b e  p rec ip i ta t io n  w ith  d ifferen t P . aeruginosa  e x t ra c ts  
re f lec ted  th e  sam e an tigen ic  p a t t e r n  as t h a t  o b ta in ed  b y  tu b e  a g g lu t in a t io n  
a n d  t h a t  in te rg ro u p  reac tions  were u n f re q u e n t .  W ith  double  agar  gel diffusion 
te s t  M ü l l e r  a n d  K l e i n m a i e r  [13] showed t h a t  in P . aeruginosa  a n t ig e n —
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Table II

A g a r gel reactions o f  saline extracts o f  P . aeruginosa and serologically related Enterobacteriaceae
cultures in  P . aeruginosa sera

Strains Somatic antigens* | Agar reaction  in  unabsorbed and absorbed
P .  a e r u g i n o s a  sera

171031, 171059, H abs 3 l 1 +

171074, 171076, H abs 10, 
F is h e r  5 2 2 +

171092
171124, H abs 2, F ish e r  3 
171175, H abs 5, F ish e r  7 
171188 
171192

3a, 3b 
(3a),3c 
3a ,3d 
(3a),3d,3e 
(3a),3d ,3f

3a,3b-}- 3c4 i 3a,3d-f- 3b-}- 
3a,3b-}~ 3c-f- 3a,3d,3e-f- 3c(abs.)4~
3a,3b 4: 3a ,3d-}- 3a,3d,3e-(- 3 d ,3 f-}~ 3 d -f— 
3a,3d-f- 3a,3d,3e-f- 3dd : 3 e ±
3a,3b-}- 3 a ,3 d ±  3 a ,3 d ,3 e ±  3d,3f-}- 3 d ±  3 f ±

171289
171269, 171248 
171272
H a bs  6, F is h e r  1 
E scherichia coli 026

4a,4b 
4a,4c 
4a,4d 
4 com plex 
(4 com plex)

4 a ,4 b +  4a,4c +  4 a ,4 d p  4b ±  
4a ,4b  +  4a,4c -j- 4 a ,4 d ±  4 c ±  
4 a .4 b ±  4 a ,4 c -j- 4a,4d  | 4d-|- 
4a,4c j- 
4 a ,4 d ±

171304
171312, H abs 8 
171338, 171348, F is h e r  6 
H abs 7

5a,5b,5c 
5a,5b,5d 
5a,5d
(5 com plex)

5 a ,5 b ,5 c p  5a,5b ,5d  f  5 a ,5 d +  5 b +  5c f  
5a,5b,5c p  5a,51»,5d p  5a.5d p  5 b p  
5 a ,5 b ,5 c p  5a,5b ,5d-f- 5a,5d +

171350, 171365, H abs 1, 
F is h e r  4 6 6 1-

171401, 171420, H abs 11, 
F is h e r  2 

171445, 171447 
A rizo n a  0 1 9

7a,7b 
7a,7c
(7 com plex)

7a,7b  }- 7a,7c 4- 7b ±  
7a,7b-}- 7a,7c-}~ 
7a,7c4=

171455, 171464, H abs 9 
171478
Shigella boydii 7

10a
10a,10b 
(10a),(10b)

1 0 a +  10a,10b-|- 
1 0 a ±  1 0 a ,1 0 b +  10b P  
10a ±  10a,10b -p

171483, H abs 4 11 11 +

171518 12 12 p

H abs 12 ! 13 13 +

* D e term in ed  b y  ag g lu tin atio n  in L a n y i ’s u n a b so rb ed  and ab so rb ed  P. aeruginosa sera 
P re c ip ita tio n  line(s) a fte r 24 hr 

±  P re c ip ita tio n  line(s) a fte r 48 -  72 h r
F ig u re s  in  b rack e ts  in d ica te  th a t  th e  a n tig en  is n o t id en tica l w ith  th e  corresponding facto r 

in  th e  ty p e  s tra in

a n tib od y  system s 1 to 4 lines developed during 30 days incubation. In Pseudo- 
m onas tabaci Lovrekovich and K lem ent  [14] failed to  show b y  double 
diffu sion  m ore than  one precip itation  line. H obbs et al. [15] dem onstrated
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by  gel diffusion techn ique  several d if fe ren t  an tigens  in p seu d o m o n ad s  an d  
re la te d  b a c te r ia .  A t  least  one of  th e  m o s t  f req u en t  6 com ponents  w as p re se n t  
in all isolates. V a n  E e d e n  [16] using co n c e n tra ted  trichloroacetic  ac id  e x t r a c ts  
o f  P. aeruginosa  a n d  OH an tise ra  show ed t h a t  s tra ins  belonging to  V a n  D E N  

