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STABILITY OF THE PERTUSSIS COMPONENT OF 
DIPHTHERIA-TETANUS-PERTUSSIS (DTP) VACCINES

Z. C siZ É R , J .  Z siD A I and  I. JoÓ

Institu te fo r  Serobacteriological Production and Research 44H u m a n ” , B udapest 

(R eceived Ju n e  27, 1976)

A ccording to  d a ta  o f p o ten cy  tes ts , th e  p o tency  of the pertussis co m p o n en t of d ip h th e r ia -  
te ta n u s -p e r tu ss is  (D T P) vacc ines decreased  below  the  lim it of 8 IU /30 IO U  in  th e  six th  year 
a f te r  p ro d u c tio n . The average  an n u al loss in  p o tency  during  a 6-year in te rv a l was 0.7 IU/30 
IO U . T he period icity  of p o ten c y  decrease w as show n by  analysis o f va rian ce  an d  period icity  
tes ts . T he sources of p e rio d ic ity  are unk n o w n .

A ccording to  th e  R eq u irem en ts  fo r P ertu ssis  V accine of th e  W orld  H ealth  
O rg an iza tio n , th e  single h u m an  im m uniz ing  dose of p e rtu ssis  vaccines and  the  
p e rtu ss is  com ponen t o f com bined  vaccines has to  co n ta in  a t least 4 IU of 
p e rtu ss is  an tigen  [1]. T he vaccine will m ee t th e  req u irem en t if  th e  m a n u fa c tu r
ers possess correct in fo rm atio n s on th e  ch a rac teristics of p o ten cy  decrease. 
E s tim a tio n  of th e  p o ten cy  decrease is one of th e  m ost im p o r ta n t crite ria  
for th e  ex p iry  tim e of th e  vaccines in  th e  field . A ccording to  th e  d a ta  of po tency  
te s ts  o f po ly v a len t Bordetella pertussis  bu lk  suspensions, th e  p o ten cy  of sus
pensions decreased below  th e  lim it o f 8 IU /30 IO U  during  s to rag e  for 5 to  
9.8 y ea rs  [2]. The s ta b il i ty  of p e rtu ss is  vaccines can be e s tim a te d  in tw o 
w ays. T he in itia l p o ten cy  values a f te r  p rodu c tio n  can be co m p ared  w ith  the  
p o ten cy  values a fte r s to rag e  fo r d iffe ren t in te rv a ls , or th e  s ta b ility  is estim ated  
by  th e  p o ten cy  values o f vaccines of d iffe ren t shelf life.

In  th e  p resen t p a p e r th e  s ta b ility  o f th e  pertussis com ponen t o f th e  d ip h 
th e r ia - te ta n u s  p e rtu ssis  (D T P) vaccines produced  in th e  In s t i tu te  for Sero
bacterio log ical P ro d u c tio n  and  R esearch  “ H u m an ”  has been in v estig a ted .

M aterials and m ethods

Bacterial strains. Corynebacterium diphtheriae  PW 8 (M assachuse tts), Clostridium  
tetani H a rv a rd  (Copenhagen), Bordetella pertussis  41405, 59, 324E, 358E, CN2894, CN2896 
and  CN2897 were used. F o r challenge, B. pertussis  18—323 was used.

M edia  and cultivation. F o r th e  cu ltiv a tio n  of C. diphtheriae L inggood m edium , of Cl. 
tetani b ee f-h ea rt b ro th  d igested  w ith  pepsin  a n d  try p s in  [3], of B . pertussis  m odified  C ohen- 
W heeler m edium  [4] were used . In  th e  case o f C. diphtheriae an d  Cl. tetani s ta tio n a ry  [5], 
of B . pertussis  shaken  or su b m erg ed  cu ltu res [6] were applied.

Preparation o f  D T P  vaccines. D ip h th eria  a n d  te ta n u s  toxoids purified  by  trich lo roacetic  
acid, an d  acid -p rec ip ita ted  a n d  h e a t- in a c tiv a te d  B. pertussis  suspensions w ere used . The com
bined vaccine contains 30 L f/m l d ip h th e ria  to x o id . 10 Lb/m l te ta n u s  toxoid , an d  30 IO U /m l 
B . pertussis  b acteria  adso rbed  on to  6 m g/m l a lu m in iu m  phosphate. Sodium  e th y lm ercu rith io - 
sa licylate  (0 .01% ) was used  as p reserv a tiv e .
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2 CSIZÉR et al.

M ice. C FLP ra n d o m  b red  m ice of b o th  sexes weighing 14 to  16 g were used.
Potency assays w ere carried  o u t accord ing  to th e  R eq u irem en ts  for P e rtu ss is  Vaccine 

of th e  W H O  [1]. H u n g a ria n  S ta n d a rd  P e rtu ss is  vaccine (H S P V  L o t No. 4) was used  as th e  
reference p rep ara tio n ; i t  co n ta in s  51 IU  o f pertussis an tigen  p e r am poule  in com parison w ith  
th e  In te rn a tio n a l S ta n d a rd  P ertu ssis  vacc ine  [7]. The hom ogeneity  of H SPV  L o t No. 4 w as 
show n earlier [8].

Statistical analysis. Im D 50 va lues were calcu la ted  on  th e  basis of th e  m ethod  of 
W o rcester  and W il s o n  [9]. A nalysis of regression an d  th a t  of v a rian ce  perform ed by  
F in n e y ’s m ethod [10], a n d  p e rio d ic ity  te s ts  (nonlinear regression  analysis) were carried  
o u t using  a type 709 W an g  com puter.

R esu lts

The po tency  o f  th e  p e rtu ssis  com ponent of 21 b a tch es  of D T P vaccines 
p roduced  betw een 1968 and  1973 was de term ined  in  5 p a ra lle l ac tive  m ouse 
p ro tec tio n  tests  in  1974. The y e a r  of p rodu c tio n  o f th e  D T P  vaccines and  th e

Table I
M ean  o f  potency values o f  the pertussis component o f  21 D T P  vaccines in  the year o f  production

and in 1974

B atch .
No.

Y e a r  of 
p ro d u ctio n

N o. o f  p o ten cy  te s ts  a n d  m ea n  p o ten c y

in  th e  y e a r  o f p roduction in  1974

" IU /30  IO U n IU /3 0  IO U

81 1968 4 18.3 5 7.5
82 1968 2 19.6 5 11.1

84 1969 2 23.1 5 9.8
85 1969 2 21.3 5 14.9
86 1969 2 23.0 5 7.4

87 1970 2 26.0 5 7.2

88 1970 1 10.2 5 15.4

89 1970 3 15.1 5 12.4

90 1970 4 20.7 5 7.8

91 1970 3 28.0 5 26.1

92 1970 1 10.2 5 19.1

93 1971 2 4.6 5 7.8
94 1971 3 6.4 5 11.2
95 1971 3 16.5 5 9.3

96 1972 6 14.2 5 16.2
97 1972 5 5.1 5 5.9
98 1972 3 5.5 5 14.0

99 1972 2 36.7 5 25.9

100 1973 2 13.8 5 16.2

101 1973 1 17.5 5 27.2
102 1973 2 24.1 5 15.1
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D TP VACCIISE 3

p o ten cy  values of th e ir  p e rtu ssis  co m p o n en t te s te d  in  th e  y e a r  of p ro d u c tio n  
an d  in  1974 are show n in T able. I.

I f  th e  an n u a l m ean p o ten cy  values d e te rm in ed  im m ed ia te ly  a f te r  p ro d u c tio n  
a re  reg a rd ed  as 100% , th e  loss of p o te n c y  du ring  storage can  he expressed 
in  p e r cen ts of th e  p o ten cy  values o b ta in e d  in  1974. In  th e  f i r s t  y e a r  a fte r  th e  
vacc ine  p re p a ra tio n  th e  p o ten cy  in creased , th e n  decreased a n d  fell to  50%  
a f te r  5 years (Fig. 1).

The an n u a l average loss of p o te n c y  can be ev a lu a ted  on th e  basis of 
p o te n c y  values a fte r  p ro d u c tio n  an d  th o se  de term ined  in 1974. The a n n u a l

F ig. 1. P o ten cy  decrease of th e  p e rtussis co m p o n en t o f 21 D TP vaccines in  percen tage of
po ten cy  a t  th e  tim e  o f p roduction

IU/30 I0U

1.0

F ig. 2. A nnual m ean p o ten cy  decrease o f th e  p e rtu ssis  com ponent o f 21 D T P  vaccines

1* Acta Microbiologica Academiae Scientiarum Hungaricae 25, 1978



4 CSIZÉR e t al.

average  p o ten cy  decrease depends on th e  d u ra tio n  o f th e  in te rv a l in v e s tig a te d
[2]. In  Fig. 2 th e  an n u a l average p o ten cy  decrease o f th e  pertussis co m p o n en t 
o f D T P vaccines is p re sen ted  in  IU /30  TOU. T hese values, p lo tted  a g a in s t 
tim e , could be ap p ro ach ed  by  a s tra ig h t line, an d  th e  co rre la tion  coeffic ien t 
w as high (R  =  0.98). In  th e  f irs t y e a r  a fte r  p ro d u c tio n , th e  p o ten cy  va lu es  
increased  and  in  th e  n e x t 2 years th e re  was no decrease  in  po tency . In  th e  
fo u rth  y ea r th e  p o ten cy  values decreased  sligh tly , in  th e  s ix th  y ear th e  a n n u a l 
average p o ten cy  decrease  was only 0.7 IU /30 IO U . T h is m eans th a t  th e  e s t im a t
ed loss of p o ten cy  d u rin g  6 years s to rag e  was 0.7 IU /30 IO U  X 6 -  4.2 IU /3 0  
IO U .

potency 
IU/30 IOU

5

1973 1972 1971 1970 1969 1968 storage (In years)

Fig. 3. R egression analysis o f 105 po ten cy  values of th e  p e rtu ss is  com ponent o f 21 b a tc h es
of D T P  vaccines

The p o ten cy  te s ts  of th e  p e rtu ssis  co m ponen t o f 21 ba tches o f D T P  
vaccines in  5 rep lica tes  resu lted  in  105 p o ten cy  v a lu es . R egression an a ly sis  
o f these  d a ta  p lo tted  ag a in st th e  y e a r of p ro d u c tio n  w as carried  ou t by  4 d if
fe ren t functions. T he le a s t residual va rian ce  (Sxy) an d  th e  h ighest co rre la tio n  
coefficien t (R) w ere o b ta in ed  by  th e  ex p o n en tia l fu n c tio n . The ex p o n en tia l 
fu nc tion  of th e  p o te n c y  loss in te rsec ts  the  lim it o f 8 IU /30 IOU in th e  s ix th  
y ea r a fte r  th e  p ro d u c tio n  (Fig. 3).

F igure 3 shows th a t  th e  co rre la tion  coeffic ien t w as low b u t s ig n if ican t 
(R  =  0.19, p О  0.05). The cause of th e  low co rre la tio n  m ay have been  th e  
w ide v a ria tio n  of th e  ex p erim en ta l d a ta  or th e  lack  o f a co rre la tion  b e tw een  
th e  po tency  values an d  th e  tim e of p ro d u c tio n . F u rth e rm o re , in cases o f n o n 
lin ear regressions th e re  is som etim es no close c o rre la tio n , b u t it  can  be sig n if
ic a n t. I t  is th e re fo re  suggested  to  ev a lu a te  th e  co rre la tio n  coefficient befo re  
perfo rm ing  th e  n o n lin ea r regression analysis. To f in d  th e  cause of th e  low  
co rre la tio n , d a ta  of w ider s ta n d a rd  dev ia tio n  th a n  th e  lim its of W o r c e s t e r
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an d  W i l s o n ’s m ethod  (1 s d  less th a n  64 to  156% ) were excluded . In  th is  
w ay, 54 p o te n c y  values w ere o b ta in ed  an d  analysed  by  4 d iffe ren t fu n c tio n s. 
The least Sxy and  highest R w ere o b ta in ed  b y  th e  exponen tia l fu n c tio n  (F ig . 4).

D a ta  of F ig . 4 show th a t  Sxy is h ig h er th a n  in  Fig. 3 an d  R  is n o t s ign if
ican t. I f  th e  regression analysis was ca rried  ou t only w ith  those  p o ten cy  
values w hich fall w ith in  th e  lim its  of 1 SD o f 64 to  156% , no decrease in  p o ten cy

potency 
IU/30 I0U

У - Q0 -XQ1
Sxy - 2.6474 
a, -0.1587 
Qq -14.4791 
R - 0.0954

10

----------------------------------------------------------------  G III/30 KXI

5

1973 1972 1971 1970 B69 (968 storage (in years)

F ig. 4. R egression  analysis of 54 p o ten cy  values (1 sd  less th a n  64 -1 5 6 % ) of th e  pe rtu ssis  
com ponent o f 21 b a tch es o f D T P  vaccines

DTP
total

DTP 1 >0.05
within R <0.05

1 SD P >0.1
L >0.1

1 ■ >0.1 1 >005
Random R <0.005 R >0.1

1. P >0.1 P >0.1
L >0.1 L >0.1

1 >0.1 1 >0.05 I :>0.1
Random R <0005 R <0.025 R :<0.005

II. P >0.1 P >0.1 P :>0.1
L >0.1 l >01 L :>0.1

DTP DTP Random Random
total within 

1 SD
L II.

I -Identity 
R - Regression 
P - Parallelism 
l  -  Linearity

Fig. 5. H om ogeneity  analysis of 105 p o ten cy  values o f th e  pertussis co m ponen t of 21 b a tc h es
of D T P vaccines
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could  be d e m o n s tra te d  d u rin g  the 6 -y ear in te rv a l. C onsequen tly , th e  re su lts  
o f th e  regression an a ly sis  of all th e  p o te n c y  values, n am ely  th a t  th e  p o ten cy  
o f pertussis co m p o n en t o f th e  D T P  vaccines decreased  to  th e  lim it of 8 IU /30  
IO U  in 6 years, seem  to  be a b e tte r  e s tim a te  of th e  s ta b ility .

For th e  p e rio d ic ity  te s t ,  th e  105 p o te n c y  values w ere grouped. T he f irs t  
se t of d a ta  consisted  o f all th e  105 va lues, th e  second se t o f th e  54 d a ta  w hich

potency 
IU/30 IOU

1973 i r a  1971 1970 1969 1968 years

Fig. 6. A nnual average  p o ten cy  values o f D T P  vaccines. |  Щ 105 p o tency  v a lu es ;
— □  d a ta  w ith in  th e  lim its of 1 s d ; •  •  p o ten cy  va lues of ran d o m  sam ple  I ;

О ---------- О po tency  va lues o f ra n d o m  sam ple  I I

fa ll w ith in  th e  lim its  o f 1 SD. The th ird  a n d  fo u rth  g roups were p re p a re d  b y  
use of the  ran d o m  n u m b ers  (56 and  57 d a ta ,  resp ec tiv e ly ). The id e n ti ty  o f th e  
4 sam ples was te s te d  b y  analysis of v a rian ce  [10]. T he hom ogeneity  o f sam ples 
was n o t d ep en d en t on th e  num ber of d a ta  in  th e  fou r g roups, since th e  ra n d o m  
sam ples were id e n tic a l w ith  each o th e r an d  w ith  th e  sam ple of 105 p o ten cy  
values. The sam ple  consisting  of th e  d a ta  w hich fell w ith in  th e  lim its  o f 1 s d  

was also id en tica l w ith  th e  o th e r sam ples, even if  th e ir  id e n tity  w as close 
to  th e  lim its o f s ta tis t ic a l  significance. R esu lts  o f th e  analysis of v a rian ce  are  
show n in F ig . 5.
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O n th e  basis o f th e  analysis o f va rian ce  th e  sam ples were reg a rd ed  as 
id en tica l, th erefo re  i f  th e  po tency  decrease of th e  p e rtu ssis  com ponen t of D T P 
vaccines was period ical, th e  p e rio d ic ity  h a d  to  be proven  for each  sam ple. 
F ig . 6 show s th e  a n n u a l average p o ten cy  values o f th e  sam ples.

T he an n u a l average  po tency  v alues o f th e  fo u r sam ples were ap p ro ach ed  
by n o n lin ea r regression  lines, b y  period ic  (sinus, cosinus) fu n c tio n s. M athe-

potency 
IU/30 IOU

20

15-

10 -

5

1973 1972 1971 1970 1969 1968 years

F ig . 7. P e rio d ic ity  te s tin g  of an n u al m ean  p o ten cy  values o f D T P vaccines. |  ----Ш 105
p o ten c y  va lues; Q ----------□  d a ta  w ith in  th e  lim its  of 1 s d ; •  —  •  p o ten cy  va lues of

random  sam ple  I ;  О ----------О  p o ten c y  values of ran d o m  sam ple I I

m atica liy , th e  p erio d ic ity  of a process is p roved  if  th e  variance  of th e  periodic 
fu n c tio n s app ro ach in g  th e  d a ta  is less th a n  th e ir  va rian ce  (Sf Sy). T he p e ri
o d ic ity  o f  p o ten cy  loss was proven  in  each  of th e  cases; in  o th e r  w ords th e  
p o ten cy  loss was a periodic process (F ig . 7). T he p e riod ic ity  w as n o t  due to  
chance , because in  th is  case th e  ran d o m  sam ples w ould  no t have been  period ic.

D iscu ssio n

T he s ta b ility  o f th e  pertussis co m p o n en t of D T P  vaccines was d e te rm in ed  
b y  K i n d t  et al. [11] in  15 batches o bserved  fo r 60 to  65 m onths. T h e  p o ten cy  
o f p e rtu ssis  vaccines, w ith  an average  in itia l p o ten cy  of ap p ro x im a te ly  17
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IU /n il, fell beyond th e  lim it of 8 IU /m l a f te r  45 m o n th s . As a p e rtu ssis  com po
n e n t o f D TP v acc in es , ac id -p rec ip ita ted  p e rtu ssis  suspensions were used . 
T he alum in ium  h y d ro x y d e  ad so rb en t c o n te n t o f th e  vaccines m ig h t have 
been  responsible fo r th e  con tinuous decrease an d  sh o rte r  h a lf  life of th e  p o t
ency  th a n  in our s ta b il i ty  te s ts . Owing to  th e  s tro n g  adso rp tion  of b ac te ria  
o n to  alum in ium  h y d ro x y d e , th e  p o ten cy  of p e rtu ss is  vaccines decreases in th e  
ac tiv e  m ouse p ro te c tio n  te s t. A dso rp tion  of B . pertussis  on to  a lum in ium  
p h o sp h a te  is less com p le te  an d , as a p ro b ab le  consequence, th e  vaccines 
p re p a re d  w ith th is  a d so rb e n t seem to be m ore s tab le . A ccording to  P it t m a n  
[12] th e  po tency  o f th e  m a jo rity  o f p e rtu ssis  vaccines was re la tiv e ly  s tab le ; in  
sp ite  of th is  i t  w as sugg ested  to  ev a lu a te  th e  s ta b ili ty  of each m a n u fa c tu re r’s 
p ro d u c t.

T he estim a tes  o f  p o ten cy  of th e  p e rtu ssis  vaccines o b ta in ed  by  th e  
ac tiv e  m ouse p ro te c tio n  te s t  are su b jec t to  large sam pling  errors. T he e stim a te  
o f Im D 50 derived  fro m  a single assay , in  w hich th re e  groups of 15 m ice each 
a re  used , has th e  9 5 %  confidence lim its  of ranges from  a p p ro x im a te ly  25%  
to  4 00% . The m ean  p o ten cy  values for s ta n d a rd  vaccines m ay  show  even 
w id er v a ria tio n s in  th e  course of several years [7]. T he re liab ility  of th e  p o ten cy  
e s tim a te s  can be in c rea sed  b y  th e  use of m ore th a n  16 mice in  th e  tre a tm e n t 
g roups. A ccording to  recen t d a ta , th e  95%  confidence lim its of th e  ac tive  
m ouse p ro tec tio n  te s t  range from  a p p ro x im a te ly  33%  to  300%  w hen th e re  
are  16 mice in each  tre a tm e n t group an d  are  red u ced  only to  ap p ro x im a te ly  
50%  to  200%  w hen  th e  groups co n ta in  32 m ice [13]. I f  th is  is ta k e n  in to  
a cco u n t, it is obv ious th a t  a considerab le  n u m b e r of assays carried  o u t over 
a p e rio d  of severa l y e a rs  can only y ield  a good estim a te  of th e  s ta b ility  of th e  
p e rtu ss is  vaccines. B ecause of th e  high expenses, th e  s tab ility  of each b a tc h  
of p e rtu ssis  vaccines can n o t be te s te d  ro u tin e ly . Since for m ore th a n  10 years  
1ISPV  L ot No. 4 has been used for p o ten cy  te s tin g , th e  s ta b ility  of vaccines 
cou ld  be ch a rac te rized  b y  th e  difference b e tw een  th e  in itia l p o ten cy  and  th e  
p o te n c y  o b ta in ed  a f te r  sto rage fo r d iffe ren t periods.

One of th e  s ig n ifican t v ariab les  of th e  ac tive  mouse p ro tec tio n  te s t  
is th e  m ouse s tra in  u sed . W hen com paring  d iffe ren t vaccines th e  im m unogenic- 
i ty  o f th e  an tigens in v o lv ed  in p ro te c tiv ity  m ay  be affected  to  d iffe ren t degrees 
b y  a change of th e  m ouse s tra in  [7]. D urin g  long lasting  s ta b ility  te s ts  i t  is 
d ifficu lt to  ensure th e  u n ifo rm ity  of th e  m ouse colony. This source of erro r 
can  be e lim inated  b y  d e te rm in ing  th e  p o ten cy  of vaccines of d iffe ren t shelf 
life a t  th e  sam e d a te , and  th e  s ta b ility  is e s tim a ted  re tro sp ec tiv e ly  from  th e  
d a ta  o b ta in ed . U sing  tw o d ifferen t m ethods fo r th e  e stim ation  of s ta b ility , 
th e  p o tency  of th e  p e rtu ssis  com ponen t of D T P  vaccines fell to  th e  lim it of 
8 IU /30  IO U  in th e  s ix th  y ear a fte r  p ro d u c tio n . T herefore, on th e  basis o f th e  
in itia l po tency , th e  p o ten cy  decrease can be e s tim a ted  s ta tis tic a lly  for each 
b a tc h  of vaccine.
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The p erio d ic ity  of p o ten cy  decrease  o f pertussis vaccines has been  
show n [2], b u t  th e  cause o f th e  p e rio d ic ity  is n o t know n ex cep t for th e  f i r s t  
period ic  increase of p o ten cy . The la t te r  is exp lained  b y  th e  rap id  decrease 
o f  th e  vaccine’s to x ic ity . T he sources of p e rio d ic ity  will h av e  to  be in v es tig a ted  
in  m odel experim en ts.
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Note. A fter th is  pap er h ad  been  su b m itte d  fo r p u b lica tion , The In te rn a tio n a l S ym posium  
on  S tab ility  and  E ffectiveness o f Measles, P o lio m y elitis  and P e rtu ss is  V accines (Z agreb , 
Y ugoslav ia , 28—29 S eptem ber, 1976) em phasized  th e  im portance  of fu r th e r  stud ies a im ed  a t  
im p ro v em en t of th e  s tab ility  o f pertussis co m p o n en t o f D T P vaccines.
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WIRKUNGEN YON VIRAZOL (RIBAVIRIN) IN VIRUS/ 
PROKARYONTEN-SYSTEMEN

G is e l a  M e n z e l  und E . St e n z

Sektion  B iow issenschaften , Forschungsbereich Pflanzenphysiologie und  M ikrobiologie , K arl-
M arx-U niversitä t, L e ip zig , D D R

(E ingegangen  25. O k to b er 1976)

G. M e n z e l  and E. Sten z  (Section o f  Biosciences, K ar/ M a rx  U niversity , Leipzig , 
G .D .R .)  : E ffect o f Virazole (R ib av irin )  in  V irus/P rokaryo te  System s. Y irazole (rib av irin ), 
a com pound w ith  an tiv ira l a c tiv ity , was te s ted  in  some v iru s/p ro k ary o te  system s using  
th e  agar diffusion  te s t. Virazole in h ib ited  th e  fo rm a tio n  of plaques b y  th e  cyanophage  L PP-1  
a n d  h ad  no effec t on the  m u ltip lica tio n  of th e  bacteriophages Ф 105, A, f  2, M 12, a n d  Qß, 
W ith  th e  ex cep tio n  of Bacillus subtilis  th e  h o sts o f th e  viruses w ere in h ib ited  a n d  p a r tly  
s tim u la te d . T he p laque-inh ib iting  effect of v irazo le  is due to in ac tiv a tio n  of th e  free 
L P P  1 phages a n d  in  all p ro b ab ility  to  inh ib itio n  of th e  h o st’s m etabolism . A dso rp tio n  of the  
L P P  1 phages to  Plectonema boryanum  is n o t in fluenced .

Die a n tiv ira l  w irkende V erb in d u n g  V irazol (R ibav irin ) w urde au f ihre W irk u n g  in 
m eh re ren  V iru s/P ro k ary o n ten -S y stem en  im  i^gard iffusionstest g ep rü ft. V irazol h em m te  die 
P laq u eb ild u n g  des C yanophagen L P P -1 , ließ ab er die V erm ehrung der B ak te rio p h ag en  Ф 105, 
A, f  2, M 12 u n d  Qß u n beein fluß t. Die V irusw irte  w u rd en  m it A usnahm e von  B acillus subtilis 
g ehem m t u n d  zum  Teil gefördert. D ie p laq u eh em m en d e  W irkung des V irazols is t  au f eine 
In a k tiv ie ru n g  der freien L P P - l-P h a g e n  und  w ahrschein lich  au f die B ee in träch tig u n g  des 
W irtssto ffw echse ls zurückzuführen . D ie A dsorp tion  de r L P P -l-P h a g e n  an  Plectonema boryanum  
w urde n ich t beeinfluß t.

Als e rs te  an tiv ira le  V erb in d u n g  m it b re ite m  W irk u n g ssp ek tru m  besch rie 
ben  S i d w e l l  et al. [1] das l-/3 -D -R ib o fu ran o sy l-l,2 ,4 -triazo l-3 -carb o x am id , 
das als V irazol oder R ibav irin  b eze ich n et w ird. Es b ee in flu ß t zah lre iche  zoo- 
u n d  h u m an p a th o g en e  DNA- wie auch  R N A -V iren fu.a. 2, 3]. P rü fu n g en  m it 
p flan zen p a th o g en en  Viren h ab en  ergeben, d aß  Größe und  A nzahl v iru sb e d in g te r  
L o ka lläsionen  nach  V irazo lbehand lung  geringere A usm aße e rre ich ten  [4] 
u n d  der V irusgeha lt in in fiz ie rten  P flan zen  n iedriger blieb [5, 6].

Im  R ah m en  unserer U n te rsu ch u n g en  zur W irkung  von S y n th e tic a  
a u f  P ro k a ry o n te n v ire n  p rü fte n  w ir, ob V irazol auch diese V iren beein flu ssen  
k a n n . Es w u rd en  sowohl D N A -P hagen  ( tem p eren t u n d  v iru le n t)  a ls auch  
R N A -P h ag en  einbezogen.

M aterial und M ethode

Folgende  V iru s/W irt-K o m b in atio n en  w u rd en  fü r die U n te rsu ch u n g en  verw en d e t: 
D N A -P h ag en : Ф 105/Bacillus subtilis 168; А/Escherichia coli C 600; L P P -1  /Plectonem a borya
num  (C yanophyc.). R N A -Phagen: f  2/E .coli К  1046; M 12/E.coli W  1665 F +; Qß/E .coli AB 301 
(z u r H e rk u n ft der S täm m e vgl. M e n z e l  et al. [7]).

Die W irk u n g  von V irazol a u f  die g e n an n ten  V iren  und  ihre W irte  w urde im  A g ard if
fu s io n ste s t (L o ch tes t) u n te r  V erw endung  v o n  D o p p e lsch ich tp la tten  gep rü ft. M ethodische
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E inzelhe iten  hierzu sind  bei M en z e l  et al. [7] angegeben; fü r das System  Â/E. coli C 600 
k a m  der von u ns d u rch  B a k te r ie n p la tte n  ohne P h ag en zu sa tz  e rw eite rte  B IP -T est [8] zur 
A nw endung. D er sich b e im  L o ch tes t ausbildende D iffu sio n sg rad ien t g e s ta tte te , V irazol als 
0,1 m olare Lösung (L ö su n g sm itte l W asser) einzusetzen .

An der V e rän d e ru n g  der P laq u eb ildung  im  V ergleich zu u n b eh an d e lten  K o n tro li-  
p la t té n  w urde die V irazo lw irk u n g  au f die Phagen  b eu rte ilt . E in  E in flu ß  der V erbindung a u f  die 
B a k te rien - und B lau a lg en v e rm eh ru n g  k o nn te  an H em m - bzw . F örderzonen  abgelesen w er
den , die sich in k o n zen trisch en  R ingen um  die S tan zlö ch er im  A gar ausbildeten .

Zur näheren  C h a rak te ris ie ru n g  der V irazo lw irkung  au f den C yanophagen w u rd en  
die m inim ale H e m m k o n z en tra tio n  (MIC) b estim m t u n d  die B eeinflussung  freier Phagen  sowie 
de r P h ag en ad so rp tio n  g e p rü ft.

Die B estim m ung der m in im alen  H em m k o n z en tra tio n  erfo lg te in  D oppe lsch ich tp la tten , 
in  deren  D ecksch ich tagar PL boryanum  (5 -T age-K ultur), V irazol in a b g es tu ften  K o n zen tra tio n en  
u n d  L P P -l-P h a g e n  gegeben w u rd en . N ach 6-tägiger K u ltiv ie ru n g  bei 25 °C u n d  1400 lx 
w urd en  die P laques au sg ezäh lt.

F ü r  die U n te rsu c h u n g  der V irazolw irkung au f freie  P h ag en  w urde ein L P P - l-L y sa t  m it 
w äßriger V irazollösung v e rm isc h t (E n d k o n ze n tra tio n  0 ,01% ) u n d  nach  einstündiger K o n ta k t
zeit bei 22 °C bis IO-0 v e rd ü n n t. D an ach  erfolgte die B estim m ung  des P h ag en tite rs . Zum  
V ergleich  diente ein L P P - l - L y s a t ,  das m it aqua dest. v e rse tz t u n d  in  sonst gleicher W eise b e 
h a n d e lt  w urde.

D ie W irkung  des V irazo ls au f die P h ag en ad so rp tio n  w urde m it 5 T age a lten  Suspensions
k u ltu re n  von PI. boryanum  g e p rü ft, denen 0,01%  V irazol u n d  L P P -l-P h a g e n  zugesetzt w urden. 
D ie K ontro llsuspension  e rh ie lt  anstelle  der V irazollösung eine en tsp rechende  Menge aq u a  
dest. U m  das A d sorb ieren  d e r C yanophagen zu erm öglichen, w u rd en  die A nsätze fü r  eine 
S tu n d e  bei 25 °C im  D u n k e ln  g eh alten . A nschließend w urden  die B laualgen bei 5000 U m d reh u n - 
gen /m in . ab zen trifu g iert, zw eim al in  N ährlösung  [9] gew aschen u n d  die A nzahl der P la q u e 
form ing  un its  (P F U ) e rm it te lt .

Ergebnisse

U nsere U n te rsu c h u n g e n  m it dem  L o ch te s t e rgaben , daß V irazol die 
P laq u eb ild u n g  in  den  v erw endeten  P h ag en /W irt-S y stem en  n u r in einem  
F a ll b ee in fluß te . W ie aus T abelle I e rsich tlich  is t, b ild e te  der C yanopbage 
L P P -1  in einer 25 m m  b re ite n  D iffusionszone des V irazols keine P laques aus. 
A ndererse its  zeig te  sich  —  m it A usnahm e von В . subtilis  —  eine s ta rk e  W ir
k u n g  des V irazols a u f  die V erm ehrung  d er als V irusw irte  verw endeten  Pro- 
k a ry o n te n . Sowohl bei den v ier E . coli-S täm m en  als auch  bei der B laualge 
P L  boryanum  t r a te n  in  höheren  K o n zen tra tio n sb ere ich en  der V erb indung  
deu tlich e  H em m w irk u n g en  auf, ohne die V erm ehrung  der P ro k a ry o n te n  
völlig zu u n te rd rü c k e n . In  n iedrigeren  K o n z e n tra tio n e n  fö rderte  V irazol 
die V erm ehrung  d e r E . coli-Stäm m e.

W ährend  in  den  B ak terien h em m zo n en  die P laq u es in gleichem  M aße 
wie im u n b ee in flu ß ten  B ak te rien rasen  ersch ienen , feh lten  sie in der H em m zone 
d e r B laualge. F ü r  d iesen  P laq u eh em m effek t w urde die m inim ale H em m 
k o n zen tra tio n  in  D o p p e lsch ich tp la tten  b e s tim m t; 1 X  1 0 ~4 g/m l V irazol v e r
h in d e rte  die P la q u e b ild u n g  vollständ ig . Bei n ied rigeren  V irazo lkonzen tra- 
tio n en  w ar die P la q u e a n z a h l im  V ergleich zu r K o n tro lle  red u z ie rt (A bb. 1).

D a V irazol im  p laquehem m enden  K o n zen tra tio n sb ere ich  auch  die 
V erm ehrung des W irtso rg an ism u s v e rrin g erte  (s. T ab . I), w ar die D u rch fü h ru n g  
von E in sch rittv e rm eh ru n g sv ersu ch en  n ich t sinnvoll.
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Tabelle I
Verm ehrung von Prokaryontenviren u n d  ihren W irten unter dem E in f lu ß  von Virazol im

Lochtest

V irus
P laqueb ildung

P ro k a ry o n t
V erm eh ru n g

H em m ung* F örd eru n g * H em m ung* F örderung*

Ф 105 0 0 B . subtilis 168 0 0

Л 0 0 E . coli C 600 12 5
L PP-1 25 0 PL boryanum 25 0

f 2 0 0 E . coli К  1046 12 7

M 12 0 0 E . coli W  1665 F+ 12 6

Qß 0 0 E . coli AB 301 13 6

* rad ia le  A usdehnung  des W irkbereiches in m m

PFU
(%) 4
100-

Abb. 1. E in flu ß  ab g es tu fte r  Y irazo lk o n zen tra tio n en  au f die P laq u eb ild u n g  im S ystem  
L P P - l /P / .  boryanum . K on tro lle  =  100%

F re ie  L P P -l-P h a g e n  w urden  n a c h  E in w irkung  von l x  1 0 -4 g/m l V irazol 
zu 32%  in a k tiv ie r t  (vgl. T ab . I I ) .  D em gegenüber h a t te  V irazol a u f  die A dso rp 
tio n  d e r L P P -l-P h a g e n  keinen E in flu ß .

Tabelle II
W irkung  von Virazol a u f  fre ie  L P P -l-P h a g e n  und a u f  die Adsorption von L P P -l-P h a g en  an

PL boryanum

F re ie  P h a s e n A d so rb ie rte  P h ag en
(P F U /m l) (P F U /m l)

Virazol 10 4 g/m l 1.83 X 108± 1 ,1  X  10" =  68% 7,00 X 104± 2 ,6  X 103 =  99%

K ontro lle 2,68 X 108± 2 ,2  X  107 =  100% 7,04 X 104 ± 1 ,5  X 103 =  100%
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D iskussion

Im  G egensatz zu  der in der L i te ra tu r  besch riebenen  b re iten  W irkung  
des Y irazols gegen zah lre iche  DN A - u n d  R N A -V iren in  E u k a ry o n te n  fanden  
w ir in  m ehreren  V iru s /P ro k a ry o n ten -S y stem en  be i A nw endung des L och
te s ts  keine B ee in flu ssung  der V irusverm ehrung . A uch eine S tö rung  d er Lyso- 
genisierung  bzw. eine P ro p h a g e n in d u k tio n  ko n n te  bei den  tem p eren ten  P hagen  
Я u n d  Ф 105 n ich t fe s tg e s te llt w erden. Es is t auszusch ließen , daß  m angelhafte  
P e rm ea tio n  des V irazo ls in die M ikroorganism enzelle  die U rsache d a fü r is t, 
da  die V erm ehrung  d er m eisten  W irtss täm m e d u rch  V irazol v e rä n d e rt 
w urde.

Die fü r L P P -1  festg este llte  P laq u eh em m u n g  is t, wie die V ersuche m it 
freien Phagen zeigen, te ils au f deren  In a k tiv ie ru n g  zu rückzu füh ren . D er 
A dsorp tionsprozeß  d e r C yanophagen  an  die W irtsze llen  hingegen w ird  durch  
V irazol n icht b e e in f lu ß t. Da im L o ch te s t die L P P -l-H e m m u n g  s te ts  m it einer 
W irtsb e e in trä ch tig u n g  k o rre lie rt is t , k a n n  m an sch ließen , daß  neben  der 
In a k tiv ie ru n g  fre ier P h ag en  auch eine w irtsb ed in g te  B lockierung d er V irus
rep lik a tio n  fü r die P laq u eh em m u n g  v e ra n tw o rtlic h  ist.

In  diesem  Z u sam m en h an g  is t zu b e to n en , daß  im  U ntersch ied  zu E. coli 
d ie B laualge gegenüber V irazol so wie au c h  gegenüber v ielen  anderen  V erb in d u n 
gen [7, 10] besonders sen s itiv  ist. In w iew eit der p h o to a u to tro p h e  Stoffw echsel 
von  P lectonem a fü r ih re  höhere E m p fin d lich k e it u n d  die B eeinflussung der 
V irusverm ehrung  d u rc h  S y n th e tica  von  B edeu tu n g  is t, k an n  aus den bisherigen 
U n tersu ch u n g en  n ic h t ab g e le ite t w erden . B eziehungen zw ischen P h o to sy n th ese  
u n d  V irusverm ehrung  in  B laualgen sind  beschrieben w orden [11 13].

D er B eein flu ssung  der P ro k ary o n ten ze lle  d u rch  Virazol en tsp rech en d , 
k o m m t es bei E u k a ry o n te n  nach  E in w irk u n g  der V erb in d u n g  ebenfalls zu Zell
sch äd en  [1]. An P fla n z e n  w urden C hlorosen u n d  M eristem schäden  b e o b ach te t 
[14]. E ine H em m ung  d e r zellu lären  D N A - und  R N A -S ynthese  in  tie rischen  
Zellen nach V irazo lb eh an d lu n g  s te llten  St r e e t e r  et al. [15] sowie D e  Cler c q  
et al. [3] fest. D iese A u to ren  sehen im  E inste llen  d er N uk le in säu resyn these  
zugleich auch die U rsach e  fü r die a n tiv ira le  A k tiv itä t  des Virazols. Als W ir
kungsm echan ism us w ird  die B lockierung  der G uan id in m o n o p h o sp h a t-B ild u n g  
angegeben , wobei d e r s tru k tu re lle n  Ä h n lichke it des V irazols m it dem  Inosin  
bzw . G uanosin B e d e u tu n g  beigem essen w ird [16, 17].

N ach der d a rg es te llten  W irkungsw eise w äre zu erw arten , daß  Virazol 
auch  die V erm ehrung  d er B ak te rio p h ag en  b e e in flu ß t. Das A usbleiben einer 
d e ra rtig en  W irkung  in  unseren  V ersuchen  k ö n n te  a u f  eine In a k tiv ie ru n g  des 
V irazols in  der B ak te rien zelle  zu rü ck zu fü h ren  sein. D abei w äre an  eine S pa ltung  
des M oleküls in  seine T riazol- u n d  Z u ck erk o m p o n en te  zu denken  [vgl. 18], 
w enngleich auch  versch iedene  n ich t an  Z ucker gebundene Triazole an tip h ag a le  
E igenschaften  en tw ick e ln  [19]. A uß erd em  könn te  d e r S u b s titu e n t in  S tellung
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3 am  T riazo l v e rä n d e r t  w erden, dessen  B edeu tung  fü r eine a n tiv ira le  W irkung  
W it k o w s k i  et cd. [20] beschrieben  haben .

Bezüglich d er Y irazo lw irkung  a u f  die P ro k a ry o n te n  is t zu b erü ck sich tig en , 
d aß  selbst nach  einer even tuellen  S p a ltu n g  des M oleküls die T riazo lk o m p o n en te  
allein  w irksam  sein kan n . Die B eeinflussung  der V erm eh ru n g  von  B ak terien  
und  B laualgen d u rch  Triazole is t  m ehrfach  fe s tg es te llt w orden  [7, 21— 23]. 
Die bei geringen V irazo lk o n zen tra tio n en  au fg e tre ten e  F ö rd e ru n g  von E . coli 
is t  im  V ergleich zum  E in fluß  an d e re r  T riazole s tä rk e r  au sg ep räg t, so d aß  
m öglicherw eise d er B ibosean te il des V irazolm oleküls h ie rfü r  v e ran tw o rtlich  
is t.

F ü r die Ü berlassung  des P h ag en  f  2 u n d  des E . coü-S tam m es К  1046 danken w ir 
Dr. Regős. Basel. W ir d an k en  Dr. R. W . S id w e l l , Irv ine, C alifornia, der freundlicherw eise  dem  
L eite r unseres Forschungsbereiches, P ro f. D r. G. Sch u ster , eine Probe  v o n  V irazo l zur V er
fügung stellte. F ü r  technische A ssistenz d an k en  w ir F ra u  A. G e n tsc h ev  u n d  F ra u  H. T hom as.
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ADJUVANT ACTIVITY OF ENDOTOXIN PREPARATIONS 
IN NORMAL AND IRRADIATED RATS*

E r z s é b e t  E l e k e s , L .  B e r t ó k  and K a t a l in  M e r é t e y

66 Frédéric Joliot-C urie”  N ational Research In stitu te  fo r  Radiohiology and R adiohygiene Budapest 
and Institu te  o f  R heum atology and P hysiotherapy , B udapest

(R eceived F e b ru a ry  9, 1977)

A fter ^ -irrad ia tio n  in vitro th e  a d ju v a n tic ity  of detox ified  en d o to x in  was large ly  re ta in e d  
w hile it d im in ished  a fte r tre a tm e n t w ith  p o tassium  m eth y la te . The a d ju v a n t  effect of th e  
p re p a ra tio n s  w as m ore pronounced  in ir ra d ia te d  ra ts .

E n d o to x in s  (LPS) are w ell-know n to  e x e rt a m ark ed  a d ju v a n t a c tiv ity  
on th e  h u m o ra l im m une response o f m am m als [1, 2]. In  sp ite  o f th is , d a ta  
are  scarce an d  con troversia l concern ing  th e  e ffec tiv ity  of d e to x ified  en do tox in  
p re p a ra tio n s  on th e  im m une response.

T he a d ju v a n tic ity  of d e to x ified  p re p a ra tio n s  seems to  depend  closely 
on th e  d e to x if ic a tio n  m ethod . A ccord ing  to  N o w o t n y  [3], t r e a tm e n t of en 
d o to x in  w ith  b o ron  tr iflu o rid e  induces an  expressed decrease o f a d ju v a n t 
a c tiv ity  p a ra lle l w ith  th e  d im in ish ing  an tig en ic ity . On th e  o th e r  h a n d , de
to x if ic a tio n  b y  p o tassium  m e th y la te  does n o t in fluence th e  a d ju v a n t cap ac ity  
o f  en d o to x in  [3, 4]. An a d ju v a n t ac tio n  has been observed  in  lip id  A a fte r  
acid ic  h y d ro lysis  [5] and  a p ro n o u n ced  decrease of a d ju v a n t a c tiv ity  in  lip id- 
d ep rived  p re p a ra tio n s  [6]. S u cc in a ted  p re p a ra tio n s  also a ffec t th e  a d ju v a n t 
c a p ac ity .

In  th e  p re sen t experim en ts th e  a d ju v a n t a c tiv ity  o f p re p a ra tio n s  d e to x 
ified  b y  p o tassiu m  m eth y la te  or b y  y -irrad ia tio n  and  of u n tre a te d  en do tox in  
w as com pared  in  ra ts . A group o f n o rm a l an d  irra d ia te d  ra ts  b o th  im m unized  
w ith  sheep red  b lood cells (SR B C ) served  for contro l.

M aterials and m ethods

E ndotoxin  (L P S )  preparation. The L PS  w as iso lated  by  th e  w arm  p h en o l-w ater m eth o d  
[7] from  a fe rm en to r-g row n  cu ltu re  o f Escherichia coli 0 8 9  and  p u rified  b y  re p ea te d  u l t r a 
cen trifu g a tio n  in  B eckm an L2 65B a t 100 000 g.

D etoxification  o f  the endotoxin preparation . C hem ical d e to x ifica tio n  of en d o to x in  was 
c a rried  o u t b y  p o tassiu m  m eth y la te  acco rd ing  to  N ow o tn y  [3]. F o r rad io d e to x ifica tio n  th e  
L P S  was dissolved in  distilled w a ter a n d  irra d ia te d  (5 M rad) a t  a co n ce n tra tio n  of 10 m g/m l 
in  a  li0Co-source (N o ra to m  3500) by  P re v ite ’s m eth o d  [8] as m odified b y  us [9—11].

* S u p p o rted  in p a r t  by  th e  Scientific  R esearch  Council, H u n g a rian  M in istry  o f H e a lth  
(5 — 13 — 1001 — O/B). P resen ted  a t  th e  “ B ac te ria l E n d o to x in s”  W orkshop  of th e  E u ro p ean  
Im m uno logy  M eeting , A m sterdam , 1975.
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D etermination o f  L D 50 o f  detoxified endotoxin preparation. For th e  d e te rm in a tio n  of 
L D 50 va lues of va rio u s L P S  p rep ara tio n s fem ale W is ta r-R /A  X Long E vans (hooded) F t 
h y b rid  ra ts  (L ab o ra to ry  A n im al In s ti tu te , Gödöllő, H u n g a ry ) were in jec ted  in trav en o u s ly . 
T he L D 50 values were c a lcu la te d  by  th e  m eth o d  of R e e d  a n d  Mu en ch  [12].

A n im a ls . Male W is ta r  R /A x L E  (hooded) F j h y b rid  ra ts  o f 160—200 g bod y  w e igh t 
w ere used .

Irradiation . The r a ts  w ere irrad ia te d  w ith  730R  by a 60Co-y-source.
Im m uniza tion . N o rm a l ra ts  and ra ts  ir rad ia te d  21 days before were im m unized  w ith  

a single 4 x l 0 8 dose of SR B C . One h u n d red  p g  o f various en d o to x in  p rep ara tio n s were a d m in 
is te red  in trav en o u sly  s im u ltan eo u s ly  w ith  th e  SR B C  im m u n iza tio n .

Determ ination o f  p . f . c .  T he anim als were k illed  5 days a f te r  th e  an tigen  in jection . T heir 
spleen was rem oved  an d  th e  nu m b er of d irec t and  in d irec t p laq u e  form ing cells (p .f.c.) w ere 
d e te rm in ed  [13, 14]. T he re su lts  were calcu la ted  on th e  basis o f p .f.c. counts per 106 n u c lea ted  
spleen cells and of th e  n u c le a te d  cell coun t in  th e  w hole spleen.

Serum  antibody determ ination. H aem olysin  t it re s  of sera were de term ined  by  a m icro 
m eth o d  b o th  before a n d  a f te r  2-M E tre a tm e n t [15].

Statistical analysis. M ean values and  s ta n d a rd  errors w ere de term ined; th e ir signif
icance w as e stim a ted  b y  S tu d e n t’s i-test.

R esu lts

E ffec t on endo toxin  toxicity o f  01 Co-gamma irradiation and chemical 
detoxification. E . coli 0 8 9  LPS was irra d ia te d  w ith  5 M rad and  th e  L D S0 
o f th e  orig inal and  t r e a te d  p rep ara tio n s  was d e te rm in ed  in ra ts . Irra d ia tio n  
in creased  th e  L D 50 to  50 m g/kg from  th e  in itia l 20 m g/kg. The decrease o f 
to x ic ity  was alm ost th e  sam e a fte r  chem ical de to x ifica tio n .

F o r n a tiv e  an d  rad io d e to x ified  endo to x in s  a s im ila r increase of th e  splenic 
p .f.c . co u n t was o b ta in e d  (F ig. 1).

C hem ically d e to x if ie d  endo tox in  caused  a sligh t, n o n -sign ifican t change. 
T he developed  7S p . f. c. showed a change s im ila r to  th a t  of the  19S ones.

S im ilar re su lts  w ere ob ta in ed  w hen co u n tin g  th e  re la tive  n u m b e r 
p . f. c. (F ig. 2).

T he d ifference o bserved  in th e  n u c lea ted  spleen cell cou n t was due to  
th e  d iffe ren t en d o to x in  p rep a ra tio n s . The increase w as less w ith  th e  rad io - 
d e to x ified  th a n  w ith  th e  u n tre a te d  p re p a ra tio n , an d  th e  chem ically  d e to x ified  
one w as h a rd ly  e ffec tive.

A sim ilar o rd e r o f  effects was o b ta in ed  w hen m easu ring  the  haem olysin  
t i t r e  (F ig . 3).

T he a d ju v a n t e ffec t was m ore m ark ed  in th e  ir ra d ia te d  th a n  in th e  noil- 
irra d ia te d  anim als (F ig . 4).

A s ign ifican t in rea se  in  th e  p .f.c . w as induced  b y  th e  u n tre a te d  an d  
rad io d e to x ified  p re p a ra tio n s  (p <( 0.05) b u t  even th e  chem ically  d e to x ified  
p re p a ra tio n  elic ited  a doub ling  of th e  splenic p .f.c . (A fter t re a tm e n t w ith  
SR B C  th e  p.f.c. c o u n t was 4619 i  1660; a fte r  t re a tm e n t w ith  SRBC 
chem ically  d e to x ified  en d o to x in  i t  was 9180 ^  930.) The serum  haem olysin  
t i tre  d isp layed  s im ila r changes. As in th e  n o n -irra d ia te d  ra ts , in the  ir ra d ia te d  
an im als the  splenic cell co u n t was in fluenced  only  b y  th e  u n tre a te d  en d o to x in .
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F ig 1. E ffect o f d ifferen t en d o to x in  p e p ara tio n s  on th e  d irec t and  in d ire c t p.f.c. counts; 
spleen in SR B C  im m unized  ra ts . O pen colum n: S R B C -trea ted  g ro u p ; h a tch ed  colum n: 
SRB C +  u n tre a te d  endo tox in ; sh ad ed  colum n, left: SR B C  +  chem ically  de tox ified  endotox in ; 

sh ad ed  colum n, r ig h t:  SRB C +  in  vitro  irrad ia te d  en d o to x in

Fig. 2. E ffec t o f  d ifferen t en d o to x in  p rep ara tio n s  on  th e  d irec t a n d  in d ire c t p.f.c. count/10s 
spleen cells in  SR B C  im m unized  ra ts . O pen colum n: S R B C -trea ted  group ; h a tch ed  colum n: 
SRB C +  u n tre a te d  end o to x in ; shaded  colum n, left: SR B C  +  chem ically  detox ified  endotox in ; 

sh ad ed  colum n, r ig h t:  SR B C  +  in  vitro  irrad ia te d  en d o to x in
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F ig . 3. T o ta l and 2 -M E -res is tan t haem olysin  t i t r e  a fte r t re a tm e n t w ith  d ifferen t en d o to x in  
p rep ara tio n s . Open co lu m n : S R B C -treated  g ro u p ; ha tch ed  colum n: SR B C  -f- u n tre a te d  en d o 
to x in ; shaded colum n, le ft: SRB C -j- chem ically  detoxified  en d o to x in ; shaded  colum n, r ig h t: 

SR B C  -f- i n vitro  irrad ia te d  endo tox in

F ig . 4. A d juvan t effect o f various en d o to x in  p rep ara tio n s on an tib o d y  p ro d u c tio n  in  ra ts  
26 days afte r irrad ia tio n . O pen colum n: S R B C -trea ted  group; h a tc h ed  colum n:SR B C -{-un- 
tre a te d  endotoxin; sh ad ed  colum n, left: SR B C  -f- chem ically  de tox ified  endo tox in ; shaded 

c o lu m n , r ig h t: SR B C  +  in  vitro irrad ia te d  en d o to x in

D iscu ss io n

The aim of th e  p resen t in v es tig a tio n  was to  s tu d y  how th e  d iffe ren t 
d e to x y fin g  tre a tm e n ts  a lte r  th e  a d ju v a n t a c tiv ity  of en d o to x in . The resu lts  
show ed th a t  ir ra d ia tio n  in  vitro a ffec ted  th e  a d ju v a n tic ity  of th e  en d o to x in
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m olecule less th a n  d id  po tassium  m e th y la te  tre a tm e n t. In  earlier ex p erim en ts  
[16] i t  w as show n t h a t  th e  u n tre a te d  end o to x in  p re p a ra tio n  as a d ju v a n t w as 
m ore effective in  ir ra d ia te d  rats. The p re se n t s tu d y  p ro v ed  th a t  th e  a d ju v a n tic -  
i ty  o f de tox ified  p re p a ra tio n s  is also  p o te n tia te d  b y  irrad ia tio n  p erfo rm ed  
21 days before im m u n iza tio n . The e ffec tiv ity  o f th e  endo tox in  p re p a ra tio n s  
in v e s tig a te d  was n o t affected  by  th e  im m uno-suppressive  p rocedure. T h u s , 
th e  u n tre a te d  and  th e  rad iode tox ified  p re p a ra tio n s  d isp layed  a sim ilar a d ju v a n t 
effect an d  only th e  p o tassiu m  m e th y la te - tre a te d  one was less effective.

T he a d ju v a n tic ity  induced b y  d iffe ren t en d o to x in  p rep ara tio n s an d  th e  
splenic h y p e rtro p h y  caused  by th em  th u s  seem to  be in d ep en d en t phen o m en a . 
An ev idence for th is  possib ility  is th e  d isc repancy  betw een  a d ju v a n tic ity  a n d  
th e  fa ilu re  of the  n u c lea ted  cell c o u n t to  increase u n d e r th e  effect o f rad io - 
d e to x ified  endo tox in .
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COMPARISON OF ESCHERICHIA COLI ENTEROTOXIN
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I .  K É T Y i, É v a  C z i r ó k , A d e l e  V e r t é n y i , I l o n a  M á l o v ic s

and S . PÁCSA
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Station, Budapest

(R eceived F e b ru a ry  22, 1977)

Seventeen gu inea  pig eye te s t  negative  Escherichia coli s tra in s  an d  one Enterobacter 
cloacae s tra in  iso lated  fro m  clinically and  epidem iologically  de fin ed  cases were exam ined  for 
e n te ro to x in  p ro d u c tio n . P u rified  cholera to x in , E . coli s tra in s  of know n  en te ro to x ig en ic ity  
a n d  a Shigella dysenteriae  1 s tra in  served  as contro ls. T he ra b b it  sk in  pe rm eab ility  m odel 
(b lueing  reaction) w as th e  m o st sensitive and  th e  b es t for screening. T he cell elongation  te s t 
u sing  the  “ Chinese H a m ste r  O vary  Cell L ine” and especially  th e  ra b b it  ileal loop assay, were 
less sensitive. The re su lts  were reproducib le  w ith  th e  suck ling  m ouse oral te s t. M itom ycin 
C in duction  increased  th e  b lueing a c tiv ity  of filtra te s  and  so n ica ted  e x tra c ts .

The p ioneer s tu d ies  of D e  et al. [1] an d  S m i t h  a n d  H a l l s  [2] on liga ted  
r a b b i t  in testine  h av e  led  to  th e  conclusion th a t  en te ro to x in -p ro d u c in g  Escheri
chia coli s tra in s  fo rm  a new  nosological u n it [3— 5]. S everal m ethods have 
been  e labo ra ted  fo r th e  d e tec tio n  o f en te ro to x in  [6—12]. I t  has also been show n 
t h a t  en te ro to x ig en ic ity  m ay  v a ry  from  s tra in  to  s tra in  [13] an d  th a t  en te ro 
to x in  producing E . coli m ay  be p resen t in  g rea t n u m b ers  in  th e  in testin e  of 
h e a lth y  ind iv iduals [14].

In  the  p re sen t ex p erim en ts , guinea pig eye te s t  n eg a tiv e  cu ltu res from  
w ell-defined  sources w ere exam ined  b y  d iffe ren t e n te ro to x in  te s ts .

M aterials and m ethods

Bacterial strains. S ta n d a rd  en tero tox igen ic  s tra in s  are show n in  T ab le  I. Clinical, ep id e 
m iological and im m unolog ical d a ta  for our own iso lates are lis ted  in  T ab le  I I .  All stra ins were 
m a in ta in ed  freeze-dried.

Table I

Standard strains used in  the experim ents

D e sig n a tio n  and  an tigen ic  
s tru c tu re  o f s tra in s S ource

B2C E . coli 06 :H 1 6 S.B. F orm al
339T5 E . coli 015 : H 11 S.L. G orbach
410G E . coli O 78:K80:H12 S.L. G orbach
B7A E . coli 0148:K 87:H 21 S.B. Form al
P105 E . coli 0138:K 81 H .W . Sm ith
P99 E . coli 0141:K 85,K 88 II.W . Sm ith
16 S. dysenteriae 1 Culture collection, In s titu te  

of M icrobiology, Pécs
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Table II

Clinical, im m unological and epidemiological

D '-'igna tion  and  an tig e n ic  
s tru c tu re  o f  s tr a in Source an d  o th e r  d a ta

M56899 E. coli O 114:K 90a,b Faeces o f 1-m onth-old in fan t w ith  1 : 128 haem agglu- 
t in a t io n  t itre  (IgM) to the hom ologous s tra in . H ospital 
o u tb rea k  of enteritis am ong in fan ts  and prem atu re  
b ab ies caused by E. coli O 114:K 90a,b  uniform  in 
an tib io tic  sensitiv ity , colicin p ro d u c tio n  and  lysogen- 
ic ity  [15].

8013 E. coli 0148 F aeces of 2-m onth-old in fan t w ith  m ild  enteritis.

23473 E. coli O78:K 80:N M Faeces of 6-day-old in fan t w ith  m eningitis. H ospita l 
o u tb rea k  m ainly w ith  e x tra in te s tin a l sym ptom s 
(sepsis, m eningitis, e tc .) and  p a r tly  w ith  en teritis  
caused  by  colicin positive E . coli O78:K80:NM  
uniform  in antib io tic  sen sitiv ity  and  phage p a tte rn  
[16].

Lsz 14c E. coli 0 4 Faeces of child aged 11/2 y ears  w ith  dysenteriform  
e n te ritis . Homologous h aem ag g lu tin a tio n  titre , 1:1024.

67643/3 E. coli 075 Faeces o f 6-m onth-old in fan t. H o sp ita l ou tb reak  of 
e n te r itis  among new born in fan ts  caused by E . coli 
0 7 5  uniform  in an tib io tics sen sitiv ity , colicinogenicity 
and  phage p a tte rn .

74971 E. coli 0 1 19:K69:NM Faeces o f 4-m onth-old in fan t died w ith  dysenteriform  
en te ritis .

62268 E. coli O i l  1:K 58:H 2 Faeces of 4-m onth-old in fan t. H o sp ita l ou tb reak  of 
choleriform  enteritis.

17968 E. coli 0 1 8 a ,c CSF of 1-year-old in fan t. H o sp ita l ou tb reak  of
e n te r itis  and m eningitis, W ernigerode, G .D .R .

S tra ins listed in th is  tab le  were iso la ted  b y  Ë . Czirók , excep t s tra in s  3 an d  4 o rig ina ting  
from  th e  m ateria l of th e  In s t i tu te  of M icrobiology, Pécs 
NM  =  non-m otile

Cholera toxin  (L o t N o. 0972) o b ta in e d  from  Dr. I. Jo ó  ( 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 a p e s t)  was p repared  b y  D r. R . A. F i n k e l s t e i n  
(U n iv e rs ity  of Texas, S o u th e as te rn  M edical School, Dallas, T exas) [17]. T he freeze-dried  tox in  
was dissolved in twice d is tilled  w ater and  d ilu te d  w ith  phosphate  buffer (N aC l, 0.12 m ; N a 2H P O  „ 
0.016 m ; N a H 2P O ,, 0.044 m ; m erth io la te , 0 .0 1 % ; bovine serum  a lb u m in , 0 .1 % ) so as to  gi\ 4 
1800 Lb/m l. The stock so lu tio n  was s to red  a t  4 °C.

Cholera antitoxin  w as supplied  by  D r. I. Jo ó  (In s ti tu te  for Serobacterio log ical P ro d u c
tio n  an d  Research “ H u m a n ” , B u d ap est). T h e  2 m l freeze-dried sam ple  (Swiss Serum , EC 
3/A—2/67-B ) was dissolved as recom m ended  in 25 ml volum e. T his s tock  so lu tio n  designated  
as “ f ” , conta ined 357 a n ti to x in  un its . The s to ck  so lu tion  was sto red  a t  4 °C; th e  d ilu tions were 
p rep ared  freshly before use  in  bo ra te  b u ffer saline.

E . coli anti-enterotoxin sera were p re p are d  in rab b its  w ith  18 h r  sh ak en  cu ltu res grow n 
in m ed ia  for en teroxo in  p roduction . G raded  doses o f 0.2, 0.5, 1.0 an d  2.0 m l 3—6 X  Ю8 cells/ 
m l) w ere given in tra v en o u s ly  a t  4 day in te rv a ls ; th e  anim als were b led  5 days a fte r  the  last 
in jec tio n . The rab b its  w ere bled 5 days a f te r  th e  la s t in jection . T he sera were passed  th ro u g h  
Seitz  f ilte r and p reserved  w ith  0.01%  m erth io la te .
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data o f  stra ins tested fo r  enterotoxigenicity

D esignation  a n d  a n tig en ic  
s tru c tu re  o f s tr a in S ource a n d  o th e r  d a ta

27272 E. coli 083 :N M L ung of 2-day-old in fan t died w ith  m eningitis and  
bronchopneum onia

40116 E . coli 0 1 1 1 :K 58 :H 2 Faeces of in fan t. R ap id ly  spreading h o sp ita l ou tb reak  
of severe enteritis.

39017 E . cloacae Faeces of adu lt. Food poisoning of m otor ro a d 
build ing  workers.

Lsz 463b/!2 E. coli 0 7 8 : K80 Faeces of 4 -m onth-old  in fan t w ith  m ild en te ritis  
an d  p redom inan t re sp ira to ry  sym ptom s. Hom ologous 
haem agg lu tina tion  t itre , 1 : 128.

Lsz 233a E. coli 0117:H 27 Faeces of 8-m onth-old in fan t w ith  m odera te ly  severe 
en te ritis  lasting  2 weeks. Hom ologous haem agg lu tina
tio n  titre , 1 : 256.

Lsz 326e E. coli 075 Faeces of 6-m onth-old in fan t w ith  prolonged, m oder
a te ly  severe en teritis . Faecal cu ltu re  in in itial stage, 
Salmonella i n f  antis : in la te r stages, E. coli 0 75 . 
H aem agglu tination  titre s , 1 : 32 for S. in fa n tis , 
1 : 1024 for E. coli 075 .

T47683 E . coli 018a,c :N M Faeces of 5-day-old in fan t. R ap id ly  spreading, m ild 
h o sp ita l o u tb reak  of en teritis  am ong new born in fan ts.

T59426 E. coli 018a,c :N M Faeces of newborn in fan t. Mild ou tb reak  of en te ritis  
am ong new born babies.

3 and  4 E. coli O 2 6 :K 6 0 :H ll Faeces of in fan ts. H osp ita l ou tb reak  of en teritis .

E nterotoxin filtra tes . T he m edium  of S a k a z a k i  et al. [18] was m odified  by  su b s titu tin g  
L e v in tb a l b ro th  for M y o sat (L ev in th a l b ro th  co n ta ined  m an n ito l, 0 .1%  NaCl, 0 .35% ; K 2H P 0 4, 
0 .368% ; K H 2P 0 4, 0 .1 3 2 % ; p H  7.5). The m ed iu m  was d is tr ib u te d  a t  5 m l po rtions in to  tu b es , 
ino cu la ted  from  blood a g a r cu ltu re  and  in cu b a ted  a t  37 °C o v ern igh t. T he p recu ltu res  w ere 
tran s fe rre d  to E rlen m ey er flasks con ta in ing  a th in  lay er of th e  sam e m ed ium  and sh aken  a t  
37 °C for 18 h r in a New B runsw ick P sy ch ro th e rm  a p p a ra tu s . T he su p e rn a ta n t was se p a ra ted  
in a re fr ig e ra ted  cen trifuge , filte red  th ro u g h  G o ttin g en  M em brane-filter No. 1121 and  sto red  a t  
- 2 0  °C.

Sonicated extracts. Shaken  cu ltu res p rep ared  in th e  above m an n er were su b jected  to  
so n ication  a t  0 °C (M SE 500 W , full energy  se ttin g , 30 m in). T he p re p a ra tio n s  were checked 
by  co u n tin g  th e  su rv iv ing  b ac teria : a 4—5-fold decrease in th e  n u m b er of colony form ers w as 
reg ard ed  as an  effective exposure . The e x tra c t  was filte red  an d  sto red  as described above.

M ito m yc in  C induction. F iltra tes  an d  son icated  ly sa tes were usua lly  p rep ared  from  
M itom ycin  C induced  cu ltu res  [19]. Before cu ltu rin g , M itom ycin  C, O.Sp/ml (K yow a IL K .C o. 
L td ., T o k y o , Ja p a n )  w as ad d ed  to th e  m edium .

S. dysenteriae 1 f i l t r a te  was p rep ared  as described above and  assayed  by  th e  H eL a 
cell a tta c h m e n t in h ib itio n  m icrom ethod  [20]. The crude f i ltra te  gave a p ositive  re ac tio n  u p  
to d ilu tio n  1 : 32.

R abbit ileal loop assay. The m eth o d  of D e  et al. [1] in New Z ealand  w hite  ra b b its  w eighing 
1.8—2.6 k g  was used. T he te s t  was read  20 h r  a fte r  in jec tion  an d  th e  patho log ica l change was 
expressed  as th e  ra tio  o f accum ula ted  flu id  w e ig h t/in te stin a l w eight. T ests w ith  an  index  of 
1 or ab o v e  were reg ard ed  as positive.
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Suckling mouse test. T he m ethod of D e a n  et al. [21] as m odified for oral a d m in is tra tio n  
b y  J acks and W u [22] w as em ployed. One- to  th ree -d ay -o ld  mice were se p a ra ted  from  th e ir 
m o th e rs  before tes tin g , g ro u p ed  into 4—5 an im a ls  a t  random  an d  given 0.1 m l volum es of 
f i l t r a te s  orally w ith  an  S -shaped  m etal c a th e te r  sh ea th ed  w ith  po lyethy lene . T he mice were 
k e p t  in an incu b a to r a t  30 °C for 4 hr, th en  sacrificed , weighed and  dissected . M arked  reac tion  
w as in d ica ted  by a v isib ly  d ila ted  in testine . T he in te stin e  was rem oved  and  w eighed: th e  degree 
o f re ac tio n  was expressed  as the  in te stin a l w e ig h t/b o d y  w eight ra tio : <  0.07 was considered 
n e g a tiv e , 0.07-0.09 d o u b tfu l or w eak p o sitive , a n d  >  0.09, positive.

Intradermal ( b lueing)  reaction. The m eth o d  of E vans et al. [8] was used . W hite  rab b its  
o f th e  “ Pearl of M ecsek”  b reed  were shaven  on  th e  back th en  0.1 m l a liquo ts o f th e  ex tra c ts  
w ere  in jec ted  in tra d e rm a lly  2—2.5 cm a p a rt. T he low est d ilu tion  was 1 : 2 in p h o sp h a te  buffer 
sa line  contain ing  bovine  serum  a lbum in (0 .02% ). E igh teen  hours a fte r  th e  in jec tio n s th e  dye 
w as given in trav en o u sly . In  p relim inary  ex p erim e n ts  E vans blue (40 m g/kg), la te r  5%  P o n ta 
m in  Sky Blue 6X B  (S erv a , H eidelberg) so lu tio n  was used as recom m ended  by  Craig  [23]. 
R e ad in g s  were perfo rm ed  one hour a fte r in jec tio n  of the  dye.

This m ethod  w as u sed  for n eu tra liz a tio n  experim en ts w ith  cholera a n tito x in  or E. coli 
an ti-en te ro to x ic  sera. T he to x in  p re p ara tio n  w as m ixed w ith  th e  corresponding  an tise ru m  
a t  e q u a l am ounts and  a f te r  30 m in in cu b a tio n  a t  37 °C th e  m ix tu re  was in jec ted  in trad erm ally  
a t  0.1 ml aliquots.

CHO tissue culture experiments were carried  ou t as described in reference [24]. The 
“ C hinese H am ster O v a ry  Cell L ine”  cu ltu re  w as supplied  by  Dr. B. R o w e , L ondon. The cells 
w ere m ain ta ined  on 9 0 %  M EM  -f- 10%  calf serum  m edium . T ransfers were m ade a t  weekly 
in te rv a ls  by try p sin -v ersen e  de tach m en t. To o b ta in  a tissue cu ltu re  su itab le  for en te ro to x in  
a ssa y , ab o u t 106 cells -|- 15 m l m edium  were in cu b a ted  in 250 m l flasks for 2—3 days.

E n te ro to x in  w as d e tec ted  by  a m ic ro m eth o d  using flow tissue cu ltu re  m icroslides. 
B y  try p sin iza tio n , from  each  R oux flask  a hom ogenized suspension co n ta in in g  5—lO x lO 3 
cells/0.2 m l was o b ta in e d . To th e  concave depression  of each slide 0.2 m l cell suspensions 
w as ad d ed  and left to  s ta n d  fo r 24 hr to  allow  cell a tta ch m en t. T hen th e  m edium  was rem oved 
b y  su c tio n  and 0.2 m l a m o u n ts  of e n te ro to x in  p rep ara tio n  d ilu ted  w ith  MEM m edium  were 
a d d e d . A fter 24 h r  in cu b a tio n  the  cells w ere exam ined  for e longation . U sing ap p ro p ria te  
p o s it iv e  and negative  co n tro ls , only m ark ed  e longation  was regarded  as a positive  reaction . 
T h e  ra tio  of in ta c t an d  e lo n g a ted  cells was n o t e stim a ted ; in positive  tes ts  a t  least 30%  of the 
cells showed elongation .

The guinea p ig  eye test was carried  o u t as described by  Se r é n y  [25].

R esu lts

Rabbit ileal loop test. R esu lts a re  show n in T ab le  I I I .  On th e  basis of a 
r a th e r  rigorous c rite r io n  of en te ro to x ig en ic ity  (fluid w e ig h t/in te s tin a l w eight 
in d e x  =  1 or above), only  10 o u t o f th e  18 iso lates w ere p o sitive . Sonicated  
e x tra c ts  gave b e tte r  re su lts ; less p o sitiv e  reactions were o b ta in ed  w ith  f iltra te s  
an d  especially w ith  b ro th  cu ltu res.

Suckling mouse test. I t  is genera lly  accep ted  th a t  th is  te s t  de tec ts  heat 
s ta b le  en te ro to x in  (ST). A fter h av in g  acqu ired  th e  necessary  tech n ica l skill, 
th e  resu lts  were rep roduc ib le . As show n in T able IV , w ith  som e s tra in s  th e  
in te s tin a l w eig h t/b o d y  w eight in d ex  fell betw een  w ide ranges; th is  find ing  
in d ica te s  a v a r ia tio n  o f en te ro to x in  p ro d u c tio n  in  d iffe ren t b a tch es and  no t 
th e  s ta n d a rd  e rro r o f  th e  m ethod . T he n eg a tiv e  con tro l p re p a ra tio n s  (cu ltu re  
m ed iu m  f iltra te , S . dysenteriae 1 f i l t ra te )  un iform ly  failed  to  give a positive 
re a c tio n . F iltra te s  o f s tra in  P105 an d  B7A used as positive  con tro ls , were 
s tro n g ly  positive (0 .0 9 - >  0.09 a t  1 : 20 and  even a t  1 : 40 d ilu tion ).

S train  23473 (0 7 8  : K80 : NM ), as w ith  o th e r en te ro to x in  reactions, 
w as negative. N on-en te ro tox igen ic  s tra in s  (w ith  indices low er th a n  0.06)
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Table III

Rabbit ileal loop assay o f  enterotoxigenicity

D esignation  an d  a n tig en ic  
s tru c tu re  o f  s tra in s

F lu id  w e ig h t/in te s tin a l w eight

R e su ltf i l t r a te so n ica ted  e x tr a c t b ro th  cu ltu re

range X range ï ran g e *

23473 O 78:K80:NM 0.1-0.2 0.15 negative

M56899 O 114:K 90a,b 0.1-0.2 0.15 negative

8013 0148 positive*

L sz.l4c 0 4 0 .1-0 .2 0.15 0.1-0.7 0.30 0.8 0.8 negative

67643/3 075 0.1-5 .0 2.50 0 . 1 - 1 . 0 0.60 0.4 0.4 positive

74971 0119:K69:!NTM 0.1-1 .2 0.70 0.1-0.5 0.30 positive

62268 0 1 1 1 :K 58 :H 2 0.1-0 .5 0.30 0.1-5.8 2.10 0.4 0.4 positive

17968 0 1 8 a , c 0.1 0.1-1.5 0.70 0.6 0.6 positive

27272 083:N M 0.1-2 .2 0.90 0 .6-2 .3 1.60 0.4 0.4 positive

40116 0111 :K 58 :H 2 0 .1-4 .4 1.50

C
O

Ö

0.50 0.2 0.2 positive

Lsz.463b/2 O 78:K80 О О ьэ 0.15 0.1-2 .0 0.50 1.3 1.3 positive

Lsz.233a 0117:1127 0 .1 -0 .2 0.15 0 1 О со 0.40 0.2 0.2 negative

Lsz.326e 075 0.1-0.2 0.15 0.1-0.5 0.30 0.1 0.1 negative

T47683 018a,c :N M

CNj
öо

0.15 0.1-0 .4 0.20 0.3 0.3 m egative

T59426 018a,c :N M 0.1 0.1-0.8 0.60 0.2 0.2 negative

39017 E. cloacae 0.6-9.2 0.10 0.2-0.7 0.30 0.2 0.2 negative

3 and 4 O 26:K 60:H U 0.8--4.0 2.1 positive

i6 S. dysenteriae 1 3.5 3.5 positive

P99 0141:K 85,K 88 4.7-9.1 7.10 0.7- 6.3 3.4 positive

* E arlier ex p erim en t

sharp ly  differed  from  th e  seven  w eakly p o sitiv e  cu ltu res  (w ith  indices up 
to  0.084). The la t te r  were reg a rd ed  as en te ro to x ig en ic  o rgan ism s, since som e 
of them  (e.g. 74 971 and  62 268) were show n to  v a ry  from  d o u b tfu l to  s tro n g  
p o sitiv ity  acco rd ing  to  d iffe ren t ba tches o f f i l tra te s  (T able  IV).

The f i l t r a te  o f th e  p o sitiv e  contro l s tra in  (P105) rem ain ed  positive a f te r  
exposure to  100 °C for 30 m in.

In traderm al test in rabbits. The dorsal region of th e  ra b b it  allows th e  
in jec tion  of 30-40  sam ples an d  th e  reaction  offers a sim ple m eans of screening. 
In  a num ber o f  p re lim in ary  experim en ts we a tte m p te d  to  estab lish  the  o p ti
m um  techn ica l req u irem en ts  an d  to  p roduce su itab le  f i l tra te s . We carefully- 
checked th e  sp ec ific ity  of th e  reac tio n , since a t  th e  tim e  o f o u r f irs t experim en ts 
th e  favourab le  re su lts  o f E v a n s  et al. [8] h ad  n o t y e t been  pub lished  and  l i te r 
a ry  d a ta  h ad  in d ica ted  th a t  E . coli LT, u n lik e  cho leragen , failed to  give th e  
reaction .
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Table IV

A ssa y  o f heat stable ( S T )  enterotoxin by the suckling  mouse test using  bacterial filtra tes

D esignation  an d  a n tig en ic  
sc ru c tu re  o f s tra in s

N o. o f e x 
p e rim en ts

N o. o f  an im 
als

In te s tin a l v /e igh t/body  
w eight ran g e Result

23473 O78:K 80:jNM 3 13 0.04-0.06 negative

M56899 01 1 4 :K 90a b 2 8 0.06-0.085 w eakly  positive

8013 0148 2 8 0.06-0.085 w eak ly  positive

L sz .l4 c 04 1 3 0.078 w eakly  positive

67643/3 075 1 4 0.094 positive

74971 0119:K 69:N M 2 8 0.075-0.110 positive

62268 0111:K 58:H 2 3 12 0.075-0.109 positive

17968 018a , c 1 4 0.093 p o sitive

27272 083:N M 1 4 0.094 positive

40116 O il  1 :K 58:H 2 1 4 0.090 positive

Lsz.463b/2 O78:K80 1 4 0.093 positive

Lsz.233a 0117:H 27 2 8 0.076-0.085 w eakly  positive

Lsz.326e 075 1 4 0.098 p ositive

T47683 018a,c:N M 1 4 0.093 positive

T59426 018a,c:N M 3 12 0.076-0.084 w eakly  positive

3 an d  4 O 26:K60:H  1 1 1-1 5-5 0.070-0.085 w eakly  positive

39017 E . cloacae 1 5 0.090 positive

C ultu re  me dium  filtra te 5 20 0.030-0.050 negative

i6 Sh. dysenteriae 1 2 9 0.050-0.060 negative

P I  05 0138:K 81 4 25 0.098 0.110* positive

B7A 0148:K 87:H 28 5 23 0.100-0.140** positive

* A t d ilution 1 : 20 
** 0.09 a t d ilu tion  1 : 40

W e found th a t  ca re fu l sh av in g  w as sa tisfac to ry  in s te a d  of chem ical 
ep ila tio n . In  the  course of th e  ex p e rim en ts  we su b s titu te d  th e  P o n tam in e  sky 
b lue  fo r E vans b lue w hich , perh ap s b e in g  m ore read ily  so lub le , gave a m ore 
v isib le  coloration .

A considerable n u m b e r of ra b b its  w ere u nsu itab le  fo r th e  b lue ing  te s t 
T h ese  anim als developed  irreg u la r red  sp o ts  a fte r shav ing , show ed a decreased 
tu rg o r  of the  skin an d  secondary  g ro w th  of hair. M ost of th ese  signs were 
en co u n te red  in w in te r. I t  was assum ed  th a t  these anim als m ig h t have  suffered 
from  allergy associa ted  w ith  m ycosis. T he only d isad v an tag e  of th e  b lueing  
te s t  is th e  occurrence o f such k in d s o f ra b b its ; how ever, th e y  can easily  be 
recogn ized  and false resu lts  can  th u s  be avoided.

W ith  u n d ilu ted  p re p a ra tio n s  rich  in  en tero tox in  th e  reac tio n  is c h a ra c 
te r iz e d  n o t only by  an  in f iltra tio n  o f  th e  blue dye h u t also b y  local oedem a.
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^  h ite  spo ts su rro u n d ed  b y  a b lue rin g  w ere freq u en tly  o b served ; F i n k e l s t e i n  

et al. [26] a t tr ib u te d  th is  phenom enon  to  a “ b lan ch in g  fac to r” . T he 
w hite  spo ts fa il to  ap p ear w ith  choleragen w hich  som etim es causes a d e fin ite  
positive  re a c tio n  in ra b b its  u n su itab le  for th e  d etec tion  o f E . coli LT.

S on ica ted  e x tra c ts  w ere m ore ac tiv e  th a n  f iltra te s . W e e x tra c te d  som e 
cu ltu res  b y  th e  po lym yxin-re lease  m e th o d  [26] and  b y  a lka li tre a tm e n t as 
recom m ended fo r S. dysenteriae 1 [28], b u t  fa iled  to  confirm  any  a d v a n ta g e  
o f  th e  p rocedures. In  c o n tra s t, w ith  th e  m a jo rity  of s tra in s  M itom ycin  C 
in d u c tio n  in creased  2 to  20-fold th e  a c tiv ity  of f i l tra te s  and  especially  of 
son icated  e x tra c ts . As M itom ycin  C in d u c tio n  requ ires no surp lus la b o u r, 
th e  m ethod  has been applied  for all s tra in s  an d  in our experience it  can be used  
ro u tine ly .

B oivin  e x tra c t  or p u rified  L PS failed to  give the  reac tio n . A fter exposure  
to  65-100 °C fo r 30 m in th e  f i l tra te  lost its  a c tiv ity . As a fu r th e r  check  of 
specific ity , n e u tra liz a tio n  experim en ts w ere perform ed b y  add ing  a n tito x in  
to  th e  f iltra te s  an d  in o cu la ting  th e  m ix tu re  in tra d e rm a lly . Cholera a n tito x in  
a t  3.57— 0.71 u n its  n eu tra lized  th e  b lue ing  effect of d iffe ren t E. coli s tra in s . 
Im m u n e  sera  p rep a red  from  an tig en ica lly  hom ologous an d  hetero logous
E . coli s tra in s  (P105, M 56899, 339T5, B7A, 8013, 410G) n eu tra lized  a t 1: 5 1:10 
d ilu tio n  th e  a c t iv i ty  of E . coli B2C (0 6  : H 16) f iltra te . N orm al ra b b it se rum  
h a d  no n eu tra liz in g  effect.

T ab le  V show s a c ro ss-n eu tra liza tio n  ex p erim en t w ith  choleragen an d  
B2C f il t ra te  vs. cholera a n tito x in  and B7A  an tise ru m . T he resu lts  show  th a t
0.9 Lb cholera to x in  (the m in im um  a m o u n t needed  to  e lic it b lueing  reac tio n ) 
was n eu tra lized  b y  1.12 u n its  of cholera a n tito x in  or by  B7A  (0148) an tise ru m  
a t 1 : 8 d ilu tio n . F iltra te  B2C a t  the  h ig h es t b lueing  d ilu tio n  was n eu tra lized  
b y  1.12 u n its  o f cholera a n tito x in  and  b y  1 : 40 d ilu tion  o f an tise ru m  B7A.

The d a ta  h av e  confirm ed th e  know n serological hom ology of ch o le ra 
gen and  LT o f d iffe ren t serogroups of E . coli an d  ind ica ted  th e  specific ity  of th e  
b lueing  te s t.

E n te ro to x ig e n ic ity  of d iffe ren t s tra in s  as assayed by  th e  b lueing reac tio n  
is p resen ted  in  T ab le  V I. S tra in  23 473, w hich  was n eg a tiv e  in  all te s ts , w as 
used as n eg a tiv e  contro l. The re s t of th e  s tra in s  gave a positive  reac tio n . 
F iltra te s , p re p a re d  as a ru le  by  m itom ycin  in d u c tio n , w ere positive a t  1 : 2— 
1 : 80 d ilu tio n  (x  =  19.1), w hereas m ito m y cin -in d u ced  son ica ted  ly sa tes  
a t  1 : 1 0 - 1  : 160 d ilu tion  (x  =  75.0). S . dysenteriae 1 f i l t r a te , used also as 
n egative  co n tro l, w as inac tiv e . The sterile  c u ltu re  m edium  f il t ra te  and  BSA- 
PB S  caused no reac tio n . Choleragen, used as p ositive  con tro l, gave the  m in im um  
degree of p o sitiv e  b lueing  effect (5 m m  in  d iam eter) a t  0.09 Lb.

Chinese H am ster Ovary Cell Culture. In  p re lim in ary  experim en ts, using
S. dystenteriae 1 f i l t ra te  as positive  con tro l, we exam ined th e  cy to tox ic  effect 
o f E . coli f i l tra te s  on H eL a, H E  p-2 and  m ouse f ib ro b la s t cell cu ltu res an d
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Table V

Cross-neutralization experim ent with choleragen and  E . coli filtra te  vs. cholera a n titox in  and  
heterologous E . coli an tiserum  containing an titoxin

T oxins an d  size o f  b lueing  
reac tio n , m m

choleragen B2C f iltra te ,

0.9 Lb 1 : 40

4.46 A .U. — —

2.23 A.U. — —

1.12 A.U. — —

Cholera a n tito x in  0.56 A.U. 5 5

0.28 A.U. 8 5

0.14 A .U. 10 5

— 10 5

choleragen B2C filtra te ,

0.09 Lb 1 : 40

1 : 2 — —

1 : 4 — —

1 : 8 2 —

B7A (0148) serum  1 :1 6 5 -
1 : 40 5 3

1 : 80 5 5

— 5 5

th e  inh ib ition  of cell a t ta c h m e n t in  H eL a  an d  H E p-2 cu ltu re s . As expec ted , th e  
f i l tra te s  and p u rified  choleragen  w ere ineffec tive. On CHO cells th e  en tero - 
to x in  produced m a rk e d  e longation , w hich , using  negative  an d  positive co n tro ls , 
w as defin ite  enough to  ch arac terize  po sitiv e  reac tions w ith o u t e s tim a tin g  
th e  percentage of e lo n g a ted  cells. R esu lts  a re  shown in  T ab le  V II.

I t  is ev id en t t h a t  CHO cells a re  a t  le a s t as sen sitive  to  choleragen  as 
th e  ra b b it skin in th e  b lueing  te s t. H ow ever, th e  E . coli f iltra te s  caused  m o r
phological changes in  CHO cells a t  d ilu tio n s  lower (1 : 2 -1  : 8) th a n  those  
needed  to  elicit th e  b lu e in g  reac tio n . S on ica ted  ex trac ts  show ed no ap p rec iab ly  
h igher ac tiv ity . In  a d d itio n  to  s tra in  23473 (0 7 8  :K 8 0 :N M ) which w as n eg a 
tiv e  in every te s t ,  s tra in  17968 (0 1 8 a , c) an d  27272 (0 8 3  : NM) were in ac tiv e  
in  th e  cell cu ltu re .
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Table VI

R esult o f  blueing test with filtra te s  and sonicated extracts

R ecip roca ls o f  d ilu tions
D esig n atio n  an d  an tigen ic  I show ing p o s itiv e  reac tio n

s tru c tu re  o i s tra in s
f il tr a te so n ica ted  e x tra c t

23473 O78:K 80:N M < 2 < 2
M56899 O 114:K 90a,b 10 10
8013 0148 10 20
3 O 2 6 :K 6 0 :H ll 5* 10*
4 O 2 6 :K 6 0 :H ll 2
Lsz. 14c 0 4 10* 40*
67643/3 075 80* 80*
74971 0119:K 69:N M 10* 40*
62268 O l 11:K 58:H 2 10* 160*
17968 0 1 8 a ,c 10* 10*
27272 0 8 3  :NM 10* 80*
40116 0111 :K58:IT2 40* 80*
Lsz. 463b/2 O 78:K 80 40* 40*
Lsz. 233a 0117  :H27 2* 160*
Lsz. 326e 075 10* 160*
T47683 018a,c :N M 10* 40*
T59426 018a,c :N M 10* 80*
39017 E. cloacae 80* 160*
B2C 0 6 :H 1 6 5* 80*
В7Л 0148:K 87:H 21 10* 100*

M ean titre giving positive  reaction (x) 19.1 75.0

i6 S. dysenteriae 1 < 2

Sterile  cu ltu re  m edium  filtra te  and PB S 
d ilu ten t

Choleragen (L ot No. 0972)

< 2 *  

0.09 Lb

* T he cu ltu re  m ed ium  conta ined  0.5 ,itg/ml m itom ycin

G uinea p ig  eye test. All exam ined s tra in s  were neg a tiv e  w ith S e r é n y  
te s t  and  a f te r  a few day s th e  organism s could  n o t be recovered  from  the c o n 
ju n c tiv a l sac. These f in d in g s  ind icate  t h a t  th e  cu ltu res  ex erted  no ep ith e lia l 
a ffin ity  or invasiveness.

Com parison o f  the results o f enterotoxin tests. In  v iew  of th e  sm all n u m b e r 
of s tra in s  te s te d , only  lim ited  conclusions can  be d raw n. T ab le  V III , su m m a 
rizing  th e  d a ta , shows th a t  th e  blueing te s t  is th e  m ost sen sitive  and  the  suck lin g  
m ouse te s t  is n ex t in o rder. The CHO cell reac tio n  was n eg a tiv e  for tw o s tra in s  
giving th e  ileal loop te s t .  T he la tte r  was n eg a tiv e  for 7 s tra in s  yielding po sitiv e  
resu lts  w ith  th e  o th e r te s ts . The d a ta  in d ic a te  th a t  all s tra in s  produced  h e a t-  
labile (LT) an d  h e a t-s ta b le  (ST) en te ro to x in  in  v a ry in g  am ounts.
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Table VII

R esult o f  Chinese Ham ster Ovary cell elongation test with filtra tes

D esignation  an<l a n tig en ic  
s tru c tu re  o f  s tra in s

R eciprocals o f d ilu tio n s  
causing defin ite  e lo n g a tio n

23473 O78:K80:NM < 2
M56899 O114:K 90a,b 4
8013 0148 4
Lsz. 14c 04 2
67643/3 075 2
74971 0119:K 69:N M 0
62268 0111:K 58:H 2 4
17968 018a.c < 2
27272 083  :NM < 2
40116 0111 :K 58:H 2 4
Lsz. 463b/2 O78:K80 4
Lsz. 233a 0117:H 27 4
Lsz. 326e 075 4
T47683 018a,c:N M 2
T59426 018a.c:N M 8
39017 E. cloacae 2
B7A 0148:K 87:H 21 8

Mean t i t r e  giving positive reac tio n  (x) 
S terile cu ltu re  m edium  filtra te

3.8

co n ta in in g  0.5 p g/m) m itom ycin  C < 2
Lholeragen (L ot No. 0972) 0.056 Lb

Table VIII

Comparison o f  em erotoxin tests

R a b b it loop te s t
1 Suckling m ouse

t f , t  i ' “™? te s t CHO te s t
N o. o f 

s tra in s*

+ + 6

■i- + - 2

г  + + 7

T otal n u m b er o f stra in s , 15. All s tra in s  p ro d u ced  h ea t-s tab le  -f- heat-lab ile  en te ro -

D isc u ss io n

In  the  p re se n t s tu d y  the  ra b b it  ilea l loop, th e  suckling  m ouse, th e  ra b b it  
in tra d e rm a l and  th e  Chinese H a m ste r  O v a ry  Cell te s ts  w ere com pared  for 
s e n s itiv ity  to  en te ro to x in . T he re su lts  were su p p lem en ted  w ith  th e  
S e r é n y  te s t in d ic a tiv e  of th e  ep ith e lia l invasiveness of th e  organism . S im ilar 
com parisons of d iffe ren t en te ro to x in  te s ts  h av e  been described  in  th e  l i te ra tu re  
p a r t ly  for single cu ltu res  from  w ell-ana lysed  ou tb reaks or sporad ic  cases

A cta  Microbiologica Academiae Scientiarum Hungaricae 25, 1978



ENTEROTOXIN TESTS 33

[29], p a r tly  for series of s tra in s  w ith  less defined  origin [30, 31]. The d a ta  
p re sen ted  have th e  ad v an tag e  of ana ly sin g  sev era l s tra in s  iso la ted  from  c lin i
ca lly  and  epidem iologically  defined  sources.

The ra b b it  ileal loop assay  p resen ts  te ch n ica l d ifficu lties an d  allows a 
sm all num ber o f exam in a tio n s. M oreover, in  sen s itiv ity  i t  is in fe rio r to  o th e r  
te s ts  and  is of lim ited  specific ity : i t  is sen sitiv e  to  LT and  ST [32] b u t  also to  
shigellae and Salm onellae [33, 34]. On th e  o th e r  h an d , cu ltu res  iso la ted  from  
sw ine and  found  en tero to x ig en ic  in  th e  p ig  in te s tin a l loop, w ere in ac tiv e  
in  th e  ra b b it g u t assay  [7, 35].

The suckling  m ouse te s t  is reg a rd ed  as sensitive , w ith in  th e  4 h r  in c u b a 
tio n  period , only  to  ST. We have also show n th e  sa tis fac to ry  rep ro d u c ib ility  
an d  sen s itiv ity  o f th is  te s t. A ccord ingly , u sing  an  ad eq u a te  m ouse s tra in , th e  
reac tio n  can be ad v an tag eo u s as an  a d d itio n a l screening m eth o d . We have  
a d o p te d  th e  c rite r ia  o f J a c k  an d  W u  [22] a n d  recorded  te s ts  w ith  0 .0 7 —0.09 
in te s tin a l w eig h t/b o d y  w eight indices as w eak ly  positive. As such  te s ts  differed  
sh a rp ly  from  th e  n eg a tiv e  ones (in m an y  an im als  th ere  w as gross in te s tin a l 
d ila ta tio n  and  fresh  f iltra te s  of th e  sam e s tra in  freq u en tly  gave m arked  p o si
t iv e  reactions), i t  m ay  be concluded th a t  th e  0.09 index  should  n o t he regarded  
as a sharp  b o rd e r or as a crite rio n  solely LT  p rod u c tio n . Some au th o rs  [14, 
31] described re su lts  w ith  positive  indices low er th a n  0.09.

The b lueing  te s t  seems to  he th e  b est m e th o d  for screening. O ur find ings 
ag ree  w ith  tho se  o f F i n k e l s t e i n  et al. [26] in  th a t  read ing  of th e  reac tio n  
e lic ited  b y  E. coli LT  is m ore d ifficu lt th a n  of th e  choleragen reac tio n . A p a rt 
from  th is , th e  on ly  d isad v an tag e  of th e  te s t  was th a t  m an y  ra b b its  w ere 
u n su ita b le , b u t  th is  m ay  have been asso c ia ted  w ith  th e  b reed  we w ere using .

The b lueing  te s t  was th e  m ost sen sitive  for show ing en te ro to x in . I ts  
se n s itiv ity  was im p ro v ed  b y  m itom ycin  in d u c tio n , a sim ple p rocedure  req u irin g  
no excess w ork. Sonication  of th e  p re p a ra tio n  is ad v an tag eo u s h u t m ay  he 
o m itte d  in screening. The resu lts  of h e a tin g  an d  n eu tra liza tio n  ex p erim en ts  
h av e  confirm ed th e  specific ity  of th e  te s t .

The low se n s itiv ity  of th e  CHO cell te s t  was an  u n ex p ec ted  fin d in g . 
A lth o u g h  m ost s tra in s  gave a positive  re a c tio n , E . coli LT ex erted  a w eak  
a c tiv i ty  in  com parison  to  choleragen . T he m in im um  a m o u n t o f choleragen  
elic iting  th e  re a c tio n  was ab o u t th e  sam e fo r th e  b lueing  te s t  (0.09 Lb) an d  
fo r  th e  CHO te s t  (0.056 Lb), w hereas th e  m in im um  doses o f E . coli f i l tra te s  
considerab ly  d iffered  in th is  re sp ec t (1 : 19.1 fo r b lueing an d  1 : 3.8 for CHO 
te s t) .  O ur d a ta  fo r th e  CHO te s t  c an n o t d ire c tly  be com pared  w ith  th e  te ch n iq u e  
estim a tin g  th e  p ercen tag e  of e longa ted  cells [24]. G u e r r a n t  et al. [31] reg a rd ed  
th e  CHO cell reac tio n  as positive  w hen a t  d ilu tio n  1 : 256 th e  p ercen tage  of 
e longa ted  cells w as 9 .5-9 .7  an d  w hen u n d ilu te d  cu ltu re  su p e rn a ta n ts  caused  
no  m ore th a n  27%  elongation . We reco rded  th e  re su lt as p ositive  if  a m in im um  
o f 25%  elongation  occurred . In  ou r op in ion , es tim a tio n  of th e  percen tag e  ra tio
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o f e longa ted  cells w o u ld  lessen th e  v a lu e  o f screening, th e  g rea tes t a d v a n ta g e  
o f th e  te s t.

O ur re su lts  in d ic a te  th a t  th e  te s t  of choice fo r screening is th e  b lueing  
reac tio n . In  view  o f th e  occurrence o f ST -producing  s tra in s  [36], th e  suck ling  
m ouse te s t  m ay  also  be recom m ended . T he CHO cell reac tio n  requ ires a con
c e n tra te d  e n te ro to x in  p rep a ra tio n  a n d  is, th e re fo re , m ore labourious. I t  m ay  
be ad d ed  th a t  th e  lo w er a c tiv ity  in  th e  CHO cell te s t  o f E . coli LT as co m p ared  
to  choleragen  can he v a lid ly  s ta te d  on ly  if  th e  fo rm er is em ployed in a p u rif ied  
p re p a ra tio n .

In  a d d itio n  to  en te ro to x in , th e  adhesion  fac to r(s) m ay  p lay  an  im p o r ta n t  
role in  th e  p a th o g e n ic ity  of E. coli. T h e  la t te r  were s tu d ied  m ore ex ten s iv e ly  
in  an im al [37, 38] th a n  in h u m an  [39] p a th o lo g y . T he association  betw een  
en te ro to x ig en ic ity , p resence of ad h esio n  fac to rs an d  clin ical m an ifes ta tio n  of 
th e  disease has n o t  y e t  been e lu c id a ted . The role of en te ro to x in  p ro d u c tio n  
in d iffe ren t noso logical u n its  of E . coli is an  open prob lem . In  our m a te r ia l 
five  s tra in s  w ere exam ined  w hich belonged  to  serogroups associa ted  w ith  
ep idem ic in fan tile  e n te ritis . Two o f th em  (sero type  0 2 6  : K60 : H l l )  w ere 
show n in  our earlie r p a th o m o rp h o lo g ica l s tu d y  [40] to  e x e rt a lim ited  in v a s iv e 
ness (c h a rac te ris tic  o f  s tra in s causing  in fan tile  en te ritis )  an d  an a lte ra tio n  o f 
th e  b ru sh  b o rd e r o f  th e  in tes tin a l ep ith e liu m  (know n to  ta k e  place as a re su lt 
o f e n te ro to x in  ac tio n ). These e x p e rim e n ts  were carried  out on th e  r a b b it  
in te s tin e ; u n d e r n a tu ra l  conditions in  in fa n ts  th e  en te ro to x in  effect m ay  n o t 
m an ifest. W e show ed en te ro to x in  p ro d u c tio n  b y  tw o  guinea pig eye te s t  
po sitiv e  E . coli s tra in s  (028  and  0 1 4 3 ), b u t  th e  associa tion  of th is  p ro p e r ty  
w ith  th e  clinical p ic tu re  was q u estio n ab le .

I t  m ay  be assu m ed  th a t  th e  e n te ro to x in - ty p e  p a th o g en ic ity  of a given 
s tra in  shou ld  n o t be b ased  only on a h ig h  level en te ro to x in  p rodu c tio n  d em o n 
s tra b le  in  vitro. To c o n firm  th e  p a th o g e n ic ity  of th e  iso la te , lab o ra to ry  f in d in g s  
shou ld  be su p p o rte d  b y  clinical an d  ep idem iological d a ta  even in  th e  case 
of sh igellae and  Salm onellae. In  o th e r  w ords, iso la tion  o f a s tra in  h igh ly  en te ro - 
toxic u n d e r te s t  co n d itio n s, does n o t p er se p rove its  aetiological role in  th e  
disease.

T he p resen t re su lts  ob tained  w ith  sm all n u m b er of s tra in s  are in su ffic ien t 
to  decide on th e  d e b a te  as to  th e  a ssoc ia tion  of sero ty p es w ith  e n te ro to x i
gen ic ity  [41, 42]. T h e  en te ro to x ig en ic ity  of our E . cloacae s tra in  does n o t 
c o n tra d ic t th e  f in d in g s  on the  serological d is tr ib u tio n  o f en te ro to x in  p ro d u c in g  
s tra in s .
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SOME PHYSICAL AND CHEMICAL PROPERTIES OF 
MYCOBACTERIOPHAGE DNA
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(Received M a rch  12, 1977)

D N A  was isolated fro m  tw o m y co bacteriophages (B u ty ric u m  phage and  Phlei phage) 
a n d  som e physical and chem ica l p roperties w ere investiga ted . T h e  respective  p a ram ete rs  
o b ta in e d  w ere: (i) T m p o in ts  in  0.1 SSC, 77.6 °C and 78.3 °C; co rrespond ing  p e rcen tu a l GC 
co n ten ts , 57.8 and  59.5; (ii) b u o y a n t  densities in  CsCl, 1.7175 g/m l a n d  1.7179 g/m l; co rrespond
ing p e rce n tu a l GC conten ts, 58.6 an d  59.2; (iii) p e rce n tu a l GC c o n te n ts  calcu la ted  from  ch ro m a
to g rap h y  of DNA bases, 60.3 and  61.6; (iv) sed im en ta tio n  coefficien t (Si^,^), 47.8 S and  
43.1 S; corresponding ca lcu la ted  mol. w t, 61.8 X 10fi and 49.1 X 106.

P u rifica tio n  and  p a r tia l  ch a rac te riza tio n  of D N A -con ta in ing  b a c te rio 
phages to  M ycobacterium  butyricum  a n d  M ycobacterium  ph le i (ab b rev ia ted  
to  B u ty ricu m  and  Ph le i phages, resp ec tiv e ly ) have been  described p rev io u sly
[1]. A ccording to  e lec tro n  m icroscopic stud ies and  sed im en ta tio n  analy sis  
th e  tw o phages proved  to  be very  s im ila r  and could be  classified as la rg e  
DNA b acteriophages. In  th is  s tu d y  we h av e  exam ined  som e physical p a ra m 
e te rs  an d  th e  base co m position  of th e  D N A ’s of these  m ycobacteriophages.

M aterials an d  m ethods

T he m ethods used for cu ltu rin g  host b a c te r ia , p ro p ag atio n , co n ce n tra tio n  and  p u rific a 
tio n  of th e  phages were desc rib ed  previously [1, 2].

Phage D N A  extraction. T w o m ethods w ere em ployed for p h ag e  D N A  ex trac tio n , (i) T he 
phenol m eth o d  as described b y  M a n d e l l  a n d  H e r s h e y  [3]. D e te rm in a tio n  of th e rm al d é 
n a tu ra tio n  profile, equ ilib rium  cen trifugations in  CsCl and hyd ro ly sis  followed by ch ro m a
to g rap h y  to  analyse DNA bases w ere perform ed u sin g  DN A  o b ta in ed  b y  th is m ethod, (ii) M ild 
h ea tin g  d e te rg en t m ethod: 100 [ig of phage suspension  were h e a ted  in  th e  presence of 0 .0 5 %  
SDS a t 6 0 °C fo r  10 min [4]. T h is DN A  was u sed  for d e te rm in a tio n  o f th e  sed im en tation  con
s ta n t.

Host D N A  extraction. F o r  host DNA e x tra c tio n s  the  m eth o d  of S a i t o  and M i u r a  [5] 
was used  ex cep t th a t  the  cells were d is in teg ra ted  in a d ifferen t m a n n e r  ou tlined  as follows.

T he packed cells (2 g) w ere suspended in a  P o tte r  hom ogenizer con ta in ing  4 m l Saline- 
E D T A  (0.15 M NaCl, 0.1 м  E D T A , pH  8.0) a n d  8 m g lysozim e (C albiochem ) and  k e p t a t  37 °C 
for 60 m in. T he m ixture w as th e n  frozen a n d  th aw ed  th ree  tim es. A fte r heating  in a  w a ter 
b a th  a t  60 °C for 10 min i t  w as cen trifuged  a t  2000 rpm  for 20 m in . The su p e rn a ta n t was 
preserved  a t  4 °C, the  pe lle t w as frozen again a n d  ground in a m o r ta r  w ith  a lum inium  oxide. 
Two p a r ts  of Tris-SDS b u ffer (0.1 м Tris, 1%  sod ium  dodecyl su lp h a te , 0.1 м NaCl, p H  9.0) 
were ad d ed . A fter rem oving th e  alum inium  ox id e  by  slow cen trifu g a tio n , th e  su p e rn a ta n ts  
were assem bled  and m ixed w ith  an  equal vo lum e of phenol p rev iously  sa tu ra te d  w ith  T ris-SD S 
buffer.
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Thermal dénaturation. T herm al d é n a tu ra tio n  profiles of B u ty ric u m  and  Phlei p hage  
D N A  were obtained b y  h e a tin g  sam ples in  3 m l teflon -stoppered  q u a rtz  c u v e tte s  con ta in ing  
O .lx S S C  (0.015 M NaCl, 0.0015 м Na c itra te , p H  7.0) and  placed in a th e rm o sta te d  c u v e tte  
c h a m b e r  o f a U nicam  S P  8000 recording sp ec tro p h o to m ete r. The ab so rb an ce  m easu rem en ts 
a t  260 nm  were co rrected  fo r d ilu tions caused b y  so lv en t expansion a t  h ig h er tem p era tu res  [6].

A nalytical ultracentrifugation. CsCl d en sity  g rad ien t equ ilib rium  cen trifu g a tio n s w ere 
c a rr ie d  o u t in a MOM 3170 a n a ly tic a l u ltra ce n trifu g e . CsCl (Calbiochem ) w as ad d ed  to so lu tions 
co n ta in in g  2 /üg/ml o f m y co b acte rio p h ag e  D N A  an d  1 ^/g/ml of T2 p h age  D N A  as a reference 
to  p ro d u ce  a density  o f a b o u t  1.71 g/m l in  0.01 м Tris buffer, pH  8.0. T h e  resu lting  so lu tions 
w ere  centrifuged a t  40 000 rp m  a t 25 °C for 24 hr.

Phage DNA se d im e n ta tio n  was perfo rm ed  a t  20 410 rpm  in SSC a t  20 °C using a Spinco 
M odel E  analy tical u ltra ce n tr ifu g e  w ith  UV ab so rp tio n  optics.

Chromatographic procedure. In  o rder to  analyse  nucleic acid bases ch ro m ato g rap h ica lly , 
p h ag e  an d  host D N As w ere  hydro lyzed  in 70%  perch lorid  acid (H C 104) a t  100°C for 60 m in  
[7]. A fte r  rem oving th e  b u lk  of H C 104 w ith  K O H . th e  DNA h y d ro ly sa te  was frac tio n a ted  
b y  th in  layer ch ro m a to g ra p h y  on a cellulose M N300 lay er (M acherey a n d  N agel Co., D ü re n ) 
u s in g  isopropanol —2 n  HC1 so lven t system . T he spo ts de tected  by  an  an a ly tic a l UV lam p  
w ere  scraped off th e  p la te  a n d  e lu ted  in a te s t  tu b e  con tain ing  0.1 N HC1 [8].

R esu its

D eterm in ing  th e  th e rm a l d é n a tu ra tio n  profiles of b o th  phage D N A s, 
an  increase of m ore th a n  35%  in th e  ab so rbance  a t 260 n m  occurring  in  a 
sm a ll tem p era tu re  ra n g e  was observed . T he m idpo in t of th is  is te rm ed  T m. 
A s show n in Fig. 1, th e  T m po in ts  d e te rm in ed  were 77.6 °C an d  78.3 °C fo r 
B u ty ric u m  and P h le i phage D N A , resp ec tiv e ly . The g u an in e  and  cy tosine  
c o n te n ts  were ca lc u la ted  accord ing  to  th e  eq u a tio n  of M a r m u r  and  D o t y  [9]  
co rre c ted  to  a low er ion ic  s tre n g th  [6, 10].

The b u o y an t d e n s ity  of D N A  in CsCl increases lin ea rly  w ith  its  g u an in e  
a n d  cytosine c o n te n t. T h e  base com position  of B u ty ricu m  a n d  Phlei phage 
D N A  was estim a ted  as described  b y  S c h i l d k r a u t  et al. [11].

Base com position  d a ta  for B u ty ric u m  and  Phlei p h ag e  D N A  o b ta in ed  
b y  th e rm a l d é n a tu ra tio n , by  CsCl d e n s ity  g rad ien t c en tr ifu g a tio n  and  b y  
ch ro m ato g rap h ic  an a ly s is  are com pared  in  T ab le  I.

The values as ca lcu la ted  on th e  basis of b o th  th e rm a l d é n a tu ra tio n  a n d  
b u o y a n t density  ag reed  w ith in  ex p e rim en ta l erro r, b u t w ere sligh tly  h ig h e r

Table I

B io p h ysica l properties o f  B u tyricu m  and Phlei phage D N A

T  m
°c

p e r  cen t
GC

from
Т ж

B u o y a n t 
dens, in CsCl

g /C™3

p e r  cent 
GC from  
b u o y an t 
den sity

p e r cen t 
GC by 

ch ro m ato g 
rap h y

§20, M'

Mol.
w t. X 10e 

ca lcu lated  
from

B u ty ricu m
p h age 7 7 .6 ± 0 .3 57.8 1.7175 58.6 60.3 47.8 ± 2 .0 61.8

P h le i phage 7 8 .3 ± 0 .3 59.5 1.7179 59.2 61.6 43.1 ± 1 .0 49.1
M . butyricum — - 67.8 — —
Ш . phlei - 69.5
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b y  ch ro m ato g rap h ic  analysis . The b ase  com position  o f ph ag e  D N A  signif
ic a n tly  d iffered from  th a t  of th e ir  h o s t D N A  (Table 1).

D N A  e x tra c te d  from  B u ty ricu m  an d  Phlei phages b y  th e  m ild  h ea tin g  
d e te rg e n t m ethod  show ed a single w ell-defined  co m p o n en t in  th e  an a ly tica l 
u ltra c e n tr ifu g e . F ig u re  2 shows th e  “ le a s t squares”  p lo t of th e  reciprocals 
of th e  sed im en ta tio n  coefficients p lo tte d  as a function  o f co n cen tra tio n . The 
S 20,w v alues e x tra p o la te d  to  zero co n cen tra tio n  (S ’̂o, w) are  lis te d  in  T able  I .

F ig . 1. T herm al d é n a tu ra tio n  of B u ty ric u m  (a) and  Phlei (b) phage D N A  in  0.1 X ssc

F ig . 2. Sed im en tation  c o n s tan ts  of B u ty ricu m  (a) an d  Phlei (b) phage D N A  as a function
of th e  co n cen tra tio n
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D iscussion

According to  M a n d e l  an d  Ma r m u r  [6], if  a la rg e r q u a n ti ty  o f g lucosy lated  
o r unu su a l bases is p re s e n t  in  D N A , th e  guanine an d  cy tosine  c o n te n t ca lcu la ted  
from  th e  b u o y an t d e n s ity  in  CsCl s ig n ifican tly  differs from  th e  resu lts  o b ta in ed  
b y  T m poin t d e te rm in a tio n  or base  c h ro m a to g rap h y . In  our experim en ts 
th re e  independen t m e th o d s  gave th e  sam e re su lts , so i t  is p robable  th a t  
B u ty ricu m  and P h le i p h ag e  D N A  does no t con ta in  la rg e r am o u n ts  of c o n s titu 
e n ts  o th e r th a n  th e  fo u r  usual D N A  bases.

T herm al d é n a tu ra t io n  o f ph ag e  D N A  resu lted  in  a sh a rp  increase of 
abso rb an ce  (Fig. 1), w h ich  is ch a ra c te ris tic  of a d o u b le -s tran d ed  D N A  [6]. 
T h e  m easure of th is  h y p erch ro m ie  effect depends on th e  ionic s tre n g th  of th e  
D N A  solution [12].

The m olecular w e ig h t (M) o f phage D N A  can  be d e te rm in ed  from  th e  
sed im en ta tio n  co e ffic ien t (S2o, w)- F r e i f e l d e r  [13] suggested  for the  S M 
re la tio n  the em pirical eq u a tio n ,

S2 0 , и, =  2.8 +  0.00834 M1’-479

T h is  re la tionsh ip  is v a lid  in  th e  range  of 2 0 -1 0 0 x 1 0 ° . U sing th is  eq u a tio n  
th e  m olecular w eigh t o f  B u ty ricu m  an d  Phlei phage D N A  p ro v ed  to  be 61.8 X 

10° an d  49 .1 x 1 0 °, re sp ec tiv e ly .
Know ing th e  D N A  co n te n t o f th e  phage (per c en t o f to ta l  phage w eight) 

[1] an d  the  m o lecu lar w eigh t o f th e  D N A , one can  ca lcu la te  th e  m olecular 
w e ig h t of the phages, w hich  p ro v ed  to  be 147 X 10° an d  144 X 10° for B u ty ricum  
a n d  Phlei phages, re sp ec tiv e ly  . O n th e  o th e r h a n d , e lec tron  m icroscopic 
e s tim a tio n  of th e  p h a g e  m o lecu lar w eight was 1 2 3 x 1 0 °  for B u ty ricu m  an d  
116 X 10° for Ph le i p h ag es [1]. T h is difference can  be a t tr ib u te d  p a r tly  to  
d ifficu lties in m easu rin g  the  ex ac t DNA co n ten t of th e  phages, and  p a rtly  to  
d ifficu lties in m easu rin g  th e  ab so lu te  d iam eters (L) of phage partic les b y  
e lec tro n  m icroscopy. Since th e  m olecu lar w eight is p ro p o rtin a l to  L 3, sm all 
u n ce rta in tie s  in L d e te rm in a tio n  re su lt in  m ark ed  changes o f th e  ca lcu la ted  
m o lecu lar w eight.
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ADJUVANT EFFECT OF VARIOUS BORDETELUA 
PERTUSSIS STRAINS

E r z s é b e t  E l e k e s , K a t a l i n  M e r é t e y  and Z. Cs iz é r

Frédéric Joliot-Curie”  N ational Research In stitu te  fo r  Radiobiology and Radiohygiene and  
Institu te fo r  Serobacteriological Production  and Research  44H u m a n ” , B udapest

(R eceived M arch  31, 1977)

T he a d ju v a n t e ffec t on the an tib o d y -p ro d u c in g  cap a c ity  of ra ts  of an  acid  p rec ip ita ted  
p re c ip ita tio n  (A), th e  b o tto m  (C) and th e  s u p e rn a ta n t  (S) of a centrifuged p re p a ra tio n  from  
7 d iffe ren t Bordetella pertu ssis  strains has b e en  in v es tig a ted . All b acteria l suspensions stu d ied  
were ab le  to  increase th e  im m une response to  sheep red  b lood cells. The a d ju v a n t  effect on  
th e  d irec t and  in d irec t p laq u e  form ing sp leen  cells of th e  centrifuged cell suspensions was 
m ore expressed  th a n  o f th e  acid -p rec ip ita ted  suspensions. The su p e rn a ta n ts  of th e  c e n tr i

fu g ed  b a c te ria  suppressed  th e  splenic im m u n e  response in a lm o st every case. T he serum  haem o- 
lysin  t i t r e s  were in all cases higher th an  in  th e  sheep e ry th ro c y te  trea ted  con tro l group.

K illed  cells o f Bordetella p ertu ssis  induce physiological, h aem ato log ica l 
and  im m unological changes in m an  a n d  in ro d e n ts . D ifferent fac to rs  are r e 
sponsib le  for these  e ffec ts  and th e  c o n c e n tra tio n  o f these fac to rs  is d iffe ren t 
in th e  s tra in s. I i d a  a n d  T a jim a  [1] show ed th a t  various B. pertussis  s tra in s  
induce  a d ifferen t increase  in re s is tan ce . A c k e r s  and D o l b y  [2] com pared  
th e  a d ju v a n t a c t iv i ty  o f B. pertussis  s tra in s  in m ice and  A p r i l e  [3] in v e s tig a t
ed th e  m ouse p ro te c tiv e  ac tiv ity .

T he aim  o f o u r  experim ents w as to  com pare  th e  a d ju v a n t a c tiv ity  o f 
seven  phase I B . pertussis  strains.

M aterials and m ethod s

Preparation o f  B . pertussis adjuvants. T h e  B. pertussis  s tra ins used w ere: 41405 (sero 
type  1, 2, 3), 59 (1, 3), 3 24E  (1, 2), 2-a tox  (1 , 2), CN 2894 (1, 2), CN 2896 (1, 2), 358E (1,2).

T he bacteria  w ere cu ltu red  in m od ified  Cohen—W heeler m edium  [4] for 18 hr.
T he cells were h a rv es te d  by two m e th o d s , (a) A cid  p recip ita tio n  (regu larly  used  for 

vacc ine  p roduction ) w as perform ed by th e  a d d itio n  of hydroch loric  acid a t  p H  4.0. A fter 
a sed im en ta tio n  p e rio d  of 24—28 hr, th e  cells were resu sp en d ed  in isotonic bu ffered  saline 
(pH  7.2) and heated  a t  56°C for 60 m in in th e  p resence of 0 .02%  m erth io la te  (p rep a ra tio n  A), 
(b) A fte r  c en trifu g a tio n  of the  cultures, th e  resu sp en d ed  sed im ent (p rep a ra tio n  C) an d  the  
su p e rn a ta n t (p rep a ra tio n  S) were hea ted  se p a ra te ly  in th e  presence of 0 .02%  m eith io la te  as 
described for m ethod  (a).

P rep a ra tio n s A, C a n d  S were te s te d  fo r a d ju v a n t a c tiv ity .
Induction  o f  p r im a ry  im m une response. F j  fem ale hyb rid  ra ts  (R /A  X L E /H ooded) 

of 230—280 g body w e ig h t were in ocu la ted  in tra v en o u s ly  sim ultaneously  w ith  4 X 108 sheep 
red b lood  cells (SR B C ) a n d  bacterial a d ju v a n t .  As show n by  several a u th o rs  [5, 6, 7] doses 
of 4 x  108 to  109 SR B C  are  able to induce a s tro n g  im m une response, th u s  th e  dose of 4 x l 0 8 
SR B C  used  in our ex p erim e n ts  seems to b e  su itab le  for com paring  d ifferen t a d ju v a n t p re p 
a ra tio n s . Vaccines A a n d  C were a d m in is te red  in a dose of 3 x l 0 9 cells an d  vaccine S in  a
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vo lum e corresponding  to  th e  sam e num ber. E a c h  group of 8 an im als was im m u n ized  w ith  
SR B C  or S R B C + A  or SR B C  +  C and  4 ra ts  w ith  SR B C  +  S.

As it  is show n in  F ig . 1, th e  m erc ap to e th a n o l sensitive  a n d  re s is tan t a n tib o d y  titre  
reach ed  th e  h ighest v a lu e  on  th e  5 th  d ay , th e  m erc ap to e th a n o l re s is tan t a n tib o d y  show ed 
a p e ak  on th e  7 th  d ay . O n th e  basis of th is  figu re  th e  im m une response was checked  on th e  
5 th  d a y  only. T he an im als  w ere exsangu ina ted  a n d  th e  n u m b er o f spleen cells was d e te rm in ed  
in  a h a em o cy to m ete r a f te r  sta in in g  w ith  T ü rk  so lu tion . Spleen w eigh t was d e te rm in ed  gravi- 
m etrica lly . The spleen in d ex  is defined as w et sp leen  w eigh t/body  w eight, mg/g. F o r th e  q u a n ti
ta t iv e  d e te rm in a tio n  o f p laque-form ing  sp leen  cells (PF C s) th e  d irec t [8] a n d  in d ire c t [9]

10-

9-

8 -

c

U -

5 7 9 12 V, 18
Days after immunization

F ig .l.  Serum  h aem o ly sin  t i t r e  in  d ifferen t in te rv a ls  a fte r  im m u n iza tio n  w ith  4 x l 0 8 SRB C;
m erc ap to e th a n o l sen sitiv e  and re s is ta n t a n tib o d y  t i t r e ,  ------  m ercap to e th an o l re s is tan t

an tib o d y  ti t r e

an tib o d y  p laque  tech n iq u e  w as used. T he a n ti - r a t  im m unog lobu lin  serum  was p re p are d  in 
ra b b its . The an tise ru m  in h ib ited  th e  d irec t p laq u e  co u n t to  m ore th a n  90% . I t  is generally  
a ccep ted  th a t  th e  m a jo r i ty  o f d irect PFC s re p re se n ts  19S p ro d u c in g  cells [9] w hereas m ost o f 
th e  in d ire c t PF C s are  considered  7S h aem olysin  p roducers [9]. B o th  the  re la tiv e  (PFC /106 
sp leen  cells) and  th e  ab so lu te  num ber (P F C /to ta l  spleen) o f haem olysin  p roducing  cells were 
ca lcu la ted . In  th e  sera  th e  a n tib o d y  titre  (M E S + M E R ) was m easu red  by m icrohaem olysis [10].

R esu lts

Spleen indices after B. pertussis treatm ent. B o th  th e  vaccines A an d  C 
p re p a re d  from  all B . pertussis  s tra in s  in d u ced  an  increase in re la tiv e  spleen 
w eigh t. T he increase  w as s ign ifican t w ith  th e  excep tion  of vaccines 59-A, 
358E-C  an d  2-a tox-C  (F ig . 2). Some decrease of re la tiv e  spleen w eig h t could 
be fo u n d  using  v acc in e  S p rép a râ tes , ex cep t CN 2896.

In fluence  o f  d ifferen t B . pertussis stra ins on the relative antibody fo rm in g  
spleen cell count. As i t  is shown in T ab le  I , th e  w hole-cell vaccines A and  C 
increased  th e  n u m b e r  of PFCs. T he p re p a ra tio n s  differed  in th e  degree o f  
th e ir  a d ju v a n t effec t. In  general, th e  n u m b er o f d irec t 19S PFC s increased
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Table I

A d ju v a n t effect o f  various В . pertussis stra ins. Change in  the relative direct and indirect P F C s  
on the 5th day after p r im a ry  im m uniza tion

B .  p e r t u s s i s  v a c 
cine le s te d

D irec t PF C /10e splenic 
C ontrol: 164 ± 4 7 +

cells In d ire c t F F C /1 0 6 sp len ic  cells 
C ontrol: 170 +  66+

A c S A c s

41405 3 1 8± 213 638±229* 31 ± 7 * 97 ± 2 6 4 3 5 ± 1 6 2 3 8 ± 4 *

59 4 9 5 ± 2 1 9 1077 ±538* 41 ± 2 3 * 4 1 4 ± 3 5 2 5 3 ± 1 5 7 5 8 ± 2 2 *
324E 461 ± 3 0 5 506±160* 51 ± 2 0 * 112 ± 1 2 4 0 4 ± 1 8 5 7 2 ± 2 6
358E 360±162 318±171 40 ± 16* 114 ±  31 212 ±  66 3 1 ±  1*
2-atox 4 4 4± 223 554 ±162 59 ± 10* 89 ± 1 9 7 6 0 ± 2 6 9 * 4 8 ± 2 4 *
CN 2894 5 4 3± 306 760±293* 1 6 0 ± 26 274±177 1129±439* 7 3 ± 3 7
CN 2896 4 1 4 ± 1 6 8 1172 ±  397 * 204 ± 180 234± 91 1169 ± 4 1 5 * 7 0 ± 5 3

+ m ean  value ±  s ta n d a rd  error
* th e  values are sign ifican t as co m p ared  to  th e  co n tro l group (p < 0 .0 5 )  
N u m b er of an im als pe r group is g iv en  in  th e  legend to  Fig. 2

Fig. 2. E ffec t of t re a tm e n t w ith  d ifferen t B . pertussis  vaccines on  re la tiv e  spleen w eight 
(C =  co n tro l group of 8 ra ts  im m unized w ith  SR B C ; open colum ns =  group  of 8 ra ts  trea te d  
w ith  SR B C  and  A; closed colum ns — gro u p  o f 8 ra ts  t re a te d  w ith SR B C  a n d  C; h a tch ed  

colum ns =  group of 4 r a ts  t re a te d  w ith  SRBC and  S)

m a in ly  on using p rep a ra tio n s  C. T h e  increase  was sign ifican t in  all cases 
ex cep t w ith  th e  s tra in s  358E and 2 -a to x .

T h e  increase in  ind irec t PFC s w as n o t so defin ite . U sing vaccines C, 
th e  d ifference p roved  significant in  th re e  cases only.

C om paring th e  effectiveness o f  d iffe ren t s tra in s an d  p rep a ra tio n s , 
th e  suspension  of s tra in  CN 2896 o b ta in e d  b y  cen trifu g a tio n  h a d  th e  h ighest
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a d ju v a n t a c tiv ity . T he a d ju v a n t in d ex  (A I), i.e. th e  ra tio  of th e  response 
to  SR B C  in th e  p resence  of a d ju v a n t com pared  w ith  th e  response o f th a t  
w ith o u t a d ju v a n t, w as 7.1 and  6.9 on com paring  th e  d irect an d  in d ire c t 
P F C s, respective ly . G enera lly , p re p a ra tio n s  C h a d  a s tronger a d ju v a n t 
a c tiv ity  th a n  th e ir  A c o u n te rp a rts . The su p e rn a ta n ts  (S) had an im m u n o su p 
pressive effect. The decrease in  d irec t an d  in d irec t P F C s was sign ifican t w ith  
the  m a jo rity  of s tra in s  exam ined , excep t th e  in d ire c t PFC s in  s tra in  324E 
an d  d irec t and  in d ire c t PFC s w ith  s tra in s  CN 2896 an d  CN 2894.

Fig. 3. A bso lu te  d irec t P F C  coun t of th e  spleen a fte r  t r e a tm e n t  w ith  d ifferen t B . pertussis
vaccines (for d e ta ils , see F ig . 2)

Change o f  P F C s in  the whole spleen. T here w as a close positive  co rre la 
tion  betw een  th e  a b so lu te  and  re la tiv e  (see above) PFC  changes.

All th e  vaccines C (except s tra in  of 358E) show ed a sign ifican t effect 
on th e  d irec t PFC s o f th e  whole spleen (Fig. 3). T he p rep ara tio n s A h ad  also 
a m ark ed  a d ju v a n t a c tiv ity , b u t th e  increase was sign ifican t only w ith  s tra in s  
CN 2896 and  2 -a to x .

V accines S w ere im m unosuppressive  also concern ing  th is  p a ra m e te r. 
No decrease of d ire c t PFC s was found  on in jec tin g  vaccines S of CN 2896 
an d  CN 2894 s tra in s .

The d ifference in  th e  efficiency of p re p a ra tio n s  and s tra in s  was m ost 
expressed  in the  a b so lu te  in d irec t PFC  co u n t of th e  spleen (Fig. 4). V accines 
C h ad  a m arked  a d ju v a n t ac tion , s ign ifican t in  5 cases (41405, 324E , 2 -a to x , 
CN 2894, CN 2896). P rep a ra tio n s  A h ad  no s ig n ifican t a d ju v a n t a c tiv ity .
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Fig. 4. In d irec t P F C  co u n t in  spleen u n d e r  th e  a d ju v a n t  effect of various B . pertussis  v acc in es
(for d e ta ils , see Fig. 2)

Table II

Serum  haem olysin titre in  B . pertussis adjuvated , S R B C  im m unized  rats

V accine

T o ta l haem o ly sin  t i t re  
C on tro l =  8 .8 +  0.3+

A C s

41405 9 .8 ± 0 .4 * 10 .6± 0 .1* 10.1 ±0 .6*
59 1 0 .7± 0 .4* 11 .8 ± 0 .5 * 10.7 ± 0 .3*
324E 9 .8 ± 0 .5 11 .2 ± 0 .5 * 9 .4 ± 0 .8
358E 1 0 .6± 0 .6* 10 .2 ± 0 .3 * 9.5 ± 0 .3
2-atox 10 .8±0 .4* 10 .3± 0 .6* 9.6 ± 0 .1
CN 2894 10.7 ± 0 .5 * 9.1 ± 0 .4 8.6 ± 1 .1
CN 2895 11 .3±0 .6* 9.8 ± 0 .5 9 .4 ± 1 .1

+ a n tib o d y  t i te r s  (m ean i  SE) are expressed  as base 2 logarithm s 
* m a th e m a tic a lly  significant changes com pared  to  th e  contro l group  (p <  0.05) 
N u m b er o f r a ts  te s te d  is shown in Fig. 2

Five  su p e rn a ta n ts  (S), ex cep t CN 2894 an d  CN 2896, h ad  a s ig n if ic a n t 
im m u n o su p p ressiv e  effect in  th is  resp ec t.

Effect o f  B . pertussis treatment on the serum haemolysin titre. The m a jo r ity  
of A an d  C p re p a ra tio n s  increased  th e  serum  haem olysin  t i tre s  (T able I I ) .  
T he a c id -p re c ip ita te d  vaccines seem ed to  he m ore effective. All vaccines A , 
ex cep t 324E, in d u ced  a sign ifican t increase in  haem olysin  c o n te n t o f th e  se ra . 
A m ong th e  p re p a ra tio n s  C th e re  w ere tw o excep tions, CN 2894 an d  CN 2896. 
In  th e  s u p e rn a ta n t  th e re  was an  increase only  in  cases 41405 an d  59.
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D iscussion

B . pertussis  vacc ines have a d e f in ite  a d ju v a n t effect on th e  hum oral 
im m u n ity  of m am m als. A  detailed  s tu d y  o f th is  a d ju v a n t action  w as done in 
m ice. T he m ost c h a ra c te r is tic  find ings w ere  a sho rten in g  of the  la te n t  period , 
h ig h er an d  pro longed  19S and  7S h aem o ly sin  p ro d u c tio n , an d  independence  
o f th e  an tig en  dose [11, 12].

T he im m une response  to  p e rtu ss is  vaccines of ra ts  was s tu d ied  less 
ex ten siv e ly . In  th is  species an increase o f ho m o cy to tro p ic  a n tib o d y  p ro d u c 
tio n  w as ch a rac te ris tic  [13], h u t th e  co m p o n en ts  p lay ing  a role in th a t  effect 
h av e  n o t been fu lly  e lu c id a ted . In  th e  p re se n t ex perim en ts th e  a n ti  SRBC 
im m une  response has been  stud ied  in  r a ts  w ith  and  w ith o u t B . pertussis  p re p 
a ra tio n s  as a d ju v a n ts . F ir s t  we te s te d  th e  k inetics of th e  im m une response 
in serum  sam ples. A n tib o d y  p ro d u c tio n  w as te s te d  on th e  f if th  d ay  a fte r 
th e  in jec tio n  of a n tig e n  and  a d ju v a n t, b y  co u n ting  th e  PFC s in th e  spleen 
an d  e s tim a tio n  of th e  serum  haem olysin  t i t r e .  On th e  5 th  day  a f te r  4 x  108 
SR B C  in jec tio n  th e  im m u n e  response o f  r a ts  w as m ain ly  of th e  IgM  ty p e , 
in c o n tra s t w ith  th e  fin d in g s in mice.

As fa r  as th e  a c t iv i ty  of d ifferen t B . pertussis  s tra in s  is concerned , only  
th e  d a ta  of A c k e r s  a n d  D o lb y  [2] show ed th a t  all th e  phase 1 s tra in s  in v e s ti
g a ted  had  a sim ilar a d ju v a n t a c tiv ity  on th e  serum  haem olysin  t i t r e .  O ur 
re su lts  show ed th a t  a ll s tra in s  in v e s tig a te d  have som e a d ju v a n t cap ac ity  
on th e  a n tib o d y  fo rm in g  cell count in  th e  spleen. T here w ere, how ever, some 
q u a n tita tiv e  d ifferences am ong th e  s tra in s  in  th e ir  effect on th e  splenic PFC  
c o u n t; th e  a d ju v a n t e ffec t was som etim es v e ry  sligh t. In  p resen t ex p erim en ts  
th e  ac tiv e  com ponen ts o f B. pertussis  w ere also stu d ied . A d ju v an ts  p rep ared  
b y  th re e  m ethods w ere com pared. T he m o st expressed  effect was observed  
from  cen trifuged  cells, b u t  acid p re c ip ita te d  suspensions were also effective. 
T he su p e rn a ta n t o f th e  cen trifuged  b a c te r ia  too , seem ed to  have an a d ju v a n t 
effect, as ju d g ed  from  th e  serum  h aem olysin  t i t r e ,  th o u g h  th e  splenic im m une 
response  was w eaker th a n  in the  con tro ls . F o r th is  in h ib ito ry  action  we can n o t 
offer an  ex p lan a tio n .

T he biological a c t iv i ty  of B. pertu ssis  frac tions has been ex ten siv e ly  
s tu d ied . A ccording to  M o r s e  and B r a y  [7] th e  cells con ta in  th e  p ro tec tiv e  
an tig en , w hile th e  s u p e rn a ta n t plays a ro le  m ain ly  in  th e  h istam ine  sen sitiz 
ing  a c tiv ity  and  in  th e  in d u c tio n  of ly m p h o cy to sis . I t  seems th a t  a ly m p h o cy te  
m obilizing  fac to r  in  th e  su p e rn a tan t fra c tio n  increases th e  flow  o f splenic 
ly m p h o cy tes  and so it  caused a d isc rep an cy  in  th e  a d ju v a n t ac tion  in  spleen 
an d  th e  scrum .

O ur d a ta  p ro v in g  th e  a d ju v a n t a c tiv ity  of cell frac tions are  in  good 
ag reem en t w ith  th e  re su lts  of A c k e r s  an d  D o l b y  [2] who show ed th a t  th e  
a d ju v a n t a c tiv ity  w as re la ted  to  th e  en d o to x in  co n ten t. P re c ip ita tio n  by
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acid seem ed to  d estro y  som e activ ities as th e  b a c te ria  t r e a te d  in  th is  w ay  
were less ac tiv e  th a n  th e  cen trifuged  ones.

P ro teo ly tic  t re a tm e n t w as show n to  d e s tro y  th e  leucocy tosis  p rom oting  
a c tiv ity  of B. pertussis  w ith o u t a lte ring  th e ir  a d ju v a n t ac tio n . T hus, i t  is 
suggested  th a t  th e  leucocy tosis p rom oting  an d  a d ju v a n t fac to rs  m ay be 
d iffe ren t b u t b o th  of th em  increase the  response . The cen trifu g ed  frac tio n , 
th e  su p e rn a ta n t and  th e  acid  p rec ip ita ted  frac tio n s  co n ta in  th em  in d iffe ren t 
ra tio s . The q u a n tita tiv e  difference of vario u s fac to rs of th e  a d ju v a n t ac tio n  
in th e  in v estig a ted  7 s tra in s  m ay  be responsib le  for th e ir  d iffe ren t b eh av io u r 
in serum  and  spleen.
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SIXTEEN COLOUR GROUPS OF THE SUBSTRATE 
MYCELIUM PIGMENTS OF STREPTOMYCETES
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A new  and im p ro v ed  system  is reco m m en d ed  for th e  se p a ra tio n  of stra in s  an d  species 
of Streptom yces and  Streptoverlicillium  acco rd ing  to  th e  colour o f th e ir  su b s tra te  m ycelium  
on cu ltu re  m edia and  i ts  change on th e  a d d itio n  of acid (ac) an d  alkali (al). T he 16 colour 
groups o f th is  system  are  as follows: 1. Y e llo w -b ro w n  (Y—b). 2. Y—b -(- red. 3. Y —b • blue.
4. Y—b +  green. 5. Y —b  red  +  green. 6. Y —b -(- red  +  blue. 7. Y—b -f- blue +  green. 8.
Y - b ac - * re d ai. 9. Y - b a i «  re d ac. 10. Y -b  greenai. 11. Y —b +  b lueac —» red a|. 12. Y —b -f-
b lueai — re d ac. 13. Y —b  +  blue »► greenal. 14. Y -b  +  red a| «  greenac. 15. Y -b  -j- red ac —» 
greena|. 16. Y - b  +  g reen  +  b luea| ■<-► red ac.

T he colour of su b s tra te  m ycelium  has ex tensive ly  been u tilized  b y  m an y  
w orkers in  th e  id en tif ic a tio n  and  c h a ra c te riz a tio n  of Streptomyces species [1]. 
A sy s tem  of groups fo r th e  sep a ra tio n  o f s tra in s  accord ing  to  th e ir  su b s tra te  
m ycelium  colour p ro p o sed  by  Szab ó  an d  M a r t o n  [2] has been a d o p ted  an d  
recom m ended  for ch a rac te riza tio n  o f s trep to m y ce te s  by  th e  S ubcom m ittee  
on T ax o n o m y  o f A ctinom ycètes o f th e  In te rn a tio n a l C om m ittee on B a c te r i
ological N o m en cla tu re  [3]. In  1975 S zabó  et al. [4] e lab o ra ted  a new  sy stem  
of g roups for th e  sep a ra tio n  of s tra in s  and  species accord ing  to  th e ir  su b s tra te  
colour, and  th e y  pu b lish ed  a d iag n o stic  key for th e  id e n tific a tio n  o f “ species”  
of Streptomyces a n d  Streptoverticillium  inc luded  in  th e  In te rn a tio n a l S tre p to 
m yces P ro jec t (IS P ).

T he p resen t p a p e r  describes a new , m ore d e ta iled  system  of g roup ing , 
in c lu d in g  16 co lou r groups, av a ilab le  for a m ore precise descrip tion  o f th e  
p ig m e n ta tio n  o f th e  su b stra te  m ycelium .

M aterials and m ethods

The media and methods used for d e te rm in in g  th e  p ig m en ta tio n  of th e  su b s tra te  m ycelium  
w ere iden tica l w ith  th o se  outlined and  officially  ad o p ted  b y  th e  Subcom m ittee  on T ax o n o m y  
of A ctinom ycètes o f th e  In te rn a tio n a l C om m ittee on B acteriological N o m en clatu re  [3].

Streptomyces a n d  Streptoverticillium  strains. T ype, n eo ty p e  and  reference s tra in s  o f th e  
IS P  o b ta in ed  from  th e  C ulture Collection o f th e  Pedological In s t i tu te  o f th e  H u n g a rian  A cadem y 
of Sciences (B u d ap es t) were used fo r co m p ara tiv e  stud ies.

4 * Acta Microbiologica Academiae Scientiarum Hungaricae 25, 1978



5 2 SZABÓ

R esu lts  and d iscu ssion

The p roposed  16 colour g roups, based  p a r tly  on th e  re su lts  of ou r com 
p a ra tiv e  in v e s tig a tio n s  and p a r t ly  on th e  d a ta  o f a réév a lu a tio n  o f IS P  descrip 
tio n s  [5 8], are  as follows.

1. Yellow  brown ( Y - b ) .  N o d is tin c tiv e  p ig m en t in th e  su b s tra te  m yce
lium . The colour o f th e  m ycelium  ex h ib its  d iffe ren t hues of yellow  and  brow n 
in  all d iagnostic  c u ltu re  m edia  an d  in  all periods of g ro w th ; these  y e llo w - 
b ro w n  colours m ay  be  shaded  b y  grey  in  all degrees from  a lm o st colourless 
l ig h t grey th ro u g h  d ir ty  w hite  to  b lack . T hese p igm ents are n o t p H  sensitive  
o r  th ey  change from  one hue to  a n o th e r  of Y b co lourization  on th e  ad d itio n  
o f  0.05 N N aO H  or 0.05 N HC1. “ S tra in s  are  cha rac terized  as lack ing  d is tin c 
tiv e  su b stra te  p ig m e n t if  th e  reverse  side of th e  colony is colourless, greenish 
yellow , ligh t or p a le  yellow , yellow ish  g rey , olive, lig h t olive b row n, orange 
yellow , yellow ish b ro w n  or olive b ro w n ”  [5]. W ith in  th is  ran g e , d ifferences 
in  th e  hue are  n e ith e r  c learly  id en tif ied  n o r re liab ly  c o n s ta n t w ith  species, 
a n d  th e y  are n o t u sefu l for species d iffe re n tia tio n . S tra ins of th e  overw helm ing  
m a jo r ity  of species o f  Streptom yces ( S .)  an d  Streptoverticillium  (S v .)  do 
n o t  produce d is tin c tiv e  su b s tra te  colours. C harac te ristic  re p re se n ta tiv e s  o f 
th is  “ Y -b  colour g ro u p ” are  ty p e  or reference s tra in s  Actinom yces ( A ) ,  
griseorubens IS P  5160, Sv. griseocarneum  IS P  5004, S. albus IS P  5313,
S . hachijoensis IS P  5114, etc.

2. Y - b  -(- red. O n a t  leas t one d iag n o stic  cu ltu re  m ed ium  and  in  a 
c e r ta in  period of g ro w th , the  m ycelium  produces red or p ink  endop igm ents 
to  such  an e x te n t th a t  b o th  th e  y e llo w -b ro w n  ground  colour an d  grey  shade 
a re  en tire ly  obscured , a n d  th e  m ycelium  becom es red  or p ink . T he red  or p ink  
endop igm en ts are  n o t  p H  sensitive . S. fu lv is s im u s  IS P  5593, A . glaucescens 
IS P  5155, A . griseoincarnatus  IS P  5274, Sv. kashm irense  IS P  5336, S. glo- 
m eroaurantiacus  IS P  5429, e tc ., re p re se n t th is  ty p e  of p ig m en ta tio n .

3. Y - b  -f- blue. S im ilar to  th e  above Y -b  -f- red  (No. 2), ex cep t th a t  
th e  reverse  m ycelium  p ig m en t is b lue. T his p ig m en t is no t a p H  in d ica to r. 
S . ambofaeiens IS P  5053 and  S. ipom oea  IS P  5383 belong to  th is  co lour group .

4. Y - b  -f- green. S im ilar to  th e  above Y -b  -|- red  (No. 2), excep t th a t  
th e  reverse  m ycelium  p ig m en t is g reen . This green endop igm en t is no t a 
p H  in d ica to r. A .f in la y i  IS P  5218, S. flavorirens  IS P  5062, S. o livovirid is  IS P  
5211, S. recifensis IS P  5115, S. violaceoniger IS P  5563, e tc ., re p re se n t th is  
co lo u r group.

5. Y - b  -j- red -j- green. Two d iffe ren t d is tin c tiv e  p igm ents, a red  an d  
a g reen  one can cause co lou riza tion  in  th e  su b s tra te  m ycelium  depend ing  on 
th e  com position  o f th e  d iagnostic  m ed iu m  em ployed . N eith er o f th em  is a 
p H  in d ica to r . A . coeruleofuscus IS P  5144 an d  A . coeruleorubidus IS P  5145 
a re  exam ples for th is  co m b in a tio n  o f endo p ig m en ts .
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6. Y - b  red +  blue. S im ilar to  th e  ab o v e  Y -b  red  green (No. 5), 
except th a t  th e  y e llow -b row n  ground co lour of th e  su b s tra te  m ycelium  m ay  
be m odified to  red  an d /o r to  blue on th e  d iagnostic  m ed ia . These p igm en ts 
are no t p H  sensitive . S . bellus IS P  5185 belongs to  th is  colour group.

7. Y - b  -j- blue -(- green. S im ilar to  Y -h  +  rod +  green (No. 5), excep t 
th a t  th e  co lour of th e  su b s tra te  m ycelium  m ay  be m odified  to  blue a n d /o r 
to  green on th e  d iagnostic  m edia. These en d o p ig m en ts  are  no t pH  sensitive . 
S. vastus IS P  5309 rep re sen ts  th is  co m b in a tio n .

8. Y - b ac -*-► redai. T he  reverse m ycelium  p ig m en t is p H  sensitive ch an g 
ing from  th e  yello w -b ro w n  ground colour to  red  or p ink  on th e  ad d itio n  o f
0.05 N N aO H . The red  su b s tra te  m ycelium  p igm en t changes to  colourless 
or ye llow -b row n  by  0.05 N HCl. S. coralus IS P  5256, S. erythraeus IS P  5517, 
S . erythrogriseus IS P  5116, S . fim ica riu s  IS P  5322, S. fra g ilis  IS P  5044, 
S. galilaeus IS P  5481, S . p la tensis  IS P  5041, A . rubiginosohelvolus IS P  5176, 
S. tubercidicus IS P  5261, e tc ., all belong to  th is  group.

9. Y  bal —► redac. S im ilar to  Y -b ac «— re d ai (No. 8), except th a t  th e  pH  
sensitive m ycelium  p ig m en t is changing from  Y -b  to  red , p in k  or v io let red  on 
the  ad d itio n  of 0.05 N HC1. The red su b s tra te  m ycelium  p igm ent is changed  
to  Y -b  b y  0.05 N  N aO H . T ype  or reference s tra in s  A . aureoverticillatus IS P  
5080, Sv.fervens  IS P  5086, S . griseoaurantiacus ISP 5430, S. longispororuber 
IS P  5599, e tc ., rep resen t th is  type.

10. Y-b-~-greenai. S tra in s  belonging to  th is  ty p e  of p ig m en ta tio n  p roduce  
Y -b  su b s tra te  m ycelium  on all d iagnostic  m edia. T he Y -b  ground co lour 
changes, how ever, to  green on th e  add itio n  o f 0.05 N N aO H . This colour group  
is rep resen ted  b y  S. coelicolor IS P  5233 a n d  A . fluorescens  IS P  5203.

11. Y - b  +  blueac «-*• redai. The reverse  colour is generally  red  on th e  
diagnostic  m ed ia . This p ig m e n t is pH  sensitiv e , chang ing  from  red  to  orange- 
red  on th e  ad d itio n  of 0.05 N  N aO H  an d  from  red  to  v io le t-red  or blue th e  
add itio n  of 0.05 N HC1. A . biverticillatus IS P  5272 is a m em ber of th is  g roup .

12. Y - b  -|- blueai redac. The yellow  to  yello w -b ro w n  ground co lour 
m ay persist or be m odified  to  red  or b lue on d iagnostic  m edia. The su b s tra te  
m ycelium  p ig m en t is a p H  in d ica to r chan g in g  from  red  to  blue on th e  a d d i
tion  of 0.05 N N aO H  or fro m  blue to  red  on th e  ad d itio n  o f 0.05 n HC1. C h arac 
te ris tic  re p re se n ta tiv es  of th is  colour group  a re  S. caesius IS P  5419, A . cyano- 
genus IS P  5426, S. violaceus IS P  5082, A . violarus  IS P  5205, etc.

13. Y - b  - f  blue ■*-» greenai. The co lour of th e  su b s tra te  m ycelium  of 
s tra in  IS P  5103 of S.caeruleus is dark  b lue, b lu e  v io le t to  b lack  on th e  d iagnostic  
m edia. T his b lue  p igm en t is a pH  in d ica to r, chang ing  from  d ark  v io let or b lue 
to  deep green on th e  ad d itio n  of 0.05 N  N aO H .

14. Y —b -|- redai greenac. S tra in  IS P  5573 o f S . thermodiastaticus 
p roduces a red d ish  b row n  to  red  su b s tra te  m ycelium  p igm en t w hich is fo u n d  
also in y e a s t-m a lt  ag a r, oa tm eal agar, s a lts -s ta rc h  ag a r, and g lycero l-

Acta Microbiologica Academiae Scientiarum Hungaricae 25, 1978



5 4 SZABÓ

asparag ine  ag a r. T he red  p ig m en t is p H  sensitive, chang ing  from  red d ish - 
b row n or red  to  o live-green on th e  a d d itio n  of 0.05 N  HC1, and  from  redd ish - 
brow n to  red  on th e  ad d itio n  o f 0.05 N N aO H .

15. Y - b  -f- redac —<■ greeny. T he  su b s tra te  m ycelium  p ig m en t o f  s tra in  
IS P  5148 of A . cyaneofuscatus is p H  sensitive , changing from  yellow ish-green 
to  p ink or red  on th e  ad d itio n  o f 0.05 N  HCd and  from  pale  yellow  to  green 
w ith  0.05 N N aO H .

16. Y - b  -|- green -)- blueai redac. Tw o d ifferen t p ig m en ts  a g reen  an d  
a b lue -m- red  one can  cause co lo u riza tio n  in  th e  su b s tra te  m ycelium  d ep en d in g  
on th e  com position  o f th e  d iag n o stic  m ed ium . The green en d o p ig m en t is no t 
a p H  in d ica to r. T h e  d is tin c tiv e  b lue  or p u rp le  p igm ent is p H  sensitive , c h an g 
ing from  v io le t to  b lue on th e  ad d itio n  of 0.05 N N aO H  an d  from  v io let 
to  red  or p in k  on th e  ad d itio n  of HCl. S . regalis IS P  5532 is an  exam ple fo r th is  
ty p e  of co lou riza tion  of th e  su b s tra te  m ycelium .

S trep to m y ce te s  are ab le to  p ro d u ce  a g rea t v a r ie ty  o f p ig m en ts , som e 
am ong th em  com prising  tw o or m ore c o n s titu e n t p ig m en ts . The p H  o f th e  
m ed ium  affects th e  n a tu re  of b o th  w a te r-so lub le  and  w ater-in so lub le  p ig m en ts . 
T h e  fo rm atio n  o f th e se  p igm en ts is h ig h ly  ch a rac te ris tic  o f th e  species. T he 
colour group designations are  sim ple an d  convenien t in  s trep to m y ces  ta x o 
nom y.
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CONIDIUM ONTOGENY OF DERMATOPHYTES

J .  G a lg ó c z y

N ationa l Institu te o f  H yg ien e , B udapest 

(R eceived M ay 3, 1977)

T  he special d e ta c h m e n t o f th e  la te ra l m acrocon id ium  of E piderm ophyton floccosum  an d  
th e  c a ten u la te  m acrocon id ia  o f d e rm a to p h y te s  are described. T he detaching-cell o f  th e  
m acrocon id ium  of several M icrosporum  and  Trichophyton  species, n o t s tu d ied  in th is  re sp ec t 
so fa r, and  th e  th ree  possible ty p es  of d e ta ch m e n t o f m icroconid ia  a re  presen ted .

S tu d y in g  th e  conidiurn on togeny  o f d e rm a to p h y te s , we have m ade new  
o b se rv a tio n s. In  th e  lig h t of these , some p o o rly  u n d e rs to o d  phenom ena described  
b y  us p rev io u sly  [1] h av e  o b ta in ed  c leare r in te rp re ta tio n .

M aterials and  m ethods

F ungal species. Epiderm ophyton floccosum , M icrosporum  fe lin e u m , M . ferru g in eu m , 
M . gypseum , M . nanum , M . persicolor, Trichophyton flu v io m u n ien se , T . m egn in ii, T . quinckea- 
n u m , T . vanbreuseghemii.

M edia . T h iam in e-en rich ed  S abouraud—glucose ag ar co n ta in in g  an tib io tic s; S a b o u ra u d — 
glucose ag ar co n ta in in g  3%  NaCl [2, 3].

F o r  m icroscopic  s tud ies , a  th in  layer of m ed iu m  p o u red  on  slides was ino cu la ted  w ith  
m in u te  pieces o f cu ltu re  [2].

R esults

R esu lts  a re  p resen ted  on th ree  P la te s  an d  in tw o  F igures.
On P la te  I ,  tw o M icrosporum  and  one Trichophyton  species are show n a t 

th e  stage  in  w hich  a second m acrocon id ium  (m e) is d ev e lop ing  from  th e  ap ex  
o f a m e. T he fo rm er m ay  develop on a m in u te  s ta lk  p lay in g  th e  role o f th e  
d e tach in g  cell.

P la te  I I  show s d e ta c h m e n t of th e  m acrocon id ia  o f severa l species n o t 
hav in g  been exam ined  in  th is  respect so fa r. P ic tu re s  in  o rd er: 1. T . rubrum ,
2. T. flu v io m u n ien se , 3. T . vanbreuseghemii, 4. T . m egn in ii, 5. T . qu inckeanum , 
6 -7 . M . fe lin eu m , 8. M . nanum , 9—11. M . persicolor, 12 13. M . ferrug ineum . 
D e tach m en t o f a me of T . longifusum  is show n in P ic tu re  1 of P la te  I I I .

P ic tu re s  2 6 on P la te  I I I  show single m icrocon id ia , an d  those in g roups, 
in  a stage  in  w hich  th e  au to lysis  o f th e  detach ing-cell(s) has a lready  b eg u n  
or even been com pleted .
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P late I. Picture 1. A  c a ten u la te  m acroconidium  of M . gypseum  in  situ . O rig inal m agnification* 
X 250. Picture 2. A c a ten u la te  m acroconidum  of M . fu lv u m  in  situ . O rig inal m ag n ifica tion , 
X 160. Picture 3. C a ten u la te  m acroconidium  of T . longifusum  in situ . O rig inal m agn ifica tio n ,

X160
A c t a  M ic r o b io 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 5 ,  1 9 7 8
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Plate I I .  D e tach m en t o f th e  m acroconidia o f v a rio u s  d e rm a to p h y te s  in situ  (see te x t) .  Picture IS  
shows an  aqueous p rep ara tio n . O rig inal m agnification , X 160
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Plate I I I .  D e tac h m e n t o f th e  m acroconid ium  of T. long ifusum  and  of inicroconidia of d e r
m a to p h y te s  in  situ . O rig inal m agn ifica tion , X 160
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F igu re  1 is a schem atic  i l lu s tra tio n  o f th e  th ree  possible ty p es  of d e rm a 
to p h y te  m icrocondium  d e ta c h m e n t.

F igure 2 show s th e  o n to g e n y  of th e  la te ra l me of E . floccosum . T he  tw o 
cells on th e  r ig h t and  left side o f th e  hasa l p a r t  of th e  me are  au to lysing .

Fig. 1. D e tac h m e n t o f d e rm a to p h y te  m icroconidia

D iscu ssio n

The fo rm atio n s on P la te  I  co rrespond  to  th e  ca te n u la te  ty p e  o f me. 
T h ey  occur ra re ly  in  th e  genus E piderm ophyton , too.

The m acrocon id ia  w ith  d e ta c h in g  cell show n on P la te  If. h a d  been d ev e l
oped  by  ho lob lastic  on togeny . T hose  in th e  u p p e r row  (P ic tu res  1-5) p re sen t 
Trichophyton  m acroconid ia  on w hich  p ro to p lasm  release, a phenom enon  
described  by  us [1], can n o t be seen. R ecen tly  we have  d e m o n s tra te d  th a t  
p ro to p lasm  release was an a r tifa c t a rising  in  th e  course of long -lasting  m icro 
scopic ex am in a tio n . D e tach m en t u n d e r  n a tu ra l c ircum stances is even in  th e  
genus Trichophyton  a m ore re g u la r  process th a n  believed  prev iously .

The d e tach m en t of m icrocon id ia , a n o th e r w ell-organized process, does 
n o t requ ire  th e  conidiophore to  be com plete ly  destroyed  (P la te  I I I ,  F ig . 1). 
Som e of th e  conid ia  are s ittin g  on a w ell-visible s ta lk  (conidium  I  in  P ic tu re  1), 
o th e rs  have a sh o rt s ta lk  (con id ium  2 in  P ic tu re  I) , s till o th ers  are  s ittin g  on 
th e  conid iophore w ith o u t an y  s ta lk  (conid ium  3 P ic tu re  1). T he cell (or cell 
p a r t  ) im m ed ia te ly  below th e  con id ium  (arrow s in Fig. 1) u n d e rtak es  th e  role 
o f d e tach m en t in each case. T he p ic tu re  is u nequ ivocal if  d e ta c h m e n t is due 
to  sm all s ta lk s  an d  th e  cu ltu re  is n o t  old (P ic tu res  2 -4  on P la te  I I I ) .  B eginning
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exsiccation  of th e  w hole cu ltu re  m ay , how ever, be im ita te d  if  d e tach in g  is 
perfo rm ed  by  th e  cells o f  th e  su p p o rtin g  s tru c tu re . I t  is s till m ore confusing  
w hen several n e ig h b o u rin g  cells are au to ly s in g  sim u ltan eo u sly ; n evertheless, 
even in  th e  la t te r  case, ch a rac te ris tic  fie lds can be found  in  w hich th e  in ta c t  
h y p h a  is a p p a re n t on b o th  sides of th e  au to ly sed  segm ent (P ic tu re  5 on P la te  
I I I ) .  In  P ic tu re  6 o f  P la te  I I I ,  au to ly sed  detach ing-cells o f tw o  sta lldess 
la te ra l in icroconidia can  be seen betw een  th re e  sh o rt h y p h a l sections. O rie n ta 
tion  is s till m ore d iff ic u lt in  old cu ltu res in  w hich genera l au to lysis  an d  p ro to 
plasm  reservoirs a re  develop ing  in th e  su p p o rtin g  s tru c tu re .

F ig . 2 p resen ts  th e  on togeny  o f th e  la te ra l me of E . floccosum . T his 
ty p e  o f on togeny  is d iffe re n t from  the ho lo b lastic  o n togeny  of th e  d e rm a to p y te s . 
A ltho u g h  b low ing-out s ta r ts  from  a p a r t  o f th e  cell, th e  m a tu re  con id ium  
still involves th e  w hole cell, i t  is no t d em arca ted  b y  a sep tu m  from  an y  o th e r 
p a r t . F rom  itse lf it  does n o t form  a d e tach in g  cell. D e tach m en t is due to  
au to ly sis  of tw o n e ig h b o u rin g  cells in every  case. I t  seem s likely  th a t  th is  ty p e  
of o n togeny  is in te rm e d ia ry  betw een  th e  ho lob lastic  an d  ho lo thallic  ty p e s .
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ISOLATION OF PURE DNA FROM FILAMENTOUS FUNGI 
BY CHROMATOGRAPHY ON HYDROXYAPATITE

Á .  S z É C S I

Research Institu te  fo r  P lant Protection , B udapest 

(R eceived  M ay 23, 1977)

A sim ple tech n iq u e  is described fo r iso la tio n  of pu re  non  degraded  to ta l D N A  from  
fungal m ycelium . The p ro ced u re  involves p re p a ra tio n  of ace tone-d ried  pow der from  m ycelium , 
lysis o f th e  m ycelium  p o w d er in 8 м u rea  — 0.24 м sodium  p h o sp h a te  buffer —0.01 м  E D T A  
—1%  SD S — 1 м  NaClO j, dep ro te in iza tio n  of th e  ly sa te  w ith  p h eno l—cresol—chloroform —iso- 
am ylalcohol and  se p a ra tio n  of the  D N A  from  p ro te in s, R N A s, carb o h y d ra tes  and  v a rio u s 
low -m olecu lar-w eigh t su b stan ces by  c h ro m a to g ra p h y  on h y d ro x y a p a tite . The m odified te c h 
nique is sim ple, fa s t a n d  gives a high y ield  o f pu re  DNA.

D o u b le -s tra n d e d  D N A  (deoxyribonucle ic  acid) has a m uch h ig h er 
a f f in ity  to  h y d ro x y a p a tite  (H A ) th a n  R N A s, p ro te in s , c a rb o h y d ra tes  and  
o th e r  cell co m ponen ts. M oreover, d iffe ren t nucleic acids can be adso rbed  an d  
elu ted  a t  d ifferen t m o larities  of p h o sp h a te  bu ffe r [1]. R ased on th is  p rin c ip le , 
R h i t t e n  et al. [2] h a v e  developed a new  tech n iq u e  fo r th e  iso lation  o f p u re  
D N A  from  bo th  p ro k a ry o tic  and  e u k a ry o tic  cells. O ur m ethod  based  on 
th e  p assage  of a c ru d e  ly sa te  th ro u g h  h y d ro x y a p a tite  a t  room  te m p e ra tu re  
in th e  p resence of 8 м u rea  and 0.24 м sod ium  p h o sp h a te  bu ffer (SPR ) p e rm its  
only D N A  to  he ad so rb ed  while m ost of th e  o th e r cell co n stitu en ts  pass th ro u g h . 
DNA m ay  be recovered  in  a high degree of p u r ity  sim ply  by  e lu tion  from  th e  
h y d ro x y a p a tite  w ith  0.48 м S PR . S everal m od ifica tions have been p roposed  
to  im p ro v e  th e  m e th o d  [3-5].

T h is p ap er describes a m odified  b a tc h  tech n iq u e  for carry ing  ou t D N A  
p u rif ic a tio n  from  filam en to u s  fung i (F u sa riu m  gram inearum  Schw abe) on 
h y d ro x y a p a tite .

M aterials and m ethod s

Organism  and cultivation . F usarium  gram inearum  Schw abe s tra in  F-75 o rig ina ted  from  
corn  s ta lk  an d  was m a in ta in e d  in oil cu ltu re  in  th e  re frig e ra to r. The iso late  was grow n in  500 ml 
E rlen m ay e r flasks co n ta in in g  100 ml s ta n d a rd  m ed ium  com posed of pep tone  (Difco), 10 g; 
y eas t e x tr a c t  (O xoid), 3 g; D-glucose (R ean a l), 20 g in 1 litre  of w a te r  a t  p H  6.5. C ultures were 
in cu b a ted  on  a ro ta ry  sh a k e r a t 30 °C for 3 d ays. A fte r 3 days in cu b a tio n , fungal m ate ria l 
was recovered  by f i lt ra tio n , w ashed five tim es w ith  ta p  w a ter an d  once w ith  d istilled  w a ter. 
T he m a te ria l w as th a n  fro zen  and  sto red  a t  — 15 °C u n til  use.

P reparation o f acetone-dried powder fro m  fu n g a l material. F u n g a l m ate ria l (120 g w e t w t) 
w as cu t in to  sm all pieces an d  w ashed tw ice w ith  500 m l acetone an d  once w ith  500 m l e th e r
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a n d  fin a lly  dried a t  50 °C ov ern ig h t. The dried  m a te ria l  was pow dered using  a m o rta r  a n d  
p estle . T he pow der w as s to red  in  a glass sto p p ered  fla sk  a t  4 °C. One gram  of th e  pow der co rre 
sp o n d e d  to  ab o u t 6 g o f w e t fungal m ateria l.

Preparation o f  granulated  hydroxyapatite  (G H A ) .  GHA was p rep ared  accord ing  to 
M a z i n  et al. [6]. Silica gel pow der 0.5 g (R e an a l)  w as suspended  in  25 m l of d istilled  w a te r 
a n d  w ashed  twice w ith  d is tilled  w ater. The w ashed  silica gel p rec ip ita te  w as ad ded  to  a glass 
f la s k  con tain ing  100 m l d is tilled  w ater. S im u ltan eo u sly  500 ml o f 0.5 м CaCl2 (an a ly tica l 
g ra d e )  and  500 ml of 0.5 м N a 2H P 0 4 (an a ly tica l g rad e) were added to  th e  sam e vessel a t  th e  
r a te  o f 15 m l/hr by  m eans of a R eC yC hrom  p e ris ta ltic  p u m p  (L K B ). T he co n te n t of th e  flask  
w as co n tinuously  s tirred . T he p rec ip ita te  fo rm ed w as w ashed  four tim es w ith  d istilled  w a te r 
su sp en d ed  in 1 litre  o f d istilled  w ater and  25 m l o f 4 0 %  N aO H  (w/v) was added . T he m ix tu re  
w as h e a te d  in  a boiling w a te r  b a th  to 96—98 °C a n d  in cu b a ted  a t  th is  te m p e ra tu re  for 1 h r ; 
fro m  tim e  to tim e th e  suspension  w as carefu lly  m ixed  b y  hand . The su p e rn a ta n t was poured  
o ff w hile  still h o t an d  th e  p rec ip ita te  was w ashed  w ith  five portions of d istilled  w a ter (1 litre ). 
T he w ashed  p rec ip ita te  w as suspended  in 1 litre  0.012 м SP B  (equim olar so lu tions of N alL .PO ,, 
an d  N a 2H P 0 4) p H  6.8. T he suspension was h e a ted  in a boiling w a ter b a th  to  96—98 °C. The 
s u p e rn a ta n t  was d ecan ted , a fresh 1 litre  p o rtio n  of SPB  of the  sam e m o la rity  was ad d ed  
to  th e  p recip ita te  an d  th e  m ix tu re  was k e p t a t  96—98 °C for 5 m in. T h en  th e  buffer was 
ch an g e d  again and th e  suspension was h ea ted  sim ila rly  for ano th er 15 m in. T he resu ltin g  
p ro d u c t  (180 ml bed vo lum e) was s to red  in 0.012 м S P B  w ith  a sm all am o u n t of to luene  a t  
4 °C. U n d er such co n d itions its  p rop erties  rem ain ed  u n ch an g ed  for a t  lea s t a year.

D etermination o f  the rate o f D N A  adsorption on G H A . D eoxyribonucleic  acid from  
ch ick en  blood h ighly po lym erized  (R ean a l, H u n g a ry ) w as dissolved in  0.05 M SPB  (1 m g/m l). 
T en  m l (bed volum e) of G H A  were eq u ilib ra ted  w ith  0.05 м SP B . The D N A  so lu tion  was 
p o u re d  in to  10 ml o f G H A  a n d  th e  m ix tu re  w as s tir re d  g en tly  and  allow ed to  pass slowly in 
o rd e r to  give m ax im um  tim e  for th e  d o u b le -s tra n d ed  D N A  to  adsorb  on  th e  GH A. G H A  w as 
w a sh e d  w ith 0.05 M S P B  tw o  tim es (50—50 m l) u n d e r  v acuum . DN A  was e lu ted  w ith  0.48 м 
S P B . T he DNA c o n te n t o f th e  e lua te  (10 m l) w as d e te rm in ed  sp ec tro p h o to m etrica lly .

Determ ination o f  the p u r ity  o f  D N A  sam ples. T he p u r i ty  of DN A  sam ples was d e term ined  
b y  th e  ra tio  of A 2G0/A 280 a n d  A 260/A 230. These ra tio s  in d ica te  th e  p ro te in  co n tam in a tio n  of th e  
D N A . P ro te in  c o n te n t o f D N A  sam ples w as d e te rm in ed  also on th e  basis of th e  eq u atio n  
su g g ested  by Ma y r -H a r t in g  et al. [7]: 1.45 A 280-0 .7 4  A 2ß0. RN A  c o n te n t was d e te rm in ed  by 
th e  p rocedure  of Sa v it sk y  and  Stand  [8]. C rite ria  o f p u r ity  of D N A  w ere as follows: A 260/ 
A 2go =  2 =j= 0.1, h y p e rch ro m ic ity  o f a t  least 2 6% , no rise in op tical d en sity  (OD) a t  260 nm  
b elow  78 °C during  d é n a tu ra tio n  [9]. T he va lues for p e r cen t h y p erch ro m ic ity  were ob ta in ed  
fro m  sam ples du ring  m eltin g  or th e rm al d é n a tu ra tio n . T he increase in  abso rbance  a t  260 nm  
o f th e  DNA sam ple is te rm ed  “ hyperch rom ie  sh if t”  an d  can be estim a ted  from  th e  re la tio n sh ip ,

A 1 , . . final abso rbance  — in itia l absorbance w лл Г1Л1p e r  c en t h y p erch ro m ic ity  =  ------------------- -------------------------------------------X 100 [10J
fin a l ab so rbance

Thermal dénaturation and melting tem perature ( T m) .  T herm al tra n s it io n  profile o f th e  
iso la te d  DNA was o b ta in e d  by using  U n icam  S P  800 sp ec tro p h o to m eter (P ye  U nicam  L td ., 
E n g la n d )  equ ipped  w ith  an  a u to m a tic  reco rd ing  device. A DN A  sam ple  co n ta in ing  50 pg  
D N A  (1 OD) in  0.09 X SSC ( lx S S C ,  0.15 m  N aCl p lu s 0.015 m  sodium  c itra te , pH  7.0) was 
p lac ed  in a q u a rtz  c u v e tte  (3.0 m l, 1 cm lig h t p a th ) . A reference b lan k  con ta in ed  0.09 X SSC. 
T h e  D N A  sam ple w as co n tinuously  an alysed  for o p tic a l d ensity  or abso rbance  and  te m p e ra tu re  
m easu rem en ts  ag a in st th e  s ta tio n a ry  reference b lan k . T he sam ple and  th e  reference so lu tion  
w ere  h ea ted  from  25 °C to  100 °C b y  using  a  u l tra th e rm o s ta te  and a Sca lapm  T herm ocoup le  
G a lv an o m ete r (Pye a n d  Co. L td ., E n g lan d ) to  co n tro l th e  tem p era tu re  in  th e  C o n stan t T em 
p e ra tu re  Cell H older (P y e  U nicam  L td ., E n g lan d ) co n ta in in g  th e  sam ple an d  th e  b lan k . T he 
u ltra th e rm o s ta te  te m p e ra tu re  was increased  by  1 °C every  10 m in. No corrections were m ade 
fo r w a te r  expansion , since ev ap o ra tio n  was negligible in th e  T eflon -stoppered , siliconized 
c u v e tte s . T m (m id p o in t tem p e ra tu re  o f th e  m eltin g  cu rve) value was d e te rm in ed  by p lo ttin g  
a b so rb an c y  values from  th e rm al m elting  d a ta  on  n o rm al p ro b ab ility  p a p e r [11]. The G L C 
c o n te n t  (percentage m o la r frac tio n  of guan ine  p lus cy tosine) of DN A  was calcu la ted  accord ing  
to  th e  eq uation  of S c h i l d k r a u t  an d  L i f s o n : GC =  2.44 (Tm — 81.5 — 16.6 log m ) ;  m  =  ionic 
s tre n g th  expressed as m o la rity  [12].

D N A  concentration. The DN A  co n te n t o f th e  sam ples was de te rm in ed  sp ec tro p h o to 
m etrica lly . Y ield in  m icrogram  D N A  (from  1 g ace tone-d ried  m ycelium  pow der) calc id a ted  
fro m  th e  OD a t 260 n m  b y  using  th e  conversion  fa c to r 1 OD =  50 pg  o f D N A  [13].

Isolation and p u rifica tio n  o f  fu n g a l D N A  on granulated hydroxyapatite. Iso la tio n  and  
p u rific a tio n  of fu n g a l D N A  was carried  o u t acco rd ing  to the  m odified p ro ced u re  of I v a n o v
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et al. [5]. One g ace tone-d ried  m ycelium  pow der w as suspended  in  40 m l of lysing m ed iu m  
(0.24 M S P B , 8 M urea, 1 м so d iu m  perchlorate, 0.01 м  E D T A ; sodium  sa lt; 1%  sodium  dodecyl 
su lphate). T he ly sa te  was s tir re d  w ith  an equal v o lu m e  of w a te r  s a tu ra te d , redistilled  phenol 
(plus 10%  m -cresol and 0 .1 %  8-hydroxyqu ino line)—chloroform —isoam ylalcohol (25 : 24 : 1) 
for 1 h r a t  room  tem p e ra tu re  an d  centrifuged a t  5000 rp m  for 10 m in . The su p e rn a ta n t w as 
trea te d  once m ore in th e  sam e w ay  (15 m in) a n d  th e n  e x tra c te d  tw o tim es w ith  chloroform — 
isoam ylalcohol (24 : 1) to  rem o v e  th e  phenol. T he D N A -co n ta in in g  so lu tion  was passed th ro u g h  
a syringe w ith  a th in  needle (N o. 19). T w enty  m l (bed  volum e) of g ra n u la te d  h y d ro x y a p a tite  
(GH A) were eq u ilib ra ted  w ith  50 m l M UP (8 м  u re a  — 0.24 м S P B , p H  6.8). The M U P w as 
d raw n of u n d e r vacuum . T he D N A -contain ing  so lu tio n  was p o u red  in to  a th ick  s lu rry  o f  
GHA in M U P , and th e  m ix tu re  gen tly  ag ita ted  in te rm it te n tly  an d  allow ed to  s tan d  a t  room  
te m p e ra tu re  fo r ab o u t 1 hr. T h e  slu rry  was p o u re d  in to  G3 sin tered  glass funnel (Jen a) an d  
th e  flu id  w as d raw n off u n d e r  vacuum . The G H A  w as w ashed  free c f R N A s, p ro teins an d  
carb o h y d ra te s  w ith  M U P u n til  no fu rth er m a te ria l w as e lu ted  as ju d g ed  by  A 260 a n d  A 280 
m easu rem en ts o f the  e fflu en t (approx im ate ly  300 m l M U P/20 m l GH A). U rea  was rem oved  
by w ashing w ith  0.012 м S P B  (approx im ate ly  500 m l req u ired  20 m l GH A). The rem o v a l 
of u rea  w as m on ito red  by  re fra c tiv e  index m easu rem en ts  o f th e  e fflu en t. The GHA gel w as 
suspended in 20 m l of 0.48 M S P B  and stirred  a t  room  te m p e ra tu re  fo r 20 m in. The s lu rry  
was poured  in to  G3 sin tered -g lass funnel and th e  D N A -co n ta in in g  buffer was d raw n off u n d e r 
vacuum . T he e lu tion  was co n tin u ed  to A 2fi0 =  0.1. T he D N A -con ta in ing  e luate  (40 m l) was 
d ilu ted  w ith  80 m l distilled w a te r  to a c o n cen tra tio n  of 0.18 м SPB  an d  f i ltra te d  th ro u g h  a 
second b a tc h  of 20 ml G H A  eq u ilib ra ted  w ith  0.18 м S P B , in to  a G3 sin tered  glass funnel. 
A dsorp tion  of DN A  to  G H A  w as judged  by A 260 m ea su re m e n t o f th e  f iltra te . The G H A  w as 
w ashed w ith  0.18 м SPB  to  A 2G0 and A280 — 0.0. D N A  w as th en  e lu ted  w ith  0.48 м SP B  
according to  th e  above m eth o d . The D N A -contain ing  e lu a te  (40 m l) w as d ialysed o v ern ig h t 
against 100 volum es of d is tilled  w a ter a t 4 °C, b ro u g h t to  0.2 m  N aCl by  add ing  solid sa lt, 
m ixed w ith  2 vo l of 96%  e th a n o l and kep t a t  —1 5 °C fo r  3—4 h r. T he p re c ip ita te  was collected 
by  c en trifu g a tio n  a t  6000 rp m  fo r 20 min, d ried  in  a ir a t  room  tem p e ra tu re , and  dissolved in  
9 ml O .lx S S C . One ml of ace ta te -E D T A  (3.0 м so d iu m  ace ta te  p lus 0.001 м ED TA , p H  7.0) 
was added . T he DN A  was th e n  p recip ita ted  w ith  0.54 vo lum e of isopropanol [14], and  th e  
p re c ip ita te  w as dissolved in O .lx S S C  and re frig e ra ted  over chloroform .

R esu lts and d iscu ssio n

M a z i n  e t a l.  [6] rep o rted  a m o d ifica tio n  o f th e  o rig inal m ethod  o f 
T i s e l i u s  e t a l .  [15] for th e  p rep a ra tio n  of h y d ro x y a p a tite  (H A ). T heir m ain id ea  
was th a t  H A  is sy n th e tiz e d  in the p resence  o f silica gel p a rtic le s . A ccording 
to  M a z i n  e t a l .  [6] th e  ch ro m ato g rap h ic  p ro p e rtie s  of new  H A  are som ew hat 
d ifferen t from  those o f th e  original. T he g ra n u la te d  EIA (GHA) has a h igh 
specific c a p a c ity  (600 ц g n a tiv e  DNA/g a d so rb e n t) , it  does n o t becom e denser, 
allows th e  e lu tion  to  be perfo rm ed  a t a h ig h  ra te  and  can  s ta n d  as m uch as 
50 ch ro m ato g rap h ic  cycles.

A ccord ing  to  ou r s tu d ie s , 10 ml G H A  could b ind  10 m g n a tiv e  D N A , 
b u t we could  e luate  only 6 m g DNA by  10 m l 0.48 м SPB  a f te r  four f iltra tio n s  
th ro u g h  th e  gel. This w as m ain ly  due to  th e  fa c t th a t  large frag m en t size D N A  
can n o t be e lu ted  e ffic ien tly . Therefore, w hen  a m ax im um  yield  of D N A  is 
desirable, th e  DNA fra g m e n t size should  be reduced  an d  G H A  ch ro m ato g 
rap h y  shou ld  be re p e a te d  tw ice.

The c h a rac te ris tic s  o f  th e  DNA p re p a ra tio n  iso la ted  b y  th e  m odified 
urea h y d ro x y a p a tite  m e th o d , are given in  T ab le  I. The A 260/A 280 and  A 260/A 230 
ra tio s  of our D N A  p re p a ra tio n  com pared  w ith  th e  sam e d a ta  from  th e  
lite ra tu re  are  shown in T ab le  I I .
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Table I

Characteristics o f  D N A  prepara tion  o f  F. gram inearum

Y ie ld  m g DN A/g 
m ycelium  pow der ^2Bo/^280 ■A00/A230

R N A
(%)

P ro te in
(%) Tm % G C

H y p e rc h ro m ic ity
(%)

1.2 2.02 2.21 1.4 1 71 °C 50.15 3 3 .3

Table II

Com parison o f  the A  28J A 280 and A 2ßJ A 230 ratios o f  D N A  preparations obtained fro m  various
sources by various methods

Iso la tio n  p ro ced u re O rganism А'во/-А-280 г̂оо/Агзо R eference

U rea-H A Saccharomyces 2 20 2.27 [5]
U rea-H A Allomyces 1.90 2.00 [161
M a r m u i i ’ s - l HA Phy corny ccs 1.80 2.42 [17]
M a r m u r ’ s -(- H A Saccharomyces 1.88 — [18]
M a r m u r ’ s Elastocladidla 1.95 1.97 [19]
CsCI cen trifugation Diclyostelium 1.90 2 35 [201
Modified urea-H A Fusarium 2.02 2 21 presen t

paper

M ost o f th e  c u rre n t m eth o d s [14] fo r the  iso la tion  o f p u rified  D N A  
req u ired  t re a tm e n t w ith  ribonuc léase  an d  pronase, com bined  w ith  re p e a te d  
d ep ro te in iza tio n , p rec ip ita tio n  an d  red isso lu tion . Such m ethods ta k e  severa l 
days an d  in v o lv e  a considerab le  loss o f D N A . The p re se n t d a ta  show ed th a t  
th e  m odified  u rea  h y d ro x y a p a tite  m eth o d  was v e ry  sa tis fa c to ry  fo r th e  
iso la tio n  of p u re  D N A  from  filam en to u s  fungi (Tables I  an d  II .)

A ccording to  ou r s tu d ies, G H A  ch ro m a to g rap h y  alone does n o t su ffice  
to  sep ara te  co m p le te ly  th e  D N A  from  p ro te in  c o n ta m in a n ts . T re a tm e n t of 
th e  ly sa te  w ith  an  equal vo lum e o f ph en o l cresol ch lo ro fo rm -iso am y la lco h o l 
m ix tu re  gave th e  b es t re su lts . T he D N A -con ta in ing  so lu tio n  e lu ted  from  th é  
f irs t b a tch  co n ta in ed  a considerab le  a m o u n t of R N A , up  to  20% . I f  th is  e rű d é  
p re p a ra tio n  is re ch ro m a to g rap h ed  on a second G H A  b a tc h  an d  p re c ip ita te d  
w ith  isopropano l, rem oval of th e  R N A  is p rac tica lly  com plete  (R N A  c o n te n t 
a b o u t 1% ).

The b a tc h  m eth o d  described  is sim pler, fa s te r  an d  ch eap er th a n  th e  
co lum n p ro ced u re  an d  was easily  ca rried  o u t in one day . T he tech n iq u e  p e rm its  
p rocessing o f sm all am o u n ts  of m a te r ia l an d  gives a h igh  y ield  of p u re  D N A .
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ISOLIERUNG UND REINIGUNG EINES SCHWER 
EXTRAHIERBAREN PROTEUS MIRABILIS ANTIGENS

R .  R e i s s b r o d t , G. K e m m e r  u n d  G. S e l t m a n n

Institu t f ü r  Experim entelle Epidem iologie , Wernigerode, D D R  

(E ingegangen  23. M ai 1977)

R . R e i s s b r o d t , G. K e m m e r  and  G. S e l t m a n n  ( Institu te  o f E xperim enta l Epidem iology■> 
Wernigerode, G .D .R .) : Iso la tion  and  Some P roperties o f P roteus m irabilis A ntigen D ifficult to  
E x trac t. Cell walls of Proteus m irabilis contain  an  an tigen  substance  (SE PA ) w hich canno t 
be e x tra c te d  by  anionic an d  n e u tra l  d e te rg en ts, b u t  becom es soluble b y  son ifica tion  of n a tiv e  
or p re e x tra c te d  bacteria . I t  is assum ed  th a t  S E P A  is ty p ica l of P. m irabilis. T he an tigen  iso lated  
from  p re e x tra c te d  bac teria  w as pu rified  b y  D E A E —cellulose ch ro m ato g rap h y . On Sephadex  
G-200 it  cou ld  be sep ara ted  in to  4 frac tions (frac tion  I ,  5 IO5—106 D a lto n ; frac tion  I I ,  1.1 
4 TO5 D a lto n ; frac tion  I I I ,  ^ l O 5 D alto n ; frac tio n  IV , ^ 1 0 4 D alton ). R ech ro in a to g rap h y  
of frac tio n  I I I  under id en tica l cond itions resu lted  in th e  rep ea ted  fo rm atio n  of these frac tions. 
F rac tio n s  I—I I I  b u t n o t frac tio n  IV p rec ip ita ted  w ith  an ti-S E P A  sera. S E P A  is com posed 
m ain ly  o f am ino acids, w ith  sm all q u a n titie s  o f c a rb o h y d ra te s  ( < 2 % )  an d  lip ids ( < 1 % ) .  
D ifferences in  the  q u a lita tiv e  a n d  (as fa r as e s tim a te d )  q u a n tita tiv e  com position  could no t 
be fo und  be tw een  the  S ep h ad ex  G-200 frac tions. In  SD S—polyacry lam ide  gel e lectrophoresis, 
one m ain  b a n d  ( ^ 6 0  000 D a lto n )  could be d e tec ted  beside some w eaker b ands in  th e  region 
b e tw een  10 000 and 60 000 D a lto n . I t  is assum ed th a t  S E PA  consists o f tw o su b u n its (10 000 
and  60 000 D alton ) w hich are  ab le  to  aggregate as well m u tu a lly  as w ith  them selves.

Z ellw ände von Proteus m irabilis e n th a lte n  eine antigene S u b s tan z  (SE PA ), die m it 
an io n isch en  u n d  n eu tra len  D e te rg en tien  n ich t e x tra h ie r t  w erden k a n n , ab er nach  U ltrasch a ll
b eh an d lu n g  der na tiv en  oder de r v o re x tra h ie rten  B ak te rien  löslich w ird . Es w ird v e rm u te t, 
daß  S E P A  ty p isch  fü r P . m irabilis  ist. D as aus den  v o rex trah ie rten  B ak te rien  gew onnene 
A ntigen  w u rd e  durch  D E A E —C ellu losechrom atographie  gereinigt. An S ephadex  G-200 k o n n te  
es in  4 F ra k tio n e n  g e tre n n t w erd en  (F ra k tio n  I, 5 -105—106 D alton , F ra k tio n  I I ,  1,1—4 IO5 
D alto n , F ra k tio n  I I I ,  ^ 1 0 5 D a lto n , F ra k tio n  IY , <~104 D alton). R ech ro m ato g rap h ie  von 
F ra k tio n  I I I  u n te r  iden tischen  B edingungen  ergab  e rn eu te  B ildung v o n  diesen F rak tio n en . 
Die F ra k tio n e n  I—II I ,  n ich t a b e r F ra k tio n  IV , p rä z ip itie rte n  m it A n ti-S E P A -S eren . SE PA  
ist h au p tsäch lich  aus A m in o säu ren  zu sam m en g ese tz t, es e n th ä lt d an eb en  k leine M engen 
K o h len h y d ra te  (< 2 % )  u n d  L ip ide  ( < 1 % ) .  U n te rsch ied e  in der q u a lita tiv e n  u n d  (so w eit 
b e s tim m t) q u a n tita tiv e n  Z u sam m ensetzung  k o n n ten  zw ischen den S ephadex  G -200-F rak tionen  
n ich t fe stg es te llt w erden. In  de r SDS—Polyacry lam idgele lek trophorese  k o n n te  eine H a u p t
b an d e  (^>60 000 D alton) n eben  einigen schw ächeren  B an d en  in der R egion  zw ischen 10 000 
u n d  60 000 D alton  festg es te llt w erden . Es w ird v e rm u te t,  daß S E P A  aus 2 U n te re in h e iten  
(10 000 u n d  60 000 D alton ) b e s te h t, die sow ohl u n te re in a n d e r a ls m it sich se lbst aggregieren 
können.

In ten s iv e  U n te rsu ch u n g en  zu F rag en  der P ro te in zu sam m en se tzu n g  
der äu ß eren  M em bran [1], d e r S tru k tu r  d er L ipopo lysaccharide  [2] und  der 
F lagellae  [3, 4] sowie d er T o x iz itä t [5, 6] sind  bei P. m irabilis  in jü n g e re r  
Zeit v e rm e h rt u n te rn o m m en  w orden. U b er die P ro te in an tig en e  der P . m ira - 
bilis-Z ellw and ist aus d er L ite ra tu r  w enig b e k a n n t.
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In  der vo rliegenden  A rb e it w erden die Iso lierung  u n d  einige E igenschaften  
eines m it an ionischen  u n d  n e u tra le n  D e te rg en tien  wie N a triu m d o d ecy lsu lfa t, 
B rij 58, EDTA, R o d a p o n  N 50, Tw een 80 und  N a triu m d eso x y ch o la t schw er 
ex tra h ie rb a re n  P . m ira b ilis-A n tigens (SE PA ) beschrieben .

M aterial und M ethoden

Bakterienstäm m e. D ie u n te rsu c h te n  B ak te rien stä in m e  sind  in Tabelle I au fgeführt. 
F ü r  die Isolierung des S E P A  w urde der P . m irabilis-R a u h s tam m  R  51 verw endet, dessen 
L ipopo lysaccharid  G lucose, L -G lycero-D -m annoheptose, D -G lycero-D -m annoheptose u n d  2- 
K e to -3 -desoxy-D -m annooctonsäure  e n th ie lt. D er S tam m  w urde v o n  P rofessor Dr. K o t e l k o , 
I n s t i tu t  fü r M ikrobiologie, U n iv e rs itä t  Lodz, Po len , e rh a lten .

Nährm edien und  A nzüch tung . Die B ak te rien  w urden  au f einer N ä h rag a r I -P la tte  18 S td . 
bei 37 °C an g ezü ch te t, d a v o n  eine 4 Std. S c h ü tte lk u ltu r  in  N äh rb o u illo n  I h e rg este llt u n d  
d iese au f große N ä h ra g a r  I -P la tte n  (0 =  15 cm) au sg esp ate lt (N ä h rag a r I  u n d  N ährbouillon  I 
v o n  S IF IN  B erlin-W eißensee). Von jed e r v e ra rb e ite te n  B ak te rien su sp en sio n  w urde ein  A us
s tr ic h  zur R ein h e itsk o n tro lle  au f Galle—C hrysoidin—G lycerin—P la tte  [7] angelegt. N ach  16 S td . 
B e b rü tu n g  bei 37°C w u rd e  der B ak te rien rasen  g e e rn te t u n d  die B ak te rien  w urden  sofort 
lyoph ilisiert.

Extraktion. 1,6 g ly o p h ilisierte  B ak te rien  w urd en  in 300 ml 0 ,85% iger N aC l-Lösung 
m it 0 .125%  R odapon  N  50 16 S td . bei +  4°C stehengelassen  (R o d ap o n  N 50 ist ein N a triu m alk y l-  
benzo lsu lfonat des Y E B  D eu tsch es H y d rie rw erk , R odleben). A nsch ließend  w urde bei 5000 
m in -1 zen trifug iert, de r E x tra k tio n s rü c k s ta n d  (Sed im ent) 5 x  m it 0 ,85% iger N aC l-Lösung 
gew aschen und  d a n n  m it U ltra sch a ll (U ltrasch a llg e rä t der F a . Schoeller u n d  Co., F ra n k fu r t /  
M ain ) aufgeschlossen. D er U ltra sch a lle x tra k tio n s rü ck sta n d  w urde bei 5000 m in “ 1 a b z e n tr i
fu g ie r t  und der U b e rs ta n d  ü b e r  N a ch t gegen fließendes L eitungsw asser dialysiert. Die A us
b e u te  an aufgeschlossenem  E x tra k tio n s rü c k s ta n d  b e tru g  d u rc h sch n ittlich  400 m g m it 45— 
5 0 %  Prote ingehall (B iu re t).

DEAE-Cellulosechrom atographie und Sephadex G-200-Chromatographie. An einer D E A E - 
Celulosesäule (D E A E -C ellu lose  v o n  R eanal, B u d ap es t, nach  A k tiv ie ru n g  in P h o sp h atfo rm ) 
m it  einem  0= 8 cm , h  =  8 cm , w urde der aus 3 g lyoph ilisierten  P. m irabilis R 51-B akterien  
e rh a lte n e  U ltra sc h a ll-E x tra k tio n s rü c k s ta n d  c liro m ato g rap h ie rt. P h o sp h atg ep u fferte  iso toni- 
sc l|e  NaCl-Lösuhg (P B S ) m it ste igenden  Io n e n stä rk e n  (1/10 P B S : P B S ; PB S +  1 M NaCl) 
w p rd e  verw endet. Die m it P B S  bzw . PB S  - f  1 м NaCl e rh a lten en  E lu a te  w urden m it A m m o
n iu m su lfa t bis zu 9 5 % ig er S ä ttig u n g  v e rse tz t, das ausgefallene M ateria l a b filtr ie rt, der F i l t r a 
tio n s rü ck s ta n d  in a q u a  d es t. w ieder aufgelöst. N ach  e rn eu te r  D ialyse gegen L eitungsw asser 
w u rd e  im  D ia f lo -L ltra f iltra tio n sg e rä t (M em bran UM 2 der Fa. A m icon , O usterhoot, H o lland) 
a u f  8—15 mg P ro te in /m l (B iu re t)  k o n zen trie rt.

1—2 ml dieser L ö su n g  w urden  sodann an  einer Sephadex  G -200-Säule (Fa. P h a rm ac ia , 
U p p sa la , Schweden) m it e inem  V t 230 m l, V 0 ^  70 m l bei einer G eschw indigkeit von 25 m l/h  
ch ro m ato g rap h iert (P u ffe r: 0 ,1%  A m m o n iu m ace ta t). Die e rh a lte n e n  F rak tio n en  w urden  
z u e rs t  im R o ta tio n sv e rd am p fe r, anschließend im  D ia f lo -U ltra filtra tio n sg erä t (M em bran  
UM 2) k o n zen trie rt. N ach  A u sführung  der Im m u n reak tio n en  (Im m une lek tro p h o rese  bzw. 
Im m undiffusion) w u rd en  die F ra k tio n e n  im E xsicca to r ü b er feu ch tem  N atriu m h y d ro x id /C aC l2 
ge tro ck n et.

Analytische Verfahren. Im m u nd iffusion  u n d  Im m u n e lek tro p h o rese , d ü n n sch ich tch ro m a
tograph ische  A m in o säu rean aly se , S D S -P o lyacry lam idgel-E lek trop lio rese  sowie g asch ro m a to 
graph ische  K o h len h y d ra t-  u n d  F e ttsäu re an a ly se  w urd en  bereits besch rieben  [8].

D ie U n te rsu ch u n g  de r K o h len h y d ra te  erfo lg te auch  durch  e lek trophore tische  T ren n u n g  
n a c h  [9] (600 Y , 20 M in., D ü n n sch ich te lek tro p h o resek am m er der F a . Desaga, H eidelberg , 
P y rid in -E ssig säu re-P u ffe r p H  7.0 u n d  ansch ließende D ü n n sch ich tch ro m ato g rap h ie  nach  
[10] im  System  n -B u tan o l-P y rid in -W a sse r 6 : 4 : 3 .  Z usätz lich  w u rd e  nach  [11] die A b so rp 
tio n sk u rv e  nach C y ste in -S chw efe lsäu re-F ärbung  (G erät: P e rk in -E lm er Model 124) au fgenom 
m en .

Thermostabilität. D ie m it  P B S  - f  1 M NaCl e lu ierte  F ra k tio n  der D E A E -C ellu losechrom a- 
to g rap h ie  wurde je  1 S td . bei 60 °C u n d  bei 100 °C gehalten , ansch ließend  in  der Im m und iffusion  
u n te rsu ch t.

Enzym atischer A bbau . 5 m g lyophilisiertes M ateria l der m it P B S  -f I m NaCl e lu ierten  
F ra k tio n  der D E A E -C ellu losechrom atograph ie  w urd en  in w äßriger L ösung bei p H  7.0—7.2
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m it je  0,5 mg P ro n ase  (Serva, H eidelberg), T rypsin  (D ifco, D e tro it) , R N A se (F erak , B erlin), 
D N A se (R o th  O H G , K arlsruhe) oder L ysozym  (R ean a l, B u d ap es t)  v e rse tz t. N ach 1 S td . 
bei 37 °C w urden die L ösungen im m u n e lek tro p h o re tisch  u n te rsu ch t.

Hydrolyse der gewonnenen F raktionen . F ü r A m in o säu ren  16 S td . m it 6 N HCl, fü r 
K o h len h y d ra te  4 S td . m it  1 N  HCl o d er 12 Std. m it 0,5 N H 2S 0 4, F e tts ä u re n  5 S td . m it 4 N  
N aO H .

E rgebnisse

Vorkommen des A ntigens. E x tra k tio n  des S tam m es P . m irabilis  1095/67 
m it anionischen u n d  n eu tra len  D etergen tien  wie N a triu m d o d ecy lsu lfa t, 
B R I J  58, ED TA , R o d ap o n  N 50, T w een  80 u n d  N a triu m d e so x y c h o la t e n tfe rn te  
den größten  Teil d e r  B estan d te ile  der äu ß eren  M em bran . Z urück  blieb eine 
S u b stan z , die in d e r  Im m unelek trophorese  schw ach  anod isch  w andcrte  und  
au ch  in allen a n d e re n  geprüften  P . m irabilis-S täm m en  einschließ lich  versch ie
d en e r R auhform en  bis hin zu R c-F o rm  nachgew iesen w erden  k o n n te  (Tabelle I). 
D abe i w ar in d en  u n te rsu c h te n  P . m irabilis-S täm m en  kein  U ntersch ied  
in  d er S tärke d e r  P räz ip ita tio n s lin ie  fes tzu ste llen , led ig lich  in  einem  t e t - - 
S tam m  w ar die P rä z ip ita tio n s lin ie  des A ntigens schw ächer ausgebildet.

Tabelle I

B akterienstäm m e

Spezies Bezeichnung M arker H erkunft:
SE P A -

P räzip i ta lio n s-

Proteus mirabilis 1095/67 n ie “ t h i -  te t+ f in + IE E +
2098 n ie “ th i -  t e t - IE E ( + )
273 n ie -  t h r -  t e t+ fin + IE E +
1959/S G lcU A ; GalN; GalUA, IML

G lcN ; Glc; L-H ep;
D -H ep ; KDO

1959/R13 G alU A ; GlcN; Glc; IM L
L -H ep ; D -H ep; KDO

1959/R51 Glc; L -H ep; KDO IML
1959/R45 K D O IM L

Proteus rettgeri 6382 IE E —
Proteus morganii 6732 IE E —
Proteus vulgaris 6394 IE E —
Shigella sonnei 2882/67

+■&1о IE E —
Escherichia coli К  12 m et p ro  (Л) IE E
Providencia 4619 t e t + IE E

A bkürzungen

n ie - , t h i - , t h r - , m et " ,  p r o -  =  a u x o tro p h  fü r N ico tin säu ream id , T h iam in , T hreonin , M ethionin 
t e t +( - ) =  R esistenz (E m p fin d lich k eit)  gegen  T etracyclin , f in + — F e rtilitä ts in h ib itio n . Glc =  
G lucose, GlcN =  G lucosam in , GalN =  G alak tosam in , G lcU A  =  G lucuronsäure , G alU A  =  
G alak tu ro n säu re , L -H ep  =  L -G lycero-D -m annoheptose, D -H ep  =  D -G lycero-D -m anno-hep- 
tose , KD O  =  2 -K eto -3 -desoxy-D -m annooctonsäure , K K + =  positive  K e ra to k o n ju n k tiv itis -  
re a k tio n  (M eerschw einchenauge), IE E  =  S tam m sam m lu n g  des I n s t i tu ts  fü r  E xperim en telle  
E pidem iologie, W ern igerode , IM L =  I n s t i tu t  fü r M ikrobiologie, U n iv e rs itä t  Lodz.
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Das schw er e x tra h ie rb a re  P. m irab ilis-Antigen  (S E P A ) k o n n te  auch  in 
U ltrasch a llau fsch lü ssen  v o rh er n ic h t e x tra h ie r te r  P. m ira b ilis -S tä m m e  n ach 
gew iesen w erden. Im  G egensatz dazu  w urde  u n te r  g leichen E x tra k tio n sb e d in 
gungen  bei an d eren  Proteae (P roteus m organii, Proteus rettgeri. Proteus vulgaris, 
P rovidencia) sowie in  Shigella sonnei u n d  Escherichia coli eine solche S u b stan z  
in  d er Im m u n elek tro p h o rese  gegen P. m irabilis-Serum  n ich t gefunden  (T abelle I).

+

Abb. 1. Im m u n e lek tro p h o rese-M u ster des schw er e x trah ie rh a ren  P. m irab ilis-A n tig en s (SEPA ). 
E lek tro p h o re tisch e  T ren n u n g  60 M in. L och: A n tigen  erh a lten  n ach  E x tra k tio n  u n d  U ltra 

schallau fsch luß . R in n e: Proteus m irabilis 1095/67-Serum

Abb. 2. D E A E -C ellu lose-C hrom atographie  des A ntigens e rh a lten  nach  E x tra k tio n  u n d  U ltra 
schallaufsch luß  von P. m irabilis  R  51. F ra k tio n  1 =  PB S 1 : lO v e rd ü n n t;  F ra k tio n  2 PBS;

F ra k tio n  3 =  P B S  +  1 м NaCl

Extrahierbarkeit des A n tigens. D er nach  V o re x tra k tio n  m it 5% iger 
R o d ap o n  N 50-L ösung und  nach fo lgendem  U ltrasch a llau fsch lu ß  des S tam m es 
P . m irabilis 1095/67 e rh a lten e  E x tr a k t  zeigte in d er Im m u n e lek tro p h o rese  
die P räz ip ita tio n s lin ie  des S E P A  als H au p tlin ie  (A bb. 1), ähn lich  v erh ie lt 
sich  der fü r die Iso lie ru n g  v e rw en d ete  R au h stam m  P. m irabilis  R 51.

Rei E rh ö h u n g  d e r zu r V o re x tra tio n  eingesetzten  R o d ap o n  N 50-K on
z e n tra tio n  au f das D op p elte  ließ sich das SE PA  in d er Im m u n e lek tro p h o rese  
o d er Im m und iffusion  n ich t m ehr nachw eisen . Bei E in sa tz  d er h a lb en  R odapon  
N  50-Menge w u rd en  w eitere  P räz ip ita tio n s lin ien  nachgew iesen.

R einigung des A n tigens und molekulare Heterogenität. Bei d e r D E A E - 
C ellu losechrom atograph ie  (A bb. 2) w urde  in  der m it 1 : 10 v e rd ü n n te r  PBS
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e lu ie rten  S ubstanz  (F ra k tio n  1) k e in  S E P A  gefunden . In  d e r m it PB S  (F ra k 
tio n  2) und  der m it P B S  - f  1 м N aC l elu ierten  F ra k tio n  (F ra k tio n  3) w urde 
das S E P A  nachgew iesen, in F ra k tio n  3 ste llte  es sich als einzige P rä z ip ita tio n s 
linie d a r  (Abb. 3). B ei E rhöhung  d e r N aC l-K o n zen tra tio n  k o n n te  kein SE PA  
m eh r e lu ie rt w erden. E in e  Schärfung  des S E P A -P eaks in einem  E lu tio n ssch ritt 
d u rch  V erw endung eines P h o sp h a tg rad ien ten  an  D E A E -C ellu lose gelang 
n ich t. D as SE PA  ersch ien  auch h ie r diffus hei m ehreren  (0.3 -*• 0.6 m ) P h o sp h a t
k o n zen tra tio n en .

S S S

Abb. 3. Im m u n d iffu sio n sm u ste r der D E A E -C ellu lose-C hro inatographie. I .: F ra k tio n  PB S 
(F ra k tio n  2); I I :  F ra k tio n  P B S  - f l u  N aC l (F ra k tio n  3); S: P. m irab ilis  1095/67-Serum

Abb. 4. Sephadex G -200-C hrom atographie  v o n  F ra k tio n  3 der D E A E -C ellu lose-C hrom ato- 
graphie. I —IV  =  erhaltene F r a k t io n e n ; ------ E 280 nm ; — -— E 20e nm

C hrom atog raph ie  obiger F ra k tio n  3 an  S ephadex  G-200 fü h rte  im m er 
zu dem  in Abb. 4 d a rg este llten  E lu tio n sp ro fil. G ru n d sä tz lich  w urden  jew eils 
4 F ra k tio n e n  e rh a lte n  (F rak tio n en  I  his IV), von denen die F ra k tio n e n  I I I I  
in d e r Im m u n e lek tro p h o rese  (s. z. B. A bb. 5) hzw. Im m u n d iffu sio n  (Abb. 6) 
die P räz ip ita tio n s lin ie  des SEPA  zeig ten . F ra k tio n  IV  in einem  M olekular
gew ichtsbereich  bei ~  104 gab k eine  P räz ip ita tio n s lin ie  m it dem  A n ti-P . 
m i rabilis-Serum .
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Abb. 5. Im m u n e lek tro p h o rese-M u ster v o n  F ra k tio n  I I  (S ep h ad ex  G -200-C hrom atographie) 
gegen P. m irab ilis  1095/67-Serum . E lek tro p h o re tisch e  T ren n u n g  90 m in

I.

s r  1
III.

IV

Abb. 6. Im m und iffu sio n sm u ste r der S ep h ad ex  G -200-F rak tionen  (I—IV) gegen P. m irabilis
1095/67-Serum

Abb. 7. Sephadex G -200-R ech ro m ato g rap h ie  der F rak tio n  I I I  v o n  de r Sephadex  G-200-Chrom a-
to g raph ie  (Abb. 4) (A) u n d  w iederho lte  R ech rom atograph ie  v o n  H a u p tp e a k  I I P  ( B ) . ------ E 280

nm ; —-—  E 206 nm

R ech ro m ato g rap h ie  d er F ra k tio n  I I I  an  S ep h ad ex  G-200 fü h rte  zur 
A u fsp litte rung  in die 4 F ra k tio n e n  I ’- I V ’, die A u sg an g sfrak tio n  I I I  was als 
1 IF  wieder die H a u p tf ra k tio n  (A bb. 7A). E rn eu te  R ech ro m ato g rap h ie  dieser 
H a u p tfra k tio n  I I I ’ an  S ephadex  G-200 fü h rte  zu r g leichen A u fsp litte ru n g  
(A bb. 7B), a lle rd ings w ar d er P e a k  IV ”  gegenüber IV ’ deu tlich  ve rk le in e rt. 
D ie hier e rh a lten en  F ra k tio n e n  en tsp rach en  in ih re r serologischen A k tiv itä t 
u n d  im E lu tio n sv e rh a lte n  den bei der ersten  S ep h ad ex  G -200-C hrom ato- 
g raph ie  e rha ltenen  W erten . Aus dem  E lu tio n sv e rh a lten  w u rd en  fü r  die F ra k 
tionen  I bis IV  fo lgende u n g efäh re  M olekulargew ichte b e rech n e t:

F ra k tio n  I 5 • 105 bis 10° ( ~ V 0)
F rak tio n  I I  1,1 • IO5 bis 4 • 105
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F ra k tio n  I I I  I  • 105 (k o n stan t bei 9 C hrom atograph ieen)
F ra k tio n  IV  8 • K P bis 1,1 • 104

Zusam m ensetzung des A n tigens. D ie A n tig e n itä t des schw er e x tra h ie r
b a re n  P . m irabilis-A n tigens w urde  d u rch  P ronase u n d  T ry p sin  ze rs tö rt. 
D N A se, RN A se u n d  L ysozym  b lieb en  ohne E in flu ß . A m  A u fb au  des SE PA  
m üssen  dem zufolge P ro te in e  en tsch e id en d  bete ilig t sein. In  d er Im m u n elek tro -

О
0

0
8

G

О

О

Leü
Gly
His

Glu . . Met
Lys III. IV Ala

Abb. 8. D ü n n sch ich tch ro m a to g rap h ie  der A m in o säu ren  n ach  H yd ro ly se  der F rak tio n en  
I—IV (Sephadex  G -200-C hrom atographie) 6 N HCl, 12 Std. (A bb. 4). A n fä rb u n g  N in hydrin : 
S y stem : B u tan o l-E ssig säu re—W asser 12 : 3 : 5 a n g efä rb t m it N in h y d rin  u n d  K ollid in  (13 .8%

K ollid in  in  A ethanol)

8
О
О

ж
1. Elektrophorese

Abb. 9. F in g erp rin t-T ech n ik  zu r A m inosäurezusam m ensetzung  von  F ra k tio n  I I  (Sephadex  
G -200-C hrom atographie). 1. L au f: E lek tro p h o re se ; 2. Lauf: D ü n n sch ich tch ro m ato g rap h ie
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phorese  w ar die P rä z ip ita tio n s lin ie  des SE PA  nach  E rh itz e n  a u f  100 °C (60 
M in.) n ich t m ehr v o rh a n d e n , bei 60 °C t r a t  sie geschw äch t auf.

Bei der d ü n n sch ich tch ro m a to g rap h isch en  A m inosäu reanalyse  w urde 
g e funden , daß alle 4 F ra k tio n e n  d er S ephadex  G -200-C hrom atographie  ( I - IY ) 
eine q u a lita tiv  u n d , n a c h  S chä tzung  d er In te n s i tä t  der F lecken , auch q u a n ti
t a t iv  gleiche A m in o säu rezu sam m en setzu n g  h aben  (A bb. 8). A uch  nach  v o rh e ri
ger e lek tro p h o re tisch er A u ftren n u n g  (fin g erp rin t, A bb. 9) w a r kein U n te r
sch ied  in der A m in o säu rezu sam m en setzu n g  festzuste llen . E lf  A m inosäure-

67000

45000

25000

12 400

d<

60000

b,
Abb. 10. SD S-P o lyacry lam idgel-E lek trophorese  v o n  F ra k tio n  I I  der S ep h ad ex  G -200-C hrom ato- 
g rap h ie : (a) M o lek u la rg ew ich t-S tan d ard s (R in d erseru m alb u m in , O v a lb u m in , C hym otrypsi-

nogen A, C ytochrom  C); b) S E P A

flecke  konnten  u n te rsch ied en  w erden , d a ru n te r  w aren L eucin , G lycin, Lysin, 
G lu tam insäu re , A sp arag in säu re , A lan in  und  M ethionin . D er K o h len h y d ra tg e 
h a lt  w ar nach d er g a sch ro m ato g rap h isch en  und d ü n n sch ich tch ro m a to g rap h i
schen  B estim m ung gering  (<^ 2% ), Glucose ste llte  die H au p tk o m p o n en te  dar. 
A uch  hier gab es k e in en  U n tersch ied  zw ischen den einzelnen  F rak tio n en  d er 
S ephadex  G -200-C hroniatographie . Pen tosen  w urden  d u rch  die A ufnahm e 
d e r A dsorp tionskurve  n ach  R eak tio n  m it C ystein /Schw efelsäurc ausgeschlossen.

N ach der g asch ro m ato g rap h isch en  F e ttsä u re b e s tim m u n g  e n th a lte n  
alle 4 F rak tio n en  d e r  S ephadex  G -200-Trennung die g leichen F e ttsäu ren  
C -14 , C-16 und C-18, allerd ings in  geringen M engen ( ~ 1 % ) .

Die S D S -P o lyacry lam idge l-E lck trophorese  in  G egenw art von 1%  
SD S, 8 M H arn s to ff  u n d  0 .1%  ß -M ercap to ä th an o l ergab bei den  F rak tio n en
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I  bis I I I  s te ts  eine H a u p tb a n d e  m it einem  M olekulargew icht um  60 000 
(s. A bb. 10), es w urden  ab e r auch  n iederm oleku la re  B anden  bis zum  M olekular
gew icht um  10 000 nachgew iesen . Die B ande m it einem  M olekulargew icht 
u m  60 000 ließ sich auch  d u rch  E rh ö h u n g  des A nteils an  /?-M ercap toäthano l 
a u f  5%  sowie du rch  V erän d eru n g  des SD S-A nteils bei d er S D S -E lek trophorese  
n ic h t w eiter au fsp a lten .

D iskussion

E x tra h ie r t  m an  P . m ira b ilis-S tä m m e  m it n e u tra le n  oder an ionischen 
D e te rg en tien , so geh t in  A b h än g ig k e it von  den  V ersuchsbed ingungen  ein m ehr 
oder w eniger großer Teil d er K o m p o n en ten  der äußeren  M em bran in Lösung; 
es k an n  also allein d u rch  V aria tio n  der E x trak tio n sb ed in g u n g en  eine gewisse 
F ra k tio n ie ru n g  erfolgen. V erw endet m an  0 ,1%  R odapon  N 5 0  bei -j-4 °C, so 
b le ib t im  w esentlichen ein A ntigen  in der Z ellw and zu rück  u n d  k an n  ansch lie
ßend  u n te r  d rastisch en  B ed ingungen  (U ltrascha ll) fre igese tz t w erden . Dieses 
von uns als schw er e x trah ie rb a re s  P. m irab ilis-A ntigen  (SE P A ) bezeichncte  
A ntigen  w urde in allen g ep rü ften  P. m irab ilis-S täm m en  (auch  R auhform en) 
gefunden , n ich t dagegen in  anderen  Proteae sowie S. sonnei u n d  E . coli.

U ntersch iede  in d er E x tra h ie rb a rk e it  der Z e llw an d b estan d te ile , in sbe
sondere bei P ro te inen  d er äußeren  M em bran  von P. m irabilis, d u rch  versch ie
dene D e tergen tien  (SDS, T rito n  X -100, N a triu m d eso x y ch o la t)  sind kürzlich 
beschrieben  w orden [12].

D as schw er e x tra h ie rb a re  P . m irab ilis-A ntigen  g eh ö rt v erm u tlich  zu 
den basalen  Z e llw an d -P ro te in -A n tig en cn , da es auch u n te r  m in im alen  W achs- 
s tu m sbed ingungen  bei fa s t jed e r N äh rm ed ien -V arian te  im m u n e lek tro p h o re 
tisch  nachgew iesen w erden  k o n n te  [13]. S E P A  b esitz t einen hohen  P ro te in 
g ehalt neben w enig K o h le n h y d ra t-  u n d  F e ttsä u re a n te il. D er geringe L ip id 
g ehalt des S E P A  sch ließ t eine V erw echslung m it dem  S -N eu ro to x in  (~ 2 0 % )  
oder L -N eu ro to x in  ( ~ 8 % )  von  P . m irabilis  aus [3]. E benso  sp ric h t die Ther- 
m o s ta b ili tä t  des L -N eu ro to x in s  (100 °C w erden  e rtrag en , ohne daß  die An- 
t ig e n itä t  v e rän d e rt w ird) gegen eine Id e n t i tä t .

V orläufige T o x iz itä tsb es tim m u n g en  an  M äusen zeig ten , daß  S E P A  n u r 
m äß ig  tox isch  is t (L D 50 S E P A  ~  0,15 m g N ; S -N euro tox in  ~  0,01 m g N; 
L -N eu ro to x in  ~ 0 ,1  m g N  [14], R e i s s b r o d t , u n v e rö ffen tlich t).

Aus dem E lu tio n sv e rh a lte n  des S E P A  sowohl an  D E A E -C ellu lose als 
auch  an  S ephadex  G-200 g eh t herv o r, d aß  es in w äß rig er L ösung le ich t in  
n iederm oleku lare  A ggregate  d issoziieren u n d  in  h ö h erm o lek u la re  E in h e iten  
aggreg ieren  k an n  (s. z. B . A bb. 7). D am it zeigte es ein ähn liches V erh a lten  wie 
das anodisch w an d ern d e  th erm o lab ile  A n tigen  (ATA) von  G ram -negativen  
B ak terien  [8].
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Im  U n te rsch ied  zu dem  ATA tra te n  ab e r in  d er G e lch rom atog raph ie  
u n d  in der S D S -G ele lek trophorese  2 stab ile  “ U n te re in h e ite n ”  auf: eine m it 
e inem  M oleku largew ich t von  ^ l O 4 D alto n  u n d  eine m it einem  M oleku lar
gew icht von • 104 D alton . D as G esam tm olekü l u n d  die h ö h erm o lek u la ren  
U n te re in h e iten  geben  m it A nti- P . m irabilis-A n tise ren  in  d e r Im m u n e le k tro p h o 
rese  p rak tisch  id en tisch e  P räz ip ita tio n s lin ien , die n iederm o lek u la re  U n te re in 
h e it dagegen n ic h t. D ie D ifferenzen  zw ischen den  m it d er G elch ro m ato g rap h ie  
e inerse its und  d e r S D S -E lek tro p h o rese  and ererse its  b e s tim m te n  M olekularge
w ich te  beruhen  w ahrsche in lich  a u f  die T a tsach e , d aß  die M oleku largew ich t/ 
К (1г,-B eziehung fü r  S ephadex  G-200 m it g lobu lären  P ro te in en  vorgenom m en 
w u rd e  (die R a u m s tru k tu r  des S E P A  is t u n b estim m t). P ro te in e , die aus 2 
U n te re in h e iten  zu sam m en g ese tz t s ind , die in  vitro  sow ohl m it sich se lb st als 
au ch  m it der a n d e re n  U n te re in h e it zu aggreg ieren  verm ögen  u n d  so in  der 
S D S -G ele lek trophorese  ein e tw as v erw irrendes B ild  geben, sind  n ic h t u n g e 
w öhnlich  (s. z. B . [15]).

D as schw er e x tra h ie rb a re  P. m irabilis-A n tig en  is t  o ffenbar fü r 
P . m irabilis c h a ra k te ris tisch . E s w u rd e  lediglich ein S tam m  gefunden , d er die 
P räz ip ita tio n s lin ie  des SE PA  schw ächer au sb ilde te  u n d  d er gleichzeitig  em p 
fin d lic h  gegenüber T e tracy c lin  w ar.

Der M TLA F ri. M. G r a s s m a y  d a n k en  w ir fü r  sorgfältige techn ische  A ssistenz bei der 
D u rch fü h ru n g  der V ersuche.
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STABILITY OF ESCHERICFIIA COLI ADHESIVE 
FACTORS K88 AND K99 IN MICE

I. K É T Y I ,  B. K u C H  a n d  A D E L E  V e R T E N Y I

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

(R eceived  Ju n e  23, 1977)

S tra in s of Escherichia coli carry in g  K88 an d  K99 plasm ids acq u ired  e ith e r n a tu ra lly  
o r a rtific ia lly  show a curing-like p lasm id  loss in  th e  bow el of ad u lt m ice. T h o u g h  th e  ra tio  
o f p lasm id  loss m ay  differ sign ifican tly  in  va rio u s in b red  m ouse stra ins , th e  d y n am ics o f th e  
loss are iden tica l. U n d er conditions in  vitro  w ith  long in cu b a tio n  period , h ig h  p H  and  low  
red o x  va lues, th e  ra tio  of spon taneous p lasm id  loss is low. Suckling mice 3 or 10 days old 
in fec ted  orally  w ith  d e riv a tiv es of K 88+ or K 9 9 + show  a selective a d v an tag e  fo r adhesive  fa c 
to rs  com p ared  to o th e r E . coli s tra ins . In  th e  a lim en ta ry  t r a c t  o f suckling m ice an  e n rich m en t 
of adhesive  fac to r carry in g  clones can be d em o n s tra ted . In  th is respec t, th e re  is no d ifference 
be tw een  K88 an d  K 99. In  14-day-old m ice th e  ap p ea ran ce  of p lasm id curing  effect, to g e th e r 
w ith  th e  d isap p earan ce  of th e ir selective a d v an tag e , w as observed.

In  an im als, th e  adhesive fac to rs  K 88 [1, 2] an d  K99 [3, 4] p lay  an  im 
p o r ta n t  role in  th e  p a th o g en ic ity  of en te ro to x ig en ic  Escherichia coli s tra in s . 
T he p re se n t s tu d y  aim ed a t developing  a m ouse m odel for h u m an  e n te ro to x i
genic s tra in s , b y  th e  aid of K88 or K 99 p lasm ids transfered  a rtif ic ia lly . Since 
in th e se  ex p erim en ts  a high ra tio  o f p lasm id  loss was observed , a de ta iled  
analy sis  o f th is  phenom enon seem ed to  be ju s tif ie d .

M ateria ls and  m ethods

Stra ins. The s tra in s  and  th e ir d e riv a tiv e s  a re  show n in Table I. F ro m  stra in s  used  fo r 
an im al ex p erim en ts , strep to m y c in  re s is ta n t m u ta n ts  w ere selected.

M edia . G enerally , a m eat b ro th  o f p H  7.2, co n ta in in g  1%  p ep to n e  (B acto , Difco) 
and 0 .5%  N aCl was used , e ith e r liqu id  or solidified w ith  1 .6%  agar. Iso la tio n  o f E . coli from  
faeces and  bowel surface  was perform ed on E n d o  agar. F o r tran sferrin g  p lasm ids m o stly  
20 m l of L u ria  b ro th  or som etim es liqu id  M IN C A  in E rlen m ey er flasks o f 200 m l was used. 
D e tec tio n  of sp o n tan eo u s plasm id loss du rin g  a long in cu b a tio n  period w as done in m ea t 
b ro th . W hen  p H  values from  pH  7.2 to p H  8.5 w ere o b ta in e d , 2%  p ep tone  w a te r  m edia w ere 
used a n d  th e  low red o x  p o ten tia l was a d ju s te d  b y  0 .05%  sodium  th ioglycocollic  acid in  th e  
sam e m edium . W hen th e  carried  К  a n tig en  ( ty p e  A) caused  in ag g lu tin ab ility  o f th e  an tig en s 
K88 a n d  K99, serological te s t for pilus su rface  a n tig en  w as carried  ou t in M IN C A  [5] m edium .

E xperim en ta l anim als. B oth  a d u lt an d  suck ling  m ice belonged to th e  B A L B /c s tra in  
In  som e of th e  experim en ts  a few o th e r in b red  s tra in s  (C3H, DBA, CBA) w ere also used.

Pretreatm ent, infection and maintenance o f  anim als. F o r d iagnostic  pu rp o ses a m o n o 
flora  o f th e  in fec ting  a g en t has been estab lished . F o r  2 d ay s before infection  50 m g of s tre p to 
m ycin  were ad m in iste red  orally  to  th e  an im als m a in ta in ed  ind iv idually  in  glass ja rs . 
T h ey  w ere fed w ith  sterilized  food. G roups of ja r s  w ere p laced  in a closed box . In  case o f 14- 
and  21-day-o ld  m ice, th e  l it te r  was m ain ta in ed  to g th e r ;  th e y  were n o t se p a ra te d  from  th e  
m o th e r and  s trep to m y c in  was given to  th e  la t te r ,  too . T he doses were 10—15 m g in  a  volm e. 
o f 0.2—0.25 ml. The e lim ination  of coliform  b a c te ria  w as checked before in fection .
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Oral in fection  w as carried  ou t sim ilarly  as th e  s tre p to m y c in  tre a tm e n t, w ith  107 to  
108 germ s in a volum e of 0.2, 0.25 or 0.5 m l by  th e  aid  of an  S-form  m eta l cannula. F o i suckling  
m ice th e  cannu la  was covered  by a soft p o ly e th y len e  tu b e  for p ro tec tin g  the soft tissues from  
in juries. Suckling m ice 3 to  10 days old were in fec ted  w ith o u t s trep to m y cin  p re tre a tm e n t 
using  th e  above tech n iq u e  g iv ing  0.1 m l vo lum es orally .

Isolation and germ  count fro m  the bowel o f  adult mice. F ro m  the  killed an d  au to p sied  
an im als, long segm ents o f  th e  sm all bowel and  colon were ta k e n  a n d  w ashed w ith  saline ab o u t 
20-30 m l for one m ouse. Segm en ts 9—12 m m  in  len g th  were p u t  in  5 ml of saline, sh ak en  fo r 
one m in u te  in a V o rte x -ty p e  shaker (CSAV 5001/H ), and  th e  d ilu tio n s were p la te d  on E ndo  

a g a r ' P lasm id transfer. T w e n ty  ml of L uria  b ro th  or liq u id  M IN CA were in o cu la ted  w ith  
m in im um  q u an titie s  o f d o n o r and recip ien t s tra in s  and  in cu b a ted  a t  37°C for 24 hr. Som etim es 
fresh  m edia were in o cu la te d  w ith  th is m ixed  cu ltu re  and  in cu b a ted  fu rther. The o p tim u m  
ra tio  of donor to re c ip ie n t w as de term ined  for th e  a c tu a l p a irs  o f stra ins. The re c ip ie n t was 
selected on th e  basis o f specific  fe rm en ta tio n  or a n tib io tic  re sis tan ce  character, an d  100 or 
m ore colonies were te s te d  b y  slide a g g lu tin a tio n  for th e  ap p ea ran ce  of K88 or K 99 an tigens.

W orking w ith  E . coli s tra in s , sera used  fo r slide ag g lu tin a tio n  te s t were p re p are d  ag a in st 
K 88+ (U P4460) an d  K 9 9 + (U P4462) d e riv a tiv e s  of a S. f le x n e r i  4b stra in . These sera were 
u n ab so rb ed  for th e  E . coli s tra in s  and qu ick  positive  reac tio n s w ere achieved w ith o u t O, or 
К  (n o t pilus) cross reac tio n .

Table I

S tra ins

S tra in s  an d  d e riv a tiv e s ;  
d esig n a tio n  an d  a n tig en ic  

s tru c tu re
Im p o r ta n t  m ark e rs D o n o r o f  p lasm id O rig in

P99 E . coli 0141 :K 85,K 88a,c E n t+ S tr R H. W. Sm ith

D432 E . coli 0 8 :K 87 ,K 88a,c :H 19

D1432 E. coli O 101 :(A -),K 99 c ,  R b tr I. and F. 0RSKOV

Lsz.14c E. coli 0 4 :(K ) E n t+ S tr R É .  Czirók

0 4 :(K ),K 8 8 — K 8 8 + D432

B7A E . coli 0148 :K 87 :H 21 E n t+ S tr I{ S. B. F ormal

0 1 4 8 :(K ).K 8 8 K88+ D432

0 1 4 8 :(K ),K 9 9 K 99+ UP4462

UP40097 S .fle x n e r i  4b ( 6 : - ) IV c - N ia -

UP4460 S .fle x n e r i  4b 6:K 88 K88+ D432

UP4462 S .flexn eri  4b 6:K 99 K99+ D1432

R esu lts

1. Transfer experim ents with p la sm id s o f  K 88  and  K 99. T ran sfe r o f p la s
m id-coded adhesive  fac to rs  K88 and  K 99 was unsuccessful in to  num erous 
h u m an  en te ro to x ig en ic  E . coli s tra in s , e. g. serogroups 07 5 , 0 7 8 , 0 1 8 a ,c , 
0 8 3  and  o thers. T ra n sfe r  of K88 p lasm id  in to  E . coli s tra in  Lsz. 14c was 
successful in a single experim en t. T estin g  500 colonies, the  tra n sfe r  using  
E . coli D432 as d o n o r occurred  in 0 .2% . All tra n s fe r  ex perim en ts using  d iffe ren t 
donor s tra in s , v a rio u s  ra tio s  betw een  donor and  rec ip ien t, or o th e r m e th o d s, 
fa iled  to  in tro d u ce  K 99. T ransfer of K 88 in to  s tra in  B7A (serogroup 0 1 4 8 )
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could  be ach ieved  a f te r  num erous a t te m p ts  b u t on ly  a t  a ra te  of 0 .4%  b y  
using flu id  M INCA m edium . T ran sfe r o f  K 99 in to  th is  s tra in  succeeded only  
ivith a Shigella  d o n o r (UP4462) s tra in .

In  co n tra s t, o u r S. flexneri 4b s tra in  had  a low  res tr ic tio n  c a p a c ity  
[6 -8 ], be ing  a good rec ip ien t for d iffe re n t plasm ids. T he deriv a tiv e  of U P4460 
(K 8 8 +) has been p ro d u ced  in 1968 [7]. U sing the  K 99 donor s tra in  D 1432, 
th e  tra n s fe r  succeeded  in more th a n  3 % .

A fte r successful tran sfe r e x p e rim e n ts , p lasm id  s ta b ility  in vitro  was 
checked  and only  a sligh t (1 -3 % ) sp o n tan eo u s  loss w as observed.

2. S tability  o f  adhesive factors K 8 8  and K 99 in  adult mice. In  e x p e ri
m en ts  perfo rm ed  w ith  e ith e r the  K 8 8 + d e riv a tiv e  of Lsz. 14c (0 4 ), or th e  K 8 8 'l~ 
an d  K 9 9 + d e riv a tiv es  o f B7A (0 1 4 8 ), a m arked  loss o f adhesive fac to rs  was 
observed . R ep re sen ta tiv e  da ta  su m m arized  in T able I I  show  th a t  as ea rly  as 
th e  3rd d ay  a fte r  o ra l inocu lation , th e  ra tio  of colonies positive fo r adhesive  
fac to rs  w as betw een  13 and 24% , a n d  th e  decreasing  ten d en cy  o f adhesive  
fac to rs  con tinued  on th e  su b seq u en t days.

T ab le  II

Stab ility  o f  adhesive factors K 8 8  and K 9 9  in  orally infected adult mice — analysis
o f  the faeces

S tra in s
R atio  in  p e r  c e n t  o f  adhesive fac to r  po sitiv e  colonies on day

0 4 :(K ),K 88

0148:(K ),K 88

0148:(K ),K 99

3

16.1

24.2

13.3

10.9

11.4

6.6

l i

9.8

12.1
4.0

15

1.2
3.2

1.8

B A L B /c mice p re tre a te d  w ith  s tre p to m y c in . D a ta  o b ta in e d  w ith  slide a g g lu tin a tio n  
te s t  in 10 mice each (100—150 colonies). In  th e  case of de riv a tiv es o f s tra in  0148 , th e  serological 
te s ts  w ere perform ed w ith  M INCA m ed ium

In  th e  n e x t series of short e x p e rim e n ts  perform ed w ith  th e  K 8 8 + d e riv a 
tiv e  of th e  Lsz. 14c (0 4 )  stra in , 3 m ice each  were k illed  a t  th e  in te rv a ls  in d ic a t
ed, an d  th e  K 8 8 +/K 8 8  ra tio  was d e te rm in e d  in  sam ples ta k e n  from  th e  su rface  
o f th e  w ashed ileum . P aralle l w ith  th e se  in vivo s tu d ies, th e  cu ltu re  used  for 
o ra l in fec tion  w as in cu b a ted  fu r th e r  a t  37 °C, an d  th e  spon taneous loss of 
p lasm id  K88 was determ ined . T hese d a ta  are sum m arized  in T able I I I .  T he 
loss o f K 88 began tw o  hours a fte r  in fec tio n  and  co n tin u ed  so su b seq u en tly . 
In  th is  respec t, th e re  w as no d ifference betw een  ex cre ted  b ac te ria  an d  germ s 
iso la ted  from  th e  su rface  of th e  ileu m , assum ed to  be ad hering  to  i t .  On th e  
o th e r h an d , th e  sam e cu ltu re  in c u b a te d  in  vitro show ed only  th e  u su a l sp o n 
tan eo u s  loss of 2 -6 %  (Table I I I ) .
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Table III

Short experim ents on the stab ility  o f  p la sm id  K 8 8  carried out w ith adult B A L B /c  m ice , investigating  
faeces and the surface o f  washed ileum , oral infection with strain 0 4  : ( К ) ,  K 88

H o u rs  a f te r  o ra l  in fection
P e rc e n tu a l  ra t io  o f  K 8 8 + colonie s —  from

faeces ileum i n  v i t r o

0 (inocu lum ) 98

2 84.0 80.2

4 71.0 71.7

6 63.0 63.6

24 56.0 58.5 94

48 26.0 31.0 94

72 15.0 28.0 98
120 9.0 11.0 92

I n  the  case of faeces, 10 anim als each ; in th e  case of ileum , 3 m ice each  were used , an d  
a b o u t  100 colonies w ere te s te d  in  each  group  of an im als . I n  vitro ex p erim en ts  were perform ed 
w ith  th e  cu ltu re  used fo r o ra l in fection , in cu b a ted  fu r th e r  a t  3 7 °C a n d  a t in te rv a ls  100 colonies 
e ac h  w ere in v estiga ted  for th e  presence of an tig en  K88.

As shown in F ig . 1, th e re  was a lo g a rith m ic  co rre la tio n  betw een  tim e  
a n d  th e  ra tio  of loss.

H ow ever, th e  cu ring -like  loss of p lasm id  observed in  th e  bow el of m ice 
p o in ts  to  e n v iro n m en ta l factor(s). N everthe less th e  possible role of host re 
c e p to rs  can n o t be ru le d  o u t. T herefo re, a co m p ara tiv e  ex p e rim en t was carried  
o u t  in  th e  in b red  m ouse  s tra in s  C3H, D B A , CBA, and  B A L B /c. The d a ta  
in  T ab le  IV, show  t h a t  th e re  w ere s ig n ifican t differences in  th e  K88 p lasm id  
loss am ong these  in b re d  s tra in s : th e  va lu e  o f inhom ogeneity  in  th e  1st d ay

100 p.c.

Fig. 1. T h e  d y nam ics o f th e  loss o f th e  adhesive fac to r K88
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was X'2 =  18-780 — P (3) <  0.001 an d  on th e  5 th  d a y  %2 =  25.996 —  P ^  <( 
<( 0.001. T he loss an d  its  dynam ics w ere, how ever, id en tica l in  all th ese  in b re d  
m ouse s tra in s  (T able IV).

Table IV

Stability  o f  adhesive factor K 8 8  in adult mice belonging to different inbred strains, on the basis  
o f  excreted bacteria: stra in  0 4  : ( K ) ,  K 8 8 +

D ay s a f te r P e rcen tu a l r a t io  o f K 8 8 + colonies in  m o u se  s tra in s

o ra l in fec tion
C3H D B A CBA B A LB /c

l 87.5 67.7 54.0 61.0

5 36.0 25.0 12.2 7.7

9 12.5 2.0 7.0 2.0

13 11.0 3.3 1.0 1.2

G ro u p s  of 7—10 m ice an d  70—100 colonies from  each  group

The phenom enon  m igh t be lim ited  to  adhesive fac to rs  tran sfe rred  a r t i 
fic ia lly . S im ilar ex p erim en ts  w ere th e re fo re  perfo rm ed  w ith  n a tu ra lly  o ccu rrin g  
K88 an d  K 99 c a rry in g  stra ins. The d a ta  sum m arized  in  T able V show  th a t  
s tra in s  P99 (0141 : K 85, K 88a,c) an d  D1432 (O101 : (A ~),K 99) lose th e ir  
adhesive fac to rs  in  th e  m ouse a lim e n ta ry  t r a c t ,  too  (T able  V).

Table V

S tab ility  o f  adhesive factors K 8 8  and K 99 in  adult B A L B /c  mice in  the case o f naturally  occurring
K 88 and K 9 9  carrying strains

D ay s  a f te r  
o ral in fec tio n

P e rce n tu a l ra t io  o f  a d h esiv e  fa c to r  po sitiv e  colonies 
in  s tra in s

P99; 0141 :K 85 ,K 88 D1432; O l0 1 :(A ~ ) , K99

l 51.2 52.5

3 41.2 25.0

5 32.5 20.0

9 5.0 3.7

G roups of 10 m ice an d  ab o u t 100 colonies from  each  group

3. S ta b ility  o f  the adhesive factors K 8 8  and K99 in  suckling mice. In  th e  
f irs t series o f ex p erim en ts  3-day-old  suck ling  mice w ere in fec ted  o ra lly  w ith  
s tra in s  0 4  : (K ),K 88 , 0148  : (K ),K 88  an d  0148  : (K ),K 99 . T ak in g  in to  
considera tion  th e  tech n ica l d ifficu lties o f  o ral s trep to m y c in  p re tre a tm e n t, 
and  th e  d is tu rb an ces  of th e  litte r , in  th e se  ex p erim en ts  no s trep to m y c in  w as 
given an d  no germ -free en v iro n m en t w as ensu red , so th a t  th e  suck ling  m ice
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c a rrie d  E . coli s tra in s . A fter oral in fec tio n  w ith  th e  above s tra in s  an increase  
in  th e  n u m b er of colonies positive for ad h esiv e  fac to r was observed . T he ra tio  
o f  colonies w ith  ad hesive  fac to r w as d e te rm in ed  on th e  basis  o f all E . coli 
co lonies iso lated  from  th e  bowel. T he process of en rich m en t was especially  
re m a rk a b le  w ith  s tra in  01 4 8  : (К ), K 99, w here  th e  K 9 9 + ra tio  w as only  40%  in 
t h e  inocu lum  (T able  V I). These d a ta  su g g est n o t only a lack  of th e  cu rin g 
lik e  effect on th e se  p lasm ids, b u t  also selec tive  ad v an tag e  fo r th e  adhesive  
fa c to rs  in suckling  m ice. In  th is  re sp ec t, th e re  was no d ifference betw een  th e  
K 8 8  and  K99 fac to rs  (Table V I).

Table VI

S ta b ility  o f  adhesive factors K 88  and K 99 in  3-day-old B A L B /c  suckling  mice after oral
infection

H o u rs  a f te r  oral 
in fec tio n

P e rce n tu a l r a t io  o f  adhesive  fac to r  po sitiv e  
colonies in  m ice infected  w ith

0 4  :(K ),K 88 0 1 4 8 :(K ).K 8 8 0 1 4 8  (K j,K 9 9

0 (inoculum ) 93 83 40

24 79 78.5 58

48 93 79.8 76.5

72 94 86.7 88.0

120 98 84.2 98

The anim als w ere n o t p re tre a te d  w ith  s tre p to m y c in  and no germ  free  e n v iro n m en t w as 
secu red . A t in te rv a ls  cu ltu res  were m ade from  th e  sm all bowel and  colon of 3 m ice each . 
T h e  p e rcen tu a l va lues w ere based on 70—150 colonies o f E . coli tes ted  b y  slide ag g lu tin a tio n . 
In  th e  case of d e riv a tiv e s  o f stra in  0148  th e  te s te d  colonies were iso lated  on M INCA m edium

T he m ark ed  differences betw een  suck ling  and a d u lt m ice concern ing  
th e  fa te  of th e  ad hesive  fac to rs ra ise  th e  question  a t w h a t age th is  sw itch  
o ccu rs. T herefo re , 10 and  14 (the  av e rag e  te rm  before solid food), an d  21 
( th e  average  te rm  of w eaning) day-o ld  m ice w ere in fected  w ith  s tra in  0 4  : (K ), 
K 8 8 . The 10-day-old  l i t te r  was in fec ted  w ith o u t s trep to m y c in  p re tre a tm e n t, 
a n d  th e  14- an d  21-day-o ld  litte rs  w ere p re tre a te d  like a d u lts . A ccording to  
th e  d a ta  sum m arized  in T able V II , th e  10-day-old an im al show ed th e  sam e 
p a t te r n  of K 8 8 + en rich m en t as th e  y o u n g e r suckling m ice d id . T he a d u l t 
like  loss of K 88 p lasm id  and  th e  m issing selective ad v an tag e  ap p eared  on th e  
1 4 th  day  of life.

4. In  vitro stab ility  o f  K 88 and K 9 9  factors under different environm ental 
conditions. As m en tio n ed  earlier, th e  sp o n tan eo u s loss o f p lasm ids K 88 an d  
K 99  was u sua lly  ch a rac te rized  by  a low ra tio n , even d u rin g  seria l tra n s fe r  or 
p ro longed  in cu b a tio n . H i r o t a  [9] n o ted  a s tr ic t co rre la tion  betw een  h igher 
p H  an d  curing effect o f acrid ine dyes on p lasm ids. B ecause of the a lk a lin ity
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Table VII

S ta b ility  o f  p la sm id  K 88  in  the alim entary tract o f  10, 14 and 21-day-old mice infected orolly
w ith  strain 04  : ( К ) ,  K 88

H o u rs  a f te r  o ra l P e rcen tu a l r a t io  o f  K 88 b colonies in  m ice aged
in fec tion

10 days 14 days 21 d ay s

0 (inoculum ) 99 98 87

24 0.8
(21) 72.7 58.7

48 13.7
(70) 41.1 47.5

72 26.3
(95) 21.0 33.7

96 32 18.3 30.0

120 58 6.6 16.2

* T he 10-day-old m ouse l i t te r  was no t p re tr e a te d  w ith  s tre p to m y c in , th e  K 8 8 + ra tio  
m eans th e  ra tio  o f all in v es tig a te d  E . coli colonies. In  som e cases th e  K 8 8 + /04:K 88~ ra tio  w as 
also d e te rm in ed  (values in  p a ren th eses). L itte rs  o f 14 a n d  21 day  were p re tre a te d  w ith  s tre p to 
m ycin.

of th e  sm all in te s tin e , we in v estig a ted  th e  p la sm id  s ta b ili ty  in  pep tone  w a te r  
m edia of p H  7.2 7.6 8.0 8.5 w ith an d  w ith o u t low red o x  p o ten tia l va lu es  
p roduced  b y  0 .05%  so d ium  th iog lyco la te . A n enhanced  loss of th e  p lasm ids 
could n ev er he observed .

D iscussion

T he m ouse  m odel envisaged fo r s tu d y in g  h u m a n  en te ro tox igen ic  
E. coli s tra in s  by  th e  aid o f tran sfe rrin g  th e  adhesive fa c to r  K 88 or K 99, has 
no t fu lfilled  e x p ec ta tio n s . K 88 plasm id w as successfully  tran sfe rred  in to  tw o 
selected  h u m an  en te ro to x ig en ic  (serogroups 0 4  and 0148) E . coli s tra in s , and 
th e  ad hesive  fac to r K 99 in to  the  la t te r  one. The low e ffec tiv ity  of tra n s fe r  
in th ese  successful cases and  num erous unsuccessful tra n s fe r  ex p erim en ts  
w ith  o th e r  s tra in s  was rem ark ab le . T h o u g h  th e  b ack g ro u n d  of th e  fa ilu re  has 
no t been s tu d ie d , fac to rs  like  a host specific  re s tric tio n , e n try  exclusion b y  a 
res id en t p lasm id , or o th e r  fac to rs m ay h a v e  p layed  a role. T he d a ta  concern ing  
th e  lim ited  n u m b er o f serogroups of a n im a l and  h u m an  pathogen ic  E . coli 
s tra in s  [10 12] were in  ag reem en t w ith  o u r experience, in  c o n tra s t to  th e  
princip le  o f p lasm id  p ro m iscu ity .

In  th e  a lim en ta ry  t r a c t  of ad u lt m ice th e  rap id , cu ring-like loss of fac to rs  
K 88 an d  K 99 of th e  in fec tin g  agents w as c learly  d em o n strab le . T h a t th e  loss 
w as due n e ith e r  to  a se lection  in th e  bow el o f adhesive fa c to r  positive clones 
n o r to  an  excre tion  of th e  negative  ones, w as proved  b y  ex am in a tio n  of bac-
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te r ia  orig inating  from  th e  surface of th e  w ashed ileum  (Tallies I I  an d  I I I ) .  
T h e  process of loss b egan  as early  as 2 h r  a f te r  th e  oral in fec tion  (T able I I I ) .  
T h e  loss of plasm ids co rre la ted  w ith  tim e  log arith m ica lly  (F ig . 1), w hich m e a n t 
a c o n s ta n t effect on grow ing b ac te ria .

Se l l w o o d  et al. [13] s tu d ied  th e  adhesive  p ro p ertie s  (receptors) o f th e  
je ju n a l  brush  b o rd e r  to  fac to r  K 88 in  p ig le ts  and  found th a t  b rush  b o rd e rs  
h a d  positive and  n e g a tiv e  adhesive ch a ra c te rs  in h e rited  b y  M endelian law . 
T h is observation  led  us to  in v es tig a te  th e  role of in h e rited  facto r(s) in  th e  o b 
se rv ed  phenom enon. A ccord ing  to  th e  d a ta  o b ta in ed  w ith  d ifferen t in b re d  
m ouse  stra ins (T able IY ) th e y  d isp layed  s ig n ifican t d ifferences in  th e  p e rc e n tu a l 
loss of p lasm id K 88, b u t  th e  dynam ics w ere iden tica l.

The n ex t e x p e rim en t show ed th a t  i t  w as n o t th e  in  vitro  tra n sfe r  w h ich  
w as responsible fo r th e  p lasm id  loss; th e  sam e process ta k e s  p lace w ith  n a tu ra l ly  
occu rring  s tra in s c a rry in g  K 88 an d  K 99 (T able Y).

The logical s tep  w as to  in v es tig a te  n e x t  th e  phenom enon  in  suckling  m ice. 
I n  th ese  anim als an  opposite  p a tte rn  w as fo u n d : th e  ra tio  o f colonies p o s itiv e  
fo r  adhesive fac to r  g rad u a lly  increased  an d  3 -5  days a fte r  in fection  i t  re ach ed  
n e a r ly  100% , even w hen  th e  inocu lum  co n ta in ed  on ly  40 %  K99 + . T h ese  
suck ling  mice w ere n o t p re tre a te d  w ith  s trep to m y c in  so th e y  had  n o t ev en  
a stab ilized  E . coli f lo ra : th e y  w ere ex c re tin g  a g rea t n u m b e r of E . coli germ s, 
w ith  th e  recru itin g  possib ility  from  th e ir  m o th e r and en v iro n m en t. A dhesive  
fa c to r  carry ing  E . coli s tra in s  are show n to  have a se lective ad v an tag e  w h en  
ad m in is te red  o ra lly . In  th is  re sp ec t no difference betw een  th e  K88 an d  K 99  
fa c to rs  was observed . T he ex p erim en ta l resu lts  of D a v i d s o n  and  H i r s h  [14] 
a lre a d y  showed th e  ad hesive  p ro p e rty  o f K 88 in  suckling m ice, i t  p ro tec ted  th e m  
a g a in ts  infection  w ith  E n t  K 8 8 + b a c te r ia . T he recep to r b lock ing  effect o f  K 99  
w as n o t in v es tig a ted  in  th a t  s tu d y .

The tim ing  o f th e  sw itch  from  b a b y  to  a d u lt p a t te rn  in  connection  w ith  
th e  K 88 adhesive fa c to r  w as in v e s tig a te d  in  mice 10, 14 an d  21 days o f  age. 
I n  th e  10-day-old an im al, th e  suckling  m ice p a tte rn  was observed . In  th is  l i t t e r  
n o t only  the  p ro p o rtio n  o f th e  K 8 8 + colonies was d e te rm in ed  a t in te rv a ls  b u t  
i t  w as also com pared  to  th e  p ro p o rtio n  o f th e  in fecting  0 4  colonies. T he la t t e r  
show ed  rapid en rich m en t (T able V II) . A t th e  age 14 d ay s, th e  usual tim e  to  
s t a r t  ea ting  solid food, ap p ears  the a d u lt p a t te rn ,  w ith  th e  cu ring  effect o f K 88 
p lasm id .

E n tero to x ig en ic  E . coli s tra in s  are  u sua lly  s tud ied  in  new born a n im a ls . 
A ccord ing  to  M o o n  an d  W h i p p  [15] th e re  are  pig p a th o g en ic  E . coli s tra in s  
w h ich  can only he te s te d  in new borns, w hile o thers in  3-w eek-old ones. C alves 
acco rd in g  to  S m it h  an d  H a lls  [1] arc sen sitive  ag a in st in fec tion  only on th e  
f i r s t  d ay  of life; on th e  3rd  d ay  th e y  are  a lread y  re s is ta n t. Such o b se rv a tio n s  
a re  based  on clinical sy m p to m s, in w hich b o th  effective co lon ization  and e n te ro - 
to x in  sensitiv ity  p la y  a role. A ccording to  M o on  an d  W h i p p ’s su g g estio n
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[16], n ew b o rn  an im als  are m ost su scep tib le  to  th e  p a r tic u la r  E. coli s tra in  
m ost p a th o g en ic  to  th e ir  own species. T he su ita b ili ty  o f th e  m odel is p a r t ly  
connected  w ith  th e  colonization .

T h e  sp ec ific ity  o f adhesive fa c to r  K 88 for pigs or pig lets an d  th a t  of 
K99 for ru m in a n ts  seem s to  be proved  e x p e rim e n ta lly  [3]. The ru m in an ts  does 
no t seem to  m ean  th a t  w ith o u t adhesive fa c to r  an  E . coli s tra in  can n o t be p a th 
ogenic to  n ew born  an im als  [17,18], b u t  th e  co lon iza tion  of b ac te ria  in  th e  u p p e r 
p a r t of th e  sm all bow el seems to  be co n n ec ted  solely w ith  the  adhesive fac to r  
[18, 19].

I t  is on ly  n a tu ra l th a t  ex perim en ts concern ing  th e  function  of adhesive  
fac to rs w ere ca rried  o u t on n a tu ra l h o s ts  an d  th e re  a re  only few d a ta  in  th e  
lite ra tu re  a b o u t m ouse experim en ts. S m i t h  an d  L in g g o o d  [2] perform ed m ouse 
ex p erim en ts  w ith  K 8 8 + Salmonella ty p h im u r iu m  an d  S. cholerae-suis s tra in s . 
These d e riv a tiv e s  h ad  no h igher v iru lence  th a n  th e ir  K ” form s. T h e ir period  
of su rv iv a l w as even sh o rte r  in m ouse tissu es  and  in  th e  a lim en ta ry  t r a c t .  
W ith o u t d e ta iled  d a ta  th e  occasional loss of K 88 c an n o t be judged , b u t  a cco rd 
ing to  th e  re su lts  o b ta in e d  b y  in fec ting  p ig le ts , an occasional loss o f fac to r  
K88 w as observed  in  iso lates from  organs.

T he cu ring -like  loss of p lasm ids K 88 and  K 99 in  th e  a lim en ta ry  t r a c t  
of a d u lt m ice an d  th e  absence of th a t  ph en o m en o n  is suckling  mice till  to  th e  
age of 14 d ay s p o in t to  th e  effect of physio log ica l fac to r(s) p resen t in  th e  a li
m en ta ry  t r a c t .  T he a lka line  en v iro n m en t w ith  a low red o x  p o ten tia l is n o t, or 
nor alone, responsib le . T his fac t calls fo r  a s tu d y  o f o th e r  factors an d  o th e r 
plasm id e lem en ts. T he overall u n ifo rm ity  o f a cu ring  effect and its  absence 
in suckling  m ice fed  secre to ry  an tib o d ies  speaks a g a in s t an  im m unological 
effect. F u rth e rm o re , o u r d a ta  concern c lea rly  th e  loss of plasm ids and  n o t th e  
lack of adhesiveness. S im ilarly , th e  occasional cu rin g  effect o f s trep to m y c in  
can be exc lu d ed . In  som e experim en ts ca rr ied  ou t w ith  mice w ith o u t s tr e p 
tom ycin  p re tre a tm e n t th e  p lasm id loss w as enhanced  (i) and , as s trep to m y c in  
had  been ap p lied  only  before in fection , i ts  d irec t effect m ay  ap p ear on ly  a t  th e  
very  b eg inn ing  of th e  exp erim en t (ii). T h e re  are  no d a ta  ab o u t a curing  effect 
o f s tre p to m y c in , w hich is used ex ten siv e ly  fo r selection  or con trase lection  (iii). 
T aking  th e  observed  se lective ad v an tag e  o f b o th  th e  K 88 an d  th e  K99 adhesive  
fac to rs in to  co n sid e ra tio n , fu rth e r  ex p e rim en ts  are needed  in connection  w ith  
b rush  b o rd e r recep to rs .
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A plasm id cu ring -like  effect w as observed  in a d u lt  mice for p lasm ids R100-1 (s tra in  
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NEW DATA ON THE ACTIVITY OF CP-20.961 (PFIZER), 
A NON-TOXIC INTERFERON INDUCER

E .  T .  G l á z  an d  M a r g a r i t a  T a l a s

D epartment o f  Pharmacology, Sem m elw eis U niversity M edical School, B udapest and  
M icrobiological Research Group o f  the H ungarian A cadem y o f  Sciences, B udapest

(R ece iv ed  Ju ly  8, 1977)

A lthough  CP-20.961 is a n o n -to x ic  in te rfero n  in d u cer, th e  m a jo rity  o f th e  p a ren te ra lly  
in jec ted  d ru g  s ta y s  locally  long-lasting  a n d  induces local tis su e  reac tio n s, w hen  applied  in th e  
fo rm  of a suspension . T h e  size o f th e  d ru g  p a rtic les in  th e  suspension  w as fo u n d  to  be an  im 
p o r ta n t  fa c to r in  th e  effect. I t  was n o t possible to fin d  a n y  o th e r  d rug  fo rm u la tio n  devoid  of 
und isso lved  d rug  p a rtic le s  th a t  w ould  be  m ore effective th a n  th e  suspension. T he d rug  is n o t 
abso rb ed  from  th e  g a s tro in te s tin a l t r a c t  e ith e r in  th e  fo rm  of suspension or in  th e  form  of o th e r 
p re p a ra tio n s . T he m ode o f action  o f CP-20.961 seems to  be  sim ilar to  o th e r  sm all m olecular 
in te rfe ro n  in d u cers as reg ard s th e  p ro lo n g ed  a n tiv ira l a c tio n  in  vivo, th e  p re v en tio n  of a c tiv ity  
b y  cyclohexim ide p re tre a tm e n t, an d  th e  h y p o reac tiv ity  o ccurring  on re p ea te d  a d m in is tra tio n . 
In  ad d itio n  to  th e  acid  lab ility , a ra p id  d e te rio ra tio n  of m ouse serum  in te rfe ro n  induced  b y  
CP-20.961 was also observed  a t  56 °C. A tte m p ts  to fin d  th e  possible in te rfe ro n  producing  cell 
p o p u la tio n  were unsuccessful.

Several sm all m olecular in te rfe ro n  inducers h av e  been described  in  recen t 
y ea rs ; m ost o f th e m , how ever, h a v e  a very  low o r m o d era te ly  low  th e ra p e u tic  
in d ex  [1 -4 ]. A  n o tab le  ex cep tio n  is CP-20.961 —  N ,N -d io c tad ecy l-N ’,N ’-bis 
(2 -h y d ro x y e th y l)p ro p an ed iam in e  —  showing a th e ra p e u tic  in d ex  o f a t least 
100 [5]. F u rth e rm o re , th is  was th e  on ly  sm all m o lecu lar in d u cer t h a t  s tim u la ted  
to p ica l in te rfe ro n  p rodu c tio n  an d  p o ten tia ted  v ira l in te rfe ro n  in d u c tio n  in  
m an  upon in tra n a sa l ap p lica tio n  [6—9]. These p ro p ertie s  deserved  in te re s t for 
fu r th e r  in v es tig a tio n . The aim  o f  th e  p resen t s tu d y  was tw ofo ld . F irs t, to  fin d , 
i f  possible, a m ore su itab le  d ru g  fo rm ula tion . C P -20 .961 has been  app lied  as a 
m icrodisperse suspension  p re p a re d  w ith  p o ly so rb a te  80 and  glycerol. Such a 
p re p a ra tio n  m ay  be h indered  in  ab so rp tio n  as co m p ared  fo r in s tan ce  to  a tru e  
so lu tion , and  is, in  fac t, n o t a b so rb ed  from  th e  g a s tro in te s tin a l t r a c t  [5]. Also, 
th e  po lyso rba te  80 co n ten t m ay  red u ce  a c tiv ity  since th is  ag en t has been  show n 
to  in h ib it in te rfe ro n  action  in  vitro  [1 0 ] and to  in crease  th e  y ields o f poliovirus 
[11]. The second a im  was to  s tu d y  some u n c la rified  deta ils  o f th e  m ode of 
ac tio n  o f C P-20.961, in  order to  f in d  even tua l s im ilarities or d issim ilarities to  
o th e r  sm all m o lecu lar in te rfe ro n  inducers.

M ateria ls and m ethods

A n im a ls . O u tb re d  fem ale C F L P  m ice weighing e ith e r  11-16 or 15-20 g (breeding fa rm  
“ L A T I” , Gödöllő) w ere m ostly  used , a n d , in  a few ex p erim en ts , also 4-week-old in b red  B alb /c  
m ice from  th e  sam e fa rm , for th e  v acc in ia  v irus ta il lesion  (an tiv ira l)  te s t. H y p o reac tiv ity  o f 
in te rfe ro n  p ro d u c tio n  w as stud ied  in  fem ale  C FLP m ice w eighing 23-30 g. X -ra y  irrad ia tio n

1 Acta Microbiologica Academiae Scientiarum Hungaricae 25, 1978



8 8 G L Á Z  a n d  T Á L A S

an d  serum  in terferon  s ta b il i ty  ex am in a tio n s  w ere done in  in b red  m ale B alb /c  m ice weighing
18-20 g.

Vaccinia virus mouse ta il lesion test. T h e  m eth o d  of B o y l e , H a f f  an d  S t e w a r t  was used 
w ith  s lig h t m odifications d esc rib ed  p rev io u sly  [3]. T he groups consisted  of 9 -1 0  C FL P  or 
6—8 B alb /c  mice. The in fec tio u s  inocu lum  w as 1—3 X 105 p .f.u . fo r th e  sm aller a n d  4—8 X 10s 
p .f.u . fo r th e  bigger m ice to  a t t a in  10-20 lesions p e r  an im al in  co n tro l g roups as fa r  as possible. 
Since v a ria tio n s  occurred  in  th e  re su lts  of th e  ex p erim en ts  because of th e  v a riab le  reac tio n s of 
m ice, experim en ts  were re p e a te d  severa l tim es a n d  th e ir  com bined d a ta  were used  fo r s ta tis tica l 
analy sis  (S tu d en t’s t te s t) . T h e  m ice w ere in fec ted  17—18 h r  a f te r  in jec tio n  of C P-20.961, when 
th e  h ig h es t c ircula ting  in te rfe ro n  level was fo u n d  [5].

Interferon assay. S e ru m  fo r in te rfe ro n  assay  was o b ta in ed  e ith e r from  th e  re tro -o rb ita l 
v en o u s p lexus or from  th e  ta i l  o f 5—6 m ice p e r g roup  and  pooled . In te rfe ro n  t i t r a tio n s  were 
done  b y  th e  cy to p a th ic  e ffec t re d u c tio n  m eth o d  in  m ouse L cells, as described p rev io u sly  [12, 
13], b u t  in stead  of SFY th e  EM C  v iru s w as used  fo r challenge an d  re su lts  w ere re ad  48 h r  later.

X -ra y  irradiation. G ro u p s o f 6 in b red  m ale B alb /c  m ice w eighing 18—20 g w ere exposed 
to  400 R  to ta l  body X -ra y  ir ra d ia t io n  a t  a dose r a te  of 44.4 R /m in . O th er co nd itions o f th e  ir
ra d ia tio n  were as described p rev io u sly  [12].

Drugs. CP-20.961 w as k in d ly  d o n a te d  b y  D r. W .  W .  H o f f m a n , Pfizer C en tra l R esearch , 
G ro to n , Conn., U .S.A ., in  th e  fo rm  of e ith e r  o rig ina lly  p ack ag ed  fo rm u la tio n  of th e  micro- 
d isperse  suspension or in  th e  fo rm  of b u lk  d rug . T he form er w as k e p t in  th e  re fr ig e ra to r and 
used  fo r a period of ab o u t one a n d  a h a lf  y e a r. Suspension from  th e  b u lk  d rug  w as se lf-prepared  
sim ila rly  to  th a t  described fo r th e  o rig inal fo rm u la tio n  [5]: eq u al w eigh ts o f CP-20.961 m ate 
ria l, po ly so rb a te  80 (Tw een 80) and  g lycerol w ere fused  in a w a te r  b a th  a t  80—90°C, th en  ho t 
sa line  o r h o t distilled w a te r  w as ad d ed  du rin g  co n s tan t a g ita tio n . F in a lly , 5—20 m l o f th e  m ilky 
suspension  were sonicate d w ith  a n  M SE 7100 ty p e  (cab in e t m odel) 100 W  u ltra so n ic  in teg ra to r, 
u s in g  a t ita n iu m  probe ty p e  25926 and  tu b es  23 m m  in  d iam e te r, a n d  ap p ly ing  16 / tm  am p litu d e  
fo r 2—4 m in . D istilled w a te r  suspensions w ere th e n  m ade iso ton ic  by  th e  a d d itio n  of NaCl 
c ry s ta ls .

Cyclohexim ide w as a p ro d u c t o f  Serva  Co., H eidelberg  (A ctid ion  p u re ). Zym osan 
(M annozym  in jections) w as p ro d u ced  by  In s t i tu te  fo r Serobacterio logical P ro d u c tio n  and 
R esearch  “ H u m an ” , B u d a p es t.

R esults

Application  o f  CP-20.961 suspension by different routes. T he  ro u te  of 
ap p lica tio n  in  mice described  earlier [5] was in tra p e rito n e a l and  in tra n a sa l. 
F o r  an  even tual p a re n te ra l  ap p lica tio n  in  m an  i t  seem ed necessary  to  s tu d y  
th e  possible effect o f  th e  d rug  given b y  o th e r ro u tes . T his was s tu d ie d  b y  th e  
v acc in ia  virus m ouse ta i l  lesion te s t .  C ontrol g roups received  e ith e r  saline or 
sa line  contain ing  p o ly so rb a te  80 -j -  glycerol, since in  p re lim in ary  experim en ts 
th e re  w as no d ifference in  th e  “ effec t”  o f these  tw o so lu tions. I t  can  he seen in 
T ab le  I th a t  CP-20.961 w as eq ua lly  h igh ly  ac tive  w h e th e r given in trap e rito - 
n ea lly , in tra m u sc u la rly  or su b cu tan eo u sly . On in trav en o u s  ad m in is tra tio n , 
how ever, its a c tiv ity  w as n o t so exp lic it: in  one of th e  fo u r ex p erim en ts  tre a te d  
m ice h ad  more lesions th a n  th e  co n tro l an im als and  a fte r  com bin ing  th e  d a ta  
o f  th e  four experim en ts th e  effectiveness was only  ju s t  sign ifican t.

On subcu taneous a d m in is tra tio n  th e  sm allest ac tiv e  dose w as 20 m g/kg 
o f  th e  original d ru g  fo rm u la tio n . T en  m g/kg  was n o t, o r in  o th e r experim en ts 
(T able V I), only m arg in a lly  ac tiv e . H ow ever, 10 m g/kg of th e  self-p repared  
suspension  showed h ig h ly  sig n ifican t effectiveness, a r a th e r  u n ex p ec ted  resu lt. 
M icroscopical ex a m in a tio n  o f th e  suspended  pa rtic le s  show ed th e se  in  the  
o rig in a l fo rm ula tion  m o s tly  as rods a few  m icrom etres in  len g th  a n d  less th a n
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Table I

A ctiv ity  o f  the polysorbate 80-glycerol suspension o f  CP-20.961 adm in ist red 
by d ifferen t routes in  the vaccinia virus mouse ta il lesion test

Drug
p rep a ra tio n s*

Dose
m g/kg**

R o u te  of 
a d m in is tra 

tio n

N um ber 
ot e x p e ri

m ents

N u m b e r  o f 
u n ifo rm  
e x p e ri

m en ts***

A verage 
n u m b er 
o f sk in  
lesions

P

C ontrol S.C. 6 1 6 .2
O rig inal suspension 5 0 s.c. 6 6 4 .7 <  0 .0 0 1

C ontrol S.C. 5 1 1 .2
O riginal suspension 2 0 s.c. 5 4 3 .5 <  0 .0 1

C ontrol s.c. 4 1 0 .2
O rig inal suspension 1 0 s.c. 4 3 9 .7 >  0 . 7 0

C ontrol s.c. 3 1 6 .4
Self-prepared  suspension 1 0 s.c. 3 3 4 .1 <  0.001

C ontro l i.p. 3 1 4 .2
O rig inal suspension 5 0 i.p. 3 3 3 .0 <  0.001

C ontro l i.m . 3 1 5 .7
O rig inal suspension 5 0 i.m. 3 3 2 .9 <  0.001

C ontro l i.v. 4 1 0 .7
O rig inal suspension 5 0 i.v. 4 3 6 .8 <  0 .0 5

* See M a teria ls an d  m ethods; co n tro l mice were t r e a te d  w ith  e ith e r saline or p o l y  
so rb a te  80—glycerol sa line

** Single dose g iven  i.v . 21 h r , a n d  by  the  o th er ro u tes  17—18 h r, before in fec tion  
*** N um ber o f in d iv id u a l ex p erim e n ts  showing th e  sam e ten d en cy  of a c tiv ity  as th e  

pooled  d a ta  of all ex p erim en ts

1 /m i in  w id th . On th e  o th e r h a n d , th e  round  or ir re g u la r  shaped  granules of 
th e  self-prepared  suspension  h a d  a size m ostly  below  1  ,um w ith  a sm all p ro p o r
tio n  o f 1-10 /mi p a rtic le s . The difference in  p a rtic le  size o f th e  tw o ty p es  o f  
suspensions suggested  th a t  th e  sm aller th e  partic les th e  m ore active th e  sus
pension .

Following su b cu tan eo u s ad m in is tra tio n , a slig h t in d u ra tio n  w as p alpab le  
a t  th e  site  o f th e  in jec tio n . Several mice were k illed  1 -17  days a fte r  the  in jec 
tio n  and  a bulk o f th e  w hite  m a te r ia l could be seen in  situ . T he sam e was found 
a f te r  in tram u scu la r  in jec tions. A n u m b er of h isto log ica l exam ina tions were 
also done from  th e  sub cu tan eo u s in jec tio n  site. A tissu e  reac tio n  consisting  o f 
a m o d era te  m ononuclear in f iltra tio n  and  d em arca tio n  b y  p a rtia lly  calcified  
fib ro u s tissue could  be seen. S ign ifican t am oun ts o f  th e  m a te ria l w ere found  
in  o r  a round  th e  w idened  ly m p h  capillaries show ing th e  p robab le  w ay  o f slow 
abso rp tio n .

Trial o f other drug form ula tions. Considering th e  local ir r ita tio n  an d  th e  
persistence of th e  g rea te r p a r t  o f  th e  suspended m a te r ia l in  situ  follow ing its

1* Acta Microbiologica Academiae Scientiarum Hungaricae 25, 1978
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in je c tio n , and considering  th e  e v e n tu a l d isad v an tag e  caused b y  th e  po lysorbate  
80 p re se n t in th e  su sp en sio n , efforts w ere m ade to  fin d  a m ore  su itab le  drug 
p re p a ra tio n . A lthough  CP-20.961 is soluble in  several so lv en ts , i t  is precip i
t a t e d  on d ilu tion  w ith  w a te r . A single so lven t was found  to  re ta in  th e  drug in 
t r u e  solu tion  even a f te r  d ilu tio n  w ith  w a te r: te tra h y d ro fu ra n  (T H F ). A solu
t io n  o f  SP-20.961 in  5—10%  T H F  w as th e re fo re  given e ith e r  o ra lly  or subcu
ta n e o u s ly  to  mice. A cco rd ing  to  th e  d a ta  o f T able  I I  no effect w as ob tained . 
T h e  su bstance  h ad  p re c ip ita te d  upon  c o n ta c t w ith  th e  tissues since a t au topsy  
w h ite  m ateria l was fo u n d  a t th e  su b cu tan eo u s in jec tio n  site . T h erea fter a 
so lu tio n  of the  d rug  in  su n flo w er oil was ad m in is te red  (T able I I ) .  N eith er oral 
n o r  subcu taneous a d m in is tra tio n  h ad  an y  effect, while in tra m u sc u la r  adm i
n is tra t io n  seemed sa tis fa c to ry . T he effect by  th is  ro u te  w as h ig h ly  sign ifican t 
c o m p u tin g  the  pooled d a ta  of 6  ex p erim en ts , b u t  in  2  in d iv id u a l experim en ts 
no d ifference was o b se rv ed  betw een  con tro l an d  tre a te d  g roup . A t au topsy  
p a r t ly  th e  oil so lu tion  a n d  p a r tly  som e p rec ip ita ted  d rug  m a te r ia l  was seen 
am o n g  th e  m uscles. F in a lly  th e  t r ia l  o f an  oil in  w a te r em ulsion  is show n in 
T a b le  I I .  Lipid p a rtic le s  or d rops sm aller th a n  1.5 fun  are considered  to  be

Table II

A ctivity  o f  d iffe ren t drug fo rm u la tio n s o f  CP-20.961 in the vaccinia virus  
mouse tail lesion test

D rug
form ulation

Single
dose,
m g /k g

H o u rs
before

in fec tio n

R o u te  
o f  a d m i

n is tra t io n

N um ber 
of expe
r im e n ts

N u m b er 
o f  u n i

form  
e x p e ri
m en ts*

A v erag e  
n u m b e r  of 
s k in  lesions

P

C o n tro l1 42-50 i.m . 6 15.5
S o lu tio n  in o il1 100 42-50 i.m . 6 4 8.7 <  0.001

C o n tro l1 48 s.c. 2 15.8
S o lu tio n  in o il1 100 46 s.c. 2 2 10.4 N.S.**

C o n tro l1 42 p.o. 2 14.5
S o lu tio n  in oil1 400 41-45 p.o. 2 2 17.9 N.S.

C o n tro l2 18 p.o. 3 22.5
Oil in w a te r  emulsion2 100 18 p.o. 3 3 19.4 N.S.

C o n tro l3 17 s.c. 2 12.3
S o lu tio n  in T H F 4 50-100 18-23 s.c. 2 2 15.3 N.S.

C o n tro l5 p.o. 2 14.5
S o lu tio n  in T H F 1 100 23 p.o. 2 2 13.8 N.S.

* See Legend to  T ab le  I 
** N o t significant
1 Sunflow er oil
2 Sunflow er oil -  t r a g a c a n th  pow der -  p o ly so rb a te  20 em ulsion
3 Saline
4 5 -1 0 %  te tra h y d ro fu ra n
5 N o t trea ted
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ab so rb ed  in  toto b y  th e  in te s tin a l v illi. A n em ulsion from  1 m l o f  th e  sunflow er 
oil so lu tion  of th e  d ru g  was th ere fo re  p rep ared  b y  th e  aid o f  0 .25-0 .75  g trag a - 
c a n th  pow der, 0.2 m l p o ly so rb a te  20, an d  2.8 m l w a te r . T he oil drops ob ta in ed  
w ere betw een 1-3 /m i in  d iam eter as m easu red  m icroscop ica lly , a considerable 
p a r t  o f  them  being sm alle r th a n  1.5 /im . G iven o ra lly , th is  p re p a ra tio n , too , was 
ineffective.

Duration o f  the antiviral action o f  C P -20.961. T he  n e x t experim en ts  are 
re la te d  to  the  m ode o f ac tion  of th e  d rug . The o rig inal p o ly so rb a te  80 -  glycerol 
suspension  was used  in  these  in v es tig a tio n s  m ostly .

In  th e  vaccin ia  v iru s  m ouse ta i l  lesion te s t ,  severa l in te rfe ro n  inducers 
h ad  a prolonged a c tiv i ty  [13, 14]. T h is could be  rep ro d u ced  w ith  CP-20.961. 
As i t  can  be seen in  T ab le  I I I ,  a single dose of 50 m g/kg  given su b cu taneously

Table III

D uration o f  activity o f  the polysorbate 80 -  glycerol suspension in  
the vaccinia v iru s mouse tail lesion test*

T re a tm en t* *
D a y s  before 

in fe c tio n

A verage 
n u m b er 
o f sk in  
lesions

P

C ontrol 6 8 .2

D rug 8 5 .3 >  0 . 1 0

D ru g 7 4 . 0 <  0 . 0 5

D ru g 6 3 .2 <  0 .0 1

* Single dose of 50 m g/kg given s.c .; 3 paralle l exp .-s 
** Original d ru g  fo rm u la tio n ; co n tro l as ind ica ted  in  L egend to  T ab le  I

6  days before th e  in fec tio n  was effective. T re a tm e n t app lied  7 days before th e  
in fec tio n  showed m arg in a lly  s ig n ifican t a c tiv ity , one app lied  8  days before was 
ineffec tive.

Effect o f cyclohexim ide on the an tiv ira l action o f  C P -20.961. C yclohexim ide, 
a so called p ro te in  sy n th esis  in h ib ito r , was g iven in tra p e rito n e a lly  1  h r  before 
su b cu tan eo u s a d m in is tra tio n  of th e  d ru g  suspension . R esu lts  are show n in 
T ab le  IV . C yclohexim ide p re tre a tm e n t abo lished  th e  a n tiv ira l action  of 
CP-20.961. In  p rev ious in v estig a tio n s [3], cyclohex im ide per se in  th e  dose 
ap p lied  (60 m g/kg) d id  no t in fluence  th e  n u m b er o f  sk in  lesions.

H yporeactivity to repeated doses. This was s tu d ie d  in  th e  re la tio n  of serum  
in te rfe ro n  p ro d u c tio n . CP-20.961 w as ad m in is te red  su b cu tan eo u sly  on tw o  
occasions a t d iffe ren t tim e  in te rv a ls  an d  17-18 h r  a f te r  th e  second dose blood 
was collected for se ru m  in te rfe ro n  t i tra tio n . As show n in T ab le  V, a to ta l  or 
p a r tia l  hyporesponsiveness occurred  w hen th e  in te rv a l be tw een  th e  tw o doses
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Table IV

Effect o f  cyclohexim ide pretreatm ent on the activity o f  CP-20.961 in the 
vaccinia virus m ouse ta il lesion test

T re a tm e n t
N u m b e r  o f 

ex p e rim en ts
N u m b er of 

u n ifo rm  
experim ents*

A verage 
n u m b er  of 

sk in  lesions

P
to  c o n tro l

Control* 4 15.8

CP-20.961** 4 4 5.7 <  0.001
CP-20.961** +  cyclohexim ide*** 4 3 1 1 .8 >  0.10

* See Legend to  T ab le  I
** O riginal d rug  fo rm u la tio n , single dose o f 50 m g/kg g iven  s.c. 18 h r  befo re  infection 

*** Single dose of 60 m g /k g  g iven  i.p . 1 h r  before CP-20.961

w as 1 -3  days. F ive or 7 days a fte r  th e  f irs t  dose, a second dose o f  50 m g/kg 
in d u ced  th e  sam e in te rfe ro n  level as a single dose in  th e  contro l.

A ttem pts to f in d  the interferon producing cell popu la tion . I t  has been  sug
gested  th a t  CP-20.961 m a y  induce  in te rfe ro n  p ro d u c tio n  in m acrophages, 
a lth o u g h  peritoneal m acrophages (as w ell as p erip h era l ly m p h o cy tes) did no t 
p ro d u ce  in terferon  or develop  resis tan ce  to  v irus in response to  th e  d ru g  in  vitro
[5]. T herefore  th e  in vivo  reac tio n  o f  tw o  cell system s w as s tu d ied . T he first 
w as th e  system  of fix ed  m acrophages w hich was s tim u la te d  by  in trav en o u s 
a d m in is tra tio n  of zym osan  to  m ice 4 day s before th e  in jec tio n  o f  CP-20.961. 
T h is p re tre a tm e n t d id  n o t enhance  th e  a n tiv ira l response to  th e  d ru g  (Table VI),

Table V

H yporeactivity  after repeated doses o f C P -20.961*

E xp .
F ir s t  dose S econd  dose D ays

betw een
doses**

S eru m
in te rfe ro n

titre * * *
m g /k g

1 3 0 _ 6 4

3 0 3 0 2 4

1 0 0 - 6 4

1 0 0 1 0 0 2 4

2 5 0 - 2 0

5 0 5 0 1 <  5

5 0 5 0 3 1 0

5 0 5 0 5 2 0

5 0 5 0 7 2 0

* P o ly so rb a te  80-g lycero l suspension given s.c.
** B lood co llection  17—18 h r  a fte r  th e  second dose 

*** In  0.5 m l serum ; recip ro ca l of serum  d ilu tio n
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Table VI

E ffect o f  zym osan and X -ra y  pretreatm ent on antivira l activ ity  and on 
interferon stim ulation , respectively

P r e tr e a tm e n t T re a tm e n t
N u m b er o f 
ex p erim en ts

A verage 
n u m b e r  o f  

sk in  lesions

P
to  c o n tro l

S erum
in te rfe 

ron
titre *

Nil Saline1 3 11.9

Nil CP-20.9612 3 7.5 <  0.05

Z ym osan3 CP-20.9612 3 7.4 <  0.05

Nil CP-20.961“ 2 2 0

X -ra y 4 CP-20.961“ 2 2 0

* See L egend  to  T able  V
1 G iven s.c., 17—18 h r before in fec tion
2 O riginal p o ly so rb a te  80—glycerol suspension, 10 m g/kg  s.c., 17—18 h r  before in fec tio n
3 5 m g/kg i .v ., 4 days before in d u cer
4 400 R , 3 d a y s  before inducer
5 S e lf-p repared  po lyso rba te  80 — glycerol suspension, 50 m g/kg  s.c. 18 h r  before b leed ing
. N ot done

ind ica tin g  th a t  th e  cells affected b y  zym osan m ay  no t be responsib le  for in te r 
feron  induction  b y  CP-20.961. As th e  second, th e  role o f lym phocy tes w as 
s tud ied . Mice w ere  ir rad ia ted  w ith  X -ray s an d  a fte r  3 day s (w hen th e ir  p e r ip h  
eral w hite b lood  cell count and spleen w eight h ad  reach ed  ab o u t 2 0 %  o f th e  
in itia l value [15]), th e y  were in jec ted  w ith  CP-20.961. T ab le  V I shows th a t  even  
in  th is  case in te rfe ro n  induction  w as n o t a lte red .

Heat stab ility  o f  mouse serum interferon. M ouse p lasm a  in te rfe ro n  induced  
by  CP-20.961 w as found  to  be p a r tia lly  s tab le  to  acid [5]. T his acid la b ility  
could be rep ro d u ced  in  th e  p re sen t ex p erim en ts  (Table V II) . The h ith e r to  
u n rep o rted  h e a t s ta b ility  was th e n  s tud ied . M ouse serum  of 1 : 20 in te rfe ro n  
t i t r e  was in c u b a te d  a t 56 °C fo r 30 and  60 m in. As show n in  T ab le  V II, in te r 
feron ac tiv ity  a lre a d y  de te rio ra ted  a fte r  30 m in  in cu b a tio n .

Table VII

A c id  a n d  heat stability o f  CP-20.961 induced serum interferon*

In te rfe ro n  un its*  *

Condition before
in cu b a tio n

a f te r
in cubation

p H  2 a t 4 °C for 48 hr 20 <  5

56°C for 30 m in 20 <  5

* Serum  o b ta in e d  18 h r  a fte r 50 m g/kg  of th e  d ru g  g iven  s.c. in  th e  fo rm  of p o ly so rb a te  
80 — glycerol su sp en sio n

** See L egend  to  T able  V
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D iscussion

A lthough th e  p o ly so rb a te  80 -  g lycero l suspension o f  CP-20.961 is equ a lly  
ac tiv e  b y  th e  in tra p e rito n e a l, in tra m u sc u la r  or th e  su b cu tan eo u s  ro u tes  in  
m ice, th is  p rep a ra tio n  does n o t seem  to  be  su itab le  fo r p a re n te ra l  app lica tion  
considering  th e  local tissu e  reac tio n  an d  local persistence  o f th e  d rug . The 
w eak er effect on in tra v e n o u s  a d m in is tra tio n  is no t clear. I t  m ay  be specu la ted  
t h a t  on in travenous a d m in is tra tio n  d ru g  partic les are in g es ted  m o stly  in  R E S  
cells w hich differ from  th e  cells o f local in filtra tio n s  an d  reg ional ly m p h  nodes 
t h a t  m ay  p a rtic ip a te  in  in te rfe ro n  p ro d u c tio n  a fte r p a re n te ra l  ad m in is tra tio n  
b y  o th e r  rou tes. A n tiv ira l a c tiv ity  in  EM C infected  m ice b y  th e  su b cu tan eo u s, 
in tra m u sc u la r  and , to  a lesser e x te n t, th e  in trav en o u s ro u te , was observed  
re c e n tly  [16].

T he sm all p a rtic le s  in  th e  d rug  suspension  seem ed to  be an  im p o r ta n t 
fa c to r  in  effectiveness since fresh ly  p re p a re d  suspensions w ere m ore ac tive  
th a n  th e  original one. E sp ec ia lly  th e  suspension  p rep ared  w ith  d istilled  w a te r 
(see M aterials and  m eth o d s) show ed sm all partic le  size a n d , correspond ing ly , 
h ig h  ac tiv ity . I t  is su p p o sed  th a t  th e  orig inal suspension  h ad  lost po ten cy , 
p e rh a p s  b y  agg rega tion  d u rin g  sh ip p in g  [16]. U n fo rtu n a te ly , even th e  self- 
p re p a re d  suspension cau sed  su b cu tan eo u s  in d u ra tio n  in  m ice and , a t  au to p sy , 
in f il tra tio n  of th e  su b cu tan eo u s  tissues w ith  a w hite m a te r ia l was observed .

The drug-free veh ic le  (placebo) ap p lied  in tran asa lly  to  h u m a n  v o lu n teers  
in d u ced  in terferon  in  th e  n asa l w ashings in  th e  ex perim en ts o f S t a n l e y  et al.
[9]. (The ingred ien ts o f  th e  pack ag ed  m icrodisperse suspension  besides th e  
d ru g  are: po lyso rbate  80, glycerol, sm a ll am oun ts o f p h en y l e th y l alcohol, 
sod ium  m etab isu lp h ite  an d  b u ffe r sa lts ) . In te rfe ro n  in d u c tio n  b y  p lacebo  in 
s im ila r experim ents w as n o t  found  b y  D o u g l a s  and B e t t s  [7]. In  th e  p re sen t 
ex p erim en ts  saline c o n ta in in g  p o ly so rb a te  80 -  glycerol show ed no a n tiv ira l 
a c tiv ity .

A ttem p ts  to  f in d  a su itab le  p re p a ra tio n  devoid o f und isso lved  partic les  
a n d  o f  po lysorbate  80 w ere unsuccessfu l. T h e  only ac tiv e  p re p a ra tio n  in  these  
tr ia ls  was th e  so lu tion  o f th e  d ru g  in  oil (g iven  in tram u scu la rly ). H ow ever, th e  
e ffec t o f th is  p re p a ra tio n  w as n o t alw ays rep roducib le , and  d id  n o t exceed th a t  
o f  th e  m icrodisperse su spension ; fu r th e rm o re , even w ith  th is  fo rm u la tio n , 
p re c ip ita tio n  of th e  d ru g  m a te r ia l w as o b serv ed  in  th e  m uscles.

T he m ode of a c tio n  of CP-20.961 seem s to  he s im ila r to  o th e r  sm all 
m o lecu la r in terferon  in d u cers , considering  th e  p ro tra c te d  a n tiv ira l ac tio n , th e  
p re v e n tio n  of a c tiv ity  b y  cyclohexim ide p re tre a tm e n t (in d ica tin g  p ro b ab ly  
de novo in terferon  sy n th es is), an d  th e  h y p o re a c tiv ity . T h is la s t p ro p e rty  was 
r a th e r  favourable  w ith  th is  in d u cer, since a second dose 5 d ay s  a f te r  th e  f irs t 
one w as fully  ac tive . H y p o responsiveness to  a sm aller dose (25 m g/kg) given 
in tra p e rito n e a lly  la s te d  fo r an  even sh o r te r  period , a b o u t 2  days [16].
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O ur a tte m p ts  a t  f in d in g  the  in te rfe ro n  p ro d u c e r cell p o p u la tio n  a fte r 
in jec tio n  o f CP-20.961 w ere fa r from  co m p le te . O nly  tw o cell sy stem s w ere 
exam ined . S tim u la tio n  o f th e  RES w as d one  b y  in trav en o u s  in jec tio n  o f zy m o 
san  accord ing  to  N a g a n o  and  M a e h a r a  [17], w ho w ere able to  en h an ce  th e  
en d o to x in  induced  se ru m  in terferon  level. S ince th is  could no t be ach ieved  w ith  
C P-20.961, R E S  cells p ro b ab ly  do n o t  p la y  an  im p o r ta n t role in  in te rfe ro n  
p ro d u c tio n  b y  th is  d ru g . A sim ilar conclusion  has been  d raw n earlie r in  th is  
D iscussion. I t  m u st, how ever, be considered , t h a t  th e  H u n g a rian  zym osan  
p re p a ra tio n  used (M annozym ) differs to  som e e x te n t  from  o th e r p re p a ra tio n s  
of zym osan : i t  con ta in s a g rea ter p ro p o rtio n  o f  m a n n a n  in  consequence o f th e  
ap p lica tio n  o f a y e a s t-e x tra c tio n  m eth o d  so m ew h at d ifferen t from  th e  orig inal 
P illem er’s m ethod  [18]. T he effect o f su ch  a d ifference is unknow n. T he second 
cell sy s tem  stud ied  w as th e  lym phoid  sy s te m  w hich  is considered to  be dam aged  
p rim arily  b y  whole b o d y  X -ray  ir ra d ia tio n  [19, 20]. No reduc tion  in  in te rfe ro n  
p ro d u c tio n  on su b seq u en t CP-20.961 in je c tio n  w as found . In te rfe ro n  in d u c tio n  
b y  tilo ro n e , an o th e r sm all m olecular in d u c e r, w as su b s ta n tia lly  decreased  b y  
650 R  o f X -rays in  m ice [20, 21] an d , co rresp o n d in g ly , tilo rone was found  to 
induce in te rfe ro n  in  h u m a n  lym phoid  cells in  vitro  [22]. The lack  o f  in te rfe ro n  
in d u c tio n  by  CP-20.961 in  peritoneal m acro p h ag es an d  periphera l lym p h o cy tes  
[5], to g e th e r  w ith  o u r fa ilu re  to  id e n tify  th e  p ro d u c e r cell sy stem  w ith  e ith e r  
th e  R E S  or th e  ly m p h o id  tissue, m ay in d ic a te  t h a t  o th e r tissues are  s tim u la te d  
fo r in te rfe ro n  p ro d u c tio n  b y  CP-20.961. O r else, a su b tle  co llabo ra tion  b e tw een  
m acrophages and  ly m p h o id  cells in  n ecessa ry  fo r in te rfe ro n  p ro d u c tio n  sim i
la rly  to  th e  case of o th e r  inducers, for in s ta n c e  L P S  [23], th e  m itogens [24, 25], 
and  B L-20803, a sm all m olecular in d u c e r  ag en t [26]. No fu r th e r  e lu c id a tio n  
of th e  cell system  s tim u la te d  by CP-20.961, could  be a tta in e d  b y  th e  re su lts  o f 
H o f f m a n  [16], show ing  a slight dep ression  o f in te rfe ro n  p ro d u c tio n  b y  th e  
drug  follow ing sp len ec to m y  and no a l te ra tio n  follow ing stero id  p re tre a tm e n t 
in m ice. T he possible ro le  of T ly m p h o cy tes  in  in te rfe ro n  p ro d u c tio n , in s te a d  o f 
th a t  o f  th e  whole ly m p h o id  system , is now  u n d e r  s tu d y .

T h e  m ouse se ru m  in terferon  w as fo u n d  to  be acid labile. B ased  on th is  
phenom enon , th e  a n tiv ira l  substance in d u ced  b y  CP-20.961 can be classified  
as ty p e  I I  or “ im m u n e ”  [27-29] in te rfe ro n . In  ad d itio n  to  th e  acid la b ility , 
th e  ra p id  d e te rio ra tio n  o f  CP-20.961 in d u ced  in te rfe ro n  a t 56°C has also been 
observed . This is, h o w ever, no t an ab so lu te ly  ch a rac te ris tic  p ro p e rty  o f ty p e  I I  
in te rfe ro n s: several o f th e m  showed h e a t  la b ility  [24, 29, 30] b u t  one o f th e m  
(P P D ) w as h ea t s ta b le  [28] and, on th e  o th e r  h an d , v iru s-induced  h u m a n  
f ib ro b la s t (type  I) in te rfe ro n  lost 2/ 3 o f i ts  a c tiv ity  on exposure to  h e a t  [29].
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T h e  DN A  of th e  p ro to ty p e  s tra in  of ad en o v iru s h i  was show n to have  th ree  specific  
re co g n itio n  sites for th e  B a m —H I  re stric tio n  en donuclease . M olecular w eigh ts o f th e  fo u r D N A  
fra g m e n ts  A , В , C an d  D  a re  10.0 ±  1.13, 6.8 ±  0.21, 4.0 ±  0.34 and 2.2 ±  0.47 m eg ad alto n s, 
re sp ec tiv e ly . In  c o n tra s t to  th e  Ват- H I  r e s tr ic tio n  p a tte rn s  o f adenoviruses h2 — h6 frag m en t 
A  is lo ca ted  w ith in  th e  G : C-rich half of th e  th e  ad en ov irus h i  DN A. T he physical o rder o f th e  
f ra g m e n ts  is A - C - B —D , w hich  was deduced fro m  th e  analysis o f p a r tia l  hy d ro ly sa tes. In  a d d i
tio n  to  th e  resu lts  concern ing  th e  Bam—H I  m ap  o f adenov irus h i  DN A  trac e  am o u n ts  of a d if
fe ren t re s tric ase  a c tiv ity  ( B a m —H I I )  were fo u n d  in the  B a m —H I  enzym e p rep ara tio n s.

T h e sequence-specific  res tric tio n  endonuclease B am —H I  from  Bacillus  
am yloliquefaciens [1] recognizes th e  h ex an u c leo tid e  sequence GGATCC [2]. 
In  o rd e r to  work w ith  purified  hom ogeneous gene c lu sters  o f adenov irus h i  in  
th e  D N A  form , th e  size and  sequence o f  th e  fragm en ts p roduced  b y  th e  enzym e 
are  to  he de te rm ined . This work has been  accom plished and  th e  resu lts are 
p re sen ted  in  the  p re se n t paper.

M aterials an d  m ethods

V irus and cell culture. The p ro to ty p e  s t r a in  o f adenov irus h i  was grow n on IIE p -2  cells 
in susp en sio n  cu ltu res [3]. Com plete v irions w ere  sep a ra ted  from  th e  soluble com ponents by  
se d im e n ta tio n  th ro u g h  a CsCl cushion (1.2 g /m l) on to  a cush ion  of 1.35 g /m l den sity  in  a 
S upersp eed  A50 MSE u ltra ce n trifu g e  using a 3 X 23 ml ro to r. Com plete an d  incom plete  v irio n s 
w ere se p a ra te d  by a second  cen trifugation  s te p  using  a p refo rm ed  lin ea r CsCl g rad ien t (1 .2— 
—1.4 g /m l) a t  26 000 rp m  fo r 4 h r  in the sam e ro to r  as above.

D N A  preparation. T h e  v ira l DNA w as iso la ted  by  th e  pronase—SDS—phenol p rocedure  
as desc rib ed  earlier [4]. O n ly  DNA p re p a ra tio n s  iso lated  from  com plete  v irions were used .

Agarose gel electrophoresis. E lec tro p h o resis  o f th e  D N A  frag m en ts  w as perform ed in  
0.6 X 9 cm  siliconized g lass tubes or in  0.2 X 16 X 18 cm slab  gels u n d e r th e  co nd itions 
d escribed  by  H e l l i n g  et al. [5]; 0.7% ag aro se  gels (SeaK em , M arine Colloids In c ., R o ck lan d , 
M aine, U .S .A .) were u sed  in  bo th  system s. T o im prove sep a ra tio n  of incom plete  d ig es tio n  
f rag m e n ts , th e  voltage w as se t below 1.0 V /cm . T he fluorescence of D N A —eth id iu m  b ro m id e  
com plexes were located  photograph ica lly .

M olecular w eigh t o f th e  DNA frag m e n ts  w as calcu la ted  using  a c a lib ra tio n  curve based  
on th e  m o b ility  of com p le te  lam bda and a d en o v iru s  h i  D N A s, th e  E co R I frag m en ts  of lam b d a  
p hage  D N A  [6] and th e  lin e a r form  I I I  of PM 2 D N A  [7].

Restriction enzym es and reaction m ix tures. B acillus am yloliquefaciens s tra in  HM  w as 
k in d ly  supp lied  by D r. J .  O r t i n , M adrid, S p a in , an d  large q u a n titie s  w ere p roduced  in sh ak en  
try p to s e —phosphate  b ro th  a t  37 °C [8]. P u rif ic a tio n  of th e  enzym e was perform ed accord ing  
to  th e  p rocedure  of O r t i n  et al. [9], w ith c e r ta in  m odifications. T he b ac te ria l pe lle t w ashed  in  
ice-cold T ris—2 -m ercap to e th an o l buffer (0.02 м  each) was son icated  by  10 stro k es of 30 seconds.
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T h e  D N A  was pelle ted  a t  120 000 g for 60 m in  in  a Spinco L-2 u ltra ce n trifu g e  w ith  Ti-60 ro to r. 
C rude  sep ara tio n  of th e  en zy m e was done by  gel f i ltra tio n  on  a 42 X 2.5 cm  Sepharose 6B 
co lu m n  (P h arm ac ia , U p p sa la , Sweden) eq u ilib ra ted  w ith  1.0 M NaCl in  tr is—2 -m ercap toe thano l 
b u ffe r  p H  7.5. T he a c tiv e  f ra c tio n s  of th e  e lu a te  w ere pooled an d  d ia lysed  in to  0.01 м N a-phos- 
p h a te  b u ffer ph  7.5, su p p le m e n ted  w ith  10%  g lycerol, 10 mM 2 -m ercap to e th an o l, 0.1 т м  
E D T A  an d  0.001%  T r ito n  X -100 . The d ia ly sed  pool w as fu r th e r  f rac tio n a ted  on a 20 X 2 cm  
W h a tm a n  P-cellulose c o lu m n  w ith  0.1-1.0 м K C l g ra d ie n t in th e  d ialysis buffer. T he active  
f ra c tio n s  of th e  e luate  w ere  pooled  and d ia lysed  in to  th e  b u ffer u sed  fo r th e  re ac tio n  m ix tu re  
co n ta in in g  0.05 M tr is—H C l, 12 т м  MgCl2, 5—50 т м  NaCl or K C l and  6 т м  2 -m ercap toe thano l 
p H  7.5. T he enzym e p re p a ra tio n s  were sto red  in  20%  glycerol a t  — 20 °C.

T he EcoRI enzym e p re p a ra tio n  w as a  k in d  g ift of D rs B. Sa i n  and  P . V e n e t i a n e r , 
Szeged, H u n g ary . I t  w as u sed  u n d e r the sam e co n d itio n s as Ват- H I  ex cep t for th e  in cu b a tio n  
te m p e ra tu re  of the  re ac tio n  m ix tu re . The in cu b a tio n  te m p e ra tu re  w as 28 °C, i f  th e  reac tio n  m ix 
tu re  co n ta ined  Bam—H I,  a n d  37 °C for E coR I d igestion . In  th e  case o f com bined tre a tm e n t 
w ith  b o th  Bam—H I  a n d  Eco—R I , th e  sam ples w ere  in cu b a ted  f ir s t  a t  28 °C a n d  th e n  a t  37 °C.

Melting o f D N A  fragments. The enzym e reac tio n s w ere sto p p ed  b y  th e  a d d itio n  o f 
N a 2E D T A  (50 т м  fin a l c o n cen tra tio n ) and SD S (1 .4%  fin a l co n cen tra tio n ). In  m eltin g  ex p eri
m e n ts , 50%  form am ide (a n a ly tic a l grade M erck  A. G., D a rm s ta d t, G .F .R .) w as added  an d  
m ixed  tho rough ly . The m ix tu re  was th en  d is tr ib u te d  in to  P la s tib ra n d  reac tio n  v ia ls o f 1.5 m l. 
E a c h  v ia l conta ined 1—3 jug D N A  and  could be  s to re d  a t  +  4 °C fo r 10—15 days w ith o u t a lte ra 
tio n . E ac h  sam ple was in c u b a te d  separa te ly  a t  th e  req u ired  te m p e ra tu re  ±  0.1 °C for 15 m in  
in  a w a te r  b a th . T he sam p les w ere quenched im m ed ia te ly  follow ing in cu b a tio n  in a n  ice -b a th  
a n d  d ilu ted  w ith  equal a m o u n ts  o f ice-cold e lectrophoresis b u ffer in  o rd e r to  p re v en t reh y b ri- 
z a tio n . T he to ta l a m o u n t o f th e  sam ples was ap p lied  to  th e  agarose  gels w ith o u t th e  ad d itio n  
o f brom ophenolb lue a n d  sucrose .

R esu lts

P u rity  and specific  activity o f  the B a m - H I  enzyme. F ive d iffe ren t B a m - H I  
b a tc h e s  were used. All o f  them  p roduced  th e  sam e four fin a l fragm en ts if  a d e 
n o v iru s  h i  DNA w as d igested . Before m olecu lar w eigh t d e te rm in a tio n  of th e  
frag m en ts  i t  seem ed n ecessary  to  te s t  th e  non-specific  endonuclease co n tam i
n a tio n  of th e  enzym e in  o rd e r to  exclude an  aspecific d eg rad a tio n  o f th e  specific 
frag m en ts .

I t  was observed  in  a separa te  series of exp erim en ts , th a t  th e  D N A  o f 
PM 2 phage has no specific  B a m -H I  c leavage site  ( B e r e n c s i  and  M e d v e c z k y , 

u n p u b lish ed  resu lts). PM 2 DNA p re p a ra tio n s  [7] co n ta in in g  ap p ro x im a te ly  
eq u a l am oun ts of fo rm  1 (superhelical), fo rm  I I  (n icked circu lar) and  form  I I I  
(linear) m olecules w ere  te s te d  w ith  th re e  se p a ra te  enzym e b a tch es u n d e r s ta n 
d a rd  conditions. C a lcu la tions on th e  basis o f th e  d isappearence  o f th e  su p er
helical PM2 frac tion  in  concen tra tion - an d  tim e-dependence  experim en ts  sug 
gested  th a t  less th e n  o n e  n ick  had  been  in tro d u ced  b y  aspecific  endonucleases 
d u rin g  100 events o f  specific  B a m -H I  c leavage.

Size and sequence o f  specific B a m - H I  fragm ents. T he D N A  of adenov irus 
111 could  com pletely  be  digested  w ith  B a m -H I .  F o u r hom ogeneous fragm en ts 
w ere p resen t in th e  co m p le te ly  d igested  re a c tio n  m ix tu res . T he m o lecu la rw eigh t 
o f  frag m en ts  А , В , C a n d  D  was ca lcu la ted  to  be 10.0 ^  1.13 (13 in d iv id u a l 
d e te rm in a tio n s), 6 . 8  ^  0.21 (7 in d iv id u a l d e te rm in a tio n s), 4.0 ^  0.34 (10 in 
d iv id u a l d e te rm in a tio n s), and  2.2 ^  0.47 (9 in d iv id u a l d e te rm in a tio n s) m ega- 
d a lto n s , respectively .
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Tim e and  co n cen tra tio n -d ep en d en ce  was s tu d ie d  to  id en tify  an d  m easure 
th e  size of inco m p le te ly  cleaved frag m en ts . Six such  “ incom plete”  fragm en ts 
could  regu larly  be iden tified ; th e y  are  show n as unlabelled  circles in  Fig. 1/c,

r

Fig. 1. A garose e lectrophoresis p a tte rn s  o f th e  com plete  an d  incom plete В ат - H I  frag m en ts  
o f ad en o v iru s h i .  a) 50 /Л sam ples were c leaved  by  1 /Л (f irs t  and  th ird  sam ples) Bam —H I  an d  by  
2 /Л (second an d  fo u r th  sam ple) Ват- H I  a t  24 °C for 2 h r  followed by in cu b a tio n  a t  37 °C fo r 
1 h r. Sam ples 3 a n d  4 w ere com pleted w ith  Eco—B I  (1 /<1 each). The e lectrophoresis w as ru n  in 
0 .8%  agarose gel fo r 20 h r  a t 1.0 V /cm . b ) 3 fig o f v ir io n  D N A  were d ig es ted  w ith  B a m -H I  
a t  25 °C for 4 h r  in  th e  presence of 10 mM (K ), 30 mM a n d  110 mM KC1 (“ s a l t” ), c) O rd in a te : 
m o lecu la r w eigh t o f com plete  and  “ in co m p le te”  frag m e n ts  X 10fi d a ltons. A bscissa: d is tan ce  
o f m ig ra tio n  of th e  frag m en ts  in 0 .7%  agarose . In d iv id u a l d a ta  were s ta n d a rd ize d  according 
to  th e  m ig ra tio n  d is ta n c e  of frag m en t B. T h e  d irec tio n  o f e lectrophoresis w as from  left to  r ig h t 
in  each  p h o to g rap h . Id e n tica l positions o f th e  fin a l frag m e n ts  are show n by  b ro k en  lines. T he 
com parab le  p o sitio n s  o f  th e  6.1 m eg ad a lto n  frag m e n t (question -m ark ) a re  show n by  arrow s.

O th er d e ta ils  see in th e  te x t

“ C om plete”  frag m en ts  are labelled  b y  c a p ita l le tte rs , b u t th e se  are  n o t m en 
tio n ed  in  th e  fo llow ing p arag rap h .

The la rg e s t “ incom plete”  fra g m e n t show n a t the  left te rm in u s  of th e  
cu rv e  is th e  u n d ig es ted  v iral D N A  o f 23 m eg ad a lto n s. The second “ in co m p le te”  
m olecule of 14.3 ^  0.27 m egadaltons (second circle from  left to  r ig h t in  Fig. 1/c) 
can  only  be th e  sum  of th e  “ co m p le te”  frag m en ts  A  C. T he  frag m en t o f  
12.8 ^  0.47 m egad a lto n s m ay  h a v e  been  com posed by  A  -f- D  o r В  -)- C -f- D  
o r C —|— D  — В  o r C -)- В  -(- D , b u t  th e  sequence В C -f- D  could  be
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excluded , since th e  A  -f- C fragm en t h a d  been id en tified . The presence  of a 
frag m en t of 10.8 4 : 0.24 m egadaltons in d ica ted  th a t  В  -)- C are ne ighb o u rin g  
fragm en ts. T hus, th e  frag m en t of 12.8 4: 0.47 m egadaltons m ay  be e ither 
A - \ - D o t C - \ - B - \ - D .  The fifth  incom plete  fra g m e n t of 8.87 4: 0.38 m ega
d a lto n s m ay  be com posed  of frag m en ts  B  -J- D  on ly . Since th e  ex is ten ce  of 
fragm en ts В  -)- C an d  B  D  is exclud ing  th e  p o ssib ility  of a sequence A  -)- D  
fo r th e  th ird  in co m p le te  m olecule, th e  f in a l o rder o f th e  fragm ents seem ed to  
be A  C B  D  o r D  В  С Л . N evertheless, in  a considerab le  
n u m b er of ex p e rim en ts  a s ix th  incom plete  frag m en t o f 6 . 1  4 : 0.18 m egada ltons 
w as id en tified  (labelled  w ith  a q u estio n -m ark  in  F ig . 1/c). The presence o f  such 
an  incom plete  f ra g m e n t (C -)- D) is co m p atib le  w ith  a physical o rd e r o i A  
4 - C D  -)- В  if  th e  frag m en t B  -f- C is ab sen t. M ore th a n  ten  v iru s  D N A  
p rep ara tio n s  w ere sy s tem atica lly  te s te d  and  b o th  В  -)- C and C -f- D  were 
occasionally  p re se n t in  each of them . I t  was therefo re  suggested th a t  th e  p ro 
to ty p e  adenov irus h i  w as heterogeneous genetically .

Homogenety o j the prototype adenovirus h i D N A .  Two different o b se rv a 
tions ind ica ted  th a t  th e  v irus s tra in  w as n o t he terogeneous. 1. Sa l—I ,  Eco—R I  
an d  H i n d - I I I  re s tr ic tio n  p a tte rn s  o f th e  sam e D N A  prepara tions p ro v ed  to  
he hom ogeneous ([10] an d  unpub lished  resu lts). 2. T he incom plete frag m en t 
corresponding  to  C -)- D never ap p eared  if  o th e r incom plete  frag m en ts  were 
still v isible in  th e  gels. The up p er an d  low er p h o to g rap h s  are p re sen ted  fo r 
com parison  in F ig . 1/c.

E vidence is p re se n te d  in Figs l /а  and  1/b th a t  the  frag m en t of 6.1 
m egadaltons was p ro d u c e d  by  a d iffe ren t enzym e a c tiv ity  presen t as c o n ta m i
n a tio n  in  th e  В а т —I I I .

The tw o u p p e r sam ples in Fig. 1/c co n ta in ed  th e  sam e am o u n t o f  D N A , 
b u t  th e  am o u n t o f B a m —H I  was tw ice as m uch in th e  second reaction  m ix tu re  
th a n  in th e  u p p e r one. T he digestion  w as com plete  even  in  the  u p p e r reac tio n  
m ix tu re , th erefo re  th e  second m ate ria l m u st h av e  con ta ined  excess enzym e. 
T he “ incom plete”  fra g m e n t (ind ica ted  b y  arrow s in  Fig. l /а and 1/b) occurred  
only  in th e  second gel. I f  th e  p ro d u c tio n  of an  a b e r ra n t fragm ent w as due to  
th e  presence of an a d d itio n a l DNA site  fo r B am —H I ,  b o th  sam ples w ould  have 
co n ta in ed  a p p ro x im a te ly  th e  sam e am o u n t of th e  frag m en t.

The th ird  an d  fo u r th  sam ples show n in Fig. l /а  w ere in cuba ted  s im u lta 
neously  w ith  Bam —I I I  and  E c o -R I. T he  fo u rth  reac tio n  m ix ture  co n ta in ed  
tw ice as m uch B a m —I I I  as th e  th ird  one. The 6.1 m egada lton  fra g m e n t also 
d isappeared  upon  E c o - R I  tre a tm e n t, w hich  is c u ttin g  on ly  w ith in  th e  B a m - H I  
frag m en t В [10]. T his w ould ind ica te  th a t  th e  specific site  for the c o n ta m in a t
ing  enzym e a c tiv ity  w as located  w ith in  th a t  frag m en t.

The sam ples show n in Fig. 1/b w ere also d igested  w ith  an overdose of 
В ат —I I I . The u p p e r  sam ple  con ta ined  only 10 h im  KC1, and th e  a b e rra n t 
frag m en t was p ro d u ced . The second sam ple  was d igested  in th e  p resence of
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30 rmi KC1. The specific hydro lysis by  B a m —H I  was still com plete , b u t  th e  
a b e rra n t frag m en t d isappeared . The th ird  reac tio n  m ix tu re  was p rep ared  w ith  
110 т м  KCl, and th is  sufficed for a p a r tia l in h ib itio n  of specific B a m —H I  
cleavage. T he 3 /ig a m o u n t of th e  adenov irus h l  D N A  was su ffic ien t in  th e  
sam ples to  de tec t a su b p o p u la tio n  possessing an a d d itio n a l site  for B a m —H I  
even in  th e  th ird , incom ple te ly  h y d ro ly sed  reac tio n  m ix tu re . I t  was there fo re  
concluded  th a t  th e  co n tam in a tin g  enzym e a c tiv ity  is m ore sensitive  to  KC1 
th a n  is th e  specific B a m —H I  ac tiv ity .

P olarity  o f  the B a m —H I  map o f  adenovirus h i D N A .  The G : C-rich h a lf 
o f th e  adenov irus m aps is d raw n le ft in  o rd e r to  com pare  th e  resu lts  o b ta in ed  
w ith  d iffe ren t virus ty p e s  [11]. A liquots from  th e  sam e reac tio n  m ix tu res  w ere 
in c u b a te d  a t  d ifferen t te m p era tu res  an d  e lec trophoresed . P a r t  of a n  ex p eri
m en t of tb is  k ind  is show n in Fig. 2. T h erm al s ta b ility  in  50%  form am ide was 
th e  w eak est for frag m en t D  ; i t  was be tw een  64.5 and  65.5 °C. The single s tran d s  
of th e  m elted  fragm en t D  were visible on th e  film , b u t  could n o t be rep roduced  
p h o to g rap h ica lly . U pon h ea ting  th e  u n d e n a tu re d  frag m en ts  show ed h e te ro 
geneous e lec trophoretic  b an d s , since sm all s ing le -s tran d ed  regions w ere m elted  
off irreg u la rly  due to  th e  nicks p roduced  b y  aspecific endonucleases d u ring  
in cu b a tio n . The th e rm a l s ta b ility  of frag m en t В  was a b o u t 65.5—66.0 °C. The 
single s tra n d s  were large enough  to  give su ffic ien t fluorescence to  be rep ro d u ced  
p h o to g rap h ica lly  (F ig. 2). F rag m en ts  A  an d  C m elted  above 66.5°C. All th is  
suggests t h a t  fragm en ts A  and  C are  neighb o u rin g  frag m en ts  lo ca ted  w ith in  
th e  G : C-rieh h a lf of th e  m olecule, in  c o n tra s t to  frag m en ts  В  and  D  t h a t  are

К 65 66 67 °C

DS

A
В

C

D

~ r

Ilii*I ft! м м »< м » ,
; ч I* H t* » ■1 iâ и * ft
V  ' (>» 4

SS

A
В

C

D

Fig. 2. T h e rm a l s ta b ility  o f  th e  Bam—H I  f rag m en ts  o f ad en o v iru s h i  in  50%  form am ide. The 
left panel show s th e  p ositions o f th e  double s tra n d e d  (D S) frag m en ts  А, В, C, an d  D. T he 
r ig h t p an el is in d ica tin g  th e  m ig ra tio n  d istances o f th e  p a irs  o f d e n a tu re d  single s tra n d ed  (SS) 
m olecules, w hich  are v isible in  th e  case o f frag m en ts  В  an d  C. T he o th e rs  could n o t be v isua lized  
p h o to g rap h ica lly . Sam ple “ K ”  w as no t h ea ted . In te rm e d ia te  te m p e ra tu re s  are n o t in d ica ted  
in  th e  F ig u re . T he e lectrophoresis was ru n  in  0 .7%  agarose  gel a t  0.8 Y/cm  fo r 24 h r  w ith o u t

cooling. F u rth e r  d e ta ils  see in  te x t
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lo c a te d  w ith in  th e  A : T -rich  D N A  region. T h u s, th e  p h ysica l o rd er o f th e  
В а т - H I  fragm en ts o f adenov irus h i  D N A  is A — C— В — D , as illu s tra te d  
in  F ig . 3.

Eco-RI

c

L

I 1

I ------1

F ig . 3. R e la tiv e  size an d  d is tr ib u tio n  o f th e  D N A  frag m e n ts  p roduced  b y  th e  re s tr ic tio n  e n d o 
nuclease  E c o -R I  an d  В а т - H I  o f ad en o v iru s ty p es  1, 2, 5, 6, and  12. See references [9— 13] 
in clud ing  th e  d a ta  p re sen te d  in  th is  p a p e r. T he h o rizo n ta l double lines a re  rep re sen tin g  th e  
u n it- le n g th  DN A. T he b a rs , in d ica tin g  th e  lo ca tio n  of th e  in d iv id u a l frag m en ts , a re  filled  in  
a lte rn a tin g ly . T he c leavage sites th o u g h t to  be  id en tica l in  d ifferen t v iru s ty p es  a re  show n by  

v e r tic a l lines. N um erals a re  in d ica tin g  th e  ty p e  of th e  v iruses

D iscussion

A denoviruses are supposed  to  be o f  id en tica l ev o lu tio n ary  orig in . A l
th o u g h  th e  a tta c h m e n t sites o f re s tr ic tio n  enzym es ch arac terize  only  v e ry  sh o rt 
D N A  sequences, som e d a ta  suggest th a t  th e  d is tr ib u tio n  o f specific sites fo l
low s a sim ilar p a t te rn  w ith in  th e  D N A  m olecules of re la te d  ty p es  [11—13].
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T he E c o -R I  an d  B a m —H I  m aps co m p le ted  w ith  th e  resu lts  of our g roups on 
adenovirus h i  an d  I1 6  ([13] and u n p u b lish ed  observations of th e  Soviet co au 
th o rs) are p lo tte d  in  Fig. 3. M em bers o f th e  non-oncogenic subgroups obv iously  
possess hom ologous localizations. W e believe th a t  th e  sm all d islocation  o f  th e  
tw o cen tra l ty p e  1 B am —H I  sites was due to  an  ex p erim en ta l error. The sim ilar 
p a tte rn  of th e  cen tra l В ат - H I  frag m en ts  o f adenov irus h l2  canno t he com 
pared  and  ev a lu a ted  a t p resen t, th e ir  e x a c t sequence being unknow n ([9 ], 
b roken  line in  Fig. 3). D N A  h e te ro d u p lex  stud ies in d ica te  [14, 15] th a t  th e  
tw o Eco—R I  sites in  adenovirus h i  w hich  seem  to  be s tab le  in  all th e  fou r ty p e s  
exam ined , is located  w ith in  th e  D N A  reg ion  possessing v e ry  weak hom ology. 
The D N A  region ca rry in g  th e  cen tra l В а т - H I  site  w ith in  adenovirus h i  is 
also heterogeneous, if  th e  th e rm al s ta b ili ty  o f  th e  h e te rodup lexes are exam ined  
[14, 15]. One m ay  specu la te  w h e th e r th e  stab le  sites w ith in  heterogeneous 
D N A  fragm en ts m ay  in d ica te  th e  essen tia l biological significance of th e  p a l
indrom es cu t b y  th e  enzym es.

Iso la tion  o f m icrogram  q u an titie s  of th e  B am —H I  fragm en ts allow  ex p e 
rim en ta tio n  w ith  non-infectious g roups o f adenov irus genes. DNA sequences 
of th e  В ат - H I  frag m en t В  is coding fo r th e  adenovirus h i  fib re  and frag m en t 
C is ca rry ing  th e  sequences for th e  hexon  p ro te in  [16].

C om bined d igestion  of the  ad en o v iru s  h i  D N A  w ith  E c o -R I  and B a m —H I  
show ed (F ig. l /а) th a t  th e  p o la rity  o f th e  physica l m ap  is correct since only  
th e  В  frag m en t of B a m —H I  is cleaved b y  Eco—R I  (see F ig . 3 for com parison).

The ad d itio n a l frag m en t p roduced  u n d e r  special cond itions is suggested  
to  be th e  re su lt o f an enzym e a c tiv ity  ( B a m - H I  1 )  d iffe ren t from  B a m —H I .  
E a rlie r ex perim en ts failed  to  reveal its  p resen ce , since th e  enzym e p re p a ra tio n s  
had  no t been d ia lysed  off from  th e  KC1 [9]. N evertheless, th e  higher c o n c e n tra 
tions of glycerol in tro d u ced  in to  th e  re a c tio n  m ix tu re  w ith  th e  enzym e, o r p H  
changes due to  th e  pro longed s to rage  o f  th e  enzym e p rep a ra tio n s , m ay  h av e  
ac tiv a ted  a B am —H P  a c tiv ity  sim ilar as th e  E c o -R I ' a c tiv ity  [17].
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SENSITIVITY OF SHIGELLA SONNEI PHASE I AND II 
IMMUNODETERMINANTS TO CHEMICAL TREATMENTS 

USED IN STRUCTURE ANALYSIS

T .  K O N TR O H R  a n d  B .  K O C SIS

Institu te  o f  Microbiology, U niversity  M edical School, Pécs 

(R eceived S ep tem b er 14, 1977)

P urified  lipopo lysaccharide  an tigens of Shigella  sonnei phase  I a n d  phase  I I  b a c te r ia  
were frag m en ted  by  p a r tia l  acid  hydro lysis in  o rd e r  to  de te rm in e  th e  p ro p e r h y d ro ly tic  co n 
d itions for rem ov ing  lipid A w ith o u t a loss o f sero log ical a c tiv ity . T h e  ph ase  I im m u n o d e te r- 
m in an t re ta in e d  its  fu ll a c tiv ity  a f te r  hyd ro ly sis  in  s tro n g  m ineral acids a t  100°C, w hile th e  
phase I I  lipopo lysaccharide  lo st i ts  serological a c t iv ity  even  un d er m ild  cond itions of h y d ro 
lysis. In  c o n tra s t, th e  chem ical m odification  o f th e  p h a se  I im m u n o d e te rm in an t by  h y d raz in o - 
lysis or e ste rific a tio n -red u c tio n  of th e  free c a rb o x y l g ro u p s m arked ly  red u ced  its  sero logical 
a c tiv ity . S h o rt- te rm  p e rio d a te  o x id a tio n  d es tro y ed  th e  a c tiv ity  of th e  p h ase  I I  lipopo lysaccha
ride. T he a c tiv ity  of th e  phase  I im m u n o d e te rm in a n t w as e lim inated  on ly  p a rtly .

The O -antigens of Enterobacteriaceae a re  know n as lip o p o lysaccharides 
of th e  cell w all. On m ild acid hydrolysis th e y  d issociate read ily  to  a p o ly sac 
charide and  lip id  A. T he po lysaccharide m o ie ty  consists o f a core region an d  
a side chain  region, th e  О -side chain.

The lipid frac tio n , th e  less specific p a r t  o f  th e  lipopolysaccharides, c a r 
ries som e nonspecific  biological p ro p erties  o f  th e  m olecule e.g. to x ic ity , p y ro - 
genicity , etc.

The core region m ay  be iden tica l to  v a rio u s  groups of en te ric  bac te ria  su ch  
as Escherichia, Salm onella, Shigella [1] w hile th e  О-side chain  rep resen ts th e  im  
m unospecific  s tru c tu re  in  th e  lipopo lysaccharide  of th e  sm o o th  form s of th e se  
bac te ria . In  th e  lipopo lysaccharide  of ro u g h  m u ta n ts  th e  la t te r  p a r t o f th e  
m olecule is lack ing ; in  th is  case some reg ions o f th e  core determ ine  th e  se ro 
logical specific ity .

Shigella sonnei as m ost of th e  e n te ro b a c te r ia , has sm o o th  and rough  
m u ta n ts ; phase I is serologically  eq u iv a len t to  th e  sm ooth  (S) form , and phase  
I I  rep resen ts th e  f irs t  s tage  of rough  (R) m u ta tio n . T here are  also R m u ta n ts  
w ith  m ore deg raded  polysaccharide  s tru c tu re  [2—4].

The S. sonnei lipopo lysaccharides c o n ta in in g  only th e  “ core-specific” 
sugars glucose, galactose, glucosam ine a n d  h ep tose  seem to  rep resen t one o f  
the  m ost sim ple po lysaccharide  s tru c tu re  [5]. I t  has, how ever, been show n 
th a t  these  sugars n e ith e r  rep resen t th e  im m u n o d e te rm in a n ts  of S. sonnei m u 
ta n ts  nor ta k e  p a r t  in  b u ild ing  them  up  [6 , 7].

As th e  chem ical c h a ra c te r  o f th e  im m u n o d e te rm in a n ts  o f S . sonnei ph ase  
I and I I  is no t know n, in  th e  p resen t s tu d y  we have a tte m p te d  to  com pare
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som e of the  chem ical an d  serological ch a rac te ris tic s  of th e  groups hav ing  a role 
in  th e  serological sp ec ific ity , in  o rd er to  fin d  a way to  p rep are  th em  in p u re  
ac tiv e  form  su itab le  fo r chem ical ch a rac te riza tio n .

M aterials and m ethods

The bacterial stra ins  u sed  were 5. sonnei p h ase  I and I I  described  elsewhere [2, 7]. M ass 
c u ltiv a tio n  was p e rfo rm ed  in  w ell-aerated  liq u id  m edium  a t pH  7.2 co n ta in ing  20 g p e r litre  
o f casein  h y d ro ly sa te  (“ L a c ta c id ” , In s t i tu te  fo r Serobacterio logical P ro d u c tio n  and  R esearch  
H u m a n , B u d ap est), 2.5 g glucose and 5 g y e a s t e x tra c t  (“ Cellam in” , H u m an . B u d a p es t) . T he 
la t t e r  tw o substances w ere ste rilized  sep ara te ly . A fte r  cu ltiv atio n  a t  37 °C for 7 to 8 h r , p h eno l 
w as ad ded  to a fin a l c o n c e n tra tio n  of 0 .5%  an d  a f te r  stan d in g  a t  -f- 4 °C  overn igh t th e  b a c te r ia  
w ere  harv ested  b y  c en tr ifu g a tio n , w ashed w ith  w a te r  and dried w ith  acetone. Y ield: 100—120 g 
d ry  m ass per 30 l itre  m ed iu m .

The lipopolysaccharides w ere p rep ared  b y  th e  h o t phenol—w a te r m ethod  an d  p u rif ie d  
b y  rep ea ted  u ltra c e n tr ifu g a tio n  [8].

E nzym atic  methods w ere  used for th e  d e te rm in a tio n  of glucose w ith  glucose ox idase  
(B oehringer, M an n h e im , G .F .R .)  and of g a lac to se  w ith  galactose oxidase as m od ified  by  
F is c h e r  and Za pf  [9]. G lucosam ine was d e te rm in e d  according to  th e  m ethod  of R o sem an  
a n d  D a ffn er  [10]. H e p to se  and  2-ke to -3 -deoxy-m annoocton ic  acid  (K D O ) were d e te rm in e d  
acco rd ing  to O sborn  [11] a n d  H ea th  and G h a la m bo r  [12], re spec tive ly . The po ly sacch arid e  
frac tio n s  of the  gel f i l t r a tio n  ex p erim en ts  w ere te s te d  w ith  phenol—sulphuric  acid acco rd in g  to  
D u b o is  et al. [13]. T o ta l p h o sp h a te  w as d e te rm in e d  b y  the  m eth o d  o f L o w ry  and L o pe z  [14]. 
N -a ce ty l was d e te rm in ed  as th e  d ifference of to ta l  ace ty l and O -acety l assayed by th e  m eth o d  
o f L u d o w ieg  and  D o rfm a n  [15] and Sn y d e r  a n d  St e ph e n s  [16], respec tive ly .

Gas chromatography o f sugars as a ld ito l a c e ta te s  according to  S a w a r d e k e r  et al. [17] 
w as perform ed w ith  a V a rian  A erograph  M odel 2740 equipped w ith  glass colum n X 6 ’ 
co n ta in in g  e ith e r EC N SS-M  (1%  on G as-C hrom  Q) or OV-225 (1%  on G as-C hrom  Q) a t  a 
co lu m n  tem p e ra tu re  o f 180 °C w ith  n itro g en  as th e  carrier gas. As in te rn a l s ta n d a rd , m y o 
in o sito l was used.

F atty acids w ere  id en tif ie d  as m eth y l e s te rs  ob tained  by  h y d ro ly sis  of a b o u t  2 m g 
lipopo lysaccharide  o r lip id  A in 1 ml м HCl in  d ry  m ethano l a t 100 °C for two hours. S e p a ra 
tio n  was achieved on  a n  1/8”  X 6’ sta in less steel co lu m n  packed w ith  3%  SE-30 on G as-C hrom  Q 
a t  a tem p era tu re  p ro g ram  b e tw een  160 °C an d  250 °C a t a ra te  of 6 °C /m in.

Paper chromatography  w as perfo rm ed  b y  th e  descending tech n iq u e  on W h a tm a n  N o. 1 
o r  Schleicher Schuell N o .2043 /b  pap er in th e  follow ing solvent sy s tem s: (A) b u ta n o l-p y r id i
ne—w a te r  (6 : 4 : 3): (B ) p y rid in e —eth y l a c e ta te —ace tic  acid—w ater (5 : 5 :3 : 1). The sp o ts  w ere 
d e te c te d  e ither w ith  a lk a lin e  silver n itra te  or w ith  n inhydrin .

Passive haem olysis inh ib ition  test w as p e rfo rm ed  by a m icrom odification  described  else
w h e re  [18]. The ra b b it  im m u n e  sera to  S . sonnei ph ase  I and phase  I I  bac teria  were p re p a re d  
a n d  k in d ly  supplied  by  D r. M. A d a m  (N a tio n a l In s t i tu te  of H ygiene, B udapest).

E xperim ents and results

Sensitiv ity  to acid hydrolysis o f  the im m unodeterm in an ts. As th e  p h ase  I 
im m u n o d e te rm in a n t is h igh ly  re s is ta n t to  acid hydro lysis 119, 2 0 ], th is  e x p e 
rim e n t has been ca rried  o u t only w ith  th e  phase II lipopo lysaccharide. T en  m g 
p h ase  II lipopo lysaccharide  were d isso lved  in 1.0 ml 1 %  acetic  acid. T h e  so lu 
tio n  was divided in  1 0 0  /Л p a rts , h ea ted  in  sealed am poules a t 1 0 0  °C for v a rio u s  
le n g th  of tim e, w as ch illed  in ice w ate r. T hen  100 //1 of 0 .1 m sodium  h y d ro x y d e  
w ere added to  each  sam ple . A liquots w ere w ithd raw n  for serial d ilu tio n  for 
te s tin g  by  passive h aem ag g lu tin a tio n  in h ib itio n .
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T he sam e m eth o d  was used for hyd ro lysis  in  0.1 м hydrochloric  acid , 
b u t n e u tra liz a tio n  w ith  sodium  h y d ro x y d e  was done care fu lly  with an Agla 
m icro b u re tte .

The change in  serological ac tiv ity  is d e m o n s tra te d  in  F ig . 1. I t  is seen th a t  
th e  a c tiv ity  increased  ra p id ly  during th e  f ir s t  30 m in of ace tic  acid hydro lysis 
an d  th e n  decreased  a t  a b o u t th e  sam e r a te . The hyd ro ch lo ric  acid ra p id ly  
d estroyed  th e  serological a c tiv ity  of th e  p h ase  I I  lipopo lysaccharide.

Hydrolysis time in minutes

Fig. 1. B eh av io u r o f th e  serological ac tiv ity  of p h ase  I I  lipopo lysaccharide  on acid hydro lysis. 
In h ib ito r: 4 fig  in 0.1 M HC1 ( □ ------- □ ) ;  1 p g  ( O ----- O ); and  500 p g  ( X ------X ) in 1% acetic acid

Sp littin g  o f  the lipopolysaccharide by m ild  acetic acid hydrolysis and sepa
ration on Sephadex G-50. T w o-hundred  m g lipopo lysaccharide  were suspended  
in 40 ml 1%  acetic  acid an d  hea ted  in a bo iling  w a te r b a th  fo r 1.5 h r for phase  I 
and  1 h r  fo r phase  I I .  A fte r freeze-drying, th e  m a te ria l w as redissolved in  w a te r  
an d  cen trifu g ed  a t  10 000 g  for 15 m in. T he lip id  A p e lle t was w ashed tw ice  
w ith  w a te r. T he su p e rn a ta n ts  w hich co n ta in ed  th e  po lysaccharide  frac tions 
were collected , co n cen tra ted  in  vacuum  an d  freeze-dried . A fte r  redissolving in  
ab o u t 2 m l w a te r  th e  po lysaccharide  fra c tio n  was cen trifu g ed  a t 15 000 g  to  
rem ove inso luble  p artic les an d  applied on a colum n of S ephadex  G-50 (2. 5 X 
X 95 cm ). P y rid in e  a c e ta te  (10 ml py rid ine  - f  4 m l glacial ace tic  acid p er litre ) 
was used  as e lu an t [21]. F ive  m l frac tio n s w ere co llected  and  te s ted  w ith  
pheno l-su lphuric  acid in 50 pi aliquots [13]. T he fractions co rresponding  to  th e  
peaks w ere collected , co n cen tra ted  in  v acu u m  an d  freeze-dried .

For sugar analysis, 2—3 mg p o lysaccharide  frac tio n s w ere dried over 
phosphorus pen to x id e  in  v acu u m  and, a f te r  add ing  50 p м inosito l as in te rn a l 
s ta n d a rd , w ere h y d ro lysed  in  500 p i  0.25 м su lphuric  acid a t  100° C for 18 h r . 
A fter d ilu tio n  w ith  w a te r  and  n eu tra liza tio n  w ith  b a r iu m  hydrox ide th e  
sam ple was cen trifuged . T he p rec ip ita te  w as e x tra c te d  tw ice  w ith  1 ml w a te r
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a n d  th e  pooled su p e rn a ta n ts  w ere e v a p o ra te d  to  dryness. T h e  d ry  h y d ro ly sa te  
w as red isso lved  in  500 fi\ 0.1 м am m o n iu m  h y d ro ca rb o n a te  (pH  10) an d  
in c u b a te d  w ith  2 (A a lkaline p h o sp h a ta se  from  Escherichia coli (Sigm a) a t 
37 °C fo r 14 h r  in  th e  p resence of to lu en e .

As Fig. 2 show s, th e  phase I  d eg rad ed  po lysaccharide gave on th e  Sepha- 
d ex  co lum n th ree  peaks while phase I I  gave only two. The f ir s t  peak was found  
o n ly  in  phase I while th e  second an d  th ird  ones were com m on in  b o th  sam ples. 
E a c h  o f th e  frac tions o b ta in ed  from  th e  peaks were assayed  in  passive haem o-

F ig . 2. S ep ara tio n  of deg rad ed  po ly sacch arid es on  Sephadex G-50 co lum n. Phase  I (------—)
an d  ph ase  I I  (• • • •)  d eg rad ed  po lysaccharides

lysis in h ib ition  te s t in  b o th  of th e  p h ase  I  and  phase I I  system s (F ig . 3). 
T h e  resu lts  co rro b o ra ted  th e  find ings o f RoM ANOW SKA et al. [6 ]  in  t h a t  th e  
f i r s t  peak  represen ts th e  О-side ch a in  w ith  core-stubs w hile th e  second one 
th e  core po lysaccharide.

The frac tions co n ta in ed  only  tra c e s  of long chain  f a t ty  acids, gas ch ro 
m a to g ra p h y  show ed a fa irly  com plete  sp littin g  off of lip id  A.

The an a ly tica l va lues for th e  frac tio n s  are shown in T ab le  I. The b u lk  of 
th e  ca rb o h y d ra te  com ponen ts was recovered  in the  1 / 2  a n d  1 1 / 2  frac tio n s in a 
s im ila r ra tio  as in  th e  lipopo lysaccharide  [7] w ith  the  ex cep tio n  of K D O , w hich 
h a d  been set free d u rin g  hydro lysis a n d  was recovered in th e  1/3 an d  11/3 
frac tio n s . The la t te r  co n ta ined  only  som e percents of K D O , th e  n a tu re  o f th e  
o th e r  co n stitu en ts  rem ain ed  u n k n o w n . F rac tio n  1/1 co n ta in ed  6.5—7.5%  to ta l  
c a rb o h y d ra te . I t  is believed  th a t  th e  О -side chain  of th e  p h ase  I lipopo lysaccha
rid e  does no t co n ta in  com m on su g ar co n stitu en ts  as ga lac tose , glucose, etc.
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Phase I system

nanogram microgram inhibitor

t
2

Fig. 3. A c tiv ity  of d eg rad ed  po lysaccharide  frac tio n s  in th e  passive  haem olysis te s t

T able  I

Chemical composition o f degraded polysaccharide fractions

L ip o p o ly sacch arid e  
m M /100 g

P h ase  I P h a se  I I

frac tio n  1 f ra c tio n  2 frac tio n  2 fra c tio n  3

Galactose 9.8 52.5 80.5 4.5
Glucose 13.1 81.4 161.8 7.0
Heptose 7.7* 41.8* 126.8 3.0
KDO 3.8 7.5 7.5 135.0

* W ith o u t d ep h o sp h o ry la tio n
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T h e  p ercen tage  found  was ascribed  to  core fragm en ts ca rry in g  О-chains or to  a 
lip id  A im p u rity  w ith  some g lucosam ine co n ten t.

H ydrazinolysis o f  phase I  lipopolysaccharide  [22]. A 100 m g a liq u o t o f  
p h a se  I lipopo lysaccharide  d ried  o v e r phosphorus pen to x id e  w as dissolved in  
5 m l anhydrous h y d raz in e  and  m a in ta in e d  a t  100 °C for 18 h r. A fter ad d in g  
a b o u t 25 ml to lu en e , th e  h y d raz in e  w as ev ap o ra ted  in  v acu u m  a t 35 °C. A d d i
t io n  o f to luene (20 m l each) and  e v a p o ra tio n  was rep ea ted  th re e  tim es. T h e  
h y d raz in o ly sed  lipopo lysaccharide  w as dried  over su lphuric  acid in v acu u m  
th e n  redissolved in  w a te r  an d  lyoph ilized . T he a c tiv ity  o f th e  p ro d u c t w as 
25—50 tim es low er th a n  th a t  o f th e  genuine lipopo lysaccharide  as te s ted  by  
p assiv e  haem olysis in h ib itio n  in th e  phase  I  system  (Fig. 4).

0,7 1.5 3 6 12 25 50 100 200 400 800
microgram inhibitor lipopolysaccharide

F ig . 4. Serological a c tiv ity  of th e  chem ica lly  m odified  phase  I lipopolysaccharide . F ree  c a r 
bo x y l form  ( •  • ) ;  e th y le s te r ( x ----- X ); reduced  ( O ----- 0 ) ;h y d ra z in o ly se d  ( Д — -Д )

Esterification and reduction o f  the free carboxyl groups o f  phase 1 lipopo
lysaccharide. F iv e -h u n d red  m g p h ase  I  lipopo lysaccharide w ere dissolved in  
50 m l d istilled  w a te r , an d  15 m l fre sh ly  reg en era ted  A m berlite  CG-120 c a tio n  
ex ch an g er in H  1 -form  was ad d ed . T he suspension was sh ak en  a t 4 °C fo r one  
d a y . The resin teas filte red  off an d  w ashed  w ith  d istilled  w a te r. The w ashings 
w ere  collected an d  lyophilized  (recovery : 318 mg). The lipopo lysaccharide  w as 
red isso lved  in 50 m l distilled w a te r , cooled in ice h a th  and  50 ml cold e th y len e  
o x ide  were ad d ed . T he reac tio n  m ix tu re  was k e p t a t room  te m p e ra tu re  fo r 
5 days. A fter dialysis aga in st d is tilled  w a te r an d  ly o p h iliza tion , th e  este rified  
m a te r ia l was red isso lved  in  50 m l w a te r  and  reduced  w ith  sodium  b o ro h y d rid e  in  
th e  presence of g lycerol as described  b y  H u n g e r e r  et al. [23]. A fter dialysis a n d  
ly o p h iliza tio n , 298 m g ca rh o x y l-red u ced  lipopo lysaccharide  was o b ta in ed . A fte r  
es te rifica tio n , th e  in fra red  sp ec tru m  show ed w ell-defined ca rb o n y l ab so rp tio n  a t  
1740 cm -1 . A fte r red u c tio n  th is  a b so rp tio n  h an d  could n o t be d e m o n s tra te d .
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T ab le  II
Chemical composition o f  periodate oxidized  
phase I  and phase I I  lipopolysaccharides

Lipopo lysaccharide 
m M /1 0 0  g

P h a se  I P h a se  I I

u n tre a te d o x id ized u n tre a te d oxidized

Mannose _ 11.3 _ 14.3

Galactose 30.3 4.6 31.0 3.7

Glucose 41.2 40.0 52.5 37.0
H eptose* 27.0 13.7 39.4 15.7

* W ith o u t d ép h o sp hory la tion

In  serological te s t  th e  carboxyl red u ced  lipopo lysaccharide was 25—50 
tim es less ac tive  th a n  th e  u n trea ted  sam p le , as ca lcu la ted  from  the  50%  in h ib i
tio n  v alues (Fig. 4).

Short-term periodate oxidation o f  phase I  and phase I I  lipopolysaccharides. 
Two h u n d re d  m g lipopolysaccharide w ere dissolved in  20 m l w a te r an d  4 ml
0.1 M  sod ium  m etap e rio d a te  were ad d ed . A fte r 2 h r  a t  4 °C th e  o x id a tio n  w as 
te rm in a te d  b y  add ing  2 ml ethylene g lycol. F ifteen  m in u tes  la te r th e  reac tio n  
m ix tu re  w as reduced  by  add ing  80 m l 2 %  sodium  b o ro h y d rid e . A fter 15 m in  th e  
so lu tion  w as acid ified  w ith  glacial ace tic  ac id  to  d es tro y  th e  rem aining b o ro h y 
dride a n d  dialysed ag a in st freq u en tly  changed  d istilled  w ate r a t 4 °C fo r 3 
days. T he p ro d u c t was th e n  freeze-dried a n d  th e  a c tiv ity  was te s ted  in th e  p h a 
se I  and  ph ase  I I  sy stem s. The an a ly tica l values for th e  su g ar com position  a f te r  
p e rio d a te  o x id a tio n  are  show n in T able I I  a n d  th e  serological activ ities in  F ig . 5.

Fig. 5. Serological a c tiv ity  o f th e  periodate  o x id ized  phase  I and  ph ase  I I  lipopolysaccharides.
P h ase  I: u n trea te d  ( □ -----□ ) ;  oxidized ( X ----- X ); phase  I I :  u n tre a te d  ( O ------O );

oxidized ( •  • )
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D iscussion

In  order to  o b ta in  fragm ents o f th e  lipopo lysaccharide  m olecule bearing  
th e  im m u n o d e te rm in a n ts , we used acetic  acid  deg radation  an d  sep ara tio n  o f 
th e  sp lit p roducts on S ephadex  G-50 acco rd ing  to  F r e e m a n  [24] and  M ü l l e r - 

S e i t z  et al. [21]. T he ph ase  I and  phase I I  im m u n o d e te rm in an ts  are, how ever, 
d iffe ren t in th e ir  se n s itiv ity  to  acid h y d ro ly sis . The phase I  im m u n o d e te rm i- 
n a n t  re ta in s  its  full a c tiv ity  a fte r hyd ro lysis  in  1 to  6 N m inera l acid a t  100 °C 
fo r  15—20 hr, w hile th e  phase  I I  lipopo lysaccharide  loses its  serological a c tiv ity  
in  0.1 N  m ineral acid a t  100 °C for less th a n  30 m in [cf. 25].

O ur firs t aim  w as to  de te rm ine  th e  h y d ro ly tic  conditions in  th e  F reem an  
d eg ra tio n , especially  fo r th e  phase I I  lipopo lysaccharide  and  to  sp lit off lip id  
A  com pletely  w ith o u t a considerable loss o f serological a c tiv ity . As i t  w as 
show n , 0.1 M hyd ro ch lo ric  acid rap id ly  d es tro y ed  th e  ac tiv ity  b u t  even d ilu ted  
ace tic  acid m ark ed ly  d im in ished  it. In  th e  f irs t  30 m in of acetic  acid hydro lysis 
a tw ofo ld  increase in  a c tiv ity  was d e m o n s tra te d . A ssum ing a sim ilar ra te  of 
d e a c tiv a tio n  as e s tim a te d  on th e  declin ing  p a r t  of th e  g rap h , i.e. ab o u t th e  
sam e ra te  of a c tiv a tio n  as th e  in a c tiv a tio n , we concluded th a t  on ly  ab o u t h a lf  
o r one th ird  of th e  ex is tin g  phase I I  im m u n o d e te rm in an ts  are  availab le  in  th e  
genu ine  phase I I  lipopo lysaccharide. I t  is n o t know n w hether th e  phenom enon  
is due to  the  poor so lu b ility  of th e  h igh ly  ag g reg a ted  m olecule or to  th e  m ask ing  
e ffec t o f o ther p a r ts  o f  th e  rep ea tin g  u n its .

This ex trem e ac id  lab ility  of th e  ph ase  I I  lipopo lysaccharide  explains th e  
w eaker reac tiv ity  o f th e  1/2 fraction  in com parison  w ith  th e  11/2 frac tio n  in 
th e  phase I I  in h ib itio n  sy stem . (For th e  co m p le te  rem oval of lip id  A, th e  phase  I 
lipopo lysaccharide  needs pro longed t r e a tm e n t  w ith  acid an d  th ere fo re , m ore 
d es tru c tio n  occurs).

F rac tio n a tio n  o f th e  degraded  po lysaccharide  on S ephadex  and  analysis  
o f  th e  fractions co rro b o ra ted  th e  fin d in g s o f fo rm er w orkers [21, 6]. The f ir s t  
p e a k  represen ts th e  О side-chain  w ith  co re-stubs (this p eak  is ab sen t in  th e  
p h ase  II  lipopo lysaccharide), while th e  second  peak  contains th e  core po ly sac 
ch arid e  and has th e  sam e chem ical com position  in bo th  m u ta n ts . The firs t p eak  
o f  phase I co n ta in s  on ly  m inu te  am o u n ts  o f th e  com m on su g a r com ponen ts. 
I ts  m ain  co n s titu e n ts  are th e  im m u n o d e te rm in an t com pound  of un k n o w n  
s tru c tu re  [20] and  th e  am ino-uronic acid discovered by  R o m a n o w s k a  an d  
R e i n h o l d  [26], th e  s tru c tu re  o f w hich w as determ ined  in  o u r la b o ra to ry  to  
be 2 -am ino-L -altru ron ic  acid, a co m p o n en t h ith e rto  un k n o w n  in n a tu re  
[27].

The am ino com pounds of th e  1/1 fra c tio n  are N -ace ty la ted  and p a r t  o f 
th e ir  carboxyl g roups is free. The role o f th e se  groups in th e  im m u n o sp ec ific ity  
w as stud ied  by  h y d raz ino lysis  (for rem ov ing  N -acety l g roups) and  ca rb o x y l 
red u c tio n . T he serological a c tiv ity  could  be reduced  by  b o th  tre a tm e n ts , espe-
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cia lly  b y  hydrazinolysis. U nam biguous conclusions could n o t be d raw n, con
siderin g  uncontro lled  side reactions d u rin g  th e  hydrazino lysis  o f am ino sugar 
c o n ta in in g  polym ers new ly  rep o rted  in [28].

T he phase I a n d  phase I I  im m u n o d e te rm in a n ts  differ su scep tib ility  to  
sh o rt- te rm  p erio d a te  o x ida tion . P h ase  I I  a c tiv ity  was p rac tica lly  destroyed  
w hile phase I a c tiv ity  only d im in ished . Two m oles of galac tose  and  tw o of 
glucose were oxidized. The m annose, w hich is ab se n t in th e  n a tiv e  lipopo ly 
sacch arid e , o rig inated  from  th e  hep to se  su b s titu te d  a t C3 an d  free in Ce and 
C7 positions. One h ep to se  rem ained  in ta c t  and  a n o th e r  mole was d estroyed  to  
low er fragm ents.

T he n a tu re  o f th e  im m u n o d e te rm in an t of th e  S. sonnei phase  I and  phase 
I I  lipopo lysaccharides is unknow n. O ur s tu d y  show ed th a t  ex trem e  care m ust 
be ta k e n  in m odifying lipopo lysaccharide  an tig en s w ith  u nknow n  im m unode
te rm in a n ts . Some m e th o d s  used ro u tin e ly  and  considered m ild can destro y  th e  
im m unospecific  p a r t  o f th e  m olecule, m ak ing  th u s  im possib le to  id en tify  th e  
o rig inal s tru c tu re . O n th e  o th e r h a n d , a chem ical m o d ifica tio n  w ith  s im u lta 
neous trac in g  of th e  serological a c tiv ity  o f th e  a n tig e n  m olecule allows to  re 
cognize th e  n a tu re  o f unknow n im m u n o d e te rm in a n ts .
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B acteriology and B acteria l G enetics

P I L I  ( F I M B R IA E )  AS C O L O N IZ IN G  FA C TO R  F O R  P O R C IN E  
E N T E R O P A T H O G E N IC  E S C H E R I C H I A  COLI

В. N a g y , H . W. M o o n  and R . E . I s a a c s o n

V eterinary  Institu te , Szombathely and the N a tiona l A n im a l Disease Center,
Am es, Iowa, U .S .A .

C olonization of th e  sm all in testin e  is an  im p o r ta n t s tep  in  th e  p a th o g e 
nesis o f en te ro to x ic  diseases caused b y  en te ro p a th o g en ic  Escherichia coli (E E C ). 
Porcine E E C  com m only ca rry  th e  an tigen  K 88, w hich is know n as adhesive 
viru lence fa c to r  for K 8 8 + ECC. There are , how ever, several E E C  stra in s w hich 
do no t ca rry  K 88 and  y e t  th e y  are en te ro p a th o g en ic  fo r new born  pigs. T he 
experim en ts rep o rted  w ere done w ith  these  K 88 E E C  o f serogroups 0 9 , 0 2 0  
and  O101. N ew born , co lostrum  deprived  pigs were exposed  in trag as tr ica lly  
to  th e  K88 E E C . S ix teen  hours post exposu re  b ac te ria l co un ts, im m unfluo - 
rescence m icroscopy, scann ing  and  tran sm issio n  e lectron  m icroscopy of th e  ileal 
segm ents all suggested  th a t  th e  K88 E E C  adhere  to  th e  ileal m ucosa. T he 
bac te ria  w ere found  n e a r th e  m icrovilli w ith  surface appendages reach ing  
tow ards th e m . E lec tro n  m icroscopy de tec ted  pili on all th e  K88 E E C . One 
o f th e  K 8 8 -  E E C  (s tra in  987) was found  to  be rich ly  p ilia ted  (P + + ) w hen 
grow n in th e  porcine sm all in te stin e  in  vivo  b u t poorly  p ilia ted  (P *) wrhen  
grown in  vitro. The P + + v a r ia n ts  adhered  well to  iso la ted  in te s tin a l ep ithe lia l 
cells in  vitro , b u t  th e  P *  v a r ia n ts  did n o t. O th e r v a r ia n ts , w hich h ad  lost th e ir  
in vivo pilus p ro duc tion  (P ~ )  d id  n o t cause d ia rrh o ea  an d  did  no t colonize th e  
sm all in te s tin e  o f new born  pigs, a lth o u g h  th e y  re ta in e d  th e ir  en te ro to x in  
p roducing  ab ility . I t  is concluded  th a t  th e  K 88 EEC  te s te d  colonize th e  p o r
cine sm all in te s tin e  by  th e ir  adhesiveness, w hich is in close co rre la tion  w ith  th e  
presence o f pili.

S T A B IL IT Y  OF E S C H E R I C H I A  C OLI K88 AN D  K99 A D H E S IO N
FA CTO RS

1. K É T Y I ,  B. K u C H  a n d  A. V e RTÉNYI  

Institu te  o f  Microbiology, U niversity  M edical School, Pécs

In  th e  in testin e  of a d u lt mice Escherichia coli s tra in s  carry ing  adhesion 
factors K 88 an d  K99 show  a rap id  and considerab le  loss o f  p lasm id . The loss is 
o f “ p lasm id -de le tion”  c h a ra c te r  and affects b o th  n a tu ra l an d  p la sm id -tran s
ferred K 8 8 + or K99 s tra in s . The degree an d  dynam ics o f th e  loss are iden tica l 
in d ifferent s tra in s  of in b red  mice. The phenom enon  can n o t be d em o n stra ted
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in  suckling  m ice, th e  in te s tin e  of w hich  is selective for K 88 an d  K 9 9 + s tra in s  
an d  clones. F ac to rs  R 100-1 an d  Col lb  losing p lasm ids in  vitro  show ed an  in c rea s
ed  loss in  ad u lt m ice w hereas F-lac  fa c to r  n o t ex h ib itin g  a sp o n tan eo u s loss, 
fa iled  to  do so. A lkaline p H  alone or in  co m bina tion  w ith  low  redox  cond itions 
caused  no increased  p lasm id  loss in  vitro.

T H E R M O S T A B L E  (ST) E N T E R O T O X I N  P R O D U C T IO N  BY 
S H I G E L L A  F L E X N E R I

I. K É T Y I ,  I. M Á L O V I C S ,  T. K o N T R O H R ,  S. P Á C S A ,

A .  V e R T E N Y I  a n d  B. K u C H

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

The f iltra te  or so n ica ted  ly sa te  o f  Shigella fle xn er i  3 an d  4b s tra in s  gave 
p ositive  “ rap id  P F ” an d  suckling  m ouse te s ts ; th e  ra b b it  in te s tin a l loop te s t 
was also positive if  re a d  a fte r  4 h r. LT -specific  tests  (m ouse p ad  oedem a, CHO 
cell elongation  an d  “ d elayed  P F ”  reac tio n ) were n eg a tiv e . T he “ ra p id  P F ” 
te s t  was positive for E n t^  and  E n t Escherichia coli, b u t  th e  la t te r  fa iled  to  
give th e  suckling m ouse and  early  ra b b it  in testin a l reac tions. S. fle x n e r i  
e x tra c ts  f rac tio n a ted  on S ephadex  G-100 colum n show ed a sh a rp  p eak  w ith  
th e  “ rap id  P F ” an d  suckling  m ouse p ositive  frac tions; th e  “ b lan ch in g ”  effect 
w as associated  w ith  th e  sam e frac tio n . T he contro l E n t~  E.coli e x tra c t  con
ta in e d  th e  “ rap id  P F ”  frac tions a t  a b o u t th e  sam e site  as shigellae, b u t  gave 
no suckling  m ouse reac tio n . A sh iga-like cy to tox ic  effect w as n o t d em o n stra ted  
e ith e r  w ith  crude or w ith  p a r tly  p u rified  S. flexn eri f i l tra te .

N U T R I T I O N A L  R E Q U I R E M E N T S  OF L IS T E R IA  ST R A IN S 

B. R a l o v i c h , M. W o o d b i n e  and M. S h a h a m a t

In stitu te  o f H ygiene and E pidem iology, U niversity M edical School, Pécs and  
M icrobiology U nit, D epartm ent o f  A p p lied  B iochem istry and N u tritio n , F aculty  o f A gricu ltu ra l 

Sciences, U niversity  o f  N ottingham , Bonington, Loughborough, England

On a m in im al m ed ium  su itab le  for genetical ex p erim en ts , 15 Listeria  
monocytogenes s tra in s  w ere exam ined  fo r n u tr itio n a l req u irem en ts , d l -6 ,8 -  

T hioctic  acid was no t essen tia l. G row th  was d e tec ted  on th iam in e-free  m ed ium , 
h u t colonies of n o rm al size developed only  w hen b io tin  an d  rib o flav in  w ere also 
p resen t. Low redox  p o ten tia l a tta in e d  w ith  th iog lyco lla te , was essen tia l to 
g e th e r w ith  F e + + , M g++ an d  C a++ ions. C itra te  was n o t conv en ien t as sole 
carb o n  source b u t  w as necessary  as a che la tin g  agen t. A m m onium  sa lt w as no t 
su ffic ien t as single n itro g en  source, h u t  in  th e  presence o f essen tia l am ino  acids
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i t  p rom oted  g row th . T he in d iv idua l s tra in s  d iffered  so m ew h at in am ino acid  
req u irem en ts; leucine , isoleucine, va line  a n d  cyste ine  w ere essen tia l a lm ost in  
ev ery  case. T here w as no defin ite  associa tion  b e tw een  n u tr it io n a l req u irem en ts , 
se ro ty p e , ag g lu tin ab ility , haem oly tic  a c tiv ity  an d  v iru lence  o f  th e  stra in s. One 
o f tw o EMS m u ta n ts  o rig ina ted  from  a v iru le n t L isteria  s tra in  becam e a v iru le n t 
an d  auxo troph ic  fo r arg in ine , g lu tam ine  an d  m eth ion ine .

AM INO C O M PO N EN TS O F P S E U D O M O N A S  A E R U G IN O S A  
L IP O P O L Y S A C C H A R ID E S

A .  SZENTMIHÁLYI 

N ational Institu te  o f  H ygiene, B udapest

The am ino com ponen ts of W e stp h a l- ty p e  phenol w a te r  ex trac ts  o f  3 
Pseudomonas aeruginosa  s tra in s  co n ta in in g  degraded  0  an tig en s  were exam ined  
using  th e  B IO -C A L m odel BC 200 a u to m a tic  am ino acid  ana lyser and  th e  
single colum n ion exchange m ethod  w ith  th re e  changes o f  buffer. In  th e  se 
quence o f e lu tion , th e  E PS  h y d ro lysa tes co n ta in ed  th e  follow ing com pounds: 
g lucosam ine p h o sp h a te , th reon ine , serine, u n id en tified  am in o  com pound (U) 
g lu tam ic  acid, p ro line , glycine, a lan ine , va lin e , ga lac to sam in e , glucosam ine, U , 
ty ro s in e , p h en y la lan in e , fucosam ine, U, am m onia  (decom position  p ro d u c t), 
U and  arginine. Seven o f th e  above am ino  acids and  u n id en tified  substances 
h av e  n o t been p rev io u sly  described in P . aeruginosa  LPS.

S E R O L O G IC A L  E X A M IN A T IO N  O F  P S E U D O M O N A S  A E R U G IN O S A  
0 4 a , b  L IP O P O L Y S A C C H A R ID E  H Y D R O L Y S A T E S

M. M. A d a m  an d  T. K o n t r o h r

N a tiona l Institu te  o f  H ygiene, Budapest and Institu te  o f  M icrobiology, University M edical
School, Pécs

P assive haem olysis  o f sheep e ry th ro c y te s  sensitized  w ith  Pseudomonas 
aeruginosa  0 4 a ,b  L P S  was in h ib ited  b y  L P S  hy d ro ly sed  w ith  N HC1 a t 100 °C 
fo r 10, 30, 60, 120 a n d  240 m in an d  b y  “ degraded  p o lysaccharide”  (dP S ) 
o b ta in e d  a fte r h e a tin g  w ith  1%  acetic  acid  a t  100 CC for 1 h r . T h ree  ng u n tre a te d  
L P S  an d  31 ng dP S  ex h ib ited  50%  in h ib itio n ; th e  a c tiv ity  o f L PS  hydro lysa tes 
decreased  rap id ly  a t  th e  beginning o f HC1 tre a tm e n t th e n  rem ained  a t  th e  
sam e level (10 /ig a f te r  10 m in and  20 /tg a fte r  30, 60, 120 an d  240 min). I t  is 
conc luded  th a t  th e  im m u n o d e te rm in an t g roup  o f P . aeruginosa  0 4 a ,b  is acid  
s tab le  and  th a t  th e  passive haem olysis in h ib itio n  te s t is su ita b le  for the  se ro 
logical analysis o f  iso la ted  m ono and  o ligosaccharide frag m en ts .
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H E A T -S T A B L E  A N T IG E N S  O F  A N E W  G R O U P  O F F L U O R E S C E N T  P S E U D O M O N A D S  

B. L á n y i , A .  W .  H o a d l e y  and  G .  W .  A j e l l o

N a tio n a l Institu te  o f H ygiene, B udapest and  School o f  Civil E ngineering , Georgia In stitu te  of
Technology, A tla n ta , Georgia, U .S .A .

U F P  (u n id en tified  flu o rescen t pseudom onas) b a c te r ia  described  b y  
H o a d l e y  and A j e l l o  resem ble  Pseudom onas aeruginosa n o t  only  in  c u ltu ra l, 
b u t  also in  basic serological p ro p ertie s  (ag g lu tin a tio n -in h ib itin g  effect o f  m ild 
h e a tin g , e thano l, s a tu ra te d  sodium  ch lo ride  and fo rm alin  an d  a g g lu tin a tio n 
re s to rin g  effect o f h e a tin g  a t 100 °C o r above). In  serological spec ific ity , U F P  
s tra in s  differed from  P . aeruginosa. B io ty p es  I  and I I I  o f 115 U F P  s tra in s  were 
classified  in to  17 serological g roups; tw o  subgroups w ere d isting u ish ed  in  each 
o f  groups 0 2 , 0 5 , OlO, 0 1 2  an d  0 1 6 . D e te rm in a tio n  o f th e  О an tigens o f  U F P  
s tra in s  was su itab le  fo r ep idem iological trac in g  and  ra p id  id en tif ic a tio n  of 
these  b ac te ria  from  P . aeruginosa.

R O L E  OF B I L E  A C ID S IN  T H E  P A T H O G E N E S IS  A N D  P R E V E N T I O N  
O F  E S C H E R I C H I A  C O L I D Y S P E P S IA

L .  B e r t ó k , L .  K o c s á r , T .  B e r e z n a i  and J .  MÉSZÁROS

“ Frédéric Joliot-Curie”  N a tio n a l Research In s titu te  fo r  Radiobiology and  Radiohygiene, B udapest 
P h yla x ia  Veterinary B iologicals and F eedstu ffs F id ., B udapest and V eterinary Research Institu te , 

H ungarian  A cadem y o f  Sciences, B udapest

Model experim en ts d e m o n s tra te d  th e  p rim ary  role o f  bile acid defic iency  
in  th e  absorp tion  of en d o to x in  from  th e  in testin es  and  in  th e  pa thogenesis  o f 
en d o to x in  shock. As bile  acids have  b een  show n to  e x e rt a p ro tec tiv e  effect, a 
b ile  acid p rep ara tio n  (D e te rto x o n ) w as em ployed  for th e  p re v e n tio n  o f d i
a rrh o ea  of new born pigs an d  calves. D e te rto x o n  given p r io r  to  th e  f i r s t  suck 
p re v e n te d  the  d ev e lo p m en t o f  coli d ia rrh o ea . The p re p a ra tio n  su p p lem en ted  
bile  acids lacking in  th e  new born  an im als  and , owing to  th e  d e te rg en t effect, 
d is in teg ra ted  endo to x in s  of G ram -n eg a tiv e  b ac te ria  in to  a tox ic  frag m en ts . 
P a r t  of th e  bile acids, a f te r  ab so rp tio n  fro m  th e  in te s tin e , s tim u la te d  th e  liver 
to  bile p roduction  an d  excre tion  o f b ile  from  th e  g a llb lad d er to  th e  in te s tin e .

IN C R E A S E  O F  N A T U R A L  R E S I S T A N C E  A F T E R  I N J E C T I O N  O F  
I R R A D I A T I O N - D E T O X I F I E D  E N D O T O X IN

L .  B e r t ó k

“ Frederic Joliot-Curie” N a tio n a l Research In s titu te  fo r  Radiobiology a n d  Radiohygiene, B udapest

A fter exposure to  5 -2 0  M rad 60C o-gam m a irra d ia tio n , th e  to x ic , p y ro g e
n ic , co m p lem en t-ac tiv a tin g , local S h w artzm an  reaction -elic iting , lysosom al 
m em brane-dam ag ing  a n d  b loo d -co ag u la tin g  effect o f Escherichia coli endo-
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oxin is decreased  or e lim ina ted , b u t its  n a tu ra l  resistance , enhancing  c a p a c ity  
an d  a d ju v a n t effect is re ta in ed . The ir ra d ia tio n  a lte red  th e  s tru c tu re  o f th e  
lipopo lysaccharide, f irs t o f all th e  lipid p a r t  o f th e  m acrom olecule. P re tre a tm e n t 
w ith  rad io -d e to x ified  en d o to x in  p rev en ts  th e  developm ent o f  shock in  th e  r a t ,  
m ouse, golden h a m ste r , p ig  an d  dog challen g ed  w ith  a le th a l dose of en d o to 
x in . In  th e  r a t  i t  exerts  p ro tec tio n  a g a in s t irrad ia tio n  (70% ), p rev en ts  or 
decreases th e  incidence o f p e riton itis  a n d  sep tic  shock a f te r  in tra p e rito n e a l 
in jec tion  of colonic co n ten ts  (90% ), schock  developing a f te r  occlusion o f  th e  
superio r m esen teric  a r te ry  (62% ), and  to u rn iq u e t  shock (6 0 % ); it  also p re v e n ts  
th e  d evelopm en t o f le th a l Pasteurella m ultiseptica  (100% ), Klebsiella p n eu m o 
niae (100% ) an d  A ujeszky  virus (70% ) in fec tion . The rad io -d e to x ified  e n 
do tox in  in h ib its  endo tox in -induced  a b o rtio n  in  p reg n an t r a ts  (90% ), p rov ides 
end o to x in  to le ran ce  in  ra ts  im m u n osuppressed  w ith  an tily m p h o cy te  se ru m  
an d  p ro tec ts  ag a in s t en d o to x in  in ju ry  o f th e  lysosom al m em brane. As an  
a d ju v a n t, in  ra ts  i t  increases th e  p rim ary  im m u n e  response. In  dogs i t  in h ib its  
endo tox ic  h aem o d y n am ic  changes an d  h aem o rrh ag ic  shock (80% ) and decreases 
liv e r in ju ry  a fte r  occlusion o f th e  co ronary  a rte ries .

C O A G G L U T IN A T IO N  T E S T  F O R  G R O U P I N G  B E TA -H A E M O L Y T IC
ST R E PT O C O C C I

Z. RÁcz, I. J .  B . S z a b ó  and  J . S z i t a  

N a tiona l Institu te  o f  H ygiene, B udapest

C oagglu tina tion  and  p rec ip ita tio n  te s ts  gave id en tica l resu lts  in g roup ing  
119 o u t of 121 b e ta -h aem o ly tic  s trep to co cca l s tra in s. O ne o f th e  rem ain ing  
s tra in s  belonged to  group  В b y  c o ag g lu tin a tio n  and  w as u n groupab le  b y  p re 
c ip ita tio n , th e  o th e r  to  group G b y  p re c ip ita tio n , b u t, due  to  th e  В-G  re la 
tio n sh ip , could n o t be classified  b y  co ag g lu tin a tio n . S ev en ty  stra ins belonged  
to  group A, 23 to  B , 5 to  C an d  8 to  G; 13 g roup  D s tra in s  fa iled  to  reac t w ith  
reagen ts A, В , C an d  G, b u t  in lack  o f re a g e n t D, could n o t be grouped  by  
co ag g lu tina tion . T he resu lts  w ere in ag reem en t w ith  o th e r d a ta  in th e  l i te ra tu re .

K I L L E D  STAPHYLOCO CCI F O R  C O A G G L U T IN A T IO N  T EST 

R .  V a r r ó , I. B a r n a - V e t r ó  a n d T .  B r ó z i k

Institu te  fo r  Serobacteriological Production a n d  Research “ H u m a n ” , Budapest

H eated  and  form alin ized  Staphylococcus aureus b a c k te r ia  re ta in  th e ir  
im m ung lobu lin -b ind ing  cap ac ity  m ed ia ted  b y  surface p ro te in  A m olecules. 
A n tise ru m -trea ted  k illed  staphy lococcal cells bound  IgG  an d  were su itab le  for 
g rouping  s trep tococci an d  for de tec tin g  p ro te in  and  p o ly p ep tid e  an tigens.
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INCIDENCE OF AEROBIC GRAM-NEGATIVE BAC TERIA IN A 
PULMONOLOGY UNIT

C s .  Cs u k á s

In stitu te  o f  Pulm onology, Szolnok

A to ta l o f 7000 bacterio log ical specim ens were o b ta in ed  from  th e  re sp i
ra to ry  organs in c lu d in g  2507 sp u tu m  an d  1307 o ther sam ples. G ram -nega tive  
b a c te r ia  were p re sen t in  sig n ifican t n u m b ers  in  1121, in  pu re  cu ltu re  in  95 
sam ples. The follow ing organism s w ere c u ltu re d : Neisseria  sp . 346, H aem ophilus  
sp . 188, u n id en tified  b ac te ria  179, Enterobacter sp. 168, Escherichia coli 151, 
Pseudom onas aeruginosa  98 (inc lud ing  37 s tra in s  grow ing in  pure cu ltu re ) , 
Pseudom onas stutzeri 69, Proteus m irabilis  66, Klebsiella  sp . 55, Pasteurella  
m ú lto d d á  39, Pseudom onas  sp . 37, M oraxella  sp. 33, Acinetobacter sp . 32, 
Alcaligenes sp. 29, Citrobacter sp. 13, Proteus sp . 11, Proteus vulgaris 9, Serratia  
sp . 8, Flavobacterium  sp . 8, Proteus m organii 6, Aerom onas  sp. 6, Proteus 
rettgeri 4 and  Chromobacterium  sp . 2.

O XOLINIC ACID M E D IU M  FOR C U L T U R IN G  LISTERIA MONOCYTOGENES

A .  F o r r a y  a n d  T . A n g y a l

Food H ygien ic  Control Service and O utpatients' Unit Laboratory, Pécs

Solid m edium  co n ta in in g  oxolin ic acid at 40 /ig/m l co n cen tra tio n  is 
ex ce llen t for se lective cu ltu rin g ; as co m p ared  to  nalid ix ic  acid  agar, L isteria  
monocytogenes p roduces m ore d is tin c t colonies and o th e r  b ac te ria  are m ore 
effec tively  in h ib ited . T he su p e rio rity  o f  th e  m edium  w as confirm ed b y  in o c 
u la tin g  th ro a t sw abs from  114 s lau g h te red  h ea lth y  sw ine in to  b ro th , leav ing  
to  s ta n d  th e  tu b e s  in  th e  re frig e ra to r, p rep a rin g  oxolinic acid  -|- 5%  ox  serum  
ag a r subcu ltu res a t  14 an d  28 d ay  in te rv a ls  an d  in cu b a tin g  th em  a t 37 °C.

RESISTANCE TO R A D IA T IO N OF BACILLUS P U M IL U S E 601 
AN D  BACILLUS SP H A E R IC U S ^ A  IN  H U N G A R IA N  j’-SOURCES

L. G a z s ó  an d  S. I g a l i

“  Frederic Joliot-C urie” N a tiona l Research In s titu te  fo r  Radiobiology and Radiohygiene, B udapest

As recom m ended  b y  th e  In te rn a tio n a l A tom ic E n e rg y  A gency, s ta n d a rd  
spo re  p rep ara tio n s w ere used  for th e  e v a lu a tio n  of these fac to rs  in  th e  ra d ia tio n  
ste riliza tio n  p la n ts . D 10-value o f th e  spore p rep a ra tio n  o f  B acillus p u m ilu s  in  
H u n g a rian  y-sources w as as follow s: N o ra to m , 0.36; P X - y -30, 0.30; y -source
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o f th e  Iso to p e  In s t i tu te  of th e  H u n g a ria n  A cadem y of Sciences, 0.27; JS -6900  
R a d ia tio n  S te riliza tion  P la n t, D ebrecen , 0.21 M rad. CjA an d  Dj „-values of 
B acillus sphaericus item ized  as above w ere, 0.99; 0.70; 0.83 an d  0.60 M rad , 
re sp ec tiv e ly . T he resu lts  su p p o rt th e  o b se rv a tio n  th a t  th e  resis tan ce  o f th e  
p ro d u c ts  exposed to  th e  sam e dose o f  ir ra d ia tio n  m ay be d iffe ren t depend ing  
e ith e r  on sources or dose-rates.

S T E R IL IZ A T IO N  OF A D I S P O S A B L E  S E T  OF M E D IU M  BY 
IO N IZ IN G  R A D IA T IO N

M. R o d l e r , N. L á s z l ó , I. R o d l e r , A. U r b a n , J .  S i m o n  

an d  I. P o g á n y

P ublic Health Sta tion , Szekszárd, M in is try  o f  H ealth, Budapest, Public Health Station, 
Zalaegerszeg and P hylaxia  Veterinary Biologicals and Feedsluffs L td ., B udapest

A disposable set o f m edium  for th e  co u n tin g  of b a c te ria  was effec tively  
sterilized  b y  1 M rad ionizing rad ia tio n . E x a m in a tio n  of ab o u t 1000 food, sew age, 
su rface  w ate r, u rin e  and  hosp ita l q u a lity  co n tro l sam ples w ith  th e  new m eth o d  
an d  th e  s ta n d a rd  tech n iq u e  gave id en tica l re su lts .

R A D IO R E S IS T A N C E  O F  M IC R O O R G A N IS M S  ISO LA TE D  FR O M  
V A R IO U S E N V IR O N M E N T S

L .  G a z s ó  a n d  S .  I g a l i

“ Frederic Joliot-C urie” N ational Research In s titu te  fo r  Radiobiology and Radiohygiene, B udapes

In  q u a lita tiv e  and  q u a n tita tiv e  ex am in a tio n  of th e  n a tu ra l m icro flo ra  
of d ry  c a tg u t to  be exposed to  ra d ia tio n  s te riliz a tio n , co n tam in a tio n  was d e te r 
m ined  fo r e igh t c a tg u t th ickness ty p e s . E x a m in a tio n  of th e  rad io resis tan ce  of 
42 s tra in s  show ed th a t  a 100 k ra d  dose su fficed  for th e  in a c tiv a tio n  of 50 %  
o f th e  m icroorganism s (a t 106 germ s). As fo r th e  o th e r 50% , th e  D ,„ value f lu c 
tu a te d  betw een  25 an d  265 k rad . C a lcu la tin g  w ith  th e  h ig h est D 10 v a lu e ,
3.5 M rad  sufficed  for th e  in a c tiv a tio n  o f 1013 cells. Supposing th a t  every  sam ple  
co n ta in s  100 m icroorganism s of th e  sam e resis tan ce  as above, only  a single 
cell w ould  su rv ive  in  every  1011 sam ple  a f te r  3.5 M rad ir ra d ia tio n . This in d i
ca tes  a very  fav o u rab le  safe ty  fac to r  fo r th e  p ro d u c t. The rad io resis tan ce  of 
m icro flo ra  in th e  gam m a pool w a te r  o f o u r 650 Ci a c tiv ity  y-source was also 
ex am in ed  using ta p  w a te r as con tro l. T h ir ty - tw o  stra ins w ere in so la ted  from  
g am m a pool w a te r  and  31 s tra in s  from  ta p  w a te r. M axim um  D 10 values w ere
17.5 an d  45 k rad , respectively . T he b a c te r ia l f lo ra  of ta p  w a te r  supp ly ing  th e  
sou rce-su rround ings was m ore re s is ta n t th a n  th e  p o pu la tion  o f th e  gam m a pool 
w a te r. I t  is concluded  th a t  th e  d ev e lo p m en t o f  a rad io res is tan t b ac te ria l p o p u 
la tio n  in  w a te r c ircu la tin g  around  a low a c tiv ity  y-source is im probab le .
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E L E C T R I C - H E A T E D  B A C T E R IO L O G IC A L  S E E D I N G  LOOP 

A . F o r r a y  a n d  F .  S t u d i n g e r

Food H ygien ic  Control Service, Pécs and In stitu te  o f  P hysiology, U niversity  M edical School, Pécs

A special, 0.2—0.3 m m  th ick  m e ta l w ire, is ste rilized  b y  d irec t e lec tric  
h e a tin g  (6 V, 4 -5  A). U se o f  th e  th in  w ire allow s a ra p id  cooling and easy  seed 
ing. A ir pollution b y  gas flam e is avoided  in  th e  la b o ra to ry . A t field o p era tio n s , 
th e  seeding loop is h e a te d  from  a ca r b a tte ry .

A T Y P IC A L  M Y C O B A C T E R IA  F R O M  A Q U A R IU M  F IS H  

B. K Ö R M E N D Y , S. T U B O L Y , R . B Á N K I and G. CSABA

Central Veterinary In stitu te , B udapest and In s titu te  o f  Epidem iology, U niversity o f  Veterinary
Sciences, B udapest

T h ir ty  m y co b ac te ria l s tra in s  w ere iso la ted  from  aq u ariu m  fish  im p o rte d  
fo r biological ex p erim en ts . The s tra in s  w ere classified on th e  basis of te m p e ra 
tu re , n u tr ie n t re q u ire m e n t and tim e of g row th , p ig m en t p roduc tion , n i tr a te  
red u c tio n , ca talase a n d  peroxidase a c tiv ity , c a rb o h y d ra te  and carb o n am id e  
b reakdow n . The s tra in s  id en tified  w ere: M ycobacterium aquae (2), M . sm egm a- 
tis (3), M . m arinum  (4), M .fo r tu itu m  (8), M . terrae (2) an d  M . para fortu itum  (1). 
O f seven  stra ins n o t c lassifiab le  in to  species, 5 belonged to  R unyon  group  IV , 
2 to  R unyon  group I I I .  The tax o n o m ic  position  of 3 s tra in s  coidd n o t be 
de te rm in ed .

T H Y M IN E  A N D  T H Y M I D I N E  U P T A K E  B Y  M Y C O B A C T E R IA  B E F O R E  
A N D  A F T E R  P H A G E  IN F E C T IO N

P . S o m o g y i  a n d  1. F ö l d e s

Microbiological Research Group o f  the H u n g a ria n  A cadem y o f  Sciences, Budapest

(i) Unlike Escherichia coli and  B acillus subtilis, M ycobacterium ph le i and 
M ycobacterium sm egm atis  v a r. butyricum  in co rp o ra ted  th y m in e  for a sh o rt 
in te rv a l in  th e  absence o f  deoxyribose. T he find ing  is ascribed to  a la rg e r 
deoxyribose  pool in  m y co b ac te ria  th a n  in  Escherichia  and  Bacillus. D N A  
sy n th esis  in  m y co b ac te ria  can effectively  be analysed  b y  labelled th y m id in e  
in co rp o ra tio n ; a v e ry  h igh  (500-1000 /ig/rnl) u rid ine  co n cen tra tio n  is neces
sa ry  fo r th e  process, (ii) Phage in fec tion  causes a considerable change in  
th y m in e  and th y m id in e  u p ta k e ; the  la t te r  becom es v e ry  low com pared  to  th e  
fo rm er and  increasing  o f  th e  ribose pool fails to  im prove  e ith er th y m in e  or 
th y m id in e  in co rp o ra tio n ; a high u rid ine  co n cen tra tio n  even inh ib its th y m in e  
in co rpo ra tion .
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C O M PA R IS O N  OF M Y C O B A C T E R IU M  AVIUM S T R A IN S  FR O M  
D I F F E R E N T  SO U R C E S

E . T .  I l l é s , S .  T u b o l y  and  I .  S z a b ó

Central Veterinary Institu te , Budapest, In stitu te  o f  Epidemiology, U niversity  o f  Veterinary  
Sciences, B udapest and N ational K o rá n y i In stitu te  o f Pulm onology, Budapest

T w en ty  M ycobacterium avium  s tra in s  w ere iso lated  from  p h easan ts  an d  
p o u ltry . All s tra in s  decom posed n ico tin am id e  and p y raz in am id e  and  gave 
o th e r b iochem ical te s ts  w ith  essen tia lly  th e  sam e results. T he p h easan t s tra in s , 
w ith  one ex cep tion , were o f  th e  Schaeffer serogroup I I ;  2 s tra in s  from  p o u ltry  
belonged to  serogroup  I  an d  4 s tra in s  to  serogroup I I .  O ne s tra in  from  each  
group o f b ird s proved  to  be com posed o f  tw o sero types. T he s tra in s  w ere 
un ifo rm ly  sensitive  to  1NH an d  v iom ycin , w ith  two excep tions to  cycloserine 
an d  w ith  one exception  to  s trep to m y c in  a n d  e th y m b u to l. S en sitiv ity  to  5 pg 
rifam pic in  an d  rigenicide v a ried  from  s tra in  to  strain .

IS O L A T IO N  OF D O U B L E  L Y S O G E N IC  M Y C O B A C T E R IA L  CELLS  

K .  H á b e r  a n d  B . V a j d a

M icrobiological Research Group o f  the H u n g a ria n  Academy o f  Sciences, Budapest

P hages o f M ycobacterium sm egm atis s tra in  b u ty ricu m  form  p laques n o t 
only on th e ir  orig inal host cells b u t also on M . smegmatis s tra in  R ab inow itz  
cells lysogenised w ith  bacteriophage V72 (M. sm. R./V72). T h e  average b u rs t 
size o f M. sm . R./V72 cells in fec ted  w ith  bac te riophage  b u ty r ic u m  depends on 
th e  cu ltu re  m ed ium  used. T he average b u rs t  size of M. sm. R ./V 72 cells in fec ted  
w ith  b ac te rio p h ag e  b u ty ricu m  was 6 in  Y R P  m edium , and  60 in  b ro th . A co n 
siderab le  n u m b e r of M. sm. R./V72 cells su rv iv e d  the in fec tion  b y  b ac te rio p h ag e  
b u ty ricu m . T hese phenom ena suggested  th e  possibility  o f  th e  fo rm atio n  o f  
double lysogenic m ycobacterial cells. E x p e rim e n ts  carried o u t for th e  iso la tion  
of double lysogenic cells were successful.

SC O TO C HR OM OG ENIC  M Y C O B A C T E R IA ,  M IX E D  M Y C O B A C T E R IO SE S 
AN D  T H E I R  C L IN IC A L  SIG N IFIC A N C E

F .  G i m p l

D epartm ent o f  Pulmonology, Sem m elw eis U niversity  M edical School Budapest

In  1976-1977, a to ta l  o f 29 662 sam ples were o b ta in e d  from  p a tie n ts  
show ing X -ra y  changes. M ycobacterium  tuberculosis o ccu rred  in  1680, o th e r  
acid fa st b a c te ria  in 123 sam ples. M ost o f  th e  18 scotochrom ogenic s tra in s
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w ere iden tified  as M ycobacterium  aquae an d  its v a r ia n ts . F rom  5 p a tie n ts
M . tuberculosis w as iso la ted  w ith  o th e r  m y co b ac te ria . A ll sco tochrom ogenic 
s tra in s  were re s is ta n t to  IN H , sensitive to  e th a m b u ta n o l an d , w ith  tw o e x c e p 
tio n s , sensitive to  rifam p ic in .

A N E W  P A T H O G E N IC  T R E P O N E M A  S P E C IE S  

I .  H o r v á t h , F. K e m e n e s  and L. M o l n á r

N ationa l Institu te  o f  Determatology and Veneral D isease, B udapest and  In stitu te  o f E pidem iology, 
U n iversity  o f  Veterinary Sciences, B udapest

A  pa thogen ic  Treponem a  s tra in  w as iso la ted  from  th e  genital o rgans o f 
hares. The m icroo rgan ism s, for w hich th e  n am e Treponem a leporis has been  
p roposed , is m a in ta in e d  b y  passage in  d o m estic  ra b b its . T h e  find ing  is in  c o n t
ra s t  to  lite ra ry  d a ta  s ta t in g  th a t  th e  h a re  h as  no trep o n em ato sis .

P R O P E R T I E S  OF PO U L T  U R E O P L A S M A  S T R A IN S  

L . S t i p k o v i t s  a n d  A . R a s h w a n  

Veterinary Research Institu te, H u n g a ria n  A cadem y o f  Sciences, Budapest

F o u r Ureoplasma  s tra in s  iso lated  from  pathological changes in ch ickens 
d iffered  b iochem ically  an d  serologically from  know n h u m a n  and  m am m al 
u reop lasm a s tra in s . T h e  organism s e x e rte d  a slight p a th o g en ic ity  in  ch ick  
an d  duck  em bryos. A rtific ia l infections o f 3 w eek an d  2 m on th -o ld  chicken an d  
tu rk e y  resu lted  in  p n eu m o n ia  and air sac in flam m atio n .

I D E N T IF IC A T IO N  O F  H A E M O P H IL U S  

Zs. C s u k á s  a n d  P .  S u t k a

In s titu te  o f  M icrobiology, Sem m elw eis U niversity  M edical School, B u dapest and Central S ta tio n
fo r  A rtific ia l In sem in a tio n , Budapest

U sing 110 h u m a n  s tra in s  of H aem ophilus, various m ethods of g ro w th  
fa c to r  d e te rm in a tio n  ( A l e x a n d e r ; B u t l e r ; Z i n n e m a n n ; S i m s ; Co w a n  a n d  
S t e e l ; P a r k e r ; P i c k e t t  and  S t e w a r d ) w ere com pared . R esults o b ta in e d  
b y  S i m s ’ te ch n iq u e  w ere  th e  m ost rep ro d u c ib le  and  corresponded  b e s t to  
b iochem ical p ro p e rtie s . F o r  species d iffe ren tia tio n  th e  sp lit t in g  of sucrose a n d  
xylose, indole p ro d u c tio n  an d  O N PG  te s t  w ere th e  m ost usefu l. H .in flu en za e  
fa iled  to  fe rm en t sucrose , was O N PG  n e g a tiv e  and u su a lly  xylose and  in do le  
p o sitiv e . All H .p a ra in flu en za e  and H . parahaem olyticus  s tra in s  split su rcose, 
w ere xylose an d  indo le  neg a tiv e  and  m o st o f  them  gave O N PG  reaction .
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P R O T O P L A S T S  O F B A C IL L U S  S U B T I L I S  MUTANTS

A. M i c z a k  a n d  B .  P r á g a i  

In s titu te  o f  Microbiology, U n iversity  M edical School, Szeged

T e trap y rro le  m em brane enzym es o f B acillus subtilis, if  p re se n t in de
creased  am o u n ts , m ay  affect th e  m em b ran e  s tru c tu re  of po rphyrin  m u ta n ts . P ro 
to p la s ts  o f  th e  m u ta n ts  show ed d ifferen t s ta b il i ty  in  buffers. In  0.7 м sucrose 
b u ffe r th e y  usually  w ere s tab le , w hereas in  m ore  d ilu te  buffers th e y  w ere lysed 
in  v a ry in g  degrees. T he lysis curves show ed t h a t  B . subtilis 168 trpC  p a ren t 
s tra in  w as th e  m o st s tab le . B 12 v ita m in  p ro d u c in g  po rphyrin  m u ta n ts  were 
lysed m ore read ily . M u tan ts  no t p ro d u c in g  B 12 v itam in  were h ig h ly  labile. 
M em brane s ta b ility  depended  on th e  in g red ien ts  o f  th e  culture m ed ium , am ong 
o thers.

A N T IB A C T E R IA L .  PL A SM ID  C U R I N G  A N D  M U TA GENIC E F F E C T  
O F  C H L O R P R O M A Z IN E  D E R IV A T IV E S

J .  M o l n á r , В. S c h n e i d e r  a n d  M .  A .  A l r e r t

In stitu te  o f  M icrobiology, U niversity  M edical School, Szeged and  Psychopharmacology Research 
Branch, N a tiona l In stitu te  o f  M ental H ealth , Rockville , M aryland, U .S .A .

C hlorprom azine deriva tives w ere b a c te r io s ta tic  and bac te ric id al to  b o th  
G ram -nega tive  an d  G ram -positive b a c te r ia . 7 -H ydroxych lo rp rom azine  (60 
pg/m l) e lim in a ted  a t  2%  frequency  th e  F ’lac  p lasm id  of Escherichia coli 
K12 L E  140; w hile 7 ,8 -d ihydroxy  an d  7 ,8-d ioxoch lo rp rom azine (120 /ig/ml) 
ex h ib ited  no p lasm id  curing  effect. C h lo rp rom azine  (60 /ig/ml) w as effective 
a t 30%  frequency . C a+ + , M g++ an d  M nT ' ch e la tes  o f ch lo rp rom azine were 
ineffective even a t  500 ц g/m l. Salm onella  typ h i-m u riu m  H is-  fram esh ift 
m u ta n t  an d  con tro l cells show ed th e  sam e  degree o f b ack -m u ta tio n  a fte r 
ch lo rp rom azine  tre a tm e n t. F rom  E . coli K 12 L E  140 cu ltu red  w ith  ch lo rp ro 
m azine de riv a tiv es , Ion m u ta n ts  were se lec ted  a t  d ifferent freq u en cy : 1 -3 %  
for 7 -hydro x y -ch lo rp ro m azin e , 0 -0 .3 %  fo r 7 ,8 -d ihydroxych lo rp rom azine , and  
nil for 7 ,8 -d ioxochlorprom azine.

M U T A G E N IC  E F F E C T  OF S T R E P T O Z O T O C IN  ON SA LM ONELLA 
T Y P H I-M U R IU M  TA 1530 in R A T  T I S S U E  EXTR AC TS

S .  I g a l i  a n d  L. G a z s ó

“ Frederic Joliot-C urie”  N ationa l Research Institu te  fo r  Radiobiology and Radiohygiene, B udapest

S trep to zo to c in , a c y to s ta tic  a n tib io tic  w as given in tram u scu la rly  in 
0.1 m g /kg  doses to  R A x L E  (H) F , m ale ra ts  w eighing  200 g. O ne h a lf  hour 
a fte r  in jec tio n , cell-free ex trac ts  were p re p a re d  from  the blood, liv er and
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testic les. A fter in c u b a tin g  th e  e x tra c ts  w ith  Salm onella typh i-m urium  T A  1530
for one hour, th e  freq u en cy  o f h is - -------»- h is+ b ase -su b stitu tio n  rev ersio n  was
d e te rm in ed  on selec tive  m edium . T h e  values fo r in d u ced  m u ta tio n  freq u en cy  
were 1.01 X 10~e ^  0.4 fo r blood; 2 .7 8 x  10~6 ^  0.3 fo r testicle; and  1.43 X 1 0 -4  
^  0.5 fo r liver. W h en  stu d y in g  a n d  ev a lu a tin g  th e  m utagenic a c t iv i ty  of 
of chem icals, th e  organ-specific  m etab o lic  a c tiv a tio n  of d ifferent su b s ta n c e s  
shou ld  be considered.

C O R R E L A T IO N  B E T W E E N  L I N K A G E  A N D  M A P  DISTANCE IN  
R68.45 C O N JU G A T IO N  SY STEM

Zs. B ÁN FALVI,  É .  V lN C Z E , G y . B .  K lS S  a n d  Á .  KONDOROSI 

Biological Research Centre, H u n g a ria n  A cadem y o f  Sciences, Szeged

P lasm id  R 68.45 read ily  p ro m o tes  tra n s fe r  o f chrom osom al m a rk e rs  in  
Escherichia coli K 12. L inkage d a ta  fo r d ifferen t m ark e r pairs in  E . coli w ere 
com pared  w ith  th e  physica l d istances betw een  th e  m ark er pairs, (i) R 68.45 is 
ab le to  m obilize th e  chrom osom e s ta r tin g  from  severa l chrom osom al sites.
(ii) T he o rder of m ark ers  is id en tica l w ith th a t  o b ta in ed  w ith  F  sex  fa c to r .
(iii) U sing a m ap fu n c tio n , th e  ca lcu la ted  d istance  values betw een m a rk e r  p a irs  
are ap p ro x im a te ly  ad d itiv e  and , on  th e  o th e r h a n d , p roportional to  a c tu a l 
physica l d istances, (iv) The leng th  o f donor frag m en ts  can also be ca lcu la ted  
from  th e  m ap fu n c tio n , (v) The freq u en cy  o f chrom osom e m ob iliza tio n  and  
th e  average  len g th  o f  donor frag m en ts  v a ry  w ith  ce rta in  E . coli rec ip ien ts .

C O N ST R U C T IO N  OF A G E N E T IC  M AP O F  R H IZ O B IU M  M E L IL O T I

Ä. K o n d o r o s i , Gy . B .  K i s s , E . V i n c z e , T. F o r r a i  

a n d  Zs. BÁNFALVI

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

PI asm id R 68.45 prom otes chrom osom e tra n s fe r  in R hizobium  m eliloti 
s tra in  41. R eco m b in an ts  for various ch rom osom al m arkers were p ro d u c e d  a t 
th e  sam e frequency  (10-4-1 0 -5 p er donor cell), in d ica tin g  th a t  R 68.45 p ro m o tes  
gene tra n sfe r  from  a range of chrom osom al sites. Tw o and th re e -fa c to r  crosses 
betw een  m ultip le  m arked  de riv a tiv es  of R . m eliloti were perform ed an d  th e  
linkage (con transfer) frequencies fo r various m a rk e r pairs were d e te rm in e d . 
U sing an  em pirica l function , th e  linkage values w ere expressed in  a d d itiv e  
m ap  d istance  v a lu es . F rom  th e  linkage analysis o f  20 m arkers a c irc u la r  l in k 
age m ap  of th e  R . meliloti chrom osom e was estab lished . On th e  basis o f  its
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b ro a d  host range  and chrom osom e d o n o r ab ility , i t  m ay  be assum ed th a t  
R 68.45 is su itab le  for th e  m ap p in g  o f  v a rious G ram -nega tive  b ac te ria . In 
p rinc ip le , th e  fu n c tio n  used in th is  s tu d y  can be applied  to  th e se  con jugation
sy stem s.

E L E C T R O P H O R E T IC  V A R I A B I L I T Y  O F P R O T E IN S  IN  R H IZ O B IA

К . K Ö V E S -P É C H Y  a n d  К . SZENDE

Research Institu te  fo r  Soil Science and A gricu ltu ra l Chem istry, H ungarian  A cadem y o f  Sciences,
B udapest

E lec tro p h o re tic  v a ria tio n  in  m a la te  dehydrogenase  (M dh), esterase and  
té tra z o liu m  oxidase loci o f 86 clones of 7 R hizob ium  species o f  d ifferen t geogra
phic  origin was exam ined  by  th e  p o ly ac ry lam id e  gel m ethod . T he d a ta , espe
c ially  th e  v a ria tio n  in  Mdh locus allele, w ere useful for a d iffe ren tia tio n  of th e  
ta x o n s . As th e  resolving pow er of e lec trophoresis  is lim ited  due to  th e  id e n tity  
o f n e tto  charge differences, h ea t and in h ib ito r  sen s itiv ity  a lte ra tio n s  expressing 
m o lecu la r s tru c tu ra l differences were also considered  for show ing th e  so-called 
h id d en  v a riab ility . In  certa in  cases th e  d iffe ren t s tru c tu re  of M dh and  esterase 
allozvm es, ex h ib iting  iden tica l e lec tro p h o re tic  m o b ility , was d e m o n s tra te d

G E N E R A L  T R A N S D U C T IO N  IN  R H IZ O B IU M  M E L IL O T I  

T. S í k , J .  H o r v á t h , A . K . M i s r a  and S. C h a t t o p a d h y a y

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

B y m eans o f th e  te m p e ra te  phage 11, in R hizobium  m eliloti, leucine, 
ad en in e , h is tid ine , try p to p h a n , m e th ion ine  and  cysteine a u x o tro p h  recip ien ts 
w ere tran sd u ced  and  s trep to m y c in , ch lo ram p h en ico l and azide resistance was 
tra n sfe rre d . The linkage betw een  m ark ers  o f resistance  an d  a u x o tro p h y  was 
d e te rm in ed  w ith  co tran sd u c tio n  and  th u s  a p a r tia l genetic m ap p in g  of th e  
b a c te r ia l chrom osom e was achieved. To e lu c id a te  th e  fo rm atio n  o f tran sd u c in g  
pa rtic le s  and  th e  m echan ism  of tra n sd u c tio n , th e  phage-host in te ra c tio n  was 
s tu d ie d . The orig inal tran sd u c in g  phage w as te m p e ra te . P hages induced  from  
lysogenic  b ac te ria  segregated  and  becam e g rad u a lly  m ore v iru le n t. Concom i
ta n t ly  b ac te ria  su rv iv in g  phage in fection  o r th e  tra n c d u c ta n ts  show ed a lte ra 
tio n s in  im m u n ity  to  superin fection . T h e  re la tio n s o f phage deriv a tiv es  to  
b a c te r ia  w ith  d iffe ren t h o st-im m u n ity  w as d e te rm in ed  b y  te s tin g  in fec tiv ity , 
p la tin g  efficiency, phage g row th  in h ib itio n  an d  m odification . T he resu lts in d i
ca ted  a non-classical host-phage m od ifica tio n  in  R hizobium .
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A S SIM IL A T O R Y  N IT R A T E  R E D U C T A S E  D E F I C I E N T  M UTANTS 
O F R H IZ O B IU M  M E L IL O T I

G y . B. K i s s  a n d  Á .  K o n d o r o s i

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

T h irty -n in e  m u ta n ts  defective in  n i tra te  assim ila tion , were iso la ted  from  
R hizobium  meliloti s tra in  41 and  classified  in to  3 ca tegories. (1) D efect in  assi- 
m ila to ry  n itra te  re d u c ta se  b u t not in  re sp ira to ry  a c tiv ity ;  (2) in  b o th  a c tiv i
tie s ; (3) only in  n i tr i te  red u c tase  a c tiv ity . The m u ta n ts  d id  n o t s ig n ifican tly  
d iffer from  th e  w ild ty p e  organism  in sym bio tic  n itro g en  f ix a tio n . No benzy l- 
vio logen dep en d en t n i t r a te  red u c tase  a c tiv ity  was d e tec ted  in  m u ta n ts  o f  th e  
second category .

E F F E C T  O F  F E R M E N T A T IO N  P A R A M E T E R S  ON L A B O R A T O R Y  
SCALE P R O D U C T I O N  O F R H I Z O B I U M  J A P O N IC U M  IN O C U L U M

P . B l A C S ,  K. G r U IZ  a n d  G .  V e R E C Z K E Y

In stitu te  o f  A gricu ltura l Chemical Technology, U niversity  o f  Technical Sciences, B u dapest

Rhizobium  ja p o n icu m  s tra in  BM E O il iso lated  from  soybean  ro o t nodu les 
w as grow n in sh ak en  flasks th en  in  10 litre  fe rm en to rs a t  30 °C, p H  6.5—7.0. 
M annito l used as ca rb o n  source, gave h ig h er yields th a n  glucose. The o rgan ism  
w as sensitive to  a e ra tio n : w ith  m an n ito l, m ax im um  yields were o b ta in ed  a t  
1 litre  sterile  a ir ( litre /m in .), w hereas w ith  glucose th e  degree of ae ra tio n  had  
no im p o rta n t in flu en ce  on grow th . B ased  on op tica l d en sity  m easu rem en t, 
th e  grow th ra te  cu rv es  were draw n using  th e  K o n o -A sa i m a th em a tica l m odel. 
G row th  k inetic  ca lcu la tio n s show ed th a t  in th e  presence o f m an n ito l th e  
g ro w th  ra te  coeffic ien t (k = 0 .48-0.78) was reversely  p ro p o rtio n a l to  th e  cell 
c o u n t of th e  in o cu lu m . W ith  glucose th e  co rrespond ing  v alue  was 0.37—0.55.

C A P S U L E  P R O D U C T IO N  BY M E T IC IL L IN  S E N S IT IV E  AN D  
R E S IS T A N T  STAPHYLOCO CCUS A U R E U S

F. R o z g o n y i  a n d  G .  S e l t m a n n

In stitu te  o f  M icrobiology, U niversity M edical School, Debrecen and Institu te  o f  E xperim en ta l
E pidem iology, Wernigerode, G .D .R .

Three pairs o f m etic illin -sensitive  (MS) su b stra in s  an d  m eticillin  re s is ta n t 
(M R) stab le  m u ta n ts  selected from  3 in d ep en d en t h e te ro re s is tan t S ta phy lo 
coccus aureus s tra in s  produced  m ucoid  colonies on m odified  Difco „ S ta p h y 
lococcus aureus a g a r  N o .110”  m edium . MS and M R c o u n te rp a rts  o f th e  sam e
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p a re n t s tra in  show ed no difference in  u ro n ic  acid co n ten t an d  chem ical com 
position  of th e  capsule po lysaccharide. T h e  uronic acid c o n te n t per g d ry  
b a c te ria  was considerab ly  h igher in  M R  th a n  in MS of th e  sam e pair. T here  
w ere im p o r ta n t differences betw een  th e  p a irs  in  capsule p ro d u c tio n , capsu le  
u ro n ic  acid co n te n t and  com position  o f th e  capsu la r po lysaccharides accord ing  
to  d iffe ren t p a re n t s tra in s . M eticillin re s is tan ce  and capsule p ro d u c tio n  are 
n o t associa ted  in  S. aureus.

B IO C H E M IC A L  A N D  G E N E T IC  A N A L Y S IS  OF P E N I C I L L I N  A N D  
A M P IC IL L IN  R E S IS T A N C E .  I .  R E SIST A N C E  A N D  

BETA-LACTAM ASE P R O D U C T IO N  O F  CLINICAL IS O L A T E S

J . F ö l d e s , К . D o m o k o s  a n d  É .  E p e r j e s i

M icrobiology Departm ent, Central Laboratory a n d  In s titu te  o f Microbiology, U niversity  M edical
School, Szeged

Penicillin  b e ta -lac tam ase  (PB L ) p ro d u c tio n  by fresh clin ical iso lates of 
d iffe ren t b a c te ria  was exam ined  p a ra lle l w ith  a colorim etric  m icro m eth o d , 
io d o m e try  an d  ch ro m ato g rap h y , (i) P en ic illin  (P) and am picillin  (Ap) re s is tan t 
s tra in s  show ed MIC values o f ]> 100 /tg /m l fo r Ap in 90% . (ii) V ary ing  w ith  th e  
species, P  and  A p resis tan t s tra in s p ro d u ced  ad ap tiv e  and  c o n s titu tiv e  P B L  in 
3 5 -7 5 % . ( iii) P  and  Ap resistance w as m o st frequen tly  assoc ia ted  w ith  Su, 
Sm , T c, N m  and  Cm resistance, (iv) M u ltip le  re s is tan t s tra in s  p ro d u c in g  P B L  
occu rred  in less th a n  50%  in  E . coli; in  o th e r  b ac te ria  th e  incidence o f P B L - 
p ro d u c in g  s tra in s  was tw ice th a t  o f P B L  n eg a tiv e  stra in s, (v) In  th e  case o f 
G ram -n eg a tiv e  b ac te ria  th e  curve fo r l in k e d  resistance w ith  P B L  n eg a tiv e  
s tra in s  show ed one peak  o f 6 linked re s is ta n c e , whereas w ith  P B L  positive 
s tra in s , a double peak appeared .

A N  A M IN O G LY C O SID E  A N T I B I O T I C  W I T H  R E M A R K A B L E  
A N T IT U B E R C U L O T IC  ACTIVITY

I. K o c z k a , C s . R é t h á t i  a n d  I. S á g i

Research Institu te  fo r  P harm aceutical Chemistry, B udapest

In  th e  fe rm en ta tio n  b ro th  of M icrom onospore purpurea  (s tra in  K -148), 
in  ad d itio n  to  m em bers of th e  gen tam icin  С com plex, 30 to  40 chem ically  d if
fe re n t b io logically  active and  inac tive  m in o r  com ponents w ere fo und . T hey  
w ere iso la ted  an d  exam ined . Some o f th e m  w ere  new  an tib io tics w ith  sign ifican t 
a c tiv ity . G en tam icin  В and  B 15 described ea rlie r  b y  W a i t z  et al. w ere especiallv  
ac tiv iv e  aga in st m ycobacteria  includ ing  M ycobacterium  tuberculosis an d  M yco
bacterium bovis, b o th  in  vitro and  in  vivo. G en tam icin  X  show ed an tifu n g a l 
a c tiv ity .
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S T A N D A R D IZ A T IO N  O F A N T IB IO T IC  D I S K  S E N S IT IV IT Y  T ES TIN G  

M . K o n k o l y  T h e g e

N ational Institu te  o f  H ygiene, B udapest

On m odified  M u e lle r-H in to n  m edium  th e  in h ib ito n  zone-narrow ing effect 
o f d ivalen t ca tio n s p re sen t in th e  acid h y d ro ly sa te  o f casein  decreased on th e  
add ition  of p h o sp h a te  a t  ap p ro p ria te  co n cen tra tio n . B uffering  of th e  m ed iu m  
to  p H  7.4 w ith  p h o sp h a te  was effective fo r e lim in a tin g  double zones a ro u n d  
am inoglycoside a n tib io tic s . For a m ore precise check ing  of th e  m edium  a n d  
in te rp re ta tio n  o f  zones w ith  ro u tin e  iso la tes, a series o f 8 contro l s tra in s  h a s  
been  selected; th e  cu ltu re s  co rresponded  in  m in im al in h ib ito ry  co n c e n tra tio n  
to  serum  and  u rin e  levels a tta in ab le  b y  th e  usual dosage and  each of th e m  w as 
su itab le  for th e  check ing  o f several d iffe ren t disks.

V irology

R E P L I C A T I O N  OF T H E  “ Ckp”  S T R A IN  O F  T G E  V IR U S 
I N  V IT R O ,  F O L L O W E D  U P  B Y  IM M U N O F L U O R E S C E N C E

E . M o c s á r i

Central Veterinary Institu te , B udapest

Secondary  p ig  th y ro id  cell cu ltu re s  grow n on coverslips were in fec ted  
w ith  10f’14 T C ID 50 o f th e  “ Ckp” s tra in  o f T G E  v irus. V irus synthesis w as d e 
m onstra ted  b y  cy to p lasm ic  im m unofluorescence as ea rly  as in th e  3rd h r  in 
cubation  a t  37 °C. A t th e  sam e tim e , m a tu re  v irus ap p e a re d  in  th e  m a in ten an ce  
m edium . S u b seq u en tly , th e  v irus t i tre  in  th e  m ed ium  increased  para lle l w ith  
th e  q u a n tity  o f  th e  fluorescen t an tig en  u n til a m ax im u m  had  been reach ed  a t  
12 and 15 h r, a t  th e  tim e  w hen th e  f irs t  CP changes w ere observed in  n a tiv e  
cell cu ltures. W h en  th e  m ax im um  CP effect h ad  been reached, (i. e. a f te r  
24-30 hr), v iru s  sy n th esis  slowed dow n an d , soon th e re a f te r , th e  t i t r e  o f  th e  
infectious v iru s  b egan  to  decline, supposed ly  due to  h e a t in ac tiv a tio n  a t  th e  
incubation  te m p e ra tu re .

IM M U N IZ A T IO N  W IT H  B O V IN E  P A R A I N F L U E N Z A - 3  VACCINE 

A. B a r t h a , K .  B o g n á r , L. Z s á k  ami J .  K o j n o k

Veterinary Research In stitu te , H ungarian A cadem y o f  Sciences, B udapest and P hylaxia V eterinary  
Biologicals and F eedstu ffs Ltd., B udapest

A vaccine co n ta in in g  live a t te n u a te d  p ara in flu en za-3  virus was p re p a re d  
and 30 000 c a tt le  w ere im m unized w ith  th e  vaccine in th re e  neighbouring  areas
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d u rin g  a w in te r epizootic. Seroconversion needed  a t least 103'5 T C ID 50 o f v irus 
ad m in is te red  e ith e r as in tra n a sa l sp ra y  o r by  in tra m u sc u la r  in jec tio n . The 
in tra n a sa l m ethod  p roved  superio r, as a fte r  m uscu lar ap p lica tio n  a n tib o d y  
failed  to  ap p ea r in  th e  m ucosal secre tion . In  th e  areas o f v acc in a tio n , th e  a n i
m als rem ained  free o f disease, excep t for fou r fa ta l cases o f  re sp ira to ry  disease. 
In  tw o  c a ttle  stocks, th e  IB R  v iru s  w as id en tified  as aetio log ical ag en t by  
v iru s iso lation .

FA CTO RS IN F L U E N C I N G  T H E  SE R O L O G IC A L  R E S P O N S E  TO A 
B O V IN E  P A R A IN F L U E N Z A -3  VACCINE

L. Z s á k  a n d  A. B a r t h a

Veterinary Hesearch Institu te. H ungarian  A cadem y o f  Sciences, B udapest

The serological response to  an  ex p e rim en ta l p a ra in fluenza-3  vaccine was 
s tu d ied  b y  th e  H I te s t  in  pa ired  se ru m  sam ples from  2000 v acc in a ted  c a ttle . 
A fte r  in tra n a sa l sp ray in g  th e  a n tib o d y  t i t r e  reached  depended  on th e  age of 
th e  an im al and on th e  p rev acc in a tio n  serum  an tib o d y  t i t r e .  T he a n tib o d y  
response  increased  w ith  age and  i t  w as depressed  b y  th e  p re v a le n t m a te rn a l 
an tib o d ie s  in  the  sam e degree as by  th e  ac tiv e ly  produced  an tibod ies.

I N F L U E N Z A  A (H3N 2) V I R U S  I N F E C T IO N  IN  ZOO B IR D S ,
W I L D  B IR D S  A N  ZOO M O N K E Y S

J .  R o m v á r y , J .  M é s z á r o s , J .  T a n y i , G y . T a k á t s y ,

J .  R ó z s a  a n d  L. F á b i á n

Veterinary Research Institu te , H ungarian A cadem y o f  Sciences, B udapest, Veterinary In s titu te  
Debrecen, N ational Institu te  o f  H ygiene, B udapest, County Veterinary Station, Szeged and  

M u n ic ip a l Veterinary S ta tion , B udapest

Serum  an tibod ies to  ty p e  A h u m a n  in fluenzav írus w ere dem o n strab le  
d u rin g  th e  epidem ic due to  v a r ia n t V icto ria /75  in  17.7—4 0 %  of cap tiv e  an d  
m ig ra tin g  w ild b irds (doves, m allards, b lack -h ead ed  gulls) in  th e  prem ises of 
th e  B u d ap est Zoo, an d  in  15.6 an d  2 8 .6 % , respec tive ly , of a to ta l  o f 35 species 
o f  Zoo b ird s , a fte r tra n sfe r  in  tw o lots a t  5-w eek in te rv a l from  th e  closed av ia ry  
to  th e  open  b ird  lake of th e  Zoo. A m ong rep re sen ta tiv e  groups o f doves, crows 
an d  sparrow s cap tu red  o r sh o t along th e  r iv e r  Tisza for th e  purpose o f sero lo
gical ex am in a tio n , 37.7 an d  18.1% , resp ec tiv e ly , had  H I an tibod ies n o t on ly  
to  V ic toria /75 , b u t occasionally  also to  th e  earlier v a ria n ts  P o r t  Chalm ers/73 
an d  E ng land /72 . The b ird s  ex h ib iting  a p o sitiv e  serological im m une response 
belonged to  17 species. R hesus m onkeys k e p t in  th e  Zoo show ed m ore p ronound- 
ed im m une  response to  th e  v a rian ts  P o r t  Chalm ers/73 an d /o r E ng land/72  th a n
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to  V ictoria/75. I t  follow s th a t  th e  Zoo m onkeys h ad  becom e infec ted  d u ring  
th e  preceding p an d em ics , an d  th e  la s t in fec tio n  b y  V ictoria/75 h ad  a b o o ste r 
effect on th e  im m u n e  response(s) to  th e  fo rm er in flu en zav íru s  A v a ria n ts . 
V irus stra ins id e n tif ie d  as V ictoria/75  w ere iso la ted  from  th e  lings o f a Zoo 
g ibbon  died w ith  p n eu m o n ia , an d  from  a sparrow  ca p tu re d  in  its  h a b ita t  along 
th e  river Tisza.

ISO L A T IO N  O F  A V IA N  I N F L U E N Z A  V IR U S E S  F R O M  W I L D  B IR S
IN  H U N G A R Y

J .  R o m v á r y , J . M é s z á r o s , J .  T a n y i , J .  R ó z s a  

a n d  L .  F á b i á n

Veterinary Research In s ti tu te , H ungarian  A cadem y o f  Sciences, B udapest, Veterinary Institu te , 
Debrecen, County V eterinary S ta tion , Szeged and M u n ic ip a l Veterinary Station, Budapest

S ub type  H av5  s tra in s  o f  av ian  in fluenzav írus w ere iso lated  from  th e  
airw ays of a m ig ra tin g  m alla rd  duck , c a p tu re d  in th e  prem ises o f th e  R uda- 
p est Zoo, of a dove sh o t along th e  so u th e rn  course o f  th e  riv e r T isza, an d  of 
3—4 weeks old c a p tiv e  M uscovy ducks. Specific an tibod ies to  su b ty p e  H av5  
w ere d em o n stra ted  in  th e  blood sera  o f  various Zoo b irds. S tra ins o f su b ty p e  
H a v3, and  o f n o t y e t  id en tified  ty p e(s) o th e r  th a n  H a v i—H a v i  w ere iso la ted  
from  bo th  re sp ira to ry  t r a c t  and  cloacal m ucosa of p h e a sa n ts  and  coots sho t 
along th e  riv er T isza . A su b ty p e  H a v6 s tra in  was de tec ted  in  th e  sinus ex u d a te  
an d  cloacal m ucosa o f  a 8-m onth-o ld  cap tiv e  m allard  duck , and  ty p e  A in flu e n 
zavírus o th e r th a n  H a v l-H a v b  was iso la ted  from  4 -5  weeks and  4 m on th s old 
m allards reared  in  c a p tiv ity  in o th e r  fa rm s. S u b ty p e  H a v i  in fluenzav irus was 
d em o n stra ted  in  com m on te rn s  and  b lack -headed  gulls c a p tu re d  a t L ake B a la 
to n  by th e  end o f th e  sp ring  m ig ra tion  period . P ositive  iso lations o f su b ty p e  
H a v5 in fluenzav irus from  m ig ra ting  wild birds were successful for th e  f irs t 
tim e  in E urope. In tro d u c tio n  of H a v5 an d  o f th e  o th e r H av -su b ty p es by  m ig ra t
ing  wild birds th u s  seem s possible, as th e  in fec ted  b ird  popu la tio n s h ad  in v ad ed  
th e  m ain m ig ra tio n  areas and  h a b ita ts .

P U R I F I C A T I O N  O F I N F L U E N Z A  V IR U S  V A C IN E  STOCK 
S U S P E N S I O N  BY IO N -E X C H A N G E  C H R O M A T O G R A P H Y

G .  N a g y , Z s . T a k á t s y  an d  G y . T a k á t s y  

N ational In stitu te  o f  H ygiene, Budapest

In flu en za  v iru s  suspended  in  0 .05-0 .1  м a p p ro x im a te ly  n e u tra l or s ligh tly  
alkaline b u ffe r b in d s to  Q A E -S ephadex  A-27 gel reversib ly . The gel has a h igh 
v iru s-b ind ing  c a p a c ity : it  is s a tu ra te d  a t 100 000 H A  u n its  o f v irus p er m l gel.
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T he v iru s is e lu ted  b y  1.0 м NaCl so lu tion . By th e  use o f th ese  p rocedures, 
8 0 %  o f the v irus o therw ise lost d u rin g  in flu en za  vaccine p rep a ra tio n  was 
recovered . The v iru s  co ncen tra te  o b ta in ed  co n ta in ed  20 000-100 000 H A  
u n its /m l, depending  on  th e  co n cen tra tio n  in th e  s ta r tin g  m a te ria l. The degree 
o f co n cen tra tio n  w as 12-83-fold. T h e  88-375 H A  u n its  o f virus/,ug to ta l  p ro te in  
show ed th a t  the p ro d u c t лгав su ffic ien tly  pu re  to  be used as \a c c in e  in  m an . 
A ccord ing  to p re lim in a ry  resu lts, th e  m e th o d  is su itab le  for co n cen tra tin g  
o th e r  viruses as w ell.

I N F L U E N C E  O F  BCG IM M U N IZ A T IO N  ON  T H E  C O U R S E  OF 
E X P E R I M E N T A L  H E R P E S  S I M P L E X  V IR U S  IN F E C T IO N  IN  R A B B IT S

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

Public Health Sta tion  and M u n ic ip a l Institu te  o f  Public Health. Debrecen

R C G -im m unized an d  non-im m unized  ra b b its  were in fec ted  w ith  H erpes
virus hom inis  (H SV-2) in trad e rm ally . The non-im m unized  an im als developed 
a dose-dependent ch a rac te ris tic  sk in  lesion 2 or 3 days a fte r  inocu la tion  and  
died o f  encephalom yelitis  on days 7—10. The B C G -im m unized ra b b its  developed 
s im ila r skin lesions w ith  some d elay  an d  th e  v iru s could ra re ly  be reiso lated  
from  th e  lesions. T h ese  anim als d id  n o t  develop encephalom yelitis . A sim ilar 
degree o f  p ro tec tion  лл ав induced b y  com bined  a d m in is tra tio n  o f leucocytes 
from  B C G -im m unized rab b its  and an ti-H S V  im m unoglobu lin .

IN T E R A C T IO N  B E T W E E N  GOOSE PA R V O V IR U S  AN D  
DUCK H E R P E S V I R U S  R E P L I C A T I O N  IN T H Y M I D I N E  

(T dR )-B LO C K E D  C E LL  C U L T U R E

J .  K lS A R Y

Veterinary Research Institute , H ung a ria n  A cadem y o f  Sciences. B udapest

T h e replication  o f  th e  В stra in  o f  goose p a rv o v iru s  requires s im ultaneous 
host D N A  synthesis. T h e  la tte r is b locked  before th e  S phase o f th e  m ito tic  
cycle b y  th e  presence o f  2 т м  T dR  in  th e  m a in ten an ce  m edium . T he block is 
re lieved  an d  the p a rv o v iru s  replicates again  in  a m edium  rich  in  ca lf serum . 
A sim ila r effect was ach iev ed  in T d R -b lo ck ed  p a rv o v iru s  cu ltu res b y  superin- 
fecting  th e  cultures w ith  a herpesvirus rep lica tin g  in d ep en d en tly  o f host DNA 
syn th esis . On the  o th e r  h an d , herpesh irus rep lica tio n  is considerab ly  in h ib ited  
by s im u ltaneous p a rv o v iru s  infection.
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R A D IO P R O T E C T IV E  A C T IV IT Y  O F  I N T E R F E R O N  IN D U C E R S  

E . S z o l g a  y , M. T á l a s  and  L. B á t k a i

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

The ra d io p ro te c tiv e  a c tiv ity  o f in te rfe ro n  ind u cers  was in v es tig a ted  
a g a in s t acute X -ra y  (450-700 R) an d  pro longed  eoC o-gam m a (0.7 rad /m in ) 
irrad ia tio n . In b red  B A L B /c and  D B A  m ice of b o th  sexes w eighing 28-30  g 
(12 -14  weeks old) w ere tre a te d  w ith  in te rfe ro n  inducers. The inducers used 
w ere tilorone, 200 m g /kg : A cran il, 60 m g/kg; po ly  I:p o ly  C, 1 m g/kg; poly 
G :po ly  C, 8 m g/kg, Escherichia coli en d o to x in , 1 m g/kg . The agen ts w ere a d 
m in iste red  1—4 day s before or 30 m in  a fte r  ir ra d ia tio n . The rad io p ro tec tiv e  
effect was ev a lu a ted  b y  th e  endogenous haem opoie tic  sp leen co lony-fo rm ation  
te s t  and on th e  basis  o f su rv iv a l. In  ir ra d ia te d  m ice tr e a te d  w ith  in te rfe ro n  in 
ducers p ro p h y lac tica lly , 20-40 tim es m ore spleen colonies could be de tec ted  
th a n  in th e  con tro ls  an d  m ean  su rv iv a l increased  b y  20—60% . A dm in istering  
th e  agents 30 m in  a f te r  irra d ia tio n , on ly  E . coli en d o to x in  proved  effective. 
T h e  rad io p ro tec tiv e  effect was th e  m ost m arked  w hen  irra d ia tio n  w as carried  
o u t at the  tim e  o f  th e  p e a k  in te rfe ro n  level. I t  is assum ed th a t  th e  rad io p ro 
te c tiv e  effect o f in te rfe ro n  inducers depends on th e  in te rfe ro n  induced .

R E L A T I O N S H I P  B E T W E E N  I N T E R F E R O N
S Y N T H E SIS  A N D  V I R U S - S P E C IF I C  M A C R O M O L E C U L A R  PR O C E S S E S  

I N  A D E N O V IR U S  IN F E C T E D  C H IC K  CELLS

B .  T a r ó d i  an d  W .  C. R u s s e l l

Institu te  o f M icrobiology, U niversity M edical School, Szeged and N ational In stitu te  fo r  M edical
Research, M ill H ill, London, U .K .

A denoviruses a re  su itab le  m odels for s tu d y in g  th e  m echanism  o f in te r 
feron induction  b y  D N A  viruses. In  th e  p resen t w ork, am ong o thers, tw o te m 
pera tu re -sen sitiv e  m u ta n ts  (ts 18 and  ts 19) of h u m a n  adenov irus ty p e  5 were 
used. These m u ta n ts  do no t ind u ce  in te rfe ro n  a t th e  nonperm issive te m p e ra 
tu re . P o lypep tide  syn thesis  and , po ly p ep tid e  p h o sp h o ry la tio n  an d  th e  a p p e a r
ance of ds R N A  w ere s tu d ied  in  in fected  chick cells. A lthough th e  hum an  
adenovirus in fec tio n  is ab o rtiv e  in  th ese  cells, v irus-specific  p o lypep tides an d  
D N A  as well as s tru c tu ra l an tigens are  syn thesized  in  th em . In  chick cells 
infected  w ith  ts m u ta n ts , on th e  o th e r han d , only  th e  early  even ts can be 
observed. In te rfe ro n  in d u c tio n  resu lts  from  an  early  even t o f v irus-cell in 
te rac tio n ; th e  sam e ev en t is necessary  for th e  syn thesis  of v ira l D N A . S u p 
posedly, s tru c tu ra l  an tigen(s) o f  th e  v irion  p lay  an  im p o r ta n t role in  th is  
in te rac tion , and  th e  p a rtic ip a tio n  of ds RN A  in th e  in d u c tio n  m echan ism  c a n 
no t be ru led o u t.
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R E P L IC A T IO N  O F  O V IN E  A D E N O V IR U S E S  

S. B é l á k , Y . P á l f i  and S. T u b o l y

In s titu te  o f  Epizootiology, University o f  Veterinary Sciences and Central Veterinary Institute.
B udapest

T he 5 p ro to ty p e  s tra in s, a n d  H u n g arian  iso la tes o f ty p e  1, 4 and  5, of 
ov ine adenoviruses as well as v iruses re la ted  to  bovine aden o v iru s  ty p e  2 proved 
to  rep lica te  well in  a n u m b er of p rim a ry  and secondary  cu ltu res  of various 
m am m alian  cells (M D B K , trach ea , e tc .). The c y to p a th ic  (CP) effect was ty p e  
an d  s tra in -d ep en d en t, th e  nuclear inclusions were h igh ly  v a riab le . T he progress 
of CP changes was follow ed up in n a tiv e  and  sta ined  p rep a ra tio n s  and  by  d irect 
and  in d irec t im m unofluorescence. T h e  ra te  of rep lica tio n  an d  th e  virus yield 
v a ried . In  cultures in fec ted  by  th e  OBT/111 s tra in  th e  fluorescence appeared  
in  th e  10th  h r and  CP effect and  in tra n u c le a r  v irus ap p ea red  in  th e  12th h r, 
w hereas w ith  th e  h om otyp ic  s tra in  H et/3 , th e  m orphological changes were 
ev id en t consisten tlv  la te r  and th e  e x tra  and in trace llu la r v iru s t i tre s  rem ained  
fa r  below  those o f  s tra in  O RT/111. V irus rep lica tion  was n o t considerab ly  
in flu en ced  by  th e  age o f th e  cu ltu re  a t  inoculation  (from  0 to  7 days).

SOME P H Y S IC A L  AND C H E M IC A L  C H A R A C T E R IS T IC S  O F  
S O L U B L E  A D E N O V IR U S  P R O T E IN S

É . ÁDÁM, I. N Á SZ  and  P. M e DVECZKY  

Institu te  o f M icrobiology , Sem m elw eis U niversity M edical School, B udapest

Soluble v iral p ro te in s  p roduced  in  excess in H E p-2  cell cu ltu res  in fected  
b y  adenov irus ty p e  1 w ere sep a ra ted  and  purified  b y  an ion-exchange ch rom a
to g ra p h y . The ch ro m ato g rap h ic  ch a rc te ris tics  o f  th e  capsid  p ro te in s  were de
te rm in e d  on D E A E  S ephadex  A -50 colum n and  th e ir  m ig ra tio n  in  electric 
fie ld  w as in v estig a ted . T he iso-electric  p o in ts  o f th e  hexon  (p i =  4.55), pen ton  
(p i =  4.69) and fib re  p ro te in s (p i  =  7.07) agreed w ell w ith  th e  ch ro m ato g 
rap h ic  ch a rac teristics o f th e  re spec tive  pro teins an d  w ith  th e  resu lts  of th e  
ex p erim en ts  perfo rm ed  in  electric f ie ld . The am ino-acid  com position  o f acid 
h y d ro ly sa tes  of th e  se p a ra te d  an d  p u rified  capsid co m ponen ts, o f  th e  v irion 
an d  o f  H E p-2  cells w ere determ ined . D ifferences were found  in  th e  basic and  
acid am ino  acids.
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E X A M IN A T IO N  O F  T H E  H U M A N  A D E N O V IR U S  T Y P E  1 W IT H  
R E S T R I C T I O N  E N ZYM ES

G y . B e r e n c s i , P . M e d v e c z k y , I . N á s z , В. A. Z a v i z i o n ,

N. M . C h a p l y g i n a  a n d  T .  I .  T i k c h o n e n k o

In s titu te  o f Microbiology, Sem m elw eis U niversity  M edical School, B udapest and In stitu te  o f  
Virology, A cadem y o f  M edical Sciences o f  the U .S .S .R ., M oscow, U .S .S .R .

The DNA of th e  p ro to ty p e  s tra in  o f adenovirus h i  was show n to  have 
th re e  specific reco g n itio n  sites for th e  В а т - H I  re s tr ic tio n  endonuclease. The 
p h y sica l order of th e  fo u r D N A  frag m en ts  was found  to  be A —C—B —D. M elting 
experim en ts  on th e  frag m en ts  led to  th e  conclusion th a t  A  an d  C are located  
w ith in  the  G : C-rich h a lf  o f th e  m olecule. The size o f th e  frag m en ts  A —B —C—D  
w as m easured as 10.0 ^  1.13, 6.8 ^  0.21, 4.0 ^  0.34 and  2.2 ^  0.47 mega- 
d a lto n s , respective ly . E v id en ce  w as p resen ted  th a t  th e  B a m —H I  enzym e 
p rep ara tio n s  were c o n ta m in a te d  b y  a K C l-sensitive re s tr ic ta se  ac tiv ity , w hich 
has no recognition  site  on th e  D N A  c f  adenovirus h2. R ecen tly , in te rn a tio n a l 
co opera tion  has m ad e  av a ilab le  th e  physical m aps o f adenov irus h i  DNA 
w ith  th e  E c o -R I, Sa l—I  and  H in d —I I I  enzym es. T he sequence o f  th e  E c o -R I  
f rag m en ts  is A - C - B  o f 17.3 ^  0.1, 1.67 ^  0.12 and 3.75 E  0-16 m egadaltons, 
respective ly . The size an d  sequence of th e  S a l- I  frag m en ts  w ere found to be 
6.0 ( В ) ; 0.2 ( E )  ; 5.0 (C ) ; 8.2 ( A )  an d  4.1 (D ) m egada ltons from  th e  G : C- 
r ic h  end to  th e  A  : T -rich  te rm in u s . T he te n ta tiv e  sequence o f th e  H ind-111  
frag m en ts  seems to  be J - F - I - B - D - E - A - ( G or H ) - C - ( G or H ) - K .  The 
H i n d - I I I  frag m en ts  w ere found  to  be 5 .3 8 ^ 0 .1 9  ( A ) ;  3 . 5 ^ 0 . 0 7  ( B ) ;  
2.3 ±  0.03 ( C) ;  2.18 ±  0.02 ( D ) ;  2.11 ±  0.03 ( E ) ;  1.72 ±  0.03 ( F ) ;  1.43 ±  
±  0.04 ( G) ;  1.43 ±  0 .04 ( H ) ;  1.23 ±  0.03 ( I ) ;  0.72 ±  0.03 ( J )  and  0.54 ±  
±  0.02 ( KJ  m eg ad a lto n s.

B IO C H EM IC A L  P R O P E R T I E S  O F  T H E  A D E N O V IR IO N -A S S O C IA T E D
E N D O N U C L E A S E

P. M e d v e c z k y , S .  C s u z i , E . A d á m , I. N á s z  

and  É .  SZOMOLÁNYJ

Institu te  o f Microbiology and  F irst In stitu te  o f  Chemistry and B iochem istry, Sem m elw eis U niver
sity  M edical School, Budapest

DNase was se p a ra te d  to g e th e r  w ith  the  p en to n  an tig en  from  purified  
adenov irus v irions on CsCI g rad ien t. E nzym e a c tiv ity  was m easured  by  a 
m eth o d  developed b y  th e  au th o rs  using iso tope-labelled , cellulose adsorbed 
D N A  su b stra te . T he o p tim u m  co n cen tra tio n  of th e  d iffe ren t ions was betw een  
p H  7 and  8 in 1 т м  MgCl.,. T he enzym e is in h ib ited  b y  E D T A , 0.5 м NaCl,
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0.5 M N a 2S 0 4 an d  100 т м  CaCl2. I t  is in a c tiv a te d  a t  70 °C w ith in  5 m in. The 
endonuclease can n o t be sep a ra ted  from  th e  pen to n  an tig en  b y  D E A E  ch ro m a
to g ra p h y  and  only  p a rtia lly  on D N A  cellulose co lum n . As an  effect o f  th e  
enzym e, random  nicks arise in  th e  superhe lica l D N A  o f th e  PM-2 bac te rio p h ag e.

EXPERIMENTAL CARRIERSHIP OF HUMAN ADENOVIRUS IN MICE 

J .  H o r v á t h , P . D á n , G .  K u l c s á r , I. N á s z  a n d  P. G e c k

Institute o f Microbiology, Semmelweis University Medical School, Budapest

Mice were in fec ted  w ith  h u m a n  adenov irus ty p e  1 in  th e  la te  phase  o f 
p regnancy . The virus could no t he re -iso la ted  from  th e  progeny , th o u g h  v irus 
partic les  were p re se n t in  th e  sp leen  fo r several m o n th s  a fte r b ir th . A fter 
n eo n a ta l in fection , v ira l an tigen  (im m unofluorescence), v iru s  partic les (electron 
m icroscopy) and  in fec tious virus w ere d em o n stra ted  in  som e of th e  an im als. 
In  th e  m a te rn a l spleen an d  ovary , th e  v iru s  was d e m o n s tra te d  by  im m u n o flu o 
rescence for tw o m o n th s a fte r in o cu la tio n . I t  is concluded  th a t  th e  la te n t- ty p e  
adenov irus is capable  o f passing th ro u g h  th e  p lacen ta  a n d  p e rin a ta l adenov irus 
in fection  m ay lead to  carriersh ip  in  m ice.

DEMONSTRATION OF ADENOVIRUS ANTIBODIES BY 
MICRO-IMMUNODIFFUSION

I. C s e r b a , A. L e n g y e l  and E .  Á d á m

Institute o f Microbiology, Semmelweis University Medical School, Budapest

Blood sam ples w ere tak en  in  hep arin ized  glass cap illaries and  pooled 
v irus (adenovirus ty p e  1 or 5) o b ta in ed  from  infected  tissu e  cu ltu res or ad en o 
v irus ty p e  1 hexon an tig en  purified  by  c h ro m a to g rap h y  w as used as an tigen  
in  th e  m icro-im m unodiffusion  te s t. T he m icro -test p ro v e d  to  be p rac ticab le  
w hen  blood sam pling  from  veins m eets w ith  d ifficulties.

ONCOGENIC TRANSFORMATION OF HAMSTER EMBRYO FIBROBLAST 
CELLS BY UV-IRRADIATED HUMAN CYTOMEGALOVIRUS

I. B o L D O G H , E .  GÖNCZÖL and L .  YÁCZI 

Institute o f Microbiology, U niversity Medical School, Debrecen

A fter U V -irrad ia tion  (80 ergs/s/m m 2, 22 m in) of h u m a n  cy tom egalovirus 
(CMY) inoculum , th e  v iru s  genom  is fu lly  reac tiv a ted  (infectious v irus p ro 
duction) in  perm issive h u m a n  em bryonic  fib ro b lasts  an d  p a r tia lly  re a c tiv a ted
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(cy top lasm ic  an tigens in  1—2 of 10® cells) in  sem i-perm issive h a m s te r  em bryonic 
f ib ro b la s t cells. In  th e  h am ste r  em bryon ic  f ib ro b la s t m ono layer in fected  w ith 
th e  U V -irrad ia ted  v iru s , 1-2 p iled-up  foci o f 1—2 X 106 cells w ere observed  a t 
20—22 days a fte r in fec tio n . One o f th ese  foci could be p ro p a g a te d  and  a cell 
line (87-TR H -5) w as estab lish ed . T he 87-T R H -5 cells induced  tu m o u r  in new 
b orn  Syrian  h am ste rs . CM V-specific surface and  in tracy to p la sm ic  an tigens 
cou ld  be detec ted  in  th e  cells b y  im m unofluorescence using  CMV-specific 
h u m a n  and  ra b b it  a n tise ra . Sera o f th e  tu m o u r-b ea rin g  h a m ste rs  con ta ined  
CM V-specific an tib o d ies . In fectious v iru s  could n o t be d e tec ted  in  th e  87-TR H -5 
cells a fte r tre a tm e n t o f  th e  cells w ith  IU d R  or fusion w ith  perm issive hum an  
em bryon ic  f ib ro b la s t cells. The a n ti-рЗО sera  o f R LV , FeLV  an d  H aL V  show ed 
no im m unofluorescence w ith  th e  cell line.

Gp70 ONCORNAVIRUS ANTIGEN AND ANTIBODIES IN PATIENTS 
WITH MYELOID LEUKAEMIA AND PRELEUKAEMIA

F .  D .  T ó t h , L .  V á c z i , I. R é d a i , J .  J á k ó  and K .  R á k

Institute o f Microbiology and Second Department o f Medicine, University Medical School,
Debrecen

Leukocytes from  12 p a tien ts  w ith  acu te  m yeloid leu k aem ia  (AML) and  
15 w ith  p re leukaem ia  and  those from  44 con tro l sub jec ts w ere te s ted  for th e  
p resence  of gp70 an tig en  by  in d ire c t m em b ran e  im m unofluorescence. R au- 
sch er-M u L v  an d  G ibbon-L V  an ti-g p 7 0  sera  w ere used. A n tigen  of gp70 
specific ity  was d e m o n s tra te d  on th e  leu k o cy te  surface o f  6 AM L p a tien ts  in  
ad v an ced  stage o f  th e  disease. O f th e  p re leukaem ia  p a tie n ts  4 proved  positive  
fo r gp70 an tigen  w hile all th e  co n tro l sam ples w ere n eg a tiv e . In  an advanced  
s tag e  of AML, none o f  th e  serum  sam ples co n ta in ed  an ti-gp70  w hich, how ever, 
ap p eared  during  rem ission . Six su b jec ts  w ith  p re leukaem ia  w ere seropositive; 
4 o f 9 seronegative  ones developed acu te  leukaem ia  w ith in  a year. A nti-gp70  
w as p resen t in  17 con tro l sub jec ts .

DEMONSTRATION OF ANTIBODIES OF VARIOUS IMMUNOGLOBULIN 
CLASSES TO THE EPSTEIN-BARR VIRUS NUCLEAR ANTIGEN

J . C z e g l é d y , L. G e r g e l y , L. V á c z i  and A .  S z a l k a

Institute o f Microbiology, University Medical School, Debrecen and László Central Hospital fo r
Infectious Diseases, Budapest

A prev iously  unknow n a n tib o d y , v iz., an ti-E B N A -IgM . was d e m o n s tra t
ed in  acute E B V  in fection  by  th e  v e ry  sensitive an ti-co m p lem en t im m u n o flu o 
rescence (A C IF) te s t .  The an ti-E B N A -Ig M  p resen t in th e  convalescence p h ase
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of in fec tious m ononucleosis (IM) d isap p ea red  w ith in  severa l weeks. T he a n t i 
body cou ld  not be d em o n stra ted  in se ru m  sam ples from  e ith e r p a tie n ts  w ith  
IM  o f cy tom egalov irus origin or a n ti-E B V  seropositive  h ea lth y  su b jec ts . 
A n ti-E B N A -IgM  ap p ea rs  s im ultaneously  w ith  th e  an ti-E B V -IgM , b u t its  titre s  
are considerab ly  low er. Since it  was d e m o n s tra te d  in  all o f th e  fresh EBV in 
fections te s te d  (29 cases), th e  positive t e s t  m ay  serve as a fu r th e r  ev idence for 
acu te  E B Y  infection . C ontro l tests w ere  perfo rm ed  to  exclude th e  d is tu rb in g  
effect o f nonspecific  an tin u c lea r  an tib o d ies  ex p ec tab le  d u rin g  th e  acu te  phase  
of IM. In  EB V  seropositive  subjects, th e  m a jo r ity  of th e  an ti-E B N A  an tib o d ies  
belong to  th e  IgG  class; non -com plem en t-fix ing  IgA  an tibod ies occur ra re ly .

PREPARATIONS OF AN ANTIGEN FOR THE DEMONSTRATION OF 
BOVINE LEUCOSIS ANTIBODIES IN THE IMMUNODIFFUSION 

PRECIPITATION TEST

L. Zsá k

Veterinary Research Institute, H ungarian Academy o f Sciences, Budapest

A sim ple rap id  m e th o d  has b een  evo lved  for th e  p re p a ra tio n  of v ira l 
an tigen  from  estab lished  cell cultures in fe c te d  by  th e  enzootic  bovine leucosis 
virus. T h e  an tigen , p u rif ied  by  the f lu o ro c a rb o n  m ethod  an d  co n cen tra ted  b y  
u ltra c e n tr ifu g a tio n , is o f  high p u rity  a n d  con ta ins th e  whole v irus a n tig en . 
I t  has b een  successfully  applied  for d e m o n s tra tio n  o f p rec ip ita tin g  an tibod ies 
in  th e  im m unodiffusion  te s t.

SEARCH FOR AVIAN LEUCOSIS VIRUSES IN A HUNGARIAN 
POULTRY STOCK

Cs. D r é n

Veterinary Research Institute , H ungarian Academy o f Sciences, Budapest

A h u n d re d  b irds w ere selected a t  ra n d o m  for viro logical and  serological 
tests  from  a p o u ltry  s to ck . As a serological assay , th e  focus-reduction  te s t  was 
carried o u t in tissue cu ltu res  w ith th e  A , B , C an d  D subgroups o f R ous 
sarcom a v iru s  (RSV). T h e  seronegative b ird s  w ere exam ined  for v iraem ia  by  
perform ing  th e  p h en o ty p ic  m ix ture  te s t  u s in g  th e ir  p lasm a w ith  RSV (RAV-O) 
and  C/O cells. The p o u ltry  stock p roved  to  be ex tensive ly  in fected  by  th e  В 
subgroup  an d  to  a lesser e x te n t by th e  A  subgroup  o f th e  v irus. In  a second 
series. 50 b ird s were in c lu d ed . The re su lts  agreed  well w ith  those o f th e  f irs t  
series, T h e  low level o f  in fection  w ith  th e  A se ro ty p e  m ay  reflect a genetic  
p ro p erty  o f th e  stock.
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DEMONSTRATION OF THE MC-29 VIRUS BY MEASURING 
THE REVERSE TRANSCRIPTASE ACTIVITY AND BY 

RADIOIMMUNOASSAY

K . N a g y , M. T á l a s , L. G. Z a k h a r o v a , I. S t ö g e r ,

A. D. A l t s t e i n  and E . G. P i k e r

Microbiological Research Group o f the Hungarian Academy o f Sciences, Budapest and Ivanovsky  
Institute o f Virology, Academy o f Medical Sciences o f the U .S.S.R ., Moscow, U .S .S .R .

The op tim um  circum stances ( in c u b a tio n  te m p e ra tu re , in c u b a tio n  t im e , 
b iv a le n t ion and d e te rg e n t co n cen tra tio n  an d  tem p la te  p rim er com plexes) fo r  
th e  MC-29 virus R N A -depen d en t-D N A -p o ly m erase  a c tiv ity  w ere d e te rm in ed . 
T h e  a c tiv ity  was m u ch  h igher w ith  p o ly  (rA ). oligo (dT) th a n  w ith  poly  (dA ). 
oligo (dT) as te m p la te . This suggest th e  v ira l origin of th e  enzym e. A ra d io im 
m u n o assay  was developed  for th e  d e m o n s tra tio n  of th e  MC-29 v iru s , u sin g  
th e  group-specific p ro te in s  of av ian  m yelob lastosis v irus. C om pared to  th e  
rev e rse  tra n sc r ip ta se  te s t ,  th e  rad io im m u n o assay  proved  to  be a m uch m o re  
sen s itiv e  p rocedure.

STABILITY OF THE B.K. VIRUS HAEMAGGLUTININ AND THE 
CIRCUMSTANCES INFLUENCING B.K. VIRUS HAEMAGGLUTINATION

M . K e n d e , G y . S z ű c s  and M. U j  

Public Health Station, Pécs

The h aem ag g lu tin in  of th e  B. K . v iru s  re ta ined  its o rig inal t i t r e  fo r a 
w eek  a t any  of th e  te m p e ra tu re  4, 20, 37 an d  56 °C, irre sp ec tiv e  of th e  N aCl 
m o la r ity  of the  m ed iu m  (from 0.15 M to  2.5 M and  it was also s tab le  in  th e  p H  
ra n g e  5.5-9.5 b e tw een  4 and 37°C, b u t  te n d e d  to  decline a t 56 °C. In  1 м M gC l2 
so lu tio n , its t i t r e  fell s ign ifican tly  w ith in  4 h r. The op tim um  p H  o f h aem ag g lu - 
t in a t io n  was b e tw een  5.5 and  6.5 an d  th e  HSA G  (H E P E S , sa lt, a lb u m in , 
g e la tin ) buffer o f p H  6.0 was found  to  be th e  m ost favourab le  m edium .

HAEMAGGLUTINATION-INHIBITING ANTIBODY TO THE B.K.
VIRUS IN A HUNGARIAN POPULATION

G y . S z ű c s , M. K e n d e  and M. U j  

Public Health Station , Pécs

A to ta l o f 694 serum  sam ples d iv ided  in  10 age groups w ere te s te d  fo r  
h aem ag g lu tin a tio n -in h ib itin g  (H I) an tib o d ies  to  the  h u m an  p ap o v av iru s  В . K . 
G ro u p -0  h u m an  e ry th ro cy te s  were used  in  HSAG buffer of p H  6.0 a t 4 °C.
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A n tib o d y  was d em o n stra ted  in  7 2%  of th e  sam ples. In  th e  age group  u n d e r
2 y ea rs  18% , in  th e  group from  6 to  10 y ears  3 6 % , of th e  sera  were positive . 
T he h ig h est frequencies, 91—93, w ere fo u n d  be tw een  16 an d  30 years o f  age, 
a n d  th e  titre s  w ere th e  h ighest in  th e  sam e age groups. O f th e  51 sera w ith  
t i t r e s  1 : 640, 31 belonged to  th ese  groups. T itre s  1 : 160 o r h ig h er occurred  in  
2 %  o v er 60 years, th o u g h  a n tib o d y  w as d e m o n s tra te d  in  71%  o f th e  sam e sera . 
T he sp ec ific ity  o f th e  H I an tib o d ies  has been  confirm ed  b y  in d ire c t im m u n o 
fluorescence te s ts  carried  o u t in  Vero cells. O f th e  72 serum  pairs te s te d ,
3 show ed a 4-fold rise in t i tre . The clin ical p ic tu re  corresponded  to  an  un d efin ed  
re sp ira to ry  in fec tio n  in  these  cases.

ATTEMPTS TO PROPAGATE H E PA T IT IS В V IR U S  IN  H UM AN  
LIVER T IS S U E  CU LTURES

I . H o l l ó s , A. P á l f i , B. L á s z l ó , Ö .  P o h l ,

M . B ö r z s ö n y i  and T .  N e u m a r k

National Institute o f Hygiene, László Central Hospital fo r Infectious Diseases and National 
Institute fo r Rheumatology and Physiotherapy, Budapest

A tte m p ts  w ere m ade to  p ro p a g a te  h e p a titis  v iru s in h u m an  em bryon ic  
liv e r  tissu e  cu ltu res . C ultures o f series 1 w ere in o cu la ted  w ith  serum  sam ples 
ta k e n  from  10 p a tie n ts  in  th e  early  phase o f acu te  h e p a titis  B. T he c h a ra c te 
r is tic  e lec tron  m icroscopic p ic tu re  o f  th e  core in  th e  cell-nucleus an d  th e  a p 
pea ran ce  of H B sAg in  th e  cu ltu re  m ed ium  w ere chosen as c rite ria  of v iru s 
m u ltip lica tio n . T h is was p roved  in  a single case on ly . In  series 2, cu ltu res  w ere 
in o cu la ted  w ith  iso la ted  lym phocy tes an d  blood p lasm a sam ples from  p a tie n ts . 
T he m e th o d  y ielded  reproducib le  re su lts . V irus m u ltip lica tio n  w as p roved  in  9 
o f 12 ex p erim en ts . A tte m p ts  to  p ro p a g a te  th e  v iru s  in  serial passages have 
failed.

SE Q U E L A E  OF R U B E L L A  D U R IN G  P R E G N A N C Y  

I . M e z e y , M . T a s s  and E .  M o l n á r ]

National Institute o f  Hygiene, Budapest

D u rin g  th e  1973—1974 rube lla  epidem ic in  H u n g a ry , serum  sam ples from  
5905 g rav idae  w ere exam ined  b y  th e  rube lla  H I m ethod . T he f ir s t  sam ples 
from  5441 w om en p roved  to  be positive . These p a tie n ts  were reg a rd ed  as being 
im m u n e . In  128 cases, fresh rubella  w as proved  by  seroconversion  or b y  a sign i
fican t t i t r e  rise. In  fu r th e r  781 p regnancies, th e  h is to ry  an d  th e  serological 
find ings w ere suggestive  of ru b e lla  v iru s  in fec tion . T he ou tcom e o f th e se ,
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a lto g e th e r  909, p reg n an c ies  and  th e  co n d itio n  o f th e  live-born  in fa n ts  were 
s tu d ie d  b y  use o f q u estionna ires. D a ta  o f 623 q uestionna ires re tu rn e d  show ed 
t h a t  284 o f the  p reg n an c ies  had  been  in te r ru p te d  a rtific ia lly , w hereas 339 gra- 
v id a e  h ad  u n d e rta k e n  th e  risk. S p o n tan eo u s  a b o rtio n  occurred  in  29 cases. 
O f th e  310 live-born  ch ild ren , 7 show ed signs a ttr ib u ta b le  to  th e  te ra to g en ic  
e ffec t o f  rubella  v iru s . D iagnosis o f th e  ru b e lla  syndrom e could, how ever, be 
co n firm ed  in  a sing le  case only.

CMV MONONUCLEOSIS VERIFIED BY SEROLOGICAL METHODS

Zs. K o s a , M. K o l l e r , L. B i n d e r , Z. P i n t é r  

an d  A. PÁ LIN K Á S

N ational Institute o f H ygiene and László Central Hospital fo r  Infectious Diseases, Budapest

T h irty -th ree  cases of CMY m ononucleosis verified  b y  v iru s  serological 
m e th o d s  are re p o rte d . The clinical sy m p to m s an d  th e  re su lts  o f la b o ra to ry  
te s ts  were analysed  in  15 of these  cases. T he CMY com plem en t-fix ing  an tib o d y  
t i t r e s  and the  d e m o n s tra b ility  o f specific  IgM  an tib o d ies  w ere reco rded  sy s te 
m a tica lly .

IN VITRO AGGREGATION OF ADENOVIRUS SOLUBLE HEXONS 

I. N Á SZ a n d  É .  ÁDÁM

Institute o f Microbiology, Semmelweis University Medical School, Budapest

H ighly  p u rif ie d  soluble a d en o v iru s  ty p e  1 hexons w ere c ry sta llized  b y  
d ia ly s in g  against 0.5 м ace ta te  b u ffe r, p H  4.5, for 3 days. C rysta ls of te tra -  

e d ra l and p rism a tic  shapes w ere p ro d u c e d  a fte r  s to rag e  a t  4 °C fo r 1 to  10 days 
w ith  edge sizes ra n g in g  betw een  0.01 an d  0.1 m m . T he c ry s ta ls  could he w ashed  
in  a c e ta te  buffer an d  dissolved in  basic  T ris-buffer. In  ag ar gel p rec ip ita tio n  te s t  
th e  so lu tion  of th e  c ry sta lls  gave specific  reac tio n  w ith  adenov irus ty p e  1 an ti- 
h ex o n  im m une se ra . Tn th e  so lu tion  m a n y  single hexons w ere v isib le  b y  e lec tron  
m icroscopic e x a m in a tio n . The course o f c ry s ta lliza tio n  was follow ed closely w ith  
e lec tro n  m icroscope. In  the  early  s tag e  on ly  d iffusely  d ispersed  single hexons 
cou ld  be observed  s im ila r to  th e  c o n tro l hexon m a te ria l and  to  hexons in th e  
so lu tio n  of c ry s ta ls . L a te r  tw o-d im ensional hexon c ry sta ls  developed. T he hexon- 
sliee t con ta ined  hex o n s located  close to  each o th e r w ith o u t an y  holes fo rm ing  
re g u la r  c rysta lline  a rray s . This s tru c tu re  is d iffe ren t from  th e  tw o-d im ensiona l 
c ry s ta l  la ttice  o f  adenov irus ty p e  5 hexons, rep o rted  b y  H . G .  P e r e i r a  an d  
N . G. W r i g l e y  a n d  b y  E . B. C a r s t e n s  an d  R . C. M a r u s y k . I t  can  be assum ed
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t h a t  th e  fo rm a tio n  of such com pact tw o-d im ensiona l hexon c ry sta ls  m ay  p la y  a 
ro le in  th e  g ro w th  m echanism  o f th re e  d im ensional c ry ta ls . F ilam en to u s  
s tru c tu re s  m ade u p  of three or m o re  hexon  row s, and  m u ltilayered  m ic ro c ry s
ta ls  w ere also d e tec ted .

A gricu ltural a n d  In d u s tr ia l M icrobiology

EARLY DEFENCE MECHANISM INDUCED BY PATHOGENIC 
BACTERIA IN TOBACCO PLANT

J .  BU R G Y Á N  a n d  Z. K L E M E N T  

Research Institute fo r  Plant Protection, Budapest

A new ty p e  o f  defence re a c tio n  o f p la n ts  induced  b y  b ac te ria  has been  
d em o n stra ted . In h ib itio n  of b a c te r ia  developed  as early  ad 3 -6  h r  a fte r  in fec
tio n . E x p erim en ts  ind ica ted  th a t  th e  in h ib ito r  was p roduced  in  co m p a tib le  
h o st-p a th o g en  com binations, to o , b u t  i t  was ineffective for th e  co m p a tib le  
p a th o g en s. The re su lts  suggest t h a t  th e  h o s t-b a c te r iu m  in te rac tio n  s tu d ie d  is 
d iffe ren t from  th e  h y p ersen sitiv ity  re a c tio n  or p re m u n ity  of p lan ts .

EFFECT OF HERBICIDES ON THE GROWTH AND N-FIXING 
CAPACITY OF AZOTOBACTER CHROOCOCCUM

B .  H e l m e c z i

Institute o f  Soil Science and Microbiology, University o f Agricultural 
Sciences, Debrecen

N ine stra in s o f  Azotobacter chroococcum  w ere iso lated  from  leached  ch e rn o 
zem , ru s t coloured fo rest soil, so lonchak -so lone tz  m eadow  solonetz soil ty p e s  
o rig in a tin g  from  Czechoslovakia, R o m a n ia  an d  th e  Soviet U nion. The follow 
ing herb icides and  com binations w ere te s te d : A falon, A niten , B anvel, B uv ino l, 
D ik o n irt, D iko tex , G ram oxone, H u n g á ria  K 64, H ungazin  P K , N aT a, N itrik o l, 
P y ra m in , R am rod , Satecid , Sys 67 M E; an d  Satecid  60 W P  +  T e rb u tr in  
50 W P , Satecid 60 W P  +  T e rb u tr in  50 W P  -f- A ktikon  90 W P , T rik o m b , 
S atecid  65 W P A k tik o n  90 W P, S a tec id  65 W P  w ith  u rea  -)- A k tik o n  90 W P , 
S a tec id  65 W P w ith  u rea  -f- T e rb u tr in  50 W P  -)- A ktikon  90 W P , P ro - 
p ach lo r 40 EC -f- S u tá n  80 EC, P ro p a c h lo r  40 EC -f- E p ta n  SH  202, S a tec id  
65 W P  w ith  u rea  -f- Afalon 20 E C , A k tik o n  90 W P  U  E p ta n  EC, S a tec id  
AT -)- m e th y l-c a rb am a te . H erbicides n o t app lied  in  com binations affec ted  th e  
N -fix ing  capac ity  o f Azotobacter d iffe ren tly  b u t  n o t s ign ifican tly . A ccord ing  
to  th e ir  effect th e  herb ic ides could be g ro u p ed  as s tim u la to rs  (N itriko l, R am ro d ,
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B uvino l, Sys 67 M E); n e u tra ls  (H ungazin  P K , N aT a, Banvel) and  in h ib ito rs  
(G ram oxone, H u n g ária  К  64, D iko tex , D ik o n irt, A n iten , A falon, S a tec id , 
P y ram in ). The co m b in a tio n s on grow th o f Azotobacter proved  to  he s im ila r in 
th e ir  e ffec t on th e  N -fix in g  capacity . The g re a te s t in h ib ito ry  effect was show n 
b y  th e  Satecid  AT -j- m e th y l-ca rb am a te  -)- P ro p ach lo r 40 EC -f- A k tik o n  
90 W P  com binations.

EFFECT OF SURFACTANTS APPLIED IN PESTICIDE FORMULATIONS 
ON THE PHYSIOLOGICAL ACTIVITY OF SOIL MICROBES

T . C s e r h á t i  and M. K e c s k é s

Research Institute for Plant Protection, Budapest and Research Institute for Soil Science and 
Agricultural Chemistry o f the Hungarian Academy o f Sciences, Budapest

T he effect of n on -ion ic  (a lky l-pheny l-po lyg lyco lether ty p e), an ionic  and  
m ixed  su rfac tan ts  o ccu rrin g  in pestic ides w as s tu d ied  on th e  physio logical 
a c tiv ity  of soil m icroorgan ism s by  th e  re sazu rin e  redu c tio n  te s t. All o f th em  
h u t one inh ib ited  th e  red u c tio n  cap ac ity  o f  th e  m icroorganism s. A regression 
was fo u n d  betw een  th e  surface tension  decreasing  effect and  th e  m icrobial 
a c t iv i ty  h u t  th e  reg ression  explained on ly  6 8 %  of th e  to ta l  effect. T he H ansch  
c o n s ta n t ch a rac te ris tic  fo r lipophilia o f th e  com pounds was d e te rm in ed  by  
rev e rsed  phase th in  la y e r  ch ro m ato g rap h y , b u t  th is , too , failed to  ex p la in  th e  
b io log ica l ac tiv ity . T h e  co n stan t for th e  C H 3 group su rfac tan ts  agreed w ith  
d a ta  in  th e  li te ra tu re  b u t  th e  values o b ta in e d  for th e  C2H tO group  agents 
d e v ia te d  sign ifican tly . I t  is concluded th a t  th e  H ansch  constan ts  fo r th e  su b 
s t i tu t in g  groups g iven  in  th e  lite ra tu re  can  n o t be applied  for e s tim a tin g  th e  
b io logical— a c tiv ity  o f  su rfac tan ts .

BIOLOGICAL STABILITY OF [IJCH.,]6-METHYL URACIL IN PLANTS 
AND ITS BIODEGRADATION BY SOIL MICROORGANISMS

E . L a k a t o s , L. H o r v á t h  and В. I. P o z s á r

Institute o f Isotopes o f the Hungarian Academy o f Sciences, Budapest

T he 6-m ethy l u rac il as a decom position  en d -p ro d u c t o f m any  u rac il-ty p e  
herb ic ides is ac tive  biologically  (ch lo rophy ll p rese rv a tio n , increase of p e rm eab i
lity )  an d  re la tiv e ly  s ta b le  in  leaves o f  P in to  bean ( Phaseolus vulgaris L.) 
v a r ie ty . 6-M ethyl u rac il p rep ara tio n s labelled  w ith  rad iocarbon  w ere in co rp o 
ra te d  in to  leaves a t  id en tica l a liquo ts, reso lved  and  m easured  b y  th e  liqu id  
sc in tilla tio n  m eth o d . T he level o f 6 -m eth y l u rac il decreased b y  15%  a t  th e  
end  o f th e  firs t d ay , b y  18%  a t th e  end  o f th e  f irs t w eek and  b y  33%  a t th e  
en d  o f th e  second w eek  as com pared to  th e  in itia l s ta te . D ecom position  is n o t
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due to  d ém é th y la tio n , because i t  w as n o t d e tec tab le  to  a sign ifican t degree 
in  th e  tw o m ost im p o rta n t m e th y l accep to rs (m eth ion ine , choline). T he b io 
d e g ra d a tio n  of 6 -m eth y l u racil b y  soil m icroorganism s is p rim arily  associated  
w ith  th e  effect o f soil algae. The m e th y l oxidase a c tiv ity  of Chlorella sp. could 
be  d e tec ted  in  q u a n titie s  alm ost neglig ib le com pared  to  th e  in ten siv e  m ethy l- 
o x idase  a c tiv ity  observed  w ith  [14C H 3]CCC.

EFFECT OF INTERACTIONS OF ZOOCIDES A N D  L IN U R O N  
H E R B IC ID E  ON BACTERIAL AN D  F U N G A L  STRAINS

Cs. D o b o l y i  and  M. K e c s k é s

National Institute o f Hygiene, Budapest and Research Institute fo r  Soil Science and Agricultural 
Chemistry o f the Hungarian Academy o f Sciences, Budapest

T echnical p rep a ra tio n s  o f p ro th o a te  “ o ,o-d iethy l-S -(N -isopropy lcarba- 
m o y l-m eth y l)”  an d  p h o sp h o ro d ith io a te  “ o ,o -d im ethy l-S -(N -m ethy lcarbainoy l- 
m e th y l)  p h o sp h o ro d ith io a te”  w ith  increasing  s tim u la to ry  effect w ere stu d ied  
on  th e  grow th  o f 17 s tra in s  of d iffe ren t m icrobial g roups b y  th e  m icro ferm en to r 
a n d  h io p h o to m e te r  te s ts . P ro to a te  (10 ppm ) s tim u la te d  th e  g row th  o f Klyve- 
romyces m arxianus  7 4 /K 2, Cryptococcus albidus v a r . d iffluens  P 7, Torulopsis 
Candida S 579, C andida pseudotropicalis 372, C. utilis  472, Rhodotorula rubra 
1165 y e a s t s tra in s , o f  yeast-like Prothotheca w ickerham ii, and  o f Geotrichum  
cand idum  76/K 65, A spergillus tam arii P 31 and F usarium  oxysporum  P 17 f ila 
m en to u s  m icroscopic fungi. I t  ex e rted  a sligh t in h ib ito ry  effect on b ac te ria l 
s tra in s  belonging to  Pseudomonas, R hizobium  an d  Arthrobacter genera. Phos- 
p h a m id o n  “ 2 -ch lo ro -2 -d ie th y lca rh am o y l-l-m e th y l v in y l d im e th y l-p h o sp h a te” 
in  doses applied  in  ag ricu ltu ra l p rac tice  (1-10 ppm ) did  n o t or d id  h a rd ly  
in flu en ce  th e  g row th  o f th e  m icrobial s tra in s  in v es tig a ted . The in h ib ito ry  effect 
o f  lin u ro n  “ N -3 ,4 -d ich lo ro p h en y l(-N -m eth o x y -N -m eth y lu rea)”  app lied  to 
g e th e r w ith  trich lo rfo n , d im ethoa te , p ro th o a te  an d  p h o spham idon  zoocides 
was unequ ivocal.

MICROBIOLOGICAL AN D  CHEMICAL DECOMPOSITION Ob 
CHLORBROMURON IN  D IF F E R E N T  SOILS

É .  J á n o s  a n d  T .  C s e r h á t i  

Research Institute fo r Plant Protection, Budapest

D ecom position  o f  th e  herbicide ch lo rb rom uron  w as in v estig a ted  in  non- 
sterilized  and  sterilized  soils: in pea t b row n  e a rth  (R am an  ty p e  brow n fo rest 
soil) a n d  chernozem  w ith  forest residue soil ty p es a t  10, 18, 26 an d  37 °C for
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10 w eeks. The am o u n t o f  ch lo rb rom uron  w as m easu red  b y  gas ch ro m ato g rap h y . 
The a m o u n t of ch lo rb ro m u ro n  decreased  lo g arith m ica lly  w ith  tim e ; th e  co r
re la tio n  betw een  th e  lo g a rith m  of ch lo rb ro m u ro n  co n cen tra tio n  an d  in cu b a tio n  
tim e  w as linear, in d ic a tin g  th a t  decom position  occurs according to  a reac tio n  
o f th e  f ir s t  o rder. In  soils con ta in ing  th e  n a tu ra l  m icroflora  th e  decom position  
was fa s te r  in  evergy case. The en ery  o f  a c tiv a tio n  ca lcu la ted  from  th e  ra te  
c o n s ta n ts  o f m icrobial decom position  w as found  to  be 15—16 kcal/m ole, signi
f ic a n tly  sm aller th a n  th e  energy needed  fo r th e  h y d ro ly tic  decom position  of 
ch lo rb ro m u ro n  (20—22 kcal/m ole). T he m icrob ial decom position  ra te  increased  
lin e a rly  betw een  10—26 °C; a t  37 °C i t  decreased  a l ittle . T he p ro p o rtio n  o f  chem 
ical decom position  w as im p o rta n t a t  10 an d  3 7 °C.

M OULD INFECTION OF ROUGH F O D D E R

I. FÉSŰS

National Inspectorate for A nim al Breeding and Feed Control, Budapest

In  a su rvey  fo r m yco tox ins, 100 fib rous fo d d er sam ples w ere su b jec ted  
to  m ycological in v es tig a tio n . The “ to ta l” m ould  coun ts for 44 %  o f th e  sam ples 
in v e s tig a te d  were above  10 000/g an d  th e  average  m ould  n u m b er p e r sam ple 
w as 23 032/g. In  th e  m ould  flo ra  o f  th e  sam ples th e  following genera were 
rep re sen ted : A crem onium , Acrostalagm us, A lternaria , Acrem oniella, B otrytis, 
Cercospora, Chaetom ium , Cladosporium , Glyocladium, M onocillium , Nigrospora, 
Paecilomyces, Scopulariopsis, Sp icaria , S tem p h yliu m , Stachybotrys, P énicillium , 
A sperg illus, Circimella, M ucor, F u sa rium .

THIOBACILLUS F E R R O O X ID A N S  IN  BIO METALLURGICAL PROCESSES  

J .  G ö r ö g , G . P a p , Z. L a k a t o s  and M. M i s k e i

Department o f Agricultural Chemical Technology o f Budapest University Technical School and 
Research Engineering and Prime Contracting Centre o f the Hungarian A lum in ium  Corporation,

Budapest

Am ong th e  m a n y  Thiobacillus ferrooxidans  s tra in s  collected from  su lphide 
ores an d  p y rite  coal fields, th e  s tra in  iso la ted  from  P a rád sasv á r was th e  m ost 
a c tiv e  in  th e  o x id a tio n  of ferro com pounds. U sing th is  s tra in , a con tinuous 
th re e  stage o x id a tio n  process w as developed , by  w hich 90 g per litre  F e S O t 
cou ld  be alm ost com plete ly  ox id ized  to  F e 2(SO 4)3 b y  an  once th ro u g h  tre a tin g . 
T h is F e 9(S 0 4)3 so lu tio n  is su itab le  for o x id a tiv e  leaching of ores, spoil b anks, 
m eta l-co n ta in in g  in d u s tr ia l w astes an d  fo r w a te r  cleaning.

Acta Microbiologica Academiae Scientiarum Hungaricae 25, 1978



ANNUAL MEETING 1 4 9

M IC R O B IO L O G IC A L  R E C U L T IV A T IO N  OF O IL  P O L L U T E D  A R E A S

F. B u d a y , G .  T ö r ö k , Z. G e r g e l y , Á .  S z a k á c s ,

A. K o L T A I  and I. FARKAS

D epartm ent o f  M icrobiology U niversity o f  A gricu ltura l Sciences, Gödöllő, H ung a ria n  M inera l 
Oil Trade C om pany, B udapest, Gas and Oil Transporting  C om pany, Siófok and P hylaxia  Veter

in a ry  Biologicals a n d  F o odstu ffs  Co., B udapest

M ixed cu ltu res w ere iso lated  from  sam ples o f o il-po llu ted  soil. N ocardia, 
Pseudom onas, Flavobacterium  and  C andida  species w ere p re d o m in a n t in  th e  
m ix tu re  w hich y ie lded  th e  m ost ac tiv e  cu ltu res u sing  oil as ca rh o n  source. 
These cu ltu res , w hich could decom pose in  five days 8 0 -8 5 %  o f th e  added  oil 
w ere te s te d  in  sm all p lo t experim en ts. As these  y ie lded  fav o u rab le  re su lts , 
an  a rea  o f  2.5 h ec ta re s , w here a b ro k en  oil pipe h ad  p o llu ted  th e  site , w as 
in o cu la ted  a t 6 litre s /m 2 w ith  liquid m ed ium  (P h y lax ia , B u d ap est) , co n ta in in g
3.5 X 109 cells, in a u tu m n  1975. B y sp rin g  1976, 96%  o f th e  oil w as decom 
posed in th e  “ A ” level o f th e  soil, 60%  in  th e  “ B ” level and  30%  in th e  “ C”  level.

V I R U L E N T  R H I Z O B I O P H A G E S  IN  H U N G A R I A N  SOILS 

E . M a n n i n g e r

Research In s titu te  fo r  So il Science and A gricu ltu ra l Chemistry o f  the H ungarian  A cadem y o f
Sciences, B udapest

In  p lan ts  p ro d u c in g  rh izobium  ino cu la  as well as in  ag ricu ltu ra l p ra c tic e ’ 
rh izob iophages cause m u ch  dam age. T h e ir  occurrence in  H u n g a rian  soils has 
no t been s tud ied  so fa r. F o r th is  reason , rh izob iophages w ere iso la ted  from  
sam ples o f tw elve sites o f d ifferen t soil ty p e s , using G5 b ac te riu m  f ilte r  or 
chloroform  and  108/m l t i t r e  cell suspensions. F o r th e  pu rpose , 60 R hizobium  
s tra in s  w ere iso la ted  from  roo t nodules o f Vicia villosa, Phaseolus vulgaris, 
Trifo lium  pratense, Soya  m ax, Medicago sativa, L u p in u s  luteus and  R obinia  
pseudoacacia. E ffec tiv ity , m orphological an d  biochem ical ch a rac teris tic s  an d  
serological b eh av io u r o f  th e  stra ins w ere de te rm in ed . B o th  m ethods w ere su it
able for iso la tin g  rh izobiophages p re se n t in  th e  soil: phages w ere o b ta in ed  
from  tw o -th ird s  of n ea rly  1500 sam ples. I t  is concluded  th a t  for th e  com m on 
failu re  o f rh izob ium  inocu la tions th e  fac t m igh t be responsib le  th a t  th e  phages 
are  m uch m ore freq u en t th a n  it was supposed  so far.
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M ycology

P R O T O P L A S T  F U S IO N  IN  SA C C HAR OM Y C ES C E R E V IS IA E  
ST R A IN S O F  ID E N T IC A L  A N D  D I F F E R E N T  M A TIN G  T Y P E S

A . M a r á z , M. K i s s  and L. F e r e n c z y

D epartm en t o f  M icrobiology, A ttila  J ó zse f U niversity , Szeged and D epartm ent o f  Dermato- 
Venerology, U niversity  M edical School, Szeged

P ro to p la s ts  o f Saccharomyces cerevisiae are able to  fuse in  th e  presence 
o f  p o ly e th y len e  g lycol as inducer. W h en  au x o tro p h ic  m u ta n ts  are  used, th e  
fu s io n  p ro d u c ts  can  se lec tive ly  be re g e n e ra te d . T he fusion o f p ro to p la s ts  is n o t 
a ffe c ted  essen tia lly  b y  m atin g  fac to rs , since th e  fusion frequency  of id en tica l 
(a -j- a o r a  -)- a) o r d iffe ren t (a -(- a ) m a tin g  ty p es  is nearly  equa l. The fusion 
p ro d u c ts  are d ip lo id ; th e y  resem ble in  biochem ical and  genetica l p ro p erties  
th e  d ip lo id  cells p ro d u ced  by  sex u a l processes. F usion  p ro d u c ts  (a -)- a) can  
be  in d u ced  to  sp o ru la te  and  th e  p a re n ta l  hap lo id  ty p es can be recovered  b y  
m e io tic  segregation . S poru la tio n  c a n n o t be induced  in  (a -)- a) an d  (a at) 
d ip lo id s . By in d u ced  h ap lo id iza tio n , cells o f  p a ren ta l b iochem ical ch arac ters  
ca n , how ever, be recovered  b y  m ito tic  segregation .

M IT O C H O N D R IA L  T R A N S F E R  B Y  PR O T O P L A S T  F U S IO N  

L. F e r e n c z y , A . M a r á z  and M . K iss

D ep a rtm en t o f M icrobiology, A ttila  J ó zse f U niversity , Szeged and D epartm ent o f  Dermato- 
Venerology, U niversity  M edical School, Szeged

A ttem p ts  h a v e  been  m ade to  tra n s fe r  m itoch o n d ria  o f Saccharomyces 
cerevisiae from  re sp ira tio n -su ffic ien t (“ g ran d e” ) cells in to  re sp ira tio n -d e fic ien t 
(“ p e t i te ” ) cells b y  p ro to p la s t fusion . C h aracteristics of th e  hap lo id  donor 
m u ta n t  were, a  u ra  1 t r p  1 nuclear m ark ers  an d  a>+ E 221 m itochondria l m ark ers; 
th o se  of th e  hap lo id  rec ip ien t m u ta n t ,  a  ad  2 nuclear m ark ers  and  Q° m ito 
ch o n d ria l m arker. P o ly e th y len e  glycol (mol w t 4000) was used as fusion in 
d u ce r. The m ito ch o n d ria l genetic tran sfu s io n  occurred  a t 0 .6%  frequency . T he 
fu sion  products p ro v ed  to  be a о E R p ro to tro p h ic  diploids. F ro m  th e  d ip lo ids 
a  ad  2 p+ hap lo ids an d  aneup lo ids h a rb o u rin g  m ito ch o n d ria  of th e  donor 
s tr a in  were recovered  by  induced  hap lo id iza tio n . In te rsp ec ific  m ito chondria l 
D N A  tran sfe r also seem ed to  be possible.
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G E N E T IC A L  C H A R A C T E R IZ A T IO N  O F  P R O T O P L A S T -F U S IO N  
P R O D U C T S  O F  R H O D O S P O R 1 D IU M  A N D  SCHIZOSACC HAROM YCES

S T R A IN S

M. S i p i c z k i

D epartm ent o f M icrobiology, A tti la  J ó zse f University, Szeged

P ro to tro p h ic  fusion p ro d u c ts  are o b ta in e d  as a re su lt o f  th e  fusion of 
d iffe ren t au x o tro p h ic  m u tan ts . F u sio n  an d  co m plem en ta tion  m ay  occur b e t 
w een  cells of b o th  iden tical an d  oppo site  m a tin g  types. P ro to tro p h ic  fusion 
p ro d u c ts  were iso la ted  at ab o u t th e  sam e frequency  w h e th e r (A and  a) an d  
(sc a n d  sc) s tra in s  o f Rhodosporidium  toruloides or (h and h ) an d  (h~ an d  h  1 ) 
s tra in s  of Schizosaccharomyces pom be  w ere su b jec ted  to  fusion . As a re su lt of 
fu sion , p ro to tro p h s  of various g en o ty p es m a y  arise. P lo idy  can  be concluded 
a t  from  th e  g ene tica l and cy to log ica l re su lts . Cell volum e an d  th e  am o u n t of 
D N A  w ere a p p ro x im a te ly  double in  th e  fu sion  p roducts. On th e  basis of r a n 
dom  spore analysis and  m ito tic  seg reg a tio n  d a ta , the  m ost p robab le  s ta te  is 
d ip lo id .

P R O T O P L A S T  FU SIO N  A N D  C O M P L E M E N T A T IO N  B E T W E E N  
A S P E R G I L L U S  N ID U L A N S  A N D  A S P E R G I L L U S  R U G U L O S U S  

A U X O T R O P H S

F. K e v e i  and J . F . P e b e r d y

D epartm ent o f M icrobiology, A ttila  J ó zse f U n iversity , Szeged and Department o f  B otany, U niver
sity  o f  N ottingham , N ottingham , U .K .

In terspecific  he terokaryons w ere p ro d u ced  betw een au x o tro p h ic  m u ta n ts  
o f A spergillus n idu lans  and A sperg illu s rugulosus  by  po ly e th y len e  glycol- 
in d u ced  fusion o f p ro to p lasts . T h e  h e te ro k a ry o n s  grew a t a slow er ra te  and  
d iffe red  in colony form  from th e  in tra sp e c if ic  he terokaryons o f th e  p a ren t 
s tra in s . W hen c u ltiv a te d  on co m p le te  m ed iu m , th e  h e te ro k a ry o n s  read ily  
seg reg a ted  in to  p a re n ta l  stra ins in  sec to rs. D u rin g  incubation  fo r 7 to  10 days 
on m in im al m ed ium , m any  of th e  h e te ro k a ry o n s  gave rise to  v igorously  grow 
ing  sec to rs ch a rac te rized  by  th e  sec re tio n  o f brow n p igm en t an d  by  th e ir  
s ta b ili ty  w hen su b c u ltu re d  on com p le te  m ed iu m . P ro top lasts  iso la ted  from  th e  
h e te ro k a ry o n s  y ie ld ed  th e  sam e new  ty p e  o f colonies w hen reg en era ted  on 
m in im al m edium . T he new ty p e  o f  co lony  a p p ea red  besides au x o tro p h ic  p a 
re n ts  in  th e  course o f regeneration  on co m p le te  m edium ; th e ir  p ropo rtio n  
increased  w ith  tim e . B ased on th e  p ro p e rtie s  o f  th e  new colony ty p e , it  is sug
g ested  th a t  an  in te rspec ific  diploid h as  arisen .
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P R O D U C T IO N  A N D  C H A R A C T E R IZ A T IO N  O F  A N U C L E A R  
P R O T O P L A S T S  OF G E O T R IC H U M  C A N D ID U M

L. M a n c z i n g e r  a n d  L. F e r e n c z y  

D epartm ent o f  Microbiology, A ttila  Jó zse f U niversity , Szeged

A ttem p ts  w ere m ad e  to  develop a m eth o d  su itab le  fo r tran sfe r o f m ito 
ch ondria l genetic in fo rm a tio n  w ith o u t th e  d is tu rb in g  effect of th e  n u c lea r 
genom e. For th is  p u rp o se  enuclea ted  or non -n u c lea ted  p ro to p lasts  co n ta in in g  
m itoch o n d ria  seem ed su itab le . In  th e  case of Geotrichum candidum  th e  b e s t 
resu lts  were o b ta in ed  w hen  a rth rospo res in  th e  in itia l s tage  of g e rm in a tio n  
w ere p ro to p lasted . W hen  p ro to p las t fo rm atio n  was p erfo rm ed  after a g e rm i
n a tio n  tim e  of 120-150  m in  and  th e  p ro to p la s t suspension  was frac tio n a ted  a t 
900 g  for 5 m in, th e  su p e rn a ta n t co n ta in ed  p rac tica lly  only non -n u c lea ted  
p ro to p las ts . T he a m o u n t o f non -n u c lea ted  p ro to p lasts  w as 27%  of the  o rig inal. 
U ltracen trifu g a l s e p a ra tio n  of th e  m ito ch o n d ria l D N A  from  nuclear D N A , and  
e lectron  m icroscopic observa tions rev ea led  m ito ch o n d ria  in th e  p ro to p la s ts  of 
th e  frac tion .

Y E A S T  C O N TA M IN A TIO N  O F P U B L IC  B A T H S  IN 
H A J D Ú - B I H A R  COUNTY

K . A n DRÁSSY  and  I. H OR VÁTH  

Public Health S ta tion , Debrecen

A to ta l o f 1713 w a te r  sam ples w as collected from  public b a th s . A m ong 
th em , 389 p roved  p o sitiv e  for y eas ts . Candida albicans was iso la ted  from  
9 sam ples. I t  is su g g ested  th a t  th e  role of public b a th s  in  th e  sum m er p eak  
o f m ycotic sk in  an d  m ucosa diseases shou ld  no t be neg lec ted . D em o n stra tio n  
o f yeasts in  b a th  w a te r  an d  elsew here in  public b a th s  (p av em en t, show er etc .) 
is a good in d ic a to r  o f hygienic cond itions.

E F F E C T  O F  O C H R A T O X IN  A, P A T U L IN  T-2 T O X I N  AND 
B U T E N O L ID  IN  B R O I L E R  C H IC K E N

Z. B l T A Y ,  R. G l ÁVITS  and G. S E L L Y E Y  

Central Veterinary Institu te, B udapest

M ycotoxins w ere m ixed in to  th e  feed of five  g roups of ch icken  o f  6 -8  
b irds each for a p e rio d  o f  2 -8  weeks. T he to x in  co n cen tra tio n s per kg feed  were 
as follows. G roup A, 5.65 mg p a tu lin ; g roup  Т В ,, 2.45 m g T-2 tox in  -)- 2.12 m g 
b u teno lid ; g roup  T B .„ 1.22 mg T-2 1.06 mg b u te n o lid ; group T B 3, 0.61 mg
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T-2 -f- 0.53 m g b u teno lid ; g roup  O, 2.00 m g o ch ra to x in  A. Tw o groups served  
as no rm al con tro ls . Clinical ob se rv a tio n s, an d  patho log ica l, h is to p a th o lo g ica l, 
b acterio log ical, v irological an d  an a ly tica l investig a tio n s w ere carried  o u t. 
Lesions in  g roup  A were re s tr ic te d  to  th e  liv er, those  in  group  О to  th e  liver 
an d  th e  k idneys. T-2 b u ten o lid  caused m ucosal necroses in  th e  m o u th  an d  
th e  crop, a tro p h y  of th e  bu rsa  o f  F abric ius an d  o f th e  th y m u s an d  an  in fla m 
m a tio n  of th e  in te s tin a l m ucosa. T he ch icken w ere re ta rd e d  in  g row th ; in d i
v id u a l d ifferences in  body w eigh t vs. th e  contro ls ranged  from  300 to  655 g and  
th e  p ro d u c tio n  of 1 kg live w eight req u ired  an  e x tra  feed of 430 to  1085 g.

Im m unology

S T IM U L A T IO N  OF C E L L -M E D IA T E D  IM M U N E  R E S P O N S E  TO 
IN F E C T IO N  W IT H  LCM V IR U S  IN  S U C K L IN G  M IC E

Zs. B á n o s , P. A n d e r l i k , I. S z e r i  a n d  B .  R a d n a i

In stitu te  o f  M icrobiology, Semmelweis U niversity  M edical School, B udapest and  Is tvá n  H ospita l,
B udapest

T he neuro logical sym ptom s an d  th e  fa ta l  ly m phocy tic  choriom ening itis 
follow ing in tra c e reb ra l LCM v iru s  in fection  are  due to  th e  ce llu lar im m une 
response of th e  h o st. Since th e  ou tcom e o f th e  in fec tion  depends on th e  im 
m unological re a c tiv ity  of th e  an im als it  depends also on th e ir  age. In  th e  
p re sen t s tu d y  one-w eek-old mice w ere in fec ted  in trace reb ra lly  w ith  LCM v irus. 
P a r t  o f  th e  an im als had  been t r e a te d  w ith p h y to h aem ag g lu tin in  (P H A ) p rio r 
to  in fection  while th e  o ther p a r t  (litte r-m a te s) served  as con tro ls . P H A -pre- 
tre a te d  mice show ed a higher m o rta lity  ra te , a sh o rte r  in cu b a tio n  tim e  and  m ore 
p ronounced  m eningeal in filtra tio n  th a n  did th e  contro ls. T he course of th e  
in fection  in th e  P H S -p re trea ted  one-w eek-old m ice was com parab le  to  th a t  in  
th e  tw o-w eek-old  ones w ith o u t p re tre a tm e n t w ith  P H S . I t  is concluded  th a t  
P H A -p re tre a tm e n t co n trib u ted  to  th e  d ev e lo p m en t of fa ta l m en ing itis b y  
accelera ting  th e  developm ent o f th e  cellu lar im m u n e  reac tiv ity .

S P E C IF IC  P R O P H Y L A X I S  O F  P N E U M O E N T E R I T I S  OF LAM BS 
C AUSED BY A D E N O V IR U S  I N F E C T IO N

V . P á l f i  an d  S .  B é l á k

Central V eterinary In stitu te , Budapest and D epartm ent o f  Epizootiology, U niversity  o f  Veterinary
Sciences, B udapest

P n eu m o en te ritis  due to  adenov irus in fec tion  was observed  in  suckling 
an d  in  fa tte n in g  lam bs. F ever an d  en te ritis  ap p ea red  a fte r an  in c u b a tio n  tim e  
o f 7 to  8 days, followed 2 to  3 day s la te r  b y  acu te  re sp ira to ry  sy m p to m s.
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D uring  th e  acu te  phase  sporad ic  d ea th  m a y  occur. M ost d eaths are  caused  by  
b ac te ria l superin fec tions in  th e  chronic phase  o f th e  disease. Y irological ex a 
m in a tio n  o f epidem ic cases revealed  G y/14 an d  O RT/111 v iruses, re la te d  to  
ovine 1 an d  bovine 2 ty p e  adenoviruses, re spec tive ly . F ro m  th e  v iru s  s tra in s  
iso la ted  a vaccine w as p rep a red . I t  p ro v e d  efficien t in  b o th  la b o ra to ry  ex p eri
m en ts an d  un d er n a tu ra l  conditions in  fa rm s. I t  w as found  th a t  suck ling  lam bs 
m ust be p ro tec ted  p assiv e ly , by  im m u n iza tio n  of th e  p reg n an t ewes. Serone
g a tiv e  ewes or tho se  w ith  a low virus n e u tra liz a tio n  t i t r e  can  be im m unized  by  
2 in jec tio n s a t  a 2 w eek  in te rv a l, th e  second  in jec tio n  being perfo rm ed  3 to  4 
weeks before y ean ing . B y  th e  end o f th e  2nd  m o n th  o f age th e  lam bs ho rn  of 
v a cc in a ted  ewes h av e  a low t i tre  (less th a n  1 : 8), th e re fo re  th e y  m u s t be v a c 
c in a ted  once a t th is  tim e . V accination  o f lam bs can n o t be done earlie r because 
passive  im m u n ity  w ith  a  n eu tra liza tio n  t i t r e  o f 1 : 16 or m ore in te rfe res  w ith  
ac tiv e  im m u n iza tio n . T h e  above v acc in a tio n  m eth o d  ensures p ro tec tio n  against 
aden o v iru s  diseases in  b o th  suckling an d  fa tte n in g  lam bs.

T O X O P L A S M A  A N T IB O D IE S  I N  P R E G N A N T  W O M E N

I .  MÁLOVICS an d  S .  PÁCSA 

In s titu te  o f  Microbiology, U niversity  M edical School, Pécs

Sera of p re g n a n t w om en were t i t r a te d  fo r to x o p la sm a  an tib o d ies  w ith  
th e  com plem ent f ix a tio n  (CF) and  th e  in d irec t im m u n o flu o rescen t ( IF  IgG  
an d  IF  IgM ) m eth o d s, in  order to  p rov ide  fu r th e r  d a ta  on th e  n u m b e r of 
su b jec ts  in fected  w ith  Toxoplasm a  an d  to  com pare th e  resu lts  o f th e  CF and  
o f  th e  I F  m ethods. C F a n tib o d y  could be d e m o n s tra te d  in  25%  of th e  560 serum  
sam ples. W hile th e  I F  m ethod  p ro v ed  m ore sensitiv e  th a n  th e  C F m ethod , 
re su lts  o f  th e  CF a n d  Ig M /IF  tech n iq u es w ere alm ost th e  sam e.

D E M O N ST R  A TION OF H A E M O P H I L U S  I N F L U E N Z A E  ON T H E  
R E S P IR A T O R Y  MUCOSA B Y  IM M U N O F L U O R E S C E N C E

Z. CsiZÉR

Institu te  fo r  Serobacteriological P roduction and Research  “ H u m a n ” , B udapest

T he im m u n o flu o rescen t m ethod  p ro v ed  su itab le  fo r de tec tin g  n o il-capsu 
la r  H aem ophilus in fluenzae  by  th e  co lon ization  on, an d  p e n e tra tio n  in to , th e  
tissu es  o f th e  re sp ira to ry  tra c t.  C olonization  of H . in fluenzae  w as found  in  
th e  u p p e r re sp ira to ry  t r a c t  of 80%  o f b o th  h e a lth y  an d  atop ic  su b jec ts . In  th e  
m a te ria l te s ted  no H . in fluenzae  could he d e m o n s tra te d  in  th e  b ronch i and th e  
lung  tissue .
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T H E  A G E - D E P E N D E N T  IM M U N O L O G IC A L  (A N T IT O X IN -P R O D U C IN G )  
P O T E N T IA L  O F H U M A N S

L. R É T H Y

Institu te  fo r  Serobacteriological Production and  Research  44H u m a n ” , Budapest

On th e  basis  o f hum an  im m u n iza tio n s w ith  adso rbed  te tan u s  an d /o r 
d ip h th e ria  to x o id s , a s tric t co rre la tio n  was estab lished  be tw een  th e  age an d  
th e  a n tito x in -p ro d u c in g  cap ac ity  o f h um ans. T he an tib o d y -p ro d u c in g  c a p a c 
i ty  increases w ith  age in ch ild ren , reaches its  peak  in  adolescence, rem ain s 
s tab le  be tw een  20 a n d  40 years  o f  age th e n  decreases slow ly betw een  40 a n d  
50 years and  a ra p id  decline is ch a rac te ris tic  b ey o n d  50 y ea rs . The a n tito x in -  
p roducing  c a p a c ity  could be in creased  by  p ro lo n g in g  th e  im m u n iza tio n  in te r 
val in  children , ado lescen ts and  a d u lts  be tw een  20 and  40 y ears . Above 40 y ea rs  
o f age, p ro lo n g a tio n  o f in te rv a l does n o t re s u lt  in  a s ig n ifican t increase in  
a n tito x in  p ro d u c tio n . On th e  a d m in is tra tio n  o f  im m u n o p o ten tia tin g  ag en ts
i.e. endo tox ins or endo tox in -like  substances, to g e th e r  w ith  th e  toxo id , th e  im 
m une p o ten tia l, as m easured  b y  th e  am o u n t o f p roduced  a n tito x in , s ign ifi
c a n tly  increases in  a ll age groups. E x p lo itin g  th e  im m u n o p o ten tia tin g  a c tiv ity  
of th e  m en tioned  su b stances, even  subjects ab o v e  60 years o f  age can success
fu lly  be im m unized , and  full p ro te c tio n  can be  ensured.

S E A S O N A L  V A R IA T IO N S  I N  T H E  I M M U N E  (A N T IT O X IC )  
R E S P O N S IV E N E S S  O F  HU M A N S A N D  AN IM A L S

L. H e g e d ű s , L. R é t h y  an d  L. B á c s k a i

Institu te  fo r  Serobacteriological Production and Research  “ H u m a n ” , B udapest

The role o f fac to rs  c o n tr ib u tin g  to  th e  seaso n a l v a ria tio n s  in  an tito x ic  
im m une response o f  hum ans and  ex p erim en ta l an im als w as s tu d ied . E x p e ri
m en ta l d a ta  were e v a lu a ted  by  fac to ria l analysis . D eficiencies in  th e  q u a lity  
of food were found  o f u tm o st im p o rtan ce . T h e  im m unolog ical re a c tiv ity  o f  
m alnourished  an im als  could be re s to red  w ith  a d d itio n a l food, th u s , w ell-fed 
an im als did no t d isp la y  seasonal v a ria tio n s . A n o th e r  fac to r o f im portance  w as 
th e  ty p e  of th e  v acc in e  used. The im m une response  to  vaccines w ith  m ineral 
or b ac te ria l a d ju v a n ts  was no t in flu en ced  by  th e  season. In  h u m an s, seasonal 
v a ria tio n s  affected th e  an tib o d y  response only in  th e  case o f te ta n u s  toxo id  
v acc in a tio n  i.e. v acc in e  no t co n ta in in g  a d ju v a n t o f b ac te ria l orig in . The im 
p o rtan ce  of seasonal effects on b o th  th e  p rim ary  an d  th e  seco n d ary  im m une 
response of m aln o u rish ed  anim als w as observed, i.e. im m unological m em ory 
was n o t affected.
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COM PA R ISO N  O F P P D  P R E P A R A T I O N S  P R E P A R E D  F R O M  HU M A N  
AND B O V IN E  S T R A IN S  OF M Y C O B A C T E R IU M  T U B E R C U L O S IS

J .  ZsiDAI, Z. CsiZÉR, Zs. V a s  and I .  J o ó

Institu te  fo r  Serobacteriological Production and Research “ H u m a n ” , B udapest

G roups of gu inea pigs were sensitized  w ith  e ither h u m a n  or bovine s tra in  
o f  M ycobacterium tuberculosis or b o th , su sp en d ed  in p a ra ff in  oil. Six w eeks la te r  
th e  po tency  of P P D  p rep a ra tio n s  from  th e  sam e s tra in s  or of th e ir  m ix tu res  
w as te s ted  against a s ta n d a rd , in  each  group . T itra tio n s  w ere carried  o u t by 
in tra d e rm a l in jec tions o f 20 and  100 T U /0 .1  ml. R ead ings were done 24 and 
48 h r  la te r. D ose-response lines were a n a ly sed  by analysis o f variance . B ovine 
P P D  was th e  m ost p o te n t in all g roups; no s ta tis tic a lly  sign ifican t d ifferences 
w ere found betw een  th e  P P D  p re p a ra tio n s  tested .

C O M P E T IT IO N  O F  A N T IG E N S  I N  PE R S O N S  W I T H  I N H E R I T E D  
A N T IG E N -S P E C IF IC  P A S S IV E  IM M U N IT Y

L. R é t h y  a n d  L. H e g e d ű s

In s titu te  f o r  Serobacteriological P roduction  and Research “ H u m a n ” , B udapest

In  a prev ious s tu d y , a n e g a tiv e  co rrelation  w as found b e tw een  the  
a m o u n t of co n cu rren t an tig en  asso c ia ted  w ith  th e  te s t  an tig en  and  th e  in te n 
s i ty  of hum oral response, in  case o f T -d ep en d en t an tig en s. The p re se n t study  
deals w ith  th e  co m p e titio n  o f an tig en s in  th e  presence o r absence o f m aterna l 
an tibod ies in  th re e -m o n th  old ch ild ren  v acc ina ted  w ith  d ip h th e ria -p e rtu ssis- 
te ta n u s  vaccine. A co m p etitio n  of an tig en s  was observed  even w hen  an tib o d y  
specific e ith er to  th e  te s t  or to  th e  co m p e tin g  an tigen  w as p resen t as early  as 
before vacc in a tio n . T he observed an tig en ic  com petition  m igh t n o t be p a r t  of 
th e  negative  feedback  m echanism . Im m unolog ica l m em ory  was n o t affected 
b y  th e  concurrence o f an tigens. I t  is suggested  th a t  in  th e  case o f  specific 
in h e rited  im m u n ity , th e  fea tu res of an tig en ic  co m p e tito n  of th e  in te rm o lecu la r  
ty p e  are com parab le  to  th e  fea tu re s  o f those in te rce llu la r im m unological 
processes w hich m ay  have a p a r t in  in tram o lecu la r an tig en ic  co m p e titio n .

D E T E R M IN A T IO N  OF T H E  M IN IM U M  A N T IG E N  D O SE  N E C E S S A R Y
F O R  C O M PL E T E  P R O T E C T IO N  A G A IN S T  D I P H T H E R I A  IN  C H I L D R E N

L. R é t h y , L. H e g e d ű s  and L. B á c s k a i

Institu te  fo r  Serobacteriological Production  and Research “ H u m a n ” , B udapest

To define th e  m in im um  an tig en  dose of d ip h th e ria  toxo id  ensu ring  full 
p ro tec tio n  o f ch ild ren , co m p ara tiv e  im m unological la b o ra to ry  a n d  field in 
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v estig a tio n s  were perfo rm ed  using  D T P -A P  vaccines. The ch ild ren  were im 
m un ized  tw ice or th re e  tim es a t  fo u r  week in te rv a ls . The c rite ria  of safe p ro 
te c tio n  were (i) a n  ind iv idual a n tito x in  t i t r e :  ]> 0.03 A U /m l se rum ; (ii) a 
d ip h th e ria  a n tito x in  t i t r e  of ]> 0.03 A U /m l h ad  to  he found  in  >  95%  o f th e  
im m unizees. (i) In  tr ia ls  based on th e  “ one s tim u la n t m eth o d  U S P ” 53 D T P -  
A P  sam ples were te s te d  in 2700 ch ild ren . The resu lts  show ed th a t  th e  d ip h th e 
ria  com ponent in duces full p ro tec tio n  if  the  guinea pigs p roduce a t  least 5 A U /m l 
a n tito x in  im m une response  a fte r single shot im m u n iza tio n , (ii) In  a co m p ara
tiv e  s tu d y  based on  P rigge’s ac tiv e  p ro tec tion  la b o ra to ry  te s t  16 D T P -A P  
sam ples were te s te d  in  1200 ch ild ren . Full p ro tec tio n  could be achieved w ith  
tw o -sh o t im m u n iza tio n  by  150 P U  p e r  dose in  ch ild ren  aged 3 m onths or b y  
100 P U  in 6 m o n th s  old children. W ith  th ree -sh o t im m u n iza tio n , th e  above 
degree o f a n ti-d ip h th e r ia  p ro tec tio n  could he reach ed  b y  100 P U  per dose in  
th ree -m o n th -o ld  ch ild ren . It is suggested  to  revise th e  lab o ra to ry  m inim um  
req u irem en ts .
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HAEMATOLOGIC EFFECT AND SHWARTZMAN 
REACTIVITY OF RADIODETOXIFIED ENDOTOXIN*

T.  S z i l á g y i , H e d v ig  Cs e r n y á n s z k y , E.  G a z d y  and L.  B e r t ó k

Institu te  o f Pathophysiology, U niversity  M edical School, Debrecen and “ Frédéric Joliot-C urie” 
N ational Research Institu te  for Radiobiology and Radiohygiene, B udapest

(R eceived June 25, 1977)

Comparative experiments were made in rabbits w ith Escherichia coli 0 8 9  endotoxin  
and endotoxin detoxified by ionizing radiation (60Co-gamma, 5 Mrad). Radiation significantly  
weakened the leukopenia and throm bocytopenia provoking effect o f endotoxin. Radio- 
detoxified endotoxin  decreased the fibrinogen level only slightly and caused insignificant 
changes in reptilase tim e. The com plem ent level was decreased less by the detoxified  than  
b y  the parent endotoxin. Even the local Shwartzm an phenom enon inducing capacity  of 
radiodetoxified endotoxin decreased significantly, particularly when it  was used for prepar
ation and provocation, too.

In  recen t years, several m e th o d s h av e  been used  for th e  p re p a ra tio n  
o f sligh tly  to x ic  endotoxin  w ith  un ch an g ed  to lerance  inducing  an d  n a tu ra l 
res is tan ce  increasing  capac ity  [1 -4 ] .  B e r t ó k  et al. [5—7] exposed en d o to x in  
to  °°Co-gam m a rad ia tion . T his tre a tm e n t w as found  to  decrease to x ic ity  
to  a g reat e x te n t while th e  to le ran ce  inducing  and shock p rev en tiv e  effects 
w ere left u n a ffec ted  [ 5 ,6 ,8 ] .  11 was even d em o n stra ted  th a t  p a ra lle l to  
le th a l and  haem odynam ic  effects, th e  com plem ent a c tiv a tin g  effect o f th e  
en d o to x in  w as also decreased [9]. I t  w as therefo re  s tu d ied  how  th e  hae- 
m ato logic  effect and  S hw artzm an  re a c tiv ity  of th e  rad io d e to x ified  en d o to x in  
h a d  changed as com pared to  p a re n t endo tox in .

M ateria ls and  m ethods

Endotoxin  was extracted by the phenol-w ater m ethod [10] from the ferm entor culture 
o f Escherichia coli 0 8 9  and purified b y  repeated ultracentrifugation (Beckm an L2 65B) at 
100 000 g. For detoxication the endotoxin  was suspended in distilled water (10 m g/m l) and 
irradiated by 5 Mrad (“ Co-gamma, N oratom  3500) according to the m odified m ethod of 
P r e v it e  et al. [11]. In haematologic tests, 100 ,i<g/kg parent endotoxin and 1.5 m g/kg radio
detoxified  endotoxin were injected intravenously to male New Zealand albino rabbits 
w eighing 2300-2500 g.

Haematologic examinations. L eukocyte and erythrocyte counts were determ ined in  
a Buerker chamber. P latelet count was registered according to F e is s l y  and Lü d in  [12] by  
phase-contrast m icroscopy in Buerker chamber. The haem atocrit value of heparinized blood  
w as determined w ith  the Janetzky TH 12 centrifuge.

Fibrinogen evaluation  was perform ed by G rannis's  m ethod [13]. For the estim ation  
of rgptilase tim e, 0.1 m l citrated rabbit plasm a and 0.2 ml reptilase (Disperga) solution  were 
m ixed  in a water bath  at 37 °C. Coagulation tim e was determined by the Clotek coagulom eter  
(H yland). The haem olytic complement titre  (CH50) was estim ated according to T a l ia fe r r o  
and T a lia ferro  [14].

* Supported in  part by the H ungarian M inistry of H ealth, Contract No. 5—13—1001—O/B.
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Local Shivartzman phenom enon  was induced  in  m ale N ew  Z ealand  albino ra b b its  
w eighing 2500 g. Two d ay s p rio r  to  th e  exp erim en t, th e  b ack  of th e  ra b b its  was d ep ila ted . 
F if ty  p  g p a ren t en d o to x in  (0.2 m l) an d  200 f t  g  rad io d e to x ified  en d o to x in  (0.2 m l) as well 
as co n tro l physiological sa lin e  w ere in jec ted  in tra c u ta n e o u s ly  a t  tw o sites of th e  b ack  and 
24 h r  la te r , 100 /ig/kg of p a re n t  endo to x in  or 1 m g/kg  of rad io d e to x ified  end o to x in  were 
in jec ted  in trav en o u s ly  to  in d u ce  S h w artzm an  p h en o m en o n . R esu lts  o b ta in ed  were read  
from  th e  haem orrhag ic  a n d  n ecro tic  areas on th e  b ack  a f te r  fu r th e r  24 h r. Specim ens from  
th e  b ack  were th en  excised , f ix ed  in  Susa’s flu id , em b ed d ed , an d  s ta in ed  w ith  h a em ato x ilin -  
eosin.

R esu lts

One hour a f te r  th e  in trav en o u s in je c tio n  of p a re n t en d o to x in , th e  
leu k o cy te  count d ecreased  to  o n e-th ird . I ts  in itia l v a lu e  w as regained  only 
24 h r  la te r  and an  in te n se  reac tiv e  leukocy tosis  developed  48 h r  a fte rw ard s. 
R ad io d e to x ified  e n d o to x in  caused th e  leu k o cy te  coun t to  decrease to  half; 
th e  in itia l value w as reg a in ed  a fte r 48 h r  w ith o u t an y  re ac tiv e  leukocy tosis
(F ig . 1).

T h e  p la te le t c o u n t decreased  sig n ifican tly  less u n d e r th e  effect of ra d io 
d e to x if ie d  endo tox in  an d  its  regeneration  w as slow er th a n  in  ra b b its  tre a te d  
w ith  p a re n t  en d o to x in  (F ig . 2).

T h e  e ry th ro c y te  co u n t and  th e  h a e m a to c rit va lu e  increased  slig h tly  
in ra b b its  tre a te d  w ith  p a re n t en d o to x in ; in  tho se  t r e a te d  w ith  ra d io d e 
to x ified  en do tox in  no  h aem o co n cen tra tio n  w as observed .

One hour a fte r  th e  in jec tion  of p a re n t en d o to x in  th e  fib rinogen  level 
decreased  (40% ) a n d  d isp lay ed  a m inor in crease  a fte r  24 h r. R ad iod e to x ified  
e n d o to x in  caused a m o d e ra te  decrease of th e  fib rin o g en  level (Fig. 3). R ep tilase  
tim e  was p ro longed  a b o u t tw ofold  one h o u r a f te r  th e  a d m in is tra tio n  of p a ren t

F ig . 1. E ffect on leu k o c y te  co u n t of in trav en o u s ly  in je c te d  p a re n t end o to x in  (----------) and
ra d io d e to x ified  endotox in  ( ----------------). M ean of 10 ex p erim en ts
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Fig. 2. E ffec t on p la te le t co u n t of in trav en o u s ly  in jec ted  endo tox in  ( ) an d ’rad iodetox ified
endo tox in  (- - - -)• M ean  of 10 experim ents

en d o to x in , while rad iodetox ified  en d o to x in  did no t cause any  s ign ifican t 
change (F ig. 4).

Changes in th e  com plem ent level w ere expressed in  p er cen ts of th e  
n o rm a l va lue . P a re n t endotoxin  caused  a 35%  decrease w hile rad iode tox ified  
en d o to x in  decreased th e  com plem ent level only b y  10%  (Fig. 5).

To exam ine th e  local S h w artzm an  phenom enon , ra b b its  w ere s u b 
d iv ided  to  four groups. A nim als o f th e  f irs t  and  th ird  groups w ere p rep a red  
in tra c u ta n e o u s ly  w ith  p a re n t en d o to x in , tho se  o f th e  second and  fo u r th  
groups w ith  rad io d e to x ified  en d o tox in . T he f irs t and  second groups (F ig. 6/1)

Fig. 3. F ib rinogen  level one h o u r a fte r th e  in tra v e n o u s  in jec tio n  of physiological NaCl (C), 
e n d o to x in  (E ), and  rad iodetox ified  e n d o to x in  (R E ). M eans of 6 ex p erim en ts each 

Fig. 4. R ep tilase  tim e one hour a fte r th e  in tra v en o u s  in jec tio n  of physiological NaCl (C), 
en d o to x in  (E ), and  rad iodetox ified  e n d o to x in  (R E ). M eans of 6 ex p erim en ts each

1* Acta Microbiohgica Academiae Scientiarum Hungaricae 25, 1978
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Q) CH5O
a

F ig . 5. C om plem ent leve l in  p e r  cents of th e  n o rm al value , a fte r  in tra v en o u s  end o to x in  (E ), 
and  rad io d e to x ified  endo tox in  (R E ) in jec tio n . M eans of 10 experim en ts  each

w ere in jec ted  in tra v e n o u s ly  w ith  a p ro v o k in g  dose of p a re n t en d o tox in , 
w hile  th e  th ird  a n d  fo u r th  groups (F ig . 6 /II)  w ith  rad iodetox ified  en d o tox in . 
T h e  reac tion  elic ited  b y  rad iodetox ified  end o to x in  w as s ign ifican tly  sligh ter, 
ex ten d in g  to  ab o u t h a lf  of th e  area of th e  classical reac tio n ; th e  haem orrhag ic  
h a lo  su rround ing  th e  necro tic  area w as also sm all.

A fter p re p a ra tio n  w ith  p a re n t en d o to x in , a s ign ifican tly  sligh ter reac tio n  
w as provoked  b y  th e  rad iode tox ified  en d o to x in . F ina lly , w hen rad io d e to x ified  
e n d o to x in  was a p p lie d  for p re p a ra tio n  or p ro v o ca tio n , th e  reac tio n  was 
m in im al. H isto log ica l ex am in a tio n , to o , revealed  a sign ifican t difference in  
th e  S hw artzm an  p h en o m en o n  induced  b y  p a re n t (F ig. 7) or rad iode tox ified  
en d o to x in  (Fig. 8).

A
(mm2)1

F ig . 6. E x tension  in  m m 2 of local S h w artz m a n  reac tion . M eans of 9 ex p erim en ts; N  =  
=  necro tic  sk in  a re a ; H  =  haem orrhag ic  sk in  area ; E  locus =  p re p a ra tio n  w ith  p a re n t 
en d o to x in ; R E  locus =  p re p a ra tio n  w ith  ra d io d e to x ified  en d o to x in ; I  =  in d u ctio n  by  p a re n t 

e n d o to x in ; I I  =  in d u c tio n  b y  rad io d e to x ified  endo tox in
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Fig. 7. Local S h w artzm an  phenom enon. P re p a ra tio n  and  p ro v o catio n  by  endotox in . 
N ecro tic  and th ro m b o tic  vessel wall (arrow s). H aem a to x y lin -eo s in  sta in in g , X 250

Fig. 8. Local S h w artzm an  phenom enon. P re p a ra tio n  and  p rovocation  by  radiode- 
to x ified  endotoxin . M oderate leukocy tic  in f iltra tio n  u n d e r th e  vascu lar s tru c tu re . 

H aem ato x y lin -eo sin  sta in in g , X 150

A d a  Micrabiologica Academiae Scientiarum Hungaricae 25, 197Я
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D iscu ssion

E x p e rim e n ts  a im ed  a t  co m p arin g  th e  h aem ato log ic  p a ra m e te rs  and  
local S h w artzm an  a c t iv i ty  of rad io d e to x if ied  en d o to x in  w ith  tho se  of p a re n t 
e n d o to x in  showed t h a t  th e  effect o f rad io d e to x ified  en d o to x in  on blood 
e lem en ts  was co n sid e rab ly  w eaker th a n  t h a t  o f th e  p a re n t en d o to x in : leukocy te  
an d  p la te le t counts decreased  fa r less. T he decrease of th e  leu k o cy te  coun t 
caused  b y  ra d io d e to x ified  end o to x in  w as n o t follow ed b y  seco n d ary  leuko
cy tosis  e ither, no r w ere th e  fib rinogen  level an d  re p tila se  tim e  affected .

T h u s , gam m a irra d ia tio n  had  changed  th e  co m p lem en t a c tiv a tin g  effect 
of en d o to x in  in  vivo. G a l a n o s  115] an d  recen tly  F ü s t  et al. [9] o b ta in ed  
s im ila r  resu lts  in vitro.

T he local S h w a rtz m a n  p lienoem non  w as q u ite  sligh t if  p re p a ra tio n  
an d  p rovo ca tio n  h a d  been  p erfo rm ed  w ith  rad io d e to x ified  en d o to x in . The 
w e a k e r  effect of rad io d e to x ified  en d o to x in  w hen  app lied  for p re p a ra tio n  
w as c learly  show n b y  para lle l ex p erim en ts  w hen  th e  p a re n t en d o to x in  had  
b een  used  for p ro v o ca tio n . This exp la in s w hy th e  leu k o tac tic  effect o f ra d io 
d e to x ified  en do tox in  is w eaker th a n  th a t  of th e  p a re n t endo tox in .

N o w o t n y  [16] show ed th a t  a lth o u g h  chem ically  d e tox ified  en do tox in  
fa ile d  to  ac tiv a te  th e  com plem ent, its  local S h w artzm an  phenom enon  p ro 
v o k in g  effect was m u ch  stronger th a n  th a t  of th e  p a re n t en d o tox in . In  our 
ex p erim en ts , a f te r  p re tre a tm e n t w ith  th e  p a re n t en d o to x in , p ro v o ca tio n  b y  
rad io d e to x ified  e n d o to x in  elicited  a m ark ed  S h w artzm an  reac tio n . This 
su p p o rts  the  view  t h a t  th e  com plem ent has no d e te rm in in g  role in  p ro v o ca tio n  
o f th e  local S h w artzm an  phenom enon .
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HEAT-STABLE ENTEROTOXIN PRODUCED BY SHIGELLA
FLEXNERI*

I .  K É T Y i, I l o n a  M á l o v ic s , A d e l e  Y e r t é n y i , T .  K o n t r o h r , S. P á c s a  an d

В. К и с н

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

(R ece iv ed  A ugust 2, 1977)

F iltra te s  a n d  u ltrason ic  e x tra c ts  o f Shigella f le x n e r i  show ed rap id  p e rm eab ility  fac to r 
(P F )  te s t  and p ro v e d  positive in  su ck lin g  mice a n d  lig a ted  ra b b it  loop te s ts  w ith in  4 h r. 
D elayed  P F  was n o t  de tected  and  th e  ra b b it  loop d ila ta tio n  te s t  read  a f te r  18 to  24 h r , th e  
m ouse p ad  oedem a reac tio n , th e  te s t  fo r e longation  effec t of CHO cells w ere also n eg a tiv e . 
I n  th e  delayed P F  te s t  a strong  “ b lan ch in g ”  effec t w as observed. A f i l t r a te  o f an  E n t -  
Escherichia coli s t r a in  was positive o n ly  in  th e  ra p id  P F  te s t,  while f i l t r a te  and  u ltra so n ic  
e x tr a c t  p rep ared  fro m  an  E n t+ E . coli s t ra in  show ed a p ositive  reac tio n  in  a ll te s ts  for en te ro - 
to x in s  (ST and  L T ) including th e  ra p id  P F  te s t. U ltraso n ic  e x tra c ts  o f a  S. f le x n er i  a n d  a n  
E n t"  È .  coli s t r a in  concen tra ted  b y  freeze-d ry ing  w ere frac tio n a ted  on  Sephadex  G-100 
colum n. S. f le x n e r i  frac tio n s of 60 70 m l were po sitiv e  fo r rap id  P F , d ila ta tio n  cap ac ity  in  
suck ling  m ice, an d  th e  blanching effec t in  th e  delayed  P F  te s t.  No p o sitive  re ac tio n  was fo u n d  
in  th e  delayed P F  te s t  and in CHO cell cu ltu re . S im ila r frac tio n s o f E n t"  E . coli carried  
su b stan ces responsib le  fo r the  rap id  P F  an d  th e  b lan ch in g  effect, b u t  w ith o u t suckling m ice 
po sitiv ity .

I t  has been  show n (1-3) t h a t  on in jec tin g  Shigella fle x n e r i  or Salm onella  
in to  th e  lig a ted  ra b b it  ileal loop , flu id  accu m u la tio n  occurs. In  th e  case of 
Salm onella, K o u p a l  and D e i b e l  [4] observed  a positive reac tio n  in  suck ling  
m ice 2.5 hr a f te r  inocu la ting  th e m  w ith  salm onella f i l tra te s . W ith  c rude  
f i l tra te s  of Salm onella  typ h i-m u riu m , Sa n d e f u r  and  P e t e r s o n  [5] o b ta in ed  
n eg a tiv e  re su lts  in  CHO cell c u ltu re  and  in  th e  b lueing  te s t (giving th e  dye  
18 h r  a fte r th e  in trad e rm a l in o cu la tio n  “ delayed  P F  te s t” ). T he la t te r  
a u th o rs , in jec tin g  E vans b lue one ho u r a fte r  in tra c u ta n e o u s  inocu la tio n  of 
th e  f i l tra te , d e m o n s tra te d  a so-called  “ ra p id  P e rm eab ility  F a c to r  (P F )” . 
B y  fra c tio n a tio n  o f  th e  crude m a te r ia l  on S ep h ad ex  G-100 co lum n, th e  ra p id  
P F  a c tiv ity  cou ld  he separa ted  from  th e  delayed  P F  cap ac ity  an d  elongation  
effect fo r CHO cells.

In  th e  p re se n t paper, som e d a ta  concern ing  th e  en te ro tox igen ic  c h a ra c te r  
of S . fle xn er i  w ill be sum m arized .

M aterials and m ethods

Strains. F re sh ly  iso lated  s tra in s  o f S. f le x n e r i  ty p e  3a (No. 140 and  219) were o b ta in ed  
fro m  D r. У. L á s z l ó  (N a tio n a l In s t i tu te  o f H ygiene, B u d ap est). A fu r th e r  S . f le x n e r i  ty p e  4b 
s tra in  (No. U P40097) as well as a s tra in  o f S . dysenteriae  1 (No. 16) o rig in a ted  from  our s tra in

* S u p ported  b y  th e  Scientific R esea rch  Council, H u n g a rian  M in istry  of H e a lth  (3 —10 — 
0305 —03 —1/K).
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co llection . T he E n t“ s tra in  o f E . coli se ro ty p e  O 7 8 :K 8 0 :N M  (No. 23473) w as p rov ided  
by D r. E . C z i r ó k  (P e s t C o u n ty  Public H e a lth  S ta tio n , B u d ap es t) an d  th e  E n t+ s tra in  of 
E . coli se ro ty p e  0141 : K 85 , K88 was k in d ly  se n t b y  Dr. H . W .  S m i t h  ( A . R . C .  P o u ltry  
R esearch  S ta tio n , H o u g h to n , E ngland).

Choleragen (L o t No. 0 9 7 2 ) purified  b y  D r. F .  A. F i n k e l s t e i n  was also used  (o b ta in ed  
to g e th e r w ith  cholera a n ti to x in  from  Dr. I. J o ó ,  In s t i tu te  for Serobacterio logical P ro d u c tio n  
and R esearch  “ H u m a n ” , B u d ap est).

Sera. Cholera a n ti to x in  (Swiss Serum  Е С  3/A-2/67-B) an d  sera p repared  fro m  liv ing  
s tra in s  o f S .fle x n e r i  ty p e  4b an d  d ifferent E n t + E . coli sero types w ere used in  n e u tra liz a tio n  
experim en ts .

M edia  and cultures. T h e  m edium  of Sa k a za k i e t al. [6] m odified  b y  us [7] w as used 
for th e  p ro d u c tio n  of e n te ro to x in ; i t  consisted  of L ev in th a l b ro th , 1% ; m an n ito l, 0 .1 % ; 
NaCl, 0 .35% ; K 2H P 0 4, 0 .3 6 8 % ; K H 2P 0 4, 0 .1 3 2 % ; p H  7.6. T he cu ltu res  were in cu b a te d  a t  
37 °C fo r 18 h r in  a sh a k e r (P sy cro th e rm , N ew  B runsw ick).

Filtrates were p re p a re d  from  cooled c u ltu re s  a f te r  sh a rp  cen trifu g a tio n  and  f i ltra tio n  
of th e  su p e rn a ta n ts  th ro u g h  a m em brane f i l te r  (N o. 1121, G öttingen).

Ultrasonic treatm ent o f cultures was p e rfo rm ed  a t 0 °C (M SE, 500 W , “ fu ll energy  
s e ttin g ” ). E ffec tiv ity  w as m easured  on th e  b asis o f cell d e s tru c tio n ; lowering of th e  germ  
co u n t b y  4 -5  loglO e x p o n en ts  usually  y ie lded  o p tim a l ex tra c tio n . U ltrason ic  ly sa te s  were 
also f ilte re d  th ro u g h  m em b ran e  filter. All th e  f i ltra te s  were p reserved  a t  —20 °C.

M olecular f i l tra tio n  w as carried o u t acco rd ing  to S a n d e f u r  and P e t e r s o n  [5] as 
follow s. U ltraso n ic  ly sa te s  w ere dialysed, freeze-d ried , fu r th e r  d eh y d ra ted  over P 20 5 and 
th e  v ials were filled w ith  N 2 gas. Sephadex G -100 colum n m easuring  1.5 X 90 cm was used 
for 200 m g m ateria l. T h is  w as dissolved in  a b u ffe r  used also as e luen t: 0.005 M T ris HCl pH  
7.6, co n ta in ing  0.001 м  E D T A . E lua tion  speed w as 20 m l/hr and  5 m l sam ples were collected. 
O p tica l density  was m ea su re d  a t  280 n m  (U v ico rd  I I ,  L K B ). F rac tio n s were s to red  a t 
- 2 0  °C.

Ligated rabbit loop test was perform ed accord ing  to  D e et al. [8] using  w h ite  ra b b its  
w eighing a b o u t 2-3 kg . R esu lts  were read  a f te r  3, 4, 6, 18 an d  24 hr. The in d ex  expressing  
flu id  accu m u la tio n  w as ca lcu la ted  on th e  b asis o f to ta l-em p ty /e m p ty  w eight. A ra te  above 
one w as ta k e n  as p o sitiv e  [9].

Suckling  mice test w as carried  ou t acco rd ing  to  D ean  e t al. [10], w ith  th e  m od ification  
of J acks and  W u [11]. b y  oral app lication , follow ing th e  suggestion  of K o upal  an d  D e i 
b e l  [4], read ing  th e  re a c tio n  a fte r 2.5 in s te a d  of 4 hr. D ila ta tio n  was expressed  by  an 
in d ex  calcu la ted  on th e  b asis  of bow el/body w eigh t. V alues below  0.07 were considered  
n eg ativ e , 0.07 to 0.09 p o sitiv e , and above 0.09, s tro n g ly  positive .

Permeability factors . R ap id  P F  was d e m o n s tra ted  by  in jec tin g  th e  dye 1 h r  a f te r  th e  
in tra d e rm a l in tro d u c tio n  of filtra te s , while th e  delayed  P F  [5] according to  E vans et al. [12]. 
In  b o th  cases P o n ta m in e  Sky  Blue (Serva, H eidelberg , G F R ) w as used according to  Craig  
[13]. R a b b its  (2 .5 -3 .5  kg ) were shawed 1 h r  before  th e  te s t. B lueing was read  one hour 
a f te r  in jec tion  of th e  d y e , b y  m easuring th e  d iam e te r of blue spots. The m in im al req u irem en t 
for a positive  re ac tio n  w as a d iam eter o f 5 m m .

CHO (Chinese H a m ster Ovary) cell line  w as k in d ly  prov ided  by Dr. B. R o w e  (Sal
m onella  and  Shigella R eferen ce  L ab o ra to ry , C entra l P ub lic  H e a lth  L ab o ra to ry , London, 
E n g lan d ). The cells w ere m ain ta in ed  in  90%  M EM  and 10%  new born  calf serum . Passages 
w ere m ade tw ice w eek ly  b y  try p sin —versen e  t re a tm e n t. R o u x  flasks (250 ml) were seeded 
w ith  10G cells suspended  in  15 m l of th e  m ed iu m  (MEM com pleted  w ith  20%  new born  calf 
serum ). Cells were h a rv e s te d  a fte r  2 to  3 d a y s  in cubation .

E n te ro to x ic ity  (L T ) was tes ted  w ith  th e  aid of a m icrom ethod  using  m icrop lates 
(FL O W ). In  a volum e of 0.2 ml 5-10 X 103 cells w ere given in each  well. A fter 24 h r in cu b a tio n  
th e  m edium  was s u b s ti tu te d  by  0.2 ml te s t  m a te ria l  d ilu ted  in MEM. A fter a fu r th e r  in cu b a tio n  
fo r 24 h r th e  CHO cell e longation  was e s tim a te d . P e rcen tu a l ra tio  of th e  e longated  cells, 
accord ing  to  G u e r r a n t  et al. 14], was n o t d e te rm in ed . A 25 to  75%  reac tio n  was considered  
positive .

M ouse pad  oedema test recom m ended b y  L e x o m b o o n  et al. [15] was used  according 
to  th e  descrip tion  of D u r i k h i n  et al. [16]. T he m ate ria ls  (0.1 m l) were in jec ted  subcu tan eo u sly  
in to  one of th e  h in d  fo o t p a d s  of mice (5 in  each  group); th e  o th e r h ind leg served as contro l 
(S ak azak i m edium ). A fte r  48 hr the  mice w ere k illed  and  th e  w eigh t difference be tw een  te s t  
an d  con tro l pad  w as m easu red , and th e  m ean  ± SD was calcu la ted . R esu lts were expressed  
in  biological u n its , ta k in g  an  oedem atous w e ig h t of 75 m g as one u n it.

Cytotoxicity  o f f i ltra te s  or lysates w as d e term ined  on th e  basis of cell a tta c h m e n t 
in h ib itio n  in  a m ic ro te s t [17]. Cell lines o f H eL a  and h u m an  em bryonic  f ib ro b la s t (H E F ) 
w ere used.
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R esu lts

1. E xperim en ts w ith  crude filtra tes  and ultrasonic lysates. O f fresh ly  
iso la ted  S . f le x n e r i  s tra in s , tw o s tra in s  o f sero ty p e  3a (N o. 140 and  219) w ere 
s tu d ied  in  de ta il. A n old lab o ra to ry  s to ck  cu ltu re  ( S . flexn eri ty p e  4b) was 
also in v e s tig a te d . As contro ls, th e  E n t~  E . coli s tra in , sero type 0 7 8  : K 80 
(No. 23473), th e  E n t+  E . coli s tra in , sero ty p e  0141 : K 85, K88 (P99) an d  
choleragen  w ere ap p lied .

A ccord ing  to  th e  d a ta  of T ab le  I ,  f iltra te s  o f Shigella  s tra in s  up  to  a 
d ilu tion  of 1 : 10, u ltra so n ic  lysates u p  to  th e  d ilu tions of 1 : 20 an d  1 : 40 
show ed th e  p resence of rap id  P F . T h e  a c tiv ity  w as n o t influenced b y  h ea t 
tre a tm e n t (100 °C fo r 30 m in). In v e s tig a tin g  th e  delayed  P F , no b lue ing  
reac tio n  b u t  a s tro n g  b lanch ing  effect [18] was observed . U n d ilu ted  shigella  
lysa tes w ere s tro n g ly  positive  in th e  suck ling  m ice m odel (0.094 to  0.100) 
and  w eak ly  po sitiv e  in  ra b b it loop te s t  w hen  th e  reac tio n  was read  a fte r  
4 h r; th e  p ositive  re a c tio n  d isappeared  a f te r  18-24 h r . T ests carried  o u t w ith  
CHO cells, and th e  m ouse foot oedem a te s t  were n eg a tiv e .

T he E n t  + co n tro l s tra in  of E . coli w as po sitiv e  for all en te ro to x ic  
ac tiv ities te s te d , in c lu d in g  th e  rap id  P F . In  LT specific te s ts  w ith  choleragen , 
sim ilar re su lts  w ere o b ta in ed  except fo r ra p id  P F  a c tiv ity . F iltra te s  p re p a re d  
from  th e  E n t -  s tra in  o f E . coli (No. 23473) — in c o n tra s t to  shigella f i l tra te s  

w ere po sitiv e  on ly  fo r rap id  P F  an d  b lanch ing , all th e  o ther te s ts  w ere 
n eg a tiv e  (T able I).

O ’B r i e n  et al. [19] show ed a cy to to x ic , S. dysenteriae 1-like to x in  in  th e  
s u p e rn a ta n t of a S. fle x n e r i  ty p e  2a cu ltu re . B y  th e  m e th o d  of cell a tta c h m e n t 
in h ib itio n , c y to to x ic ity  of ex trac ts  from  Shigella  or E . coli could n o t be 
d e m o n s tra te d  for H eL a  and  H E F  cell lines. A sim ple crude  f iltra te  p rep a red  
from  a s tra in  (No. 16) of S. dysenteriae 1, u sed  as a co n tro l m ateria l, in h ib ite d  
th e  a t ta c h m e n t o f H eL a  cells in a d ilu tio n  of 1 ; 8, an d  th a t  of H E F  cells 
in a d ilu tio n  of 1 : 16.

2. E xperim en ts w ith  Sephadex G-100 fractions. As described  in M ateria ls  
and  m eth o d s , S ep h ad ex  G-100 frac tio n s w ere collected from  a freeze-dried  
m ate ria l o f S. fle x n e r i  ty p e  3 (No. 140); co n tro l ex p erim en ts  were p erfo rm ed  
w ith  an  analogous m a te r ia l of E n t -  E . coli s tra in  (N o. 23473).

D a ta  for sh igella  frac tions are show n in  Fig. 1. T he rap id  P F  ap p ea red  
in frac tio n s  10 to  18, an d  i t  showed h ig h e r a c tiv ity  in  frac tions 13 an d  14 
(60 to  70 m l). No d e lay ed  P F  w as d em o n strab le , b u t  a strong  b lan ch in g  
effect ap p ea red  to g e th e r  w ith  th e  ra p id  P F . These frac tio n s  (Nos 13 an d  14) 
had  suck ling  mice a c tiv ity  (index: 0.088). O th er, ran d o m ly  chosen frac tio n s  
(Nos 4, 5, 6, 25, 26, 31, 32) were n eg a tiv e  in  th is  te s t  (indices betw een  0.049 
and 0.057). S im ilarly  as in  th e  LT specific de layed  P F  te s t ,  no e longation  b y  
any of th e  sam ples w as observed  in CHO cell cu ltu re . T he connection  b e tw een
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Table I

Enterotoxic activity  o f  crude filtra tes  and ultrasonic extracts o f  S. f le x n e r i and E . coli

S. flexneri E. coli

T e s t M ate ria ls 3a 3a 4b C holeragen

140 219 U P  40097 P99 23473

Filtrate 1 : 10 1 : 10 1 : 10
Rapid PF Lysate

Lysate 100 °C
1 : 20 
1 : 20

1 : 20 
1 : 20

1 : 40 
1 : 40

1 : 80 
1 : 80

1 : 20 
1 : 20 <  18

Delayed PF Lysate — - - 1 : 40 - 0,09 Lb

“Blanching” Lysate + + + +  +  + + +  + _|__ I__ L +  +  + —

Suckling mice 
(undiluted 
-0 .1  ml)

Lysate 0.094 0.100 0.093 0.095 0.059

CHO cells Filtrate — — — 1 : 8 — 0.056 Lb
Lysate — — — 1 : 8 —

Mouse foot 
oedema test 
(undiluted Lysate 0.58 1.41 0.05 0.9 Lb

-  0.1 ml)

Ligated rabbit Lysate 4 hr 2/3
L I

1/3
1.3

3/3
1.6

0/3
<0.5

loop test Lysate 20 hr 0/3
<0.5

0/3
<0.5

3/3
3.9

0/3
<0.5

The values fo r ra p id  P F , delayed  P F  a n d  CHO tes ts  are expressed  in  t i t r e s ,  th e  
b lan c h in g  effect w ith  crosses. In  th e  case o f  th e  suck ling  mice te s t,  th e  figu res are th e  ind ices 
o f  bow el/body  w e ig h t: v a lu es over 0.09 m ean  a  s tro n g ly  positive , below  0.07, a n e g a tiv e  
resp o n se . In  th e  fo o t oedem a te s t  75 mg of oedem a is equal to  1 biological u n it (0.9 L b  of 
ch o le rag en  was e q u a l to  1.52 biological un its ). T h ere  a re  two d a ta  in  th e  case of lig a ted  r a b b i t  
loop  te s t:  the  u p p e r  f ig u res  m ean  th e  ra tio  of p o sitiv e /te s ted  loops, th e  lower figu res th e  
in d ex  ( to ta l w eigh t — e m p ty  w e ig h t/em p ty  w eigh t).

ra p id  P F , suck ling  m ice a c tiv ity  an d  th e  op tical d en sity  p eak  a t  280 n m  
w as q u estio n ab le  (F ig . 1).

In  th e  case o f th e  con tro l E n t~  E . coli (sam ple N o. 23473), th e  ra p id  
P F  a c tiv ity  ap p e a re d  in  th e  sam e frac tio n s  as in th e  case of Shigella  (frac tio n s 
10, 11, 12, 13). T hese  re su lts  are  sum m arized  in  Fig. 2. H ere, to o , crude f i l t ra te s  
h a d  no suckling  m ice a c tiv ity . These frac tio n s  and som e ran d o m ly  chosen  
o th e rs  show ed in d ic e s  ran g in g  from  0.043 to  0.054; n e ith e r  CHO, n o r de lay ed  
P F  a c tiv ity  w as d e m o n s tra te d  in  an y  of th e m . The b lan ch in g  effect ap p ea red  
to g e th e r  w ith  th e  ra p id  P F . No connec tion  has been fo u n d  betw een  ra p id  
P F  a c tiv ity  an d  o p tic a l d en sity  a t 280 n m  (Fig. 2).

3. N eutra liza tion  with antisera and inhibition by the blanching factor. 
C holera a n tito x in  d id  n o t neu tra lize  th e  ra p id  P F . N e ith e r w as it  n eu tra liz ed  
b y  im m une sera  p re p a re d  w ith  liv ing  Shigella  and  E . coli s tra in s  in  ra b b its .
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0.053 0.086 0.0Д9 0057 Suckling mouse test

F ig. 1. S ephadex  G-100 frac tions o f th e  c o n c e n tra te d  ly sa te  of S .f le x n e r i  3 “ 140” . F ro m  th e  
d ialysed  and  freeze-dried  u ltra so n ic  ly sa te  o f S. f le x n e r i  ty p e  3 No. 140, 200 m g was f ra c 
t io n a te d  on  S ep h ad ex  G-100 colum n; 40 sam ples o f 5 m l each were collected . --------- O p tica l
d en sity  a t  280 nm ; ---------- values in  th e  ra p id  P F  te s t  (m m  d iam ete r); i.g .: 0.088 =  in d ex
of bow el/body w e ig h t in  suckling m ice of th e  g iven  frac tio n s (values below  0.07 are n eg ativ e , 

above 0.07 are p o sitive); sh ad ed  a rea  =  blanching effect

mm

OD 280 nm

F ig. 2. Sephadex  G-100 frac tions o f th e  c o n c e n tra te d  ly sa te  of E n t “ E . coli 0 7 8  : K80 (N o. 
23473). F rom  th e  d ialysed  and freeze-d ried  u ltra so n ic  lysa te  of E n t “ E . coli 078  ; K 80 , 
200 m g was fra c tio n a te d  on Sephadex G-100 co lum n; 50 sam ples of 5 m l each  were collected .

O ptical d e n s ity  a t  280 nm ; ---------- va lues in  rap id  P F  te s t  (m m  of d iam eter); i.g.:
0.054 =  index  of bow el/body  w eigh t in  suck ling  m ice of th e  given frac tio n s  (values below  

0.07 are n eg a tiv e , values above 0.07 are  p o sitiv e ); shaded area =  b lan ch in g  effect

No in h ib itio n  of th e  delayed  P F  reac tio n  by  choleragen or E . coli LT 
(s tra in  P99) could be observed w hen  th e se  sam ples were m ixed  before th e  
te s t  w ith  c o n cen tra ted  shigella f i l tra te s  of h igh b lanch ing  a c tiv ity .
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D iscu ssion

Studies of th e  en te ro to x ig en ic ity  o f Salm onella  s tra in s  [4, 5] revea led  
th e  presence of b o th  h ea t-lab ile  (LT) an d  h ea t-s tab le  (ST) to x in s . LT seem s 
to  be inh ib ited  in  c ru d e  f iltra te s  and  is d e tec tab le  on ly  in  purified  m ate ria ls  
[5]. N either to x in s  w ere p resen t in  S. fle x n e r i. The ra p id  P F  of Sa n d e f u r and  
P e t e r s o n  [5] w as p re se n t in  all S. f le x n e r i  cu ltu re  su p e rn a ta n ts  in v es tig a ted . 
T his ac tiv ity  w as re s is ta n t  to  h e a t- tre a tm e n t. All th e  ra p id  P F  p o sitive  
sam ples were p o sitiv e  in  th e  suckling  m ice te s t , w hich is considered specific 
for hea t-s tab le  (ST) en te ro to x in  [20]. W eak  positive reac tio n s were o b ta in ed  
in  liga ted  ra b b it  loops a fte r  4 hr. M olecular f iltra tio n  on Sephadex  G-100 
colum n showed t h a t  ra p id  P F , suck ling  m ice and  b lan ch in g  a c tiv ity  w ere 
p resen t in the  sam e frac tio n s . These d a ta  p o in t to  th e  presence of a h ea t-  
s tab le  en te ro to x in  in  th e  su p e rn a ta n t o f S . fle xn er i  cu ltu re . On th e  o th e r  
h an d , h eat-lab ile  e n te ro to x in  could n o t be d e m o n s tra te d  e ither in c rude  
f iltra te s , e x tra c ts , or in  th e  collected frac tio n s. This does no t y e t exclude 
th e  existence o f LT  p ro d u c in g  s tra in s .

The q u estio n  arises w h e th e r th e  ra p id  P F  w as id en tica l w ith  th e  ST 
observed in suck ling  m ice and  in lig a ted  ra b b it loops. A som ew hat su rp ris in g  
p ro p e rty  of th e  E n t  s tra in  of E . coli w as th e  expressed  rap id  P F  a c tiv ity , 
w ith o u t suckling  m ice or liga ted  ra b b i t  loop d ila ta tio n  p o sitiv ity . This m ay  
m ean th a t  th e  ra p id  P F  and  th e  ST are  d ifferen t su b stan ces. A t th e  sam e 
tim e , th e  ST an d  LT  p ro duc ing  s tra in  o f E . coli (P99) also contains ra p id  P F .

The n e u tra liz in g  cap ac ity  of cho lera  a n tito x in  su p p o rts  [21, 22] th e  
serological re la tio n sh ip  of choleragen w ith  LT, in ag reem en t w ith  th e  re su lts  
of Sa n d e f u r  a n d  P e t e r s o n  [23]. T he m issing or w eak  an tigen ic ity  o f ST 
[24] m ay he resp o n sib le  for th e  lack  o f n e u tra liz a tio n  of sera p roduced  b y  
Shigella  and E n t  + E . coli s tra in s .

The n a tu re  o f th e  b lan ch in g  fa c to r  rem ains u n c lea r. Since it  ap p ears  
in  th e  sam e frac tio n s  as th e  rap id  P F  (and  ST) in  Shigella  as well as in  E n t~  
E . coli (rap id  P F  only) the question  o f th e  id e n tity  of th e  rap id  P F  an d  th e  
b lanching  fa c to r  m a y  arise. To se ttle  th e  question , fu r th e r  pu rifica tion  and  
serological in v e s tig a tio n s  will be needed .

W ith  th e  sen s itiv e  cy to to x ic ity  te s t ,  a S . dysenteriae  1-like to x in  could 
n o t he d e m o n s tra te d . T he neg a tiv e  fin d in g  m ay  be due  to  th e  low q u a n titie s  
of the  to x in . A cco rd ing  to  O ’B r i e n  et al. [19] th e  to x ic  ra tio  b e tw een  S. 
flexneri and  S dysenteriae  1 is 1 to  103. T he ra b b it  loop p o sitiv ity  of S . f le x n e r i  
found  b y  th e se  a u th o rs  m ay  be due to  a “ S h ig a -to x in ” -like substance  or to  
th e  ST observed  b y  us.

The p a th o g en ic  role of ST in  b ac illa ry  d y se n te ry  is an open q uestion . 
W ate ry  d ia rrh o ea  m ay  som etim es ap p e a r alone, or to g e th e r w ith  sy m p to m s 
of colitis. K i n s e y  et al. [25] in fec ted  m onkeys in traco eca lly  w ith  S. fle xn er i
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a n d  recorded  on ly  a colitis. W h en  m onkeys im m unized  w ith  a d y sen te ry  
vacc in e  con ta in in g  B oivin an tig en s [26] w ere challenged w ith  v iru le n t S. 
fle x n e r i  b ac te ria , w a te ry  d ia rrh o ea  la s tin g  a single day  w as observed  in  th e  
p ro te c te d  an im als. This m ay in d ic a te  th e  lack  of an ti-en te ro to x ic  im m u n ity , 
w h ich  m ay  m ean  th a t  in  th e  c lin ica l ap p earan ce  of bac illa ry  d y sen te ry , th e  
e n te ro to x ic ity  of Shigella  s tra in s m a y  have a role.
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MYCOBACTERIUM YALENTIAE SP. NOV.
A NEW SPECIES OF RAPIDLY GROWING MYCOBACTERIA

J . F. G. S a b a t e r  and  A . A m a d o r

Servicio de Medicina Preventiva y  A nalisis Clinicos,
Sección de Bacteriologia, Hospital M ilitär , Valencia, Spain

(R eceived A u g u st 11, 1977)

F ive s tra in s  o f rap id ly  growing scotochrom ogenic  m y co b acte ria  hav e  been iso la ted  
fro m  soil and  sp u tu m . T his s tu d y  com prises 101 biological, b iochem ical an d  m orpholog ical 
c h a rac te ris tic s , as w ell as th e  behaviour ag a in s t th e  com m on a n titu b ercu lo u s  d rugs a t  several 
co n cen tra tio n s . The organ ism s are considered  to  belong to  a new species o f th e  genus M yco
bacterium and  are nam ed  Mycobacterium valentiae sp. nov. T hey  have been  d eposited  in  th e  
A m erican  Type C u ltu re  Collection, R ockville , M d., U .S.A . as 29356 an d  th e  C zechoslovak 
C ollection of M icroorganism s in  th e  C zechoslovak N a tio n a l Collection of T ype C ultu res, 
I n s t i tu te  of E pidem io logy  and  H ygiene, P ra g u e , as M y 220/77.

W ith in  th e  genus M ycobacterium  th e  fo u rth  group of R u n y o n  (rap id ly  
grow ing  m y co b ac te ria) has considerab ly  developed  in  th e  la s t seven y ea rs  
(1971-1977) w hen te n  new species h av e  been described: M . duva lii and  M . 
g ilvu m  [1], M . rhodesiae [2], M . obuense [3], M . neoaurum  [4], M . agri [5], 
M . chubuense, M . aichiense and M . tokaiense  [6], and  M . gad ium  [7]. All 
th e se  species h av e  been designated  a fte r  th e  s tu d y  of th e ir  biological and  
b iochem ical ch a rac te ris tic s .

In  th e  p re se n t s tu d y  we shall describe a new  species of rap id ly  grow ing 
sco tochrom ogenic  m ycobac te ria , M ycobacterium  valentiae , th e  la tin  n am e of 
V alencia  (Spain), th e  place of its  iso la tion .

M aterials and m ethods

Bacterial strains. R ep resen ta tiv e  s tra in s  o f ra p id ly  grow ing sco tochrom agenic  m y co 
b a c te r ia  used in  th is  s tu d y  included five s tra in s  o f M . valentiae: Nos. 1.30 (ATCC 29356), 
2.30 a n d  3.30 iso lated  from  soil, and Nos. 4.30 and  5.30 from  sp u tu m  of a p a tie n t  w ith  p u l
m o n a ry  disease (iso lation  associated  w ith  M . tuberculosis) ; M . rhodesiae ATCC 27024 o b ta in ed  
fro m  H . B o i s v e r t , I n s t i tu t  P asteu r, P a ris , F ran ce ; M . phlei SN 101 o b ta in ed  from  I. T á r 
n o k ,  F o rsch u n g s in s titu t B orstel, 2061 B orste l, W est G erm any; M . chubuense ATCC 27278,
M . aichiense ATCC 27280 and  M. tokaiense ATCC 27282 received from  M. T s u k a m u r a , C hubu 
C hest H o sp ita l, Obu, A ichi-ken, Ja p a n  474.

Procedures o f isolation. A rap id ly  grow ing scotochrom ogenic  m y co b acte riu m  (ATCC 
29356) iso la ted  from  a sam ple  of soil com ing from  a c u ltiv a ted  land  s itu a te d  near th e  M ilitary  
H o sp ita l of V alencia (S pain ) in  M arch, 1976. T he sam ple w as d eco n tam in ated  w ith  4 %  sodium  
h y d ro x id e  and 5%  oxalic  acid  [8], and seeded in  O gaw a egg m edium  [9]. G row th  was observed 
a f te r  th ree  days in cu b a tio n  a t  37 °C. Y ellow -orange colonies (in cu ltu res of tw e n ty  days), 
o rig in a lly  yellow, p re sen ted  some d ifficu lty  a t  em ulsion in  d istilled  w ater.

Character determination. Id en tifica tio n  of th e  s tra in s  stu d ied  was based on th e  follow ing 
b io logical, b iochem ical a n d  m orphological ch arac te ris tics : acid-fastness, colony m orphology
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an d  p ig m e n t, cord fo rm a tio n , p h o tochrom ogen ic ity , rap id  g row th , n iacin  p ro d u c tio n  [10,] 
tw een h y d ro ly s is  (5 d ay s) [11], acid p h o sp h a tase  [12], sem iq u a n tita tiv e  catalase  [13], be ta - 
galactosidase  [14], n i t r a te  red u ctio n  [15], a ry l-su lp h a ta se  (24 hr) and th ree -d ay s-ary l- 
su lp h a tase  [16], u rea  h y d ro ly s is  [17], resistance  to  cyclohexim ide (A ctid ione, 0.5 ^g /m l [18] 
o b ta in ed  fro m  ICN. K & K  L ab o ra to ries, Inc . P la inv iew , N. Y ., a n d  Cleveland, Ohio, USA, 
g ro w th  on M ac C onkey a g a r [19], g ro w th  on M u e lle r-H in to n  agar, g row th  tem p e ra tu re , 
to le rance  to  0 .1%  (w /v) sa licy la te  in O gaw a egg m edium , sa licy late  d eg rad a tio n  in  S au to n  
agar, g e la tin  hyd ro ly sis  [18], am ino acids as sole n itro g en  source (co n cen tra tio n , 0.02 M 
in th e  b a sa l m edium  [20]: L -arginine, L -tyrosine, L -o rn ith ine , L -asparagine, L -valine, L -cystine, 
L-cysteine, L-serine, L -leucine, crea tin ine , L -try p to p h an , L -phenylalanine, L -citru lline, L-alanine 
and  L -proline; am ides as n itro g en  and carb o n  source (co n cen tra tio n , 0.02 M in  th e  basal 
m edium ) [21]: ace tam id e , benzam ide and  n ico tin am id e; am ides as sole n itro g en  source 
(c o n cen tra tio n , 0.02 M in  th e  basal m edium ) [21]: ace tam ide , benzam ide, n ico tin am id e , 
succinam ide an d  a llan to in ; o rgan ic  acids as sole carbon  source (co n cen tra tio n , 0.02 м in  th e  
b asa l m ed ium ) [22]: su cc in a te , m ala te , o x a la te , p ro p io n ate , m alo n a te , p y ru v a te , fo rm ia te , 
c itra te , a c e ta te  and fu m a ra te ;  acid fo rm atio n  fro m  ca rb o h y d ra te s  (added  to th e  b asa l m edium  
a t 0 .5%  fin a l c o n cen tra tio n ; w ith  carb o h y d ra te -free  con tro l) [23]; glucose, m annose, galactose , 
a rab inose , xylose, rh am n o se , trehalose, m an n ito l, inosito l an d  so rb ito l; u tiliza tio n  of carb o 
h y d ra te s  as sole ca rb o n  source (ca rb o h y d ra te s  w ere ad d ed  to  th e  b asa l m edium  to  o b ta in  
a 0 .5 %  f in a l c o n cen tra tio n ; w ith  carbo h y d ra te -free  con tro l) [23]: glucose, m annose, galactose , 
a rab in o se , xylose, rh am n o se , trehalose, m an n ito l, inosito l and sorbito l; enzy m atic  a c tiv ity  
in th e  ZYM A P I sy s tem  [24]: alkaline p h o sp h a tase  (su b s tra te , 2 -n ap h th y l p h o sp h a te  pH  
8.5), este rase  C4 su b s tra te , 2 -n a p h th y l-b u ty ra te  p H  7.1), esterase  lipase (C8 su b s tra te , 
2 -n a p h th y l-ca p ry la te  p H  7.1), lipase (C14 su b s tra te , 2 -n ap h th y l-m iris tase  p H  7.1), leucine 
am in o p ep tid ase  (su b s tra te , leu cy l-2 -n ap h th y lam id e  p H  7.5), valine am in o p ep tid ase  (su b 
s tra te , L -v aly l-2 -n ap h th y lam id e  pH  7.5), cy stin e  am inopep tidase  (su b s tra te , L-cystil-2- 
-n a p h th y lam id e  p H  7.5) t ry p s in  (su b s tra te , N -benzoyl-D L -arg in ine-naphthy lam ide p H  8.5), 
c h y m o try p sin  (su b s tra te , N -benzoyl-D L -phenylalanine n a p h th y la m id e  p H  7.1), acid  p h o s
p h a ta se  (su b s tra te , 2 -n ap h th y l-p h o sp h a te  p H  5.4). phosphoam idase  (su b s tra te , n a p h th o l- 
-A S -B l-p h o sp h o d iam in e  p H  5.4), a -galac tosidase  (su b s tra te , 6 -B r-2-naphthy l-a-D -galacto- 
py ran o sid e  p H  5.4), ß -galactosidase  (su b s tra te , 2 -naphthyl-/7D -galactopyranoside  p H  5.4), 
ß -g lucoron idase  (su b s tra te , naphthol-A S-B l-/?D -glucoronic acid p H  5.4), a-g lucosidase su b 
s tra te ,  2 -n ap h th y l-g lu co p y ran o sid e  p H  5.4), /5-glucosidase (su b s tra te , 6-B r-2-naphthyl-/3D - 
-g lucopyranoside  p H  5.4), ß -g lucosam in idase  (su b s tra te . l-n ap h th y l-N -ace ty l-ß ü -g lu co s- 
am in ide p H  5.4), a -m annosidase  (su b s tra te , 6 -B r-2 -naph thy l-aD -m annopyranoside  p H  5.4) 
and  a-fucosidase (su b s tra te , 2-nap h t hy l-aL -fucopyranoside  p H  5.4).

D rug sensitiv ity . R esistance  to  an titu b e rc u lo u s  d rugs of th e  iso lated  s tra in s  was 
e s tim a te d  b y  th e  m eth o d  of p roportions accord ing  to  C a n e t t i  et al. [25] u tilizing  th e  follow ing 
d rugs: IN H  (0.2, 1 a n d  10 pg/m l), s trep to m y c in  (5 and  10 //g /m l) PA S (0.5 an d  1 pg /m l), 
r ifam p ic in  (20 and  40 p g /m l) and e th a m b u to l (1.5 and 2 pg/m l).

R esu lts

All five s tra in s  showed sim ilar biological and  biochem ical c h a ra c te r 
istics.

D escription o f  the type strain o f  M . valentiae. S tra in  ATCC 29356 (orig
in a lly  designated  CMHM 1.30), iso la ted  from  a sam ple of soil is th e  ty p e  
s tra in  of M . valentiae.

M orphology. R ods, a p p ro x im a te ly  3 pm  b y  0.5 to  0.6 pm , no com pact 
g roup ing . N on-m otile . G ram -positive. S tro n g ly  acid-fast.

Biological characteristics. R ough  colonies, yellow -orange a fte r  th ree  
days on O gaw a egg m edium  and  on L ö w en ste in -Jen sen  m edium . Scoto- 
chrom ogenic. No g ro w th  in Mac C onkey ag ar; grows on M u elle r-H in to n  
ag a r an d  on O gaw a egg m edium  w ith  sa licy la te  (0 .1% ). Grows a t  28 °C and  
37 °C b u t  n o t a t  45 °C and  52 °C.
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Biochem ical characteristics. N iacin  te s t  negative . /1-G alactosidase and  
tw een  h y d ro lysis  (5 assays) positive . A cid  p h o sp h a tase  an d  ca ta lase  semi- 
q u a n tita tiv e  te s t  n eg a tiv e . N itra te s  red u ced . A ry l-su lp h a tase  (24 hr) n eg a tiv e , 
th ree -d ay s-a ry l-su lp h a ta se  te s t  positive . R esistance to  cyclohexim ide (0.5 
pg/m l) positive . S a licy la te  d eg rad a tio n  on Sau ton  ag a r n eg a tiv e . U rea 
hydro losys (24 hr) p o sitive  and  gela tin  hydro lysis  (7 d ay s) negative .

A c e t a m i d e ,  b e n z a m i d e  a n d  n i c o t i n a m i d e  u t i l i z e d  a s  s i m u l t a n e o u s  

n i t r o g e n  a n d  c a r b o n  s o u r c e .  L - a r g i n i n e ,  L - o r n i t h i n e ,  L - a s p a r a g i n e ,  L - v a l i n e ,  

L - c y s t i n e ,  L - c y s t e i n e ,  L - t y r o s i n e ,  c r e a t i n i n e ,  L - l e u c i n e ,  L - c i t r u l l i n e ,  L - a l a n i n e  

a n d  L - p r o l i n e  u t i l i z e d  a s  t h e  s o l e  s o u r c e  o f  n i t r o g e n ;  L - t r y p t o p h a n ,  L - s e r i n e  

a n d  L - p h e n y l a l a n i n e  n o t  u t i l i z e d .

A cetam ide , n ico tin am id e , succinam ide and  a llan to in  u tilized  as th e  
sole source of n itro g en ; b enzam ide  n o t u tilized . S u ccinate , m a la te , p ro p io n 
a te , p y ru v a te , a c e ta te  a n d  fu m a ra te  u tiliz ed  as sole source of carbon  w ith in  
seven days a t  37 °C; o x a la te , m a lo n a te , fo rm ia te  an d  c itra te  n o t u tilized . 
A cid from  glucose w ith in  tw o  weeks a t 28 °C; acid n o t fo rm ed  from  m annose, 
galactose, a rab inose , xy lose , rh am nose , trehalose , m a n n ito l, inosito l and  
so rb ito l; glucose, m annose , m an n ito l an d  sorb ito l u tilized  as sole source of 
ca rb o n ; galactose, a rab in o se , xylose, rh am n o se , treh a lo se  an d  inosito l n o t 
u tilized . S tro n g  en zy m atic  a c tiv ity  w ith  esterase (C4) a n d  esterase lipase 
(C8), and  w eak enzym atic  a c tiv ity  w ith  a lka line  p h o sp h a ta se , leucine am ino- 
p ep tid ase  an d  p h o sp h o am id ase ; no en zy m atic  a c tiv ity  w ith  lipase (C14), 
v a line  am ino p ep tid ase , cy s tin e  am in o p ep tid ase , try p s in , c h y m o try p sin , acid 
p h o sp h a ta se , a -g a lac to sid ase , /J-galactosidase, /З-g lucoronidase, a-g lucosidase, 
/3-glucosidase, /З-g lucosam in idase, a -m an n o sid ase  and  a-fucosidase .

R e s is ta n t to  PA S an d  IN H , and  sensitive  to  s tre p to m y c in , rifam pic in  
an d  e th am b u to l.

Discussion

D ifferentia tion  o f  M . valentiae ( /IT C C  29356) from  other scotocliromogenic 
mycobacteria. D iffe ren tia tio n  from  M . rhodesiae is based  u p o n  n itra te  re d u c 
tio n , /9-galactosidase, g e la tin  hyd ro ly sis , L-serine (N  source), ace tam ide  
an d  benzam ide (N—C source), c itra te  as C source, acid from  m annose, xylose, 
inosito l an d  m an n ito l; xy lose , inosito l an d  sorb ito l as C source; enzym atic  
a c tiv ity  (strong): p h o sp h a ta se  acid an d  a-glucosidase; en zy m atic  a c tiv ity  
(w eak): /U galactosidase an d  p h o sphoam idase .

T he differences from  M . aichiense a re , n i tra te  red u c tio n , /3-galactosidase, 
c a ta la se  sem iq u in ta tiv e , L-serine (N  source), ace tam ide  an d  benzam ide 
(N -C  source), m alo n a te  as C source, acid  from  m annose  an d  m an n ito l; 
so rb ito l as C source; en zy m atic  a c tiv ity  (strong) leucine am inopep tidase , 
acid  p h o sp h a ta se  and  a-g lucosidase; en zy m atic  a c tiv ity  (w eak): /3-galacto- 
sidase.
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Table I
Differentiation o f M . valentiae from  other rapidly growing mycobacteria

c Characteristics

1

M.
valen
tiae

1

M. rho- 
desiae

M.
aichi-
ense

1

M.
chubu-
ense

M.
tokai-
ense

M. phlei

1. Acid-fast + "Ь -j- 1 1
2. Colony m orphology s s s s s s
3. Pigm ent p ro d u c tio n + + + + _[ •
4. P hoto induction — — — — — —

5. Rapid grow th + + + + + -I-
6. Niacin tes t — — — — — — ■
7. Tween h y d ro lysis (5 days) + + + + —
8. Acid ph o sp h a tase — — + — — -1
9. Catalase (sem iq u an tita tiv e ) — — + — + -

10. Galactosidase + — — — — '1

11. N itrate  re d u c tio n + ___ _ + ___ -I
12. A rylsulphatase  (24 hr) — — —
13. A rylsulphatase  (3 days) + + + — — —
14. Urea hydro lysis (24 hr) + + + + + +
15. Resistance to  cyclohexim ide + + + + — +
16. Growth on M ac Conkey agar — — — — — —
17. Growth on M u e lle r-H in to n  agar + + + + + +
18. Growth a t  28 °C + + + + + +
19. Growth a t 37 °C + + + + + +
20. Growth a t  45 °C — — — — +

21. Growth a t 52 °C ___ ___ ___ ___ ___ +
22. Salicylate to le ran ce + + + + + +
23. Salicylate d eg rad a tio n — — — — — —
24. Gelatin h y dro lysis — + — — — —
25. L-serine (N) -f — — + — —
26. Acetamide (N —C) + — — — — +
27. Benzamide (N -C ) — — — —
28. Benzamide (N ) — + — — — —
29. Nicotinam ide (N) + + + + + +
30. Succinate (C) + + + + + +

31. Malate (C) + + + + + +
32. Pyruvate  (C) + + + + + +
33. Acetate (C) + + + + + +
34. Fum arate  (C) + + + + + +
35. Malonate (C) — — + — — +
36. Citrate (C) — + — — —
37. Glucose (acid) + + + + + -f
38. Mannose (acid) — + + + + —
39. Galactose (acid) — — — —
40. Arabinose (acid) — — — — + +

41. Xylose (acid) _ + — + + -1-
42. Rhanm ose (acid) — — — + + —
43. Trehalose (acid) — — — +
44. Mannitol (acid) — + + + +
45. Inositol (acid) — + — + + —
46. Sorbitol (acid) — — — + + +
47. Glucose (C) + + + + + -1-
48. Mannose (C) + + + + + ■!-
49. Galactose (C) — — — — — -h
50. x\rabinose (C) — — — — + -1-
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T able  I  cont.

c Characteristics M. va
lent iae

M.
rhode-
siae

M.
aichi-
ense

M.
chubu
ense

M.
tokai
ense

M.
phlei

51. Xylose (C) _ + + + +
52. R ham nose (C) — — — + + —

53. Trehalose (C) — — — +
54. M annitol (C) + + + + + +
55. Inositol (C) — + + —
56. Sorbitol (C) + — -L +
57. A lkaline p h osphatase W W W w — W
58. E sterase  (Cj) s s s s s s
59. Esterase-lipase (C8) s s s s s s
60. L ipase (C14) — — — — w s
61. Leucine am inopeptidase w w s s s s
62. Valine am inopeptidase — — — — w s
63. Cystine am inopeptidase — — — — w s
64. T rypsin — — — — — s
65. C hym otrypsin — — — — — w
66. Acid phosphatase — s s w — s
67. Phosphoam idase w — — — — s
68. a-G alactosidase — — — — — —

69. /?-Galactosidase — w — — — —
70. /?-Glucoronidase — — — — — —

71. a-Glucosidase _ s _ _ w _
72. /?-Glucosidase — — — — w —
73. jd-Glucosaminidase — — — — — —
74. a-M annosidase — — — — — —
75. a-Fucosidase — — — — - -

-j- =  positive w =  weak

— =  negative S =  strong

M . chubuense differs in /З-g a lac tosidase , th re e -d a y s-a ry l su lp h a tase , 
ace tam id e  and ben zam id e  (N -C  source), acid from  m annose, xy lose, rham nose , 
in o sito l, m ann ito l a n d  sorb ito l; xy lose , rham nose  and  inosito l as C source; 
en zy m a tic  a c tiv ity  (strong); leucine am ino p ep tid ase , an d  a-glucosidase; 
en zy m atic  a c tiv ity  (w eak): acid p h o sp h a ta se  an d  /3-galactosidase.

M . tokaiense can  be d iffe ren tia ted  b y  resis tan ce  to  th e  ac tid ione , n itra te  
red u c tio n , /5-galactosidase, tw een  h y d ro lysis  (5 days), th ree -d ay s-a ry l- 
su lp h a ta se , L-serine (N  source), ace tam id e  an d  b enzam ide (N -C  source); 
acid  from  m annose, arab inose, xy lose , rh am nose , inosito l, m ann ito l and  
so rb ito l; arab inose, xy lose, rh am n o se , and  inosito l as C source; enzym atic  
a c tiv ity  (strong): leucine am in o p ep tid ase  an d  oc-glucosidase; enzym atic
a c tiv ity  (w eak): v a lin e  am in o p ep tid ase , cy stin e  am in o p ep tid ase , phospho- 
am idase  and  /3-glucosidase.

M . phlei will be d iffe ren tia ted  b y  a ry l-su lp h a ta se  (3 d ay s), g row th  a t 
45 °C an d  52 °C, m a lo n a te  as C source; acid from  m an n ito l and  sorb ito l;
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g alac tose , arabinose, xy lose  an d  tre h a lo se  as C source; en zy m atic  a c tiv ity  
(s tro n g ): lipase (C14), v a lin e  am in o p ep tid a se , cystine am in o p ep tid ase , try p s in , 
p h o sp h a ta se  acid an d  p h o sp h o am id ase ; enzym atic  a c t iv i ty  (w eak): clrym o- 
try p s in . The differences are lis ted  in  T ab le  I.

Acknowledgement. W e are  in d eb ted  to  D r. H . B o is v e r t , Service de T ubercu lose  e t 
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s tu d y .
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Isolation and microbiological features of a H aem ophilus paraphrophilus  strain which 
caused a subacute bacterial endocarditis are described. The isolate conformed to the first 
description b y  Z i n n e m a n n  et al., except that it was sensitive to ampicillin.

A new Y fa c to r  dependen t H aem ophilus  species p re fe rring  increased 
CO., tension  for g ro w th , was rep o rted  b y  Z i n n e m a n n  et al. [1] and  nam ed  
H aem ophilus paraphroph ilus. This p roposa l of a new  species was n o ted  b y  
th e  S ubcom m ittee  on  th e  T axonom y o f H aem oph ilu s of th e  In te rn a tio n a l 
C om m ittee  on N o m en c la tu re  of B ac te ria  in M exico C ity , 1970 [2]. The sites 
of th e  lesions due to  H . paraphrophilus  w ere d ifferen t [1]. T he m icrobiological 
fea tu re s  of a H . paraphrophilus  s tra in  causing su b a c u te  b ac te ria l endo
ca rd itis  are described  in  th is  paper.

M aterial an d  m ethods

Report o f  a case. A healthy sportswoman aged 22 who had been under regular medical 
control and had had no cardiac symptoms was admitted to the infectious ward for inter
mittent fever and exhaustion for the last 10 days. On admission physical examination was 
negative. She had a temperature of 40 °C, the ESR (Westergreen) was 82 mm in the first 
hour; WBC 1380//Д with 64% neutrophils; total serum protein, 6.4 g/100 ml with normal 
protein fractions.

Chest X-rays and the ECG were normal, serological investigations were negative. 
No pathogen was isolated from urine and a throat swab. After a few days the PCG showed 
an atrial sound and a presystolic murmur and on the ECG slight disturbances of repolarisation 
appeared. These findings suggested an acute involvement of the bicuspid valve.

Treatment was started with 2 g/day of chloramphenicol. Having received the result 
of the antibiotic sensitivity test of the infective organism, ampicillin 4 g/day with Oxytetra
cyclin 2 g/day and gentamicin 160 mg/day and sulphamethoxazole 1.6 g and trimethoprim 
320 mg/day were prescribed. This treatment was continued until the 55th day.

Blood cultures. Three blood samples were taken during the first 48 hr, when her 
temperature was 40-40.5 °C. Ten ml whole blood without anticoagulant were added to 100 ml 
Witte peptone vitamin broth. Subcultures were performed daily on blood agar (5% ox blood) 
and heated blood plates. Further blood samples were taken on the 4th and 6th days.

Culture media. Nutrient agar was prepared from beef infusion with 2% agar and 1% 
Witte peptone pH 7.4. To prepare chocolate agar, nutrient agar at 80 °C was supplemented 
with 5% ox blood and the bottles were left to stand at the same temperature for 30 min. 
For the enrichment of chocolate agar, 10% yeast extract was employed (250 g baker’s yeast

Acta Microbiologica Academiae Scientiarum Hungaricae 25, 1978



180 C S U K Á S  a n d  B Á N

were boiled for a few minutes in 750 ml distilled water; on the next day the supernatant 
was passed through Seitz filter).

G r o w th  fa c t o r  r e q u i r e m e n t .  Requirements of accessory growth factors were demonstrated 
according to Alexander’s method [ 3 ] ,  C o w a n  and S t e e l  [ 4 ]  and S i m s  [ 5 ]  using haematin 
(National Biochemicals Corp., Cleveland) and NAD (Reanal, Budapest). Growth factor 
requirement was examined by seeding the plates with one loopful of bacteria mixed in 1 ml 
physiological saline.

B i o c h e m ic a l  te s t s . Indole, nitrate, H 2S, methyl red. Voges-Proskauer reactions were 
tested in Levinthal broth. Indole production was tested with Kovács’s reagent after 24 hr. 
the Voges-Proskauer reaction with Barrit’s reagent after 3 days; the methyl red and nitrate 
tests were performed in 3-day cultures [4]. H 2S production was detected with lead acetate 
paper strips. Acid production from carbohydrates was tested with 1% of the test sugar in 
peptone water, containing 10 //g/ml haematin solution, 10 /ig/ml NAD solution, 2 mg/ml 
albumin and 1% bromothymol blue (stock solution 0.2%) as indicator. The tests were 
incubated for 10 days. The following rapid biochemical tests were carried out. (a) Urease 
activity: to 2% aqueous urea (pH 7.6) 0.5% phenol red stock solution (0.02%) was added: 
one ml solution was seeded with a loopful of bacteria; the same medium without urea was 
used as control [6]. (b) ONPG was dissolved and filtered; one half ml solution was inoculated 
with a loopful of bacteria and the result was read after 2 and 4 hr [7]. (c) Tryptophan and 
phenylalanine deaminase tests: 1% amino acid was dissolved in distilled water and 0.5 ml 
aliquots were seeded with one loopful of culture; after 4 hr incubation 0.1 ml ferric chloride 
reagent was added [4].

A n t i b i o t i c  s e n s i t i v i t y  was tested by the use of susceptibility disks (Institute for Sero- 
bacteriological Production and Research, Human, Budapest) applied on chocolate agar 
plates swabbed densely with saline suspensions.

R esu lts

Blood culture. In o cu la tio n  o f one of th e  early  haem o cu ltu i es on th e  
7 th  d a y  of in cu b a tio n  y ielded 1-2  m m  colonies on choco la te  agar, w hich 
failed  to  form  colonies a t th e  f irs t  p assage  on b lood  an d  choco la te  p la te s . 
T he colonies could he  recovered fro m  th e  blood sam ple  ta k e n  on th e  4 th  
d ay , w hen  sm all colonies as observed  b efo re  developed on th e  aerobic chocolate 
p la te  w hereas colonies o f 3 -4  m m  ap p e a re d  on th e  choco la te  p la te  in cu b a ted  
in  a ir  w ith  10%  C 0 2. The s tra in  cou ld  be m a in ta in ed  in  CO.> a tm osphere  
fo r 6 -8  weeks.

M orphology. G ra in -s ta in ed  sm e a r  from  grow th  in  a ir w ith  10%  CO„ 
show ed sm all G ram -n eg a tiv e  b ac illi reg u la r in shape . T he s tra in  w as n o n 
spore-fo rm ing  and  n o n -m o tile  in d ig est b ro th  in cu b a ted  a t  37 °C for 48 h r.

Cultural characteristics. T he o rg an ism  in itia lly  iso la ted  from  th e  b lood  
of th e  p a tie n t fa iled  to  grow on n u tr ie n t  agar and  b lood  ag a r n o t only in 
a ir  b u t  in  air w ith  10%  C 0 2 and  on choco la te  agar in a ir. T he colonies grow ing  
on choco la te  agar in  a ir  w ith  10%  C 0 2 were 3-4  m m  in d iam ete r, sm oo th  
w h ite  an d  opaque. T h e  cu ltu re  show ed  C 0 2 a tm o sp h ere  re q u ire m e n t fo r 2 
m o n th s  (su b cu ltu red  tw ice a w eek), su b seq u en tly  it s ta r te d  to  a d a p t itse lf  
to  aerob ic  cond itions. No haem olysis w as produced on horse b lood agar a t 
37 °C fo r 48 hr.

Growth factor requirement. T he  s tra in  was found  to  h av e  V -factor re 
q u ire m e n t w ith  all th e  th ree  m e th o d s , b u t reg u la r g ro w th  w as o b ta in ed
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on У  and  XV fac to rs  con ta in in g  p la tes  only w hen  th e y  w ere in cu b a ted  in 
a ir  w ith  10%  CO.,.

The s tra in  show ed w eaker g row th  on basic  m ed ia  w ith o u t NaCl, w hen 
У fa c to r  was supp lied  b y  a feeder organism  in th e  fo rm  of a s tre a k  of Staphylo
coccus aureus an d  w hen cu ltu res w ere in c u b a te d  in  a ir. I t  show ed stronger 
g ro w th  on th is  m ed ium  w hen th e  p la te s  were in c u b a te d  in  a ir w ith  10%
C O ,.

Biochemical reactions. B iochem ical p ro p ertie s  of th e  organism  are  
show n in T able I . F ea tu res  ch a rac te ris tic  of H . paraphroph ilus  were n itra te  
re d u c tio n ; u rease, ca ta lase  and  O N PG  te s ts  w ere po sitiv e , n e ith e r  indole 
n o r H ,S  were p ro d u ced . Acid w ith o u t gas w as p ro d u ced  from  dex trose , 
fru c to se , m altose an d  saccharose.

A ntib io tic  sensitiv ity . The organism  was sen sitive  to  am picillin , carbeni- 
cillin, ch lo ram phen ico l, te tra c y c lin , O xytetracyclin , n itro fu ra n to in , nalid ix ic  
acid and  show ed p a r tia l  sen s itiv ity  to  cephalospo rin , novob iocin , p ristin - 
am y cin , s trep to m y c in , k an am y c in , neom ycin , g en tam ic in , parom om ycin , 
p o lym yx in  В an d  colistin . T he s tra in  was re s is ta n t to  benzy l penicillin , o x a 
cillin , m eth icillin , e ry th ro m y c in , o leandom ycin , v an co m y cin , lincom ycin and 
sp iram ycin .

Table I

Characteristics o f  H . paraphrophilus strain isolated in  this study

X factor — Methyl red ___

V factor Voges-Proskauer —
Serum — Phenylalanine deaminase —
CO, + Tryptophan deaminase —
Haemolysis 
Motility, 22 and 37 °C : ONPG +

Capsule - Arabinose -
Sporulation — Xylose —
Optimal growth, °C 37 Glucose +
Gelatin hydrolysis - Fructose +
Litmus milk — Galactose —
Indole — Lactose —

Urea Maltose +
Nitrate to nitrate + Sucrose +
H2S — Trehalose —
Oxidase
Catalase +

Mannitol
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D iscussion

H . paraphrophilus  belongs to  th e  group of haem o p h ili w ith  Y fac to r 
req u irem en t. I ts  c u ltu r in g  an d  u n d is tu rb e d  g row th  needs increased  C 0 2 
ten sio n  [8, 9]. The p a th o g e n  occurs in  th e  norm al flo ra  of th e  h u m an  m ou th  
an d  p h ary n g ea l c a v ity  an d  w as iso la ted  so fa r in  22 cases from  d ifferen t 
lesions: vag in itis , c e re b ra l abscesses, osteom yelitis , p a ro n y ch ia , append ic itis , 
u ro g e n ita l lesions, th r o a t  an d  m o u th  [I] .

K h a ir a t  [10] q u estio n ed  th e  ex istence of th is  new  species. In  th e  
n u m erica l tax o n o m y  o f H aem ophilus  and  re la ted  b a c te r ia , S n e a t h  and 
J o h n s o n  [11] s tu d ied  a n d  classified H . paraphrophilus. H o l l a e n d e r  and  
M a n n h e i m  [12] ch a rac te rized  th e  haem ophilic  b a c te ria  b y  th e ir  re sp ira to ry  
qu inones and cy toch rom es, and  acknow ledged  th e  ex istence o f th e  H . para 
phroph ilus  s tra in . F r a z e r  et al. [13] found  th e  H . paraphroph ilus  species 
to  be hom ogeneous sero logically . K i l i a n  [14] classified H . paraphrophilus  
in to  th e  H aem ophilus genus.

Some ch a rac te ris tic  b iochem ical reac tions of th e  H . paraphrophilus  
species including c a ta la se  an d  oxidase rep o rted  by  Z i n n e m a n n  et al. [1] and  
K i l i a n  [14] are n o t in  com plete  ag reem en t. In  cu ltu rin g  req u irem en ts , 
m orphological and  b iochem ica l ch a rac te ris tic s , our iso la te  conform ed  to  th e  
f irs t  descrip tion  by  Z i n n e m a n n  et al. [1], except th a t  our s tra in  w as sensitive 
to  am picillin .

T he incidence o f b a c te r ia l en d o card itis  has increased  a long  w ith  th e  
v a lv e  im p lan ta tio n s a n d  o th e r h e a r t  opera tions, in se rtio n  of venous p ace
m ak ers  and o ther in te rv e n tio n s  in  th e  la s t 10 y ea rs  [15, 16]. D e  S il v a  et 
al. [17] were th e  f irs t  to  diagnose endocard itis  due to  H . paraphrophilus  in 
a p ro lapsed  m itra l v a lv e . T hen  G e r a c i  et al. [18] rep o rted  14 p a tie n ts  w ith  
haem ophilus en d o card itis  rep re sen tin g  four d ifferen t species: H . influenzae  
(1), H . aphrophilus (5), H . paraphrophilus  (5) and  H . para in fluenzae  (4). 
O ne p a tie n t had b o th  H . aphrophilus  and  H . paraphrophilus  in fec tion .

T he organism  fa ils  to  be dem o n strab le  from  a considerab le  n um ber 
o f haem ocu ltu res, so t h a t  no aim ed an tib io tic  th e ra p y  or a re liab le  d e te r
m in a tio n  of th e  se ru m  an tib io tic  level, needed fo r a p p ro p ria te  dosage, are 
possib le . W hen p erfo rm in g  in o cu la tio n  from  h aem ocu ltu res, i t  is advisable 
to  in cu b a te  dup lica te  chocolate  p la te s  in  C 0 2 a tm o sp h ere , to  su p p o rt th e  
g ro w th  of H . paraphroph ilus  and  o th e r  m em bers of th is  genus w hich require  
increased  C 0 2 ten sio n  fo r o p tim a l g ro w th  [19].
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MATHEMATICS OF THE INVERSE SOLID-PHASE 
RADIOIMMUNOASSAY

S. B e R N Á T H  a n d  L .  Z a LOTAI

State In stitu te  fo r  the Control o f  Veterinary Serobacteriological Products, B udapest and In stitu te  o f  
General and  Physical C hem istry , A ttila  J ó zse f U niversity, Szeged

(R eceived S ep tem b er 22, 1977)

U se of a sim plified , idealized m odel allow s a m ath e m a tic a l t r e a tm e n t of th e  inverse  
solid p h ase  rad io im m unoassay . E q u a tio n s  a re  p re sen te d  for calcu la tio n  of th e  follow ing 
v a lu es: bound/free a n tib o d y  ra tio  (R ) in  th e  s ta te  of equ ilib rium ; th e  equ ilib rium  co n stan t 
(K ), th e  concen tra tions o f  th e  d irectly  n o n -m easu rab le  values (Abf; AbfAg*: A bs and  Ag*) 
as w ell as th e  co n cen tra tio n  of the  a n tib o d y  te s te d  [Abf]0. The m odel has th e  sam e p a ram ete rs  
as th e  te s t  system , th u s  th e  equations m ay  be used  in  p lan n in g  of th e  te s t  in  th e  lab o ra to ry .

T o perform  an d  eva lua te  c o rre c tly  th e  resu lts  of rad io im m u n o assay s 
it is necessary  to  be  fam iliar w ith  th e  m a th em a tica l p rincip les invo lved . 
This h as  been th e  to p ic  of several p a p e rs  in respect of b o th  th e  classical ra d io 
im m u n o assay  (R IA ) [1, 2] and th e  im m u n o rad io m e tric  assay  (IR M A ) [3, 4 ].

As a m ethod ica l ad v an tag e  o f R IA , reag en ts  coupled to  a solid phase  
sy s tem  are often used  [5, 6]. The coup led  reag en t is u su a lly  th e  a n tib o d y , 
th u s  allow ing easy  sep ara tio n  of b o u n d  from  free an tigen . T he m ethod ica l 
p rin c ip les  of th is p ro ced u re  are s im ila r  to  th o se  o f th e  classical R IA , th u s  th e  
sam e m ath em atics  a p p ly  to  b o th .

R ecen tly , in v erse  solid-phase rad io im m u n o assay  [7-10] h as  been e x te n 
sively  applied  p a r tic u la r ly  for th e  q u a n ti ta t io n  o f an tibod ies ag a in s t b ac te ria l 
ex o to x in s  (Clostridium  tetani, C lostridium  bo tu linum , Clostridium  perfringens  
De). I n  th is  te s t th e  labelled co m p o n en t is th e  an tigen . D u rin g  in cu b a tio n  
th e  so lid-phase b o u n d  an tib o d y  com p etes  w ith  th e  te s ted  one to  b ind  th e  
lab e lled  antigen. W h en  th e  reac tio n  is com plete , th e  solid an d  flu id  phases 
are se p a ra te d . The f lu id  phase co n ta in s  free a n tib o d y , free an tig en  an d  an tigen- 
-a n tib o d y  com plex.

B ecause of th e  above reasons th e  m a th em atics  valid  for th e  o th e r 
rad io im m unolog ical te s ts  canno t be ap p lied  to  th e  inverse so lid-phase ra d io 
im m u n o assay . M ath em atics  describ ing  th e  la t te r  are given in  th is  p ap e r 
in th e  form  of an  idealized  m odel. E x p e rim en ta l s ta n d a rd  curves w ere 
o b ta in e d  b y  q u a n tita tiv e  tests  p erfo rm ed  w ith  C. perfringens  De an tito x in .

M aterials an d  m ethods

C. perfringens De p ro to to x in  was p ro d u ced  in  p ro te in  free m ed ium  and  p u rified  
acco rd ing  to  H a b e e b  [1 1 ], th e n  labelled w ith  125I  as described  earlier [9]. T he specific a c tiv ity  
of th e  f in a l p roduct w as 1 mCi/mg p ro tein .
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T he s ta n d a rd  cu rv e  w as ob ta in ed  w ith  th e  in te rn a tio n a l s ta n d a rd  serum  ag a in s t C. 
perfringens  De to x in  rece iv ed  from  th e  W H O  In te rn a tio n a l L ab o ra to ry  (New H aw , W ey- 
b ridge, Su rrey , E n g lan d ). T h e  te s t  was p e rfo rm ed  by  th e  an tib o d y -co a ted  tu b e  m eth o d  
described  earlier [9]. T he slig h tly  m odified p ro ced u re  was as follow s. D ilu tions of th e  a n ti
b o d y  stu d ied  and  th e  lab e lled  an tig en  w ere m easu red  in to  an tib o d y  coated  tu b es an d  in cu 
b a te d  for 4 h r. T hen  th e  f lu id  phase  was rem o v ed , th e  tu b es were rin sed  w ith  saline a n d  th e ir 
ra d io a c tiv ity  was m easu red  in  an  A u to g am m a sp ec trom eter.

D efin itio n  o f terms

[A bf] 0
[A bf]
[A bf Ag*]

[A bs]0
[A bs]
[A bsAg*

k x a n d  k _ j  
k 2 a n d  k _ 2 
K l9 K 2 and  К  
R ,, R 2 and  R

-  to t a l  c o n c e n t r a t io n  o f  th e  s tu d ie d  a n t ib o d y  in  th e  f lu id  p h a s e ;
-  fre e  a n t ib o d y  c o n c e n tr a t io n  in  th e  f lu id  p h a s e  in  s ta te  o f e q u il ib r iu m ;
-  a n t ig e n  ( la b e lle d )  -  a n t ib o d y  co m p le x  c o n c e n tr a t io n  in  th e  f lu id  p h a se  

in  s t a te  o f  e q u il ib r iu m ;
-  t o t a l  c o n c e n tr a t io n  of so lid  p h a s e  b o u n d  a n t ib o d y ;
-  f re e  a n t ib o d y  c o n c e n tr a t io n  o n  th e  so lid  p h a s e  a t  th e  s ta te  o f e q u il ib r iu m ;
-  c o n c e n t r a t io n  o f  so lid  p h a s e  b o u n d  a n t ib o d y  a n d  a n tig e n  ( la b e lle d )  

c o m p le x  in  s ta te  o f  e q u il ib r iu m ;
-  t o t a l  c o n c e n tr a t io n  o f  la b e lle d  a n tig e n ;
-  c o n c e n t r a t io n  o f  fre e  la b e lle d  a n t ig e n  in  s t a te  o f  e q u ilib riu m ;
-  r e a c t io n  r a te  c o n s ta n ts  ( f lu id  p h a se );
-  r e a c t io n  r a t e  c o n s ta n ts  (so lid  p h a se );
-  e q u i l ib r iu m  c o n s ta n ts  fo r  f lu id  p h a se , so lid  p h a s e , a n d  th e  t o t a l  sy s te m ;
-  b o u n d /f re e  a n t ib o d y  r a t io s  fo r  f lu id  p h a s e , so lid  p h a se  a n d  th e  to ta l  

sy s te m .

R esults

Standard curve. T h e  curve p re sen ted  in  F ig 1. w as ob ta in ed  b y  th e  
m e th o d  used. M easu rem en t of th e  ra d io a c tiv ity  of th e  flu id  phase  y ielded 
a s im ila r curve in  an  inverse  position .

F ig . 1. S ta n d ard  curve o b ta in ed  b y  q u a n tita tiv e  d e te rm in a tio n  of C. perfringens D s an ti ' 
to x in  in  an  inverse  so lid -phase  rad io im m u n o assay  using  th e  a n tib o d y  coated  tu b e  m ethod
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The idealized model. C ertain  cond itions an d  req u irem en ts  are n ecessary  
to  allow  m a th e m a tic a l tre a tm e n t o f th e  process. These are  d ifficu lt or im 
possib le  to  rea lize  experim en ta lly  a lth o u g h  th e y  are in  fu ll accordance  w ith  
th e  basic  p rinc ip les of the  p rocedure .

(1) The lab e lled  antigen re p re se n ts  a hom ogeneous p o p u la tio n  o f a 
single uniform  com pound.

(2) The te s te d  and  the so lid -phase  b o u n d  an tibod ies are b o th  h o m o 
geneous p o p u la tio n s  of a single un ifo rm  com pound . B ind ing  to  th e  solid 
p h ase  does n o t a ffec t reac tiv ity .

(3) L abelling  does no t change th e  a n tig e n ’s original p h y sica l chem ical 
ch a rac te ris tic s  or its  reac tiv ity .

(4) B oth  th e  antigen and  th e  a n tib o d y  are  u n iv a len t, i.e. on ly  one 
m olecule of each is involved in  th e  reac tio n .

(5) The an tig en -an tib o d y  re a c tio n  ex h ib its  f irs t o rder k inetics.
(6) Ail re a g e n ts  are p resen t s im u ltan eo u sly  an d  th e  reac tio n  co n tin u es 

u n til  an  eq u ilib riu m  has been reach ed .
(7) I t  is possib le  to  se p a ra te  q u a n tita tiv e ly  th e  an tigens b o u n d  b y  

th e  solid  phase a n tib o d y  and free in  th e  flu id  phase.
T he am o u n t o f an tibody  b o u n d  to  th e  solid phase is ex ac tly  m easu rab le  

an d  is iden tica l th ro u g h o u t. T he a m o u n t of labelled  an tigen  ad d ed  to  th e  
flu id  phase is also know n. T hus w e m ay  m ak e  th e  follow ing s ta te m e n ts :

(i) K now n concen tra tions:

[A bs] 0; [A g*]0

(ii) C o n cen tra tio n  m easurab le  as ra d io a c tiv ity :

[AbsAg*] - in  th e  solid phase
{[Ag*] -f- [AbfAg*]} - in  th e  fluid phase

(iii) C o n cen tra tio n  calcu la ted  from  (i) an d  (ii):

[Abs]

Equations

U nder th e  cond itions specified above th e  following equa tions hold

Abf+ Ag*^l
к

± AbfAg* (1)

Y [AbfAg*]
(2)[Abf] ■[Ag ]

Abs + Ag*^: AbsAg* (3)k_1
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к. [AbsAg*] 

[Ab,] • [Ag*]

A ccording to  co n d itio n  (2)

Kl = к2 = X
A pply ing  th e  m ass law  we have

[A g*]0 =  [Ag*] +  [A hfAg*] +  [A bsAg*]

(4)

(5)

( 6)

w here  [Ag*] +  [A b fA g*] and  [AbsAg*] a re  co n cen tra tio n s m easu red  in  th e  
flu id  and  solid p h ase , respectively .

[A b(] 0 =  [Abf] +  [A bfAg*] (7)

[A bs] 0 =  [Abs] +  [A bsAg*] (8)

w here [Abs]0 is k n o w n , [A bsAg*] is m easu rab le  and  [Abs] can be ca lcu la ted .
F u r th e r , using e q u a tio n s  (2) and (4) we h av e

R [AbfAg*] [AbfAg*]
- ■ (A g’ 1 -  K , ■ [Ag-] (9)

[A b,]
an d

[Ab,] [Ag*]

R _ [A b sAg*] [A bsA g*]
- • [ts!l -  k 2 ■ (10)

[A b s] [A bs] [Ag*]

Since [AbsA g*] is m easurable an d  [A bs] can be ca lcu la ted , eq u a tio n
(10) is solved fo r R 2. A ccording to  e q u a tio n  (5):

R, K i • [Ag*] =  K 2 • [Ag*] =  R 2, hence Щ  =  R ,  =  R.

( 11 )

E q u a tio n  (6) m a y  be w ritten  as:

[Ag*] =  [A g*]0 -  [AbsAg*] [AbfAg*]

H ence, using  eq u a tio n  (9) or (10), we have 

R i =  R 2 =  R =  К  • [Ag*] =  К  ■ {[A g*]0 [AbsA g*]} К  • [Ab,Ag*]
( 12)

P lo ttin g  R  a g a in s t {[Ag*]0 [A bsA g * ] | y ields a d irect line w ith  th e  
slope tg  cc =  К  a n d  w ith  an in te rcep t on th e  neg a tiv e  p a r t  of th e  R  axis a t 

К  • [AbfAg*]. In  th e  know ledge o f [A bfAg*], [Ag*] and [Abf] can be 
ca lcu la ted  from  e q u a tio n s  (11) and (2). H ence:

[Ab,] =
1 [AgfAg*

К  [Ag*]

Thus by  u sin g  eq u a tio n  (7) th e  co n c e n tra tio n  [Abf] 0 is:
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[A bfAg*]
[A b f]o =  [A bf] +  [A bfAg*] =  — - —

K [Ag ]o - [A bsAg*] [AbfAg*]

+  [AbfAg*] =

[AbfAg*] +  К  • [Ag*]0 • [A bfAg*] -  К  • [A bsA g*] • [A b fAg*]
К  • {[A g*]0 -  [A b sA g*] [AbfAg*]}

К  • [AbfAg*] • [AbfAg*]

К  • {[Ag*]0 [A bsAg*] -  [AbfAg*]}
[AbfAg*] • { l  +  K ([A g * ]H [A bsA g*] -  [AbfAg*])} 

K -{ [A g * ]„  [A bsAg*] [AbfAg*]}

(13)

F ig. 2. P lo t of eq u atio n  (11) show ing th e  bound /free  an tib o d y  ra tio  vs. th e  ra d io a c tiv ity  in  
th e  flu id  phase  in  th e  s ta te  of equ ilib rium

R E F E R E N C E S

1. F e l d m a n n , H ., R o d b a r d ,  D . :  In  O d e l l , W . D ., W. W. D a u g h a d a y  (eds): P rinc ip les
of com petitive  p ro te in  b inding assays. L ip p in co tt, P h ilad e lp h ia  1971. pp . 158-199.

2. Y a l o w ,  R . S.: P h arm aco l. Rev. 25, 161 (1973).
3. R o d b a r d , D . ,  W e i s s , G. H .: Anal. B iochem . 52, 10 (1973).
4. K a l m a k o f f , J . ,  P a r k i n s o n ,  A. J . ,  C r a w f o r d ,  A. M., W i l l i a m s , B .  R. G.: J .  im m unoi.

M eth . 14, 73 (1977).
5. C a t t , K., T r e g e a r ,  G. W .: Science 158, 1570 (1967).
6. C a t t , K., N i a l l , H .  D . ,  T r e g e a r , G. W .: N a tu re  (L ond.) 213, 825 (1967).
7. H a b er m a n n , E ., W ie g a n d , H .: N au n yn-S chm iedberg ’s A rch. exp . P a th . P h a rm ak .

276, 321 (1973).
8. B e r n á t h , S., H a b e r m a n n , E .: Med. M icrobiol. Im m unol. 160, 47 (1974).
9. B e r n á t h ,  S.: A ppl. M icrobiol. 30, 499 (1975).

10. H a b er m a n n , E ., B e r n á t h , S.: A cta  v e t. A cad. Sei. hung. 25, 377 (1975).
11. H a b e e b , A. F. S. A .: A rch, biochem . 130, 430 (1969).

A ddress o f  th e  au th o rs :

Sá n d o r  B e r n á th
S ta te  I n s t i tu te  fo r th e  C on tro l o f  V e te rin a ry  S erobac te rio log ica l P ro d u c ts  
Szállás u . 8 ., H -1107 B u d a p e s t, H u n g a ry

L a jo s  Za lo t a i
In s t i tu te  o f  G eneral and  P h y sica l C h em istry , A tt ila  J ó z se f  U n iv e rs ity  
R en icb  B éla  té r  1, H -6720 S zeged, H u n g a ry

Acta Microbiologica Academiae Scientiarum  Hungaricae 25, 1978





Acta microbiol. Acad. Sei. hung. 25, 191—197, 1978

EFFECT OF DIAFYSABFE LEUKOCYTE EXTRACTS ON 
ANTIBODY-DEPENDENT CELLULAR CYTOTOXICITY AND 

LYMPHOCYTE Fc RECEPTORS

K. N é k á m , I .  L á n g , В. F e k e t e , P. G e r g e l y  and  G y . P e t r á n y i

Second D epartm ent o f  M edicine , Semmelweis U niversity  M edical School, B udapest 

(R ece ived  O ctober 15, 1977)

D ialysable  leukocyte  e x tra c ts  sig n ifican tly  in h ib ite d  th e  a n tib o d y -d ep e n d e n t cell- 
m ed ia ted  c y to to x ic ity  of norm al h u m a n  p e rip h e ra l b lo o d  lym p h o cy tes in  b o th  xenogeneic  
an d  allogeneic assays. The in h ib ito ry  effec t w as d ose-dependen t. F ra c tio n s  of d ia lysab le  
leukocy te  e x tra c ts  sep a ra ted  on S ep h ad ex  G-25 co lum n d iffered  in th e ir  c ap a c ity  to  suppress 
c y to to x ic ity . D ia lysab le  leukocy te  e x tra c ts  did n o t b lock  E A -ro se ttin g  b u t  in h ib ited  th e  
resy n th es is  of F c  recep tors. Some ex p lan a tio n s for th e  observed  suppressive  effect a re  d is
cussed .

The p o te n tia l role of a n tib o d y  m ed ia ted  cellu lar c y to to x ic ity  (ADCC) 
in  various m alignancies has w idely  been s tu d ie d  [1—3]. T hough  its  sign ificance 
in  vivo has n o t been d irec tly  p ro v ed  in m an , cu m u la tin g  d a ta  in d ica te  th a t  
it  m ay  be im p o r ta n t in th e  im m unolog ical defence of th e  host ag a in st tu m o u r 
cells [4-6].

Im m u n o stim u la tio n , now  w idely  used in  th e  tre a tm e n t o f m alignancies 
[7—11], m ay  h av e  a d irect enh an c in g  effect on ÁDCC, as it w as show n b y  
C a m p b e l l  and  M a c L e n n a n  [12] using BCG fo r active im m u n o th e ra p y .

In  th is  p a p e r we re p o rt on th e  effect in  vitro  of th e  im m u n o s tim u la n t 
d ia ly sab le  e x tra c t of leukocy tes ( tran sfe r fa c to r , T F d) on ADCC and  discuss 
possible ex p lan a tio n s  for th e  observed  in h ib ito ry  effect.

M ateria ls and  m ethods

Preparation o f  T F ^. F o u r-h u n d red  m l of h ep ariz in ed  venous blood w ere d raw n  from  
seven  h e a lth y  b lood  donors and se p a ra ted  on Ficoll (P h a rm ac ia , U ppsala) -  U rom iro  (B racco, 
M ilano) g rad ien t [13]. T F d was p re p are d  according to  th e  m eth o d  of L a w r e n c e  [14]: leuko
cy tes were ten  tim es freeze—thaw ed  an d  th e n  th e  d is ru p te d  cells were tre a te d  w ith  100 /tg /m l 
D N ase (C albiochem , L uzern) in  0.01 м  M gS 04 a t  37 °C fo r 60 m in. The leu k o cy te  e x tra c t 
w as d ialysed  a g a in s t d istilled  w a te r a t  4 °C for 48 h r , lyophilized , re c o n s titu te d  in  tissue 
cu ltu re  m edium  199 (TC 199) an d  s to red  p rio r to  use a t  —30 °C. Biological a c tiv ity  of each  
p re p a ra tio n  was co n tro lled  in  vitro b y  i ts  enhancing  e ffec t on  active  ro se tte s  [15] and  on th e  
p ro d u c tio n  of m ig ra tio n  in h ib ito ry  fa c to r  [15, 16]. O ne p re p a ra tio n  w as re co n s titu te d  in  
d istilled  w a te r a n d  sep a ra ted  on a S ep h ad ex  G-25 (P h a rm ac ia , U ppsala) co lum n [15] w ith  
0.01 M am m onium  b ica rb o n a te  e lu tio n  b u ffer (F ig. 1). B iological a c tiv ity  p re se n t in  th e  crude 
p re p ara tio n  was found  in  frac tio n  I I I  on ly  (Table I I I ) .  T ubes betw een V 0 an d  frac tio n  I were 
n o t te s te d  because of low optica l d en sity  a t  260 an d  280 m n.

The a m o u n t o f T F d was expressed  in  ly m p h o cy te  equ iva len ts, i.e. th e  n u m b er o f 
ly m p h o cy tes  used  fo r p rep ara tio n .
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Separation o f lym phocytes fo r  ADCC. T h ir ty  m l of h ep ariz in ed  venous b lood  were 
d raw n from  h e a lth y  blood donors. L y m p h o cy tes  w ere sep a ra ted  on F ico ll-U rom iro  g ra d ie n t 
[13]. P h ag o cy tic  cells w ere  rem oved by  c a rb o n y l iron  t re a tm e n t. F ina lly , th e  cells were 
su spended  in  m edium  a n d  a d ju s te d  to  th e  c o n c e n tra tio n  desired. V iab ility  of cells w as g rea te r 
th a n  98%  as ju d g ed  b y  t r y p a n  blue exclusion. M onocyte co n ta m in a tio n  was less th a n  2% .

M edia. In  th e  ch icken  red  blood cell (C R B C ) assay, TC 199 supplem ented  w ith  10%  
h e a t in a c tiv a te d  (56 °C, 60 m in ) pooled h u m a n  A B  serum , an d  in  th e  hu m an  R B C  assay , 
TC 199 su p p lem en ted  w ith  10%  heat in a c tiv a te d  fe ta l calf se rum  (FCS), was used.

A D C C  assay. X enogeneic system. T he o rig in a l m eth o d  of P e r l m a n n  and  P e r l m a n n  
[17] w as used. 51Cr lab e lled  CRBC (105) w ere a d d e d  to glass te s t  tu b es  and m ixed  w ith  an 
a p p ro p ria te  am o u n t o f e ffec to r cells according to  th e  desired e ffe c to r/ta rg e t cell ra tio . A n ti- 
CRBC serum  (final d ilu tio n  1 : 500) was ad d ed , an d  th e  volum e w as m ade up to  0.5 m l w ith  
m edium . C ontrols w ith  ta r g e t  and effector cells w ith o u t a n tise ru m  and  ta rg e t cells a n d  a n ti 
serum  w ith o u t e ffector cells were included in  each  ex p erim en t (background). A fte r  16 hr 
in cu b a tio n  of th e  tu b es a t  37 °C, ra d io a c tiv ity  of th e  pelle t and  th e  su p e rn a ta n t was d e te rm in ed . 
Cell dam age was ex pressed  as per cen t iso to p e  release in to  th e  su p e rn a ta n t. B ack g ro u n d  
release nev er exceeded 5 % . M axim um  iso to p e  release was a b o u t 90% , as d e te rm in ed  by  
tre a tm e n t of th e  ta rg e t  cells w ith  1%  sap on in . C y to to x ic ity  w as expressed  as

te s t  tu b e  percentage -  b ack g ro u n d  percen tage  
m ax im u m  release -  b a ck g ro u n d  percen tage

The m eans of tr ip lica te  sam ples are given.
Allogeneic system . T h e  m ethod  of U r b a n i a k  [18] w as u sed  w ith  m inor m o d ifications 

[19]. 5,Cr labelled  R h(-f-) h u m an  e ry th ro cy te s  (3 X 104) were p laced  in to  te s t tu b es  an d  m ixed 
w ith  an  ap p ro p ria te  n u m b e r of effector cells acco rd ing  to  th e  desired  e ffec to r/ta rg e t cell ra tio . 
H e a t in ac tiv a te d  h u m an  an ti-D  serum  (final d ilu tio n  1 : 500) w as added  and  th e  volum e 
was m ade  up to  0.1 m l w ith  m edium . The tu b e s  were in cu b a ted  a t  37 °C for 16 h r. F u r th e r  
processing  was carried  o u t  as described above.

In  b o th  th e  xenogeneic  and allogeneic system s T F d was in cu b a ted  to g e th e r w ith  the  
ta rg e t  and  effector cells fo r 16 hr. If  no t in d ic a te d  otherw ise, th e  final co n cen tra tio n  of T F a 
was 1 : 1 ,  i.e. th e  n u m b er o f effector ly m p h o cy tes  was equal to  th e  num ber of ly m p h o cy tes  
used  fo r th e  p re p a ra tio n  of T F d (eq u iva len t dose).

P e rcen tag e  in h ib itio n  was calcula ted  accord ing  to  th e  fo rm ula :

c y to to x ic ity  w ith  T F  
c y to to x ic ity  w ith o u t T F

S ta tis tic a l analysis w as carried  ou t by  th e  S tu d e n t’s i-test.
EA-rosettes. E A -ro se tte s  were form ed accord ing  to  th e  m eth o d  of B r a i n  an d  M a r s - 

t o n  [20] w ith  sligh t m odifications. R h  p o sitiv e  h u m an  e ry th ro c y te s  w ere in cu b a ted  w ith  
a su b ag g lu tin a tin g  d ilu tio n  of anti-D  ra b b it  an tise ru m  a t  37 °C fo r 30 m in. A fte r  w ash ing , 
th e  cells w ere resu sp en d ed  to  a co n cen tra tio n  o f  108 e ry th ro cy te s /in l and 0.1 ml e ry th ro c y te  
suspension was ad d ed  to  0.3 ml lym phocyte  suspension co n ta in in g  106 cells. T he tu b es  were 
cen trifuged  a t  200 g  fo r 10 m in, and allow ed to  s ta n d  a t  4 °C fo r 30 m in. A fter g en tle  resu s
pension , 200 ly m p h o cy tes  were exam ined for E A -rosettes,

T F d  treatment o f  lymphocytes. L y m p h o cy tes  (10ß in 1 m l m edium  c o n ta in in g  40 m M  
H E P E S , Serva, H eidelberg ) were in cu b a ted  a t  37 °C for 2 -16  h r  in  th e  presence of T F d 
eq u iv a len t to  106 ly m p h o cy tes . A fter w a sh in g , E A  ro se tte s  w ere form ed an d  co u n ted  as 
described  above.

R esu lts

T he effect o f crude T F d (all p re p a ra tio n s  ex e rted  in  vitro biological 
a c tiv ity  in th e  ac tiv e  ro se tte  and  m ig ra tio n  in h ib itio n  assays) on th e  cy to 
to x ic ity  of n o rm a l h u m an  leukocy tes in xenogeneic and  allogeneic ADCC 
assays is show n in T ab le  I. (C rude T Fd even a t  th e  h ighest co n cen tra tio n  
used  h ad  no in flu en ce  on spon tan eo u s chrom ium  release). In  th e  allogeneic
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ADCC system  to ta l in h ib itio n  w as observed  a t an  e ffec to r/ta rg e t cell ra tio  
of 5 : 1, and  sig n ifican tly  decreased  cy to to x ic ity  w as fo u n d  a t  an  effector[- 
ta rg e t  cell ra tio  of 30 : 1. In  th e  CRBC assay, th e  4 T F d p re p a ra tio n s  te s ted  
caused  a m arked  im p a irm en t of ADCC ac tiv ity . P e rcen tag e  in h ib ition  was 
a b o u t 30% .

T ab le  I I  shows th e  effect o f T F d co n cen tra tio n s on ADCC ac tiv ity . 
The decrease in cy to to x ic ity  w as s till rem ark ab le  a t a f in a l d ilu tio n  of 1 : 100. 
A t a d ilu tio n  of 1 : 500 im p a irm e n t w as sligh t, w hile no  in h ib itio n  could be 
d e m o n s tra te d  a t th e  d ilu tion  of 1 : 1000.

Table I

Effect o f  T  F  on AD C C  in  allogeneic and xenogeneic test system s

T F
p re p a ra tio n a

T arg e t cell E ffec to r/ t a r 
g e t ra tio

C y to to x ic ity  per ce n tb
P ercen tag e
in h ib itio n P

C ontro l T F  t re a te d

T F  1 HRBC 5 : 1 10.1 ±  1.2 1.2 ±  0.4 88.1 < 0 .001

T F  2 H R B C 5 : 1 8.9 ±  0.9 1.1 ±  0.3 87.7 < 0 .001

T F  1 HR B C 30 : 1 47.9 ±  1.8 35.7 ±  1.3 25.5 < 0 .0 5

T F  2 H R B C 30 : 1 42.4 ±  1.7 32.6 ±  1.8 23.1 < 0 .0 5

T F  3 CRBC 20 : 1 70.0 ±  2.3 44.7 ±  2.5 36.1 < 0 .0 1

T F  4 CRBC 20 : 1 84.9 ±  2.8 55.4 ±  2.7 34.8 < 0 .0 1

T F  5 CRBC 20 : 1 60.3 ±  2.1 42.9 ±  1.9 28.9 < 0 .0 1

T F  6 CRBC 20 : 1 69.0 ±  2.6 43.7 ±  1.8 36.7 < 0 .0 1

a 1 : 1 lym phocyte  eq u iv a len t dose 
b m ean  +  s.e.m.

Table II

Effect o f  T F  concentrations on AD C C  
(CRBC ta rg e ts , effec to r: ta rg e t cell ra tio , 20 : 1)

TF
d ilu tio n

P ercen tag e
inh ib ition* P

1 : 1 3 4 . 8  ±  1 .8 < 0 . 0 1

1 : 1 0 0 2 1 . 2  ±  4 .3 < 0 . 0 1

1 : 5 0 0 1 1 . 2  ±  1 .4 < 0 . 0 5

1 : 1 0 0 0 no inhib ition

* m ean  of four ex p erim en ts  ^  s.e.m .
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Table I I I

Effect o f  T  F  fractions on AD C C  
(C R B C  ta rg e ts , e ffector: ta rg e t cell ra tio  10 : 1)

T F  tre a tm e n t* P e rce n t
c y to to x ic ity

P ercen tage
in h ib ition

I n  v i t r o  a c t iv i ty  o f th e  
f ra c tio n  (see te x t)

E n h an c in g  effect 
on  “ a c tiv e ”  

ro se tte s

In h ib ito ry  effect 
o n  leu k o cy te  

m igra tion

None 48.9** ±  1.9 _ _ _
Crude T F 29.2 ±  1.4 40.3 _ j _  * * * I ♦ * *

F rca tion  I 19.1 ±  1.1 60.9 — —

F raction  II 33.0 ±  1.6 32.5 — —

Fraction  II I 41.5 ±  1.8 15.1 1 * * *"T I * * *

* 1 : 1 ra tio  fo r ly m p h o c y te  eq u iv a len t T F  vs. e ffec to r cell 
** m ean ;£ s.e.m .

*** all sign ifican t a t  0.05 level

N ext, we in v e s tig a te d  th e  effect of T F d frac tions on ADCC of norm al 
h u m a n  lym phocytes on  CRBC. T he percen tage in h ib itio n  o f th e  crude p rep 
a ra t io n  was ab o u t 4 0 % . T he s tro n g est inh ib ition  w as ex e rted  b y  frac tion  I. 
F ra c tio n  I I  was less p o te n t  in  th is  respect and  frac tio n  I I I  (having  alm ost 
all biological ac tiv ities in  E a -ro se tte  an d  leukocyte  m ig ra tio n  assays) im paired  
c y to to x ic ity  m o d era te ly  (Table I I I ) .

The effect of T F d on th e  E A -ro se ttin g  ab ility  of ly m p h o cy tes  is shown 
in  F ig . 2. W hen in c u b a te d  a t  37 °C, th e  n u m b er of F c po sitiv e  cells declined 
reach in g  a m inim um  a f te r  4 h r  ow ing to  th e  shedding  o f F c recep to rs . This was 
follow ed by a re c e p to r  re sy n th esis  resu lting  in an  increase o f E A -rosettes.

OD

F ig . 1. Sephadex G-25 gel f i lt ra tio n  of crude T F . (F rac tio n  vo lum e: 3.3 m l) V 0, void volum e 
Y t , co lu m n  v o lu m e ;---------- 260 n m , ------------- 280 nm
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Fc
receptor bearing cells %

Fig. 2. E ffec t of T F  on sp o n tan eo u s changes of lym phocy te  F c  recep to rs ( in cu b a tio n  a t  37 °C) 
M ean of e ig h t ex p erim en ts  i  s .e .m .; ----------w ith o u t T F , --------------w ith  T F

A fte r 16 h r the  n u m b e r of Fc positive  cells w as again  n e a r  to  th e  original 
va lu e . The presence o f T F d in  th e  cu ltu re  m ed ium  did n o t affect th e  EA  
b in d in g , since no s ig n ifican t d ifferences were seen in  the  percen tages of EA  
ro se tte s  during 8 h r  ob serv a tio n . The lower values o b ta in ed  after 16 h r 
in c u b a tio n  (p <T 0.001) can be ex p la in ed  b y  th e  in h ib itio n  o f recep to r re sy n 
th esis , since it w as n o t  due to  cell d e a th  as p ro v ed  b y  try p a n  b lue exclusion.

D iscussion

T F d was fo u n d  by  m an y  a u th o rs  to  s tim u la te  cellu lar im m une  reactions 
in vitro. I t  s tim u la te s  ly m p h o cy te  blastogenesis [21], m ed ia to r  p roduction  
[16, 22) and m ixed ly m p h o cy te  cu ltu re  [23]. I ts  enhanc ing  effect was d em 
o n s tra te d  also in  in  vivo  sk in  te s ts  [14], leukocy te  ch em o tax is  [24], g ra ft 
re jec tio n  [14] and  c y to to x ic ity  ag a in s t tu m o u r cells [25]. On th e  o ther h an d , 
in h ib itio n  of D N A  syn th esis  [26, 27], o fT  ly m p h o cy te  recep to rs  [15] and  
suppression  of ce llu la r im m une responses follow ing rep ea ted  in jections of 
T F d h av e  also heen rep o rted  [28].

T he in h ib ito ry  m a te ria l seem s to  be of h igher m olecu lar weight and  
can  be separa ted  fro m  th e  s tim u la to ry  one b y  ch ro m a to g ra p h y  [26, 29]. 
A m ong th e  frac tions o f T F d e lu ted  from  the  S ep h ad ex  G-25 colum n, fraction  
I p ro v ed  to  he th e  m ost in h ib ito ry . F rac tio n  I I I  possessing s tim u la to ry  
a c tiv ity  according to  te s ts  in  vitro  im paired  c y to to x ic ity  on ly  slightly . The 
m ore  s trik in g  effect o f frac tio n  I th a n  th a t  of crude  T F d m ig h t be explained 
b y  th e  d ilu tion  of th e  ac tive  com ponen t. The in h ib itio n  w as dose-dependent 
s im ila rly  as some o th e r  effects o f T F d [24, 30, 31]. The m ark ed  inhibition
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a t  th e  effector ce ll/lym phocy te  e q u iv a le n t T F d ra tio  of 1 : 1 w as p ro b ab ly  
due  to  th e  su p rao p tim a l c o n c e n tra tio n . N onetheless, s ig n ifican t in h ib ition  
w as also found at h ig h e r d ilu tions b e ing  often  used successfu lly  in  vitro.

A possible e x p la n a tio n  fo r th e  in h ib ito ry  effect m ay  be th e  influence 
o f T F d on th e  cyclic n u c leo tid e  sy stem . Besides enhanc ing  th e  in trace llu la r 
cG M P  level in  m ono cy tes  [32], T F  elevates th e  cA M P level o f periphera l 
ly m p h o cy te s  [32, K a l m á r  an d  N é k á m , unpub lished ]. T he la t te r  phenom enon  
is k n o w n  to  be co n n ec ted  w ith  th e  suppression  of m ed ia to r  re lease, resu lting  
in  a depressed c y to to x ic  a c tiv ity  [33, 34]. In  our ex p erim en ts , how ever, 
th e  f i r s t  frac tion  y ie ld ed  b y  S ep h ad ex  ch ro m ato g rap h y  w as less ac tiv e  th a n  
fra c tio n  I I I  in e lev a tin g  th e  cA M P levels.

A fu rth e r e x p la n a tio n  w ould  be  th a t  T F d s tim u la te s  su p p resso r cells 
re s id in g  am ong effec to r cells; th is  w ould  b ring  ab o u t an  adverse  effect. This 
e x p la n a tio n  does n o t, how ever, seem  like ly  since th e  m ost in h ib ito ry  frac tion  I 
is ch ro m ato g rap h ica lly  c learly  s e p a ra te d  from  th e  a n tig en -d ep en d en t T F d 
a c t iv i ty  of the  d ia ly sa te  (T able I I I )  an d  so th e  in h ib itio n  of ADCC m ay  no t 
b e  connec ted  w ith  la t te r .  T he f irs t  frac tio n s  sep ara ted  u n d e r s im ila r conditions 
also  in h ib ited  th e  “ a c tiv e ”  T -ro se ttin g  [15].

W e canno t exclude  th e  p o ss ib ility  th a t  th e  T F d p re p a ra tio n  procedure  
(d ia ly sis  against d is tilled  w a te r o r m edium ) m ay in fluence  th e  s t im u la to r y -  
in h ib ito ry  effects of T F d, a ph en o m en o n  still d ebated  in l ite ra tu re  [27, 30, 35, 
36]. T he inh ib ito ry  effect of low -m olecular-w eight d ia ly sab le  iod ine salts 
fro m  U rom iro can be  ru led  ou t because  T F d from  leukocy tes sep ara ted  on 
6 %  d e x tra n  (mol w t a p p ro x im a te ly  200 000, P h a rm ac ia , U ppsala) showed 
th e  sam e inh ib ition  (u n p u b lish ed  observations).

T he presence of Fc recejito rs on effector (killer) cells is a well know n 
p re req u is ite  of ADCC a c tiv ity  [37, 38]. T F d was found  to  im p a ir F c recep to r 
re sy n th es is , b u t did n o t block th e  Fc receptors on th e  cell su rface . We do 
n o t  th in k , therefore, t h a t  th is  effect of T F d m ay offer a clue to  th e  ADCC 
suppression . The h ig h e r m o lecu lar w eigh t frac tion  I  m ay  be responsib le  for 
th e  in h ib ito ry  effects of crude  T F d p rep ara tio n s observed  som etim es in 
th e ra p y  [24]; th e re fo re , use of th e  purified  frac tio n  I I I  is recom m ended .

The exact m echan ism  of th e  effects of T F d on ADCC re a c tiv ity  in vitro 
rem a in s  unsolved an d  fu r th e r  s tu d ies  are needed to  e lu c id a te  its  possible 
sign ificance in vivo.
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STIMULATION OF PHAGOCYTOSIS BY HUMAN 
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(R eceived O c to b er 25, 1977)

S u p e rn a tan ts  of concan av a lin  A  s t im u la te d  h um an  ly m p h o cy tes  in creased  th e  phago- 
cy tin g  an d  in trace llu la r k illing  activ ities o f h u m an  m acrophages a n d  n eu tro p h ils  te s te d  w ith  
p a rtic le s  of Saccharomyces cerevisiae.

L ym phokines, th e  biological a c tiv e  p roducts of ly m p h o id  cells responding 
to  an tig en  or m itogens (e.g. c o n can av a lin  A, p h y to h aem ag g lu tin in ) are 
considered  po ten tia l m ed ia to rs o f ce llu la r im m u n ity  [1]. T h e ir role m anifests 
itse lf  w ith  a delayed ty p e  h y p e rse n s itiv ity  reac tion , in  p ro te c tiv e  im m u n ity  
and  in  cell coopera tion  effects [2].

Beside the m acrophage m ig ra tio n  in h ib ito ry  fa c to r  th e re  are o ther 
b io logically  active p ro d u c ts  of ly m p h o cy te s  a ffec ting  th e  m acrophages, 
such  as m acrophage ch em o tac tin , a su bstance  a t tra c t in g  m acrophages and  
th e  m acrophage a c tiv a tio n  fa c to r  w hich enhances m acro p h ag e  m o tility  
and  phagocytosis [3 ] .  F o w l e r  et al. [4 ] d em o n stra ted  th e  en h an cem en t of 
m acrophage  bac te rio stasis  by  th e  p ro d u c ts  of a c tiv a te d  ly m p h o cy tes . P a n - 

t a l o n e  and  P a g e  | 5 ] described th e  lym phok ine-induced  p ro d u c tio n  and 
release o f lysosom al enzym es b y  m acrophages. A ccord ing  to  prev ious d a ta  
[4 , 5 ] lym phokines can  be reg a rd ed  as m acrophage a c tiv a to rs .

T he role of th e  lym phok ine  fa c to r , neu tro p h il ch em o tac tin , has been 
show n in  th e  processes o f ly m p h o cy te—neu tro p h il in te ra c tio n s  [3], b u t  th ere  
is h a rd ly  any  in fo rm a tio n  w h e th e r lym phokines can  increase  th e  phago
cytosis of neu troph ils .

To ob ta in  d irec t evidence of th e  effect of th e  ly m p h o k in e  contain ing  
su p e rn a ta n ts  of co n can av alin  A s tim u la te d  h u m an  ly m p h o cy tes  on th e  
p h ag o cy tin g  and in tra c e llu la r  k illing  ac tiv ities  of h u m an  m acrophages and 
n eu tro p h ils , we ex am in ed  th e  p a rtic le s  o f Saccharomyces cerevisiae phagocy ted  
b y  th e se  cells [6].

M aterials an d  m ethods

Preparation o f lym phokines. N orm al h u m a n  blood an tico ag u la ted  by  c itra te  was used. 
P re p a ra tio n  of lym phocytes w as carried o u t in  U rom iro -F ico ll so lu tion  in  P a rk e r’s 199 m edium  
a t  room  tem p era tu re . No se ru m  was add ed . T he sam ples were cen trifuged  a t  800 g for 15 
m in , w ashed  twice. T hey co n ta in ed  9 0 -9 5 %  m ononuclear cells.
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L ym phocytes (107 cells) w ere c u ltu red  a t 37 °C in  5%  carb o n  d iox ide and  95%  air 
in  th e  presence of 300 //g co n can av a lin  A (Con A; Sigm a) com ple ted  w ith  penicillin and 
s tre p to m y c in  100 IU /m l) a t  37 °C for 36 h r. The cell-free su p e rn a ta n ts  w ere ch rom atographed  
on S ep h ad ex  G-75 colum n using  0.01 м p h o sp h a te  buffer p H  7.4 for e lu tio n . In  th e  contro l 
p re p a ra tio n , concanavalin  A was ad d ed  a t  th e  end of cu ltiv a tio n . T he p ro te in  contain ing  
fra c tio n s  were collected a n d  c o n ce n tra ted  to  ab o u t 1 m g/m l.

T he prepara tions co n ta in in g  th e  leu k o cy te  m ig ra tion  in h ib ito ry  fac to r and skin 
re a c tiv e  facto r were te rm e d  ac tiv e  su p e rn a ta n t (AS) and  th e  co n tro l was designated  CS. 
L eu k o c y te  m igration  in h ib ito ry  fa c to r a c tiv ity  was tes ted  on h u m an  leukocy tes according 
to  K i n c s e s  and S z a b ó  [ 7 ] .  Skin  reac tiv e  fac to r tes tin g  was carried  o u t on guinea pig skin 
b y  m easu rem en t of th e  b lu e  a reas a t  th e  in n er surface of th e  sk in  4 h r  a f te r  th e  in traca rd iac  
in je c tio n  of 1%  E v an s  b lue.

Separation o f h u m a n  macrophages w as carried  o u t by  a q u a n ti ta t iv e  m odification  
of R e b u c k ’ s  skin w indow  tech n iq u e  [ 8 ] .  An 1 cm2 area of b o th  fo rearm s of p a tie n ts  was 
a b ra d e d  to  the  p ap illa ry  la y e r  of corium . S terile  coverslips w ere fix ed  on  th e  in ju red  area 
an d  th e  adhering  cells fo rm in g  a m acro p h ag e  m ono layer du ring  8 h r, w ere collected, covered 
w ith  some drops of P a rk e r ’s 199 m ed ium  com pleted  w ith  15%  ow n serum .

Separation o f  h u m a n  neutrophils w as carried  o u t according to  Mo v a t  et al. [9]. The 
cells w ere k ep t in  P a rk e r’s 199 m ed iu m  and  com pleted  w ith  15%  ow n serum .

Evaluation o f  the phagocytic activity  o f  macrophages. 50 p g  AS and  CS w ere p re incubated  
w ith  105 m acrophages a t  37 °C fo r 30 m in  in  a w et cham ber. W ith o u t w ash ing , 106 of th e  
p a r tic le s  of opsonized S . cerevisiae p re in c u b a te d  w ith  th e  p a tie n t’s ow n serum  for 60 m in 
w ere  added  to th e  sam ples a t  37 °C fo r 60 m in  in th e  w et cham ber. A fte r w ash ing  w ith  cu ltu re  
m ed iu m  containing ow n se ru m  th e  p re p a ra tio n s  were d ried  an d  s ta in ed  according to  M ay— 
G rünw ald-G iem sa and th e  p a rtic le s  p h agocy ted  by  100 m acrophages w ere counted.

Evaluation o f the phagocytic activity  o f  neutrophils. A c tiv e  a n d  con tro l su p e rn a tan ts  
w ere  p re incubated  w ith  105 cells a t  37 °C m in. W ith o u t w ash in g , 106 opsonized Saccharo
m y ces cells were ad d ed  to  th e  sam ple a t  37 °C for 60 m in. T he p re p a ra tio n s  were sm eared  
o n  coverslips and s ta in ed  a n d  e s tim a te d  sim ilarly  as th e  m acrophages.

Evaluation o f  intracellular k illing  o f  S. cerevisiae particles by macrophages and neutro
p h ils .  A fter in cubation  w ith  th e  Saccharom yces p a rtic le s  a t  37 °C for 60 m in , the  sam ples 
w ere  sta ined  w ith  1%  m eth y len e  b lue. The coun ts of sta in ed  p h ag o cy ted  particles found 
in tra ce llu la rly  were e s tim a te d  w ith in  5 -10  min.

R esults

The active su p e rn a ta n ts  of concanavalin  A s tim u la te d  h u m an  ly m p h o 
cy te s  elevated th e  p h ag o cy tic  an d  in trace llu la r k illing  c a p a c ity  of hum an  
m acrophages and n e u tro p h ils  (T able I).

Table I

E ffec t o f  supernatants o f  concanavalin A  stim ulated hum an lym phocytes on the phagocytosis 
and intracellular k illing  o f  hum an macrophages and neutrophils

S am p les
M acrophages N eu tro p h ils

P h a g o c y 
tosis Killing

Phagocy-
tosis K illing

Control 254 84 282 88
su p e rn a ta n ts
(CS) +  16.86 ±8 .92 ± 2 1 .3 3 ±1 0 .4 2

Active 328 115 367 179
su p e rn a ta n ts
(AS) ± 2 7 .3 9 ±17 .04 ± 3 2 .61 ± 3 1 .4 9

p < 0 .0 0 1 * pCO.OOl p < 0 .001 pCO.OOl

The results are av erages o f th ree  experim ents 
* =  S tu d e n t’s t te s t
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D iscussion

I n  our ex p erim en ts  th e  co u n tin g  of S. cerevisiae pa rtic les p h ag o cy ted  
b y  leukocy tes was fo u n d  to  be a s im p le  and  rep ro d u c ib le  m ethod.

O u r results show ed  th e  s tim u la tin g  effect of s u p e rn a ta n ts  of concana- 
va lin  A stim u la ted  h u m a n  lym p h o cy tes  on th e  ph ag o cy to sis  and in tra c e llu la r  
k illing  o f periphera l m acrophages a n d  n eu tro p h ils . B eside  th e  s tu d y  of P a n - 

t a l o n e  an d  P a g e  [ 5 ]  w ho showed t h a t  lysosom al enzym e release could be 
induced  b y  ly m p h o k in es in m acro p h ag es, our d a ta  p ro v ed  d irec tly  th e  
en h an ced  phagocytic  a c t iv i ty  of h u m a n  m acrophages a n d  leukocytes on th e  
in fluence  of ly m p h o k in es. The s lig h te r  k illing  effect o f m acrophages th a n  
th a t  o f neu troph ils  m a y  be connected  w ith  th e  low er am o u n t of lysosom al 
enzym es in  th e  m acro p h ag es th an  in  th e  n eu tro p h ils .

T he ab ility  of lym phok ines to  a c tiv a te  m acrophages and n eu tro p h ils  
m igh t be p a rt of th e ir  biological s ign ificance .
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ANTIBODIES TO RUBELLAYIRUS, HERPES SIMPLEX 
VIRUS AND TOXOPLASMA GONDII IN SERIAL SERUM 

SAMPLES OF PREGNANT AND NON-PREGNANT WOMEN*

A. S. P á c s a  and B. P e j t s i k

Institu te o f M icrobiology , U niversity M edical School, and C ounty H ospital, Pécs 

(Received O c to b e r  28, 1977)

B y  testing  serial se ru m  sam ples o f 213 p reg n an t w om en fo r ru b e llav iru s, of 196 for 
herpes sim plex  virus a n d  o f 134 for Toxoplasm a gondii, i t  was fo u n d  t h a t  du ring  p reg n an cy  
th e re  w as a fall in th e  h u m o ra l an tib o d y  lev e l. Presence and t i t r e  o f an tib o d ies  were lower 
in  sera  o f p reg n an t th a n  o f n o n -p reg n an t w o m en . A ltera tio n  of th e  h u m o ra l a n tib o d y  level 
du ring  p regnancy  m ay in flu en ce  serological s tu d ie s  aim ed a t c larify ing  th e  role of in fec tions 
in  fe ta l  m alform ations. S e ria l serum  sam ples (4 sam ples from  each  p re g n a n t w om an involved) 
shou ld  be  te s te d  for o b ta in in g  reliable d a ta  regard ing  the  freq u en cy  of in fec tio n s du ring  
p reg n an cy .

I t  is e stim ated  t h a t  a p p ro x im a te ly  14%  of fe ta l m alfo rm atio n s are 
asso c ia ted  w ith w ell-defined  genetic fa c to rs  [1]. A p a rt from  these , a consid
e rab le  p a r t  of th e  m alfo rm ations is due  to  en v iro n m en ta l h aza rd s  [2-4]. 
A m ong these, in fec tions during  p re g n a n c y  p lay  a s ig n ifican t role. V iruses 
like ru b e lla  [5-7], h e rp es  sim plex [8—10], cy tom egalovirus [11, 12], in fluenza 
[13], varice lla  [14, 15] an d  coxsackie В [16] m ay p ro d u ce  a v a r ie ty  of fe ta l 
d am ag es. O ther m ic ro b ia l agents su c h  as Listeria monocytogenes [17] and  
Toxoplasm a gondii [18, 19] are also im p o r ta n t  in  th is  resp ec t.

T h o u g h  we k n o w  a num ber o f ag en ts  which m ay  in h ib it n o rm al fe ta l 
d ev e lo p m en t, the  f req u en cy  of d am ag es  and clinical sy m p to m s due to  a 
p a r tic u la r  infection n eed  fu rth e r c la rific a tio n . A fu r th e r  open question  is 
w h e th e r th e  presence o f  m a te rn a l se ru m  antibodies p ro te c ts  th e  fe tu s  against 
re in fec tio n s [20].

In fec tio n s caused  b y  T O R C H  (T oxoplasm a, O th ers , R ubella-, Cyto- 
m egalo- and  H erpesv iruses) agents [21] which p o ssib ly  p lay  th e  m ost 
s ig n ifican t role in th e  causa tio n  of fe ta l m alfo rm ations m ay  occur sub- 
c lin ically . Sym ptom less infections m a y , how ever, be responsib le  for severe 
fe ta l d am ages [4, 13]. F o r  in tro d u c in g  effective p rev en tiv e  m easures against 
fe ta l m alfo rm ations [22], co llabo ra tive  stud ies are needed  to  de te rm ine  th e  
m ode o f  action of in tra u te r in e  in fec tio n s.

I n  1975, we h av e  s ta r te d  a p ro je c t aim ed to  c la rify  th e  role of in tr a 
u te rin e  infections in fe ta l m alfo rm atio n s. In  th e  f irs t series of th e  s tu d y , 
a n tib o d y  titre s  of p re g n a n t and n o n -p re g n a n t w om en w ere com pared .

* S u p ported  by  G ra n t  N o. 5, Scientific  C ouncil, M inistry of H e a lth , B u d ap est.
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M aterials and  m ethods

Population, (a) P re g n a n t  w om en. In  tow n  Pécs an d  C ounty  B a ran y a , H u n g ary , 
P re g n a n c y  Care U nits (PC U ) are  o p e ra tin g  for m onito ring  w om en durin g  th e ir  p regnancy. 
T h is  organ ization  prov ides a n  ex ce llen t ne tw o rk  to  o b ta in  serial se rum  sam ples (one in each 
tr im e s te r )  from  p reg n an t w o m en  aged be tw een  20 and  30 years. T he C o u n ty  H osp ita l adm its 
fo r de liv e ry  the  m a jo rity  o f w om en covered  by  our p ro jec t and  th e n  an  ad d itio n al sam ple 
is ta k e n . By th is o rg a n iz a tio n , we cover now a p p ro x im a te ly  5000 pregnancies a year. I t  is 
p lan n e d  to  build up  a se ru m  b a n k  c o n ta in in g  serial sam ples from  15 000 pregnancies.

(b) Control group. B lood  sam ples w ere  collected  from  98 age-m atch ed , non-pregnant 
w om en  wearing IU D s. T he f i r s t  sam ple w as d raw n  a t  th e  tim e of IU D  in se rtio n  and th ree  
m o re  sam ples were ta k e n  a t  th re e  m o n th s  in te rv a ls . R egiste red  and  coded sera were sto red  
a t  20 °C.

Serology. For t i t r a t io n  of ru b e lla  an tibod ies th e  h a em ag g lu tin a tio n  inh ib ition  (H I)  
t e s t  w as used. The p ro ced u re  described  in  Flow  M anual [23] has been  followed.

A ntibodies to h e rp es sim plex  v irus (HSY) and  T. gondii w ere determ ined  w ith  a 
m o d ified  version [24] o f th e  in d ire c t im m unofluo rescen t an tib o d y  (IF A ) technique [25]. 
In  th e  case of HSV, H E p -2  cells grow n in  R oux  flasks w ere in fec ted  w ith  100 m ean tissue  
c u ltu re  infective doses o f v iru s  s tra in  ty p e  1 (H IL ). A fte r in cu b a tio n  a t  35 °C o v e rn igh t, 
cells w ere washed a n d  co llected  in to  2 m l p h o sp h a te-buffe r-sa line  (PB S ). F rom  th is  cell 
su sp en sio n  8 drops w ere p laced  b y  a cap illa ry  p ip e tte  on cleaned slides. A fter drying, th e  
d ro p s  were fixed in cold ace to n e  fo r 5 m in  an d  k e p t a t  —20 °C till  use.

F or titra tio n  of T . g o n d ii  an tib o d ies , cells of h u m an  am nion  (AY-3) orig in  were in fec ted  
w ith  parasite-rich  m ouse asc itic  flu id . A fter in cu b a tio n  a t  37 °C for 48 h r , the  cells were 
t r e a te d  as in the  case of H S Y -in fec ted  cells.

Antibody titration. S e ru m  d ilu tio n s were d ropped  on cells in fec ted  w ith  HSY or T. 
gon d ii for 1 hr. A fter w a sh in g  th em  w ith  PB S , a n ti-h u m an -Ig G  c o n ju g a ted  w ith  fluorescein- 
-iso th io cy an ate  (F IT C ; c o n ju g a tes  w ere pu rchased  from  H u m an , In s t i tu te  for Serobac- 
terio log ical P roduction  a n d  R esearch . B udapest), was lay ered  on th e  d rops. A fter in cu b a tio n  
fo r 1 h r  the  slides w ere w ash ed  again , co u n te rsta in ed  w ith  E v an s b lue, m o u n ted  in g lycero l- 
- P B S  and exam ined u n d e r  th e  fluorescence m icroscope. T he t i t r e  o f a serum  sam ple w as 
th e  la s t  dilution still g iv in g  a c h arac te ris tic  fluorescence in  th e  cy top lasm . S tan d ard  positive  
a n d  negative serum  sam p les as well as non-infected  cells served as contro ls.

Results

T esting  4 se ru m  sam ples from  each n o n -p reg n an t w om an  (IU D  group), 
i t  w as found th a t  th e ir  serum  a n tib o d y  level to  th e  th re e  agents know n to  
p la y  a role in  fe ta l m a lfo rm atio n s rem ained  p ra c tic a lly  unchanged  for a 
p e rio d  of nine m o n th s .

Of 98 w om en ex am in ed  so fa r, 3 show ed t i t r e  rises to  rube llav iru s. 
F a ll in rubella  a n tib o d y  t i t r e  could n o t be d e tec ted . S im ilar titre  rises in  
se ra  from  213 p re g n a n t w om en could be found  in six  cases; o f these , 37 show ed 
an  a t  least fourfo ld  fa ll in rube lla  a n tib o d y  ti tre . In  th e  IU D  group, a n t i 
bod ies to  ru b e llav iru s  w ere p resen t in 90%  d uring  th e  n in e  m onths period. 
In  co n trast, in  sera  o f p re g n a n t w om en, an tibod ies w ere p resen t in 79 %  
in  th e  firs t tr im e s te r , an d  only  in 68%  a t th e  tim e  of de livery  (F ig. 1). B etw een 
IU D  and p reg n an t g ro u p s th e  difference w as s ta tis tic a lly  s ign ifican t; P <  0.1 
in  th e  first tr im e s te r  a n d  d P  <  0.05 a t delivery .

A ntibodies to  H SY  w ere de te rm in ed  in  196 p re g n a n t and in 98 n o n 
p reg n an t women. A long  w ith  13 fourfold t i t re  rises, in  12 p regnan t w om en 
th e  an tibody  t i t re  d ecreased . C om paring th e  tw o  HSY groups, co m p ara tiv e ly  
h ig h e r titres  w ere m ore  fre q u e n t in  th e  IU D  group th a n  in  th e  p re g n a n t
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group . T aking  1/160 ti tre s  in to  acco u n t (65%  in th e  IU D  and 25%  in th e  
p re g n a n t groups) th e  difference be tw een  th e  tw o g roups was s ign ifican t: 
P  <  0.05 (Fig. 2).

A ntibodies to  T . gondii w ere de te rm in ed  in 134 p re g n a n t w om en, an d  
in th e  IU D  group. A fall in  a n tib o d y  litre  was fo u n d  in  4 of th e  p re g n a n t 
sera. T heir m ean a n tib o d y  t i t re  w as also low er th a n  th a t  o f th e  IU D  group . 
A n tib o d y  titre s  of p re g n a n t w om en in  th e  th ird  tr im e s te r  were com pared  
to  th e  titre s  found  in  th e  th ird  sam ple of th e  IU D  g ro u p  (F ig. 3). S ta tis tic a l 
analysis based on t i t r e  1/40 revealed  a difference o f  P  <  0.1 betw een  th e  
tw o groups.

T he an tibod ies d e te rm ined  w ere of th e  IgG  ty p e  as i t  was im possib le 
to  o b ta in  serum  sam ples freq u en tly  enough for IgM  d e te rm in a tio n .

%
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Samples ' II Ш IV

Fig. 1. R ubella  H I an tib o d ies  in  serial se rum  sam ples of p re g n an t a n d  no n -p reg n an t w om en. 
C om parison is based  on a n tib o d y  ti t r e  fo u n d  in  serial serum  sam ples o f 213 p reg n an t w om en 
(I =  f i r s t  trim ester, I I  =  second trim ester, I I I  =  th ird  tr im e s te r  a n d  IV  =  tim e of delivery ; 
A — A )  and  of 98 n o n -p reg n a n t w om en w earing  an  in tra u te r in e  device (IU D : □  — □ ) .  
In  th e ir  case I =  f irs t  sam ple  tak e n  a t  th e  tim e  of IU D  in se rtio n , I I ,  I I I  and  IV  =  th ree  

consecu tive  sam ples a t  th re e  m o n th s in te rv a ls

Fig. 2. HSV IF  an tibod ies in  sera  of p re g n an t ( Д  — Д ) and n o n -p reg n a n t (IU D ; □  — □ ) .  
wom en. C om parison is b a sed  on  titre s  fo u n d  in  sera  of 196 p re g n a n t w om en and in sera of

98 n o n -p reg n an t w om en
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F ig . 3. Toxoplasm a IF  an tib o d ies  in  sera of p re g n a n t (Д  — Д )  and  n o n -p reg n a n t ( □  — Д )  
w om en. Com parison is b a sed  on titre s  found  in  sera  of 134 p reg n an t w om en  in  th ird  tr im e ste r  

a n d  in  98 sera of n o n -p reg n an t women

D iscussion

O ur previous serological s tu d y , com paring  a f irs t  sam ple  collected 
e a r ly  in  pregnancy  to  a second one o b ta in ed  at th e  tim e  o f de livery , revealed  
a ce rta in  im p a irm en t o f hum oral im m u n ity  during  p reg n an cy  [26]. T hen , 
30 to  40 days a f te r  d e livery , th e  t i t r e  re tu rn e d  to  th e  level m easu red  in  th e  
e a r ly  phase of g e s ta tio n . R ed u c tio