E n d e ’ s  groups p roduced  in double  d iffusion te s t  a m ax im um  of 5 lines, one 
o f  these  be ing  com m on  to  7 o f  the  8 s t ra in s  exam ined . Recently , C h e s t e r  et al.
[17] h av e  show n t h a t  l ipopolysaccharides  p rep a red  from H a b s ’ s  t y p e  s t ra in s  
gave specific reac tions  ag a in s t  th e  hom ologous sera in capillary , r in g  a n d  
double  diffusion p rec ip i ta t ion  tes ts .  T h e y  observed  a certa in  a m o u n t  o f  cross- 
reac t io n  b e tw een  ty p es  2 and  5. T h is  re la t io n sh ip  was d em o n s tra ted  by  V é r o n

[18] a n d  b y  B e r g a n  [19] a n d  h a s  b e e n  c o n f i r m e d  i n  t h e  p r e s e n t  s t u d y .

O ur e x p e r im en ts  have also show n  t h a t  the  double gel diffusion te c h n iq u e  
is su i tab le  for the  d e m o n s tra t io n  o f  g roup  and  subgroup specific a n t ig e n s  in 
P . aeruginosa  and  is equ iva len t  in re l iab i l i ty  w ith  slide or tu b e  ag g lu t in a t io n .  
Since th e  m e th o d  is more laborious t h a n  slide agg lu tina tion , i t  will h a r d ly  be 
applied  in ro u t in e  typ ing .

C om m on in traspecies  an tigens  d e tec tab le  b y  tube  ag g lu t in a t io n  w ith  
bac te r ia  h e a te d  a t  high te m p e ra tu re  or  w ith  LPS-coa ted  e ry th ro c y te s  [2] 
could  no t  he  d em o n s tra ted  with gel diffusion. Minor antigenic  r e la t io n sh ip s  
be tw een  P . aeruginosa  and  Enterobacteriaceae likewise failed to  a p p e a r  w ith  
th is  m e th o d .  T h e  obvious reason  for these  findings is th a t  an t ib o d ies  ag a in s t  
these  fac to rs  a re  low in t i t r e  and  cond it ions  were no t sensitive en o u g h  to  
d e m o n s t ra te  the ir  presence. O ur re su lts  ca n n o t  he com pared  with those  o f  o th e r  
au th o rs  [15, 16] d em o n s tra t in g  c o m m o n  an tigens,  since in the  p re s e n t  s tu d y  
e x t ra c ts  c o n ta in in g  on ly  som atic  fac to rs  rea c te d  aga ins t  sera p re p a re d  w ith  
h e a te d  an tigens .

T h e  f ind ings s ta t in g  t h a t  L P S  was responsible  for О g roup  specif ic ity  
[2, 17] h av e  been confirm ed. H ow ever ,  s u p e rn a ta n ts  of u l t racen tr i fu g ed  pheno l 
w a te r  e x t ra c ts  (L, fractions) of c e r ta in  s tra ins  failed to  p rec ip i ta te  w i th  the  
hom ologous sera. As th e  co rrespond ing  LPS p repara t ions  re a c te d  well, it 
m a y  be assum ed  t h a t  an tigens  o f  th e se  s tra ins  differed in s t r u c tu r e  from  
o th e r  P . aeruginosa  an tigens. W h e th e r  or n o t  th is  f ind ing  indicates t h e  p resence  
o f  R-like fac to rs ,  needs fu r th e r  in v es t ig a t io n .  T he  presence of R -Iike fac to rs  
as m ain  an tigens  in group 0 8  (s tra in  170017) and  in group 0 9  ( s t ra in  170018) 
seems v e ry  p ro b ab le  p a r t ly  from th e  f ind ings o f  A d a m  et al. [2] a n d  p a r t ly  
from  th e  p re se n t  s tudies. I t  is in te re s t in g  t h a t  th e  LPS an tigens  of  som e  of 
th e  cu l tu re s  cha rac te r ized  b y  n o n - reac t in g  L j  f rac tion  differed f ro m  LPS 
an tigens  of  o th e r  s tra ins  in  c o n ta in in g  a substance  w ith  an  a b s o rp t io n  peak  
a t  260 n m , t h a t  could be rem o v ed  on ly  by  cen tr ifuga tion  a t  12 000 g.
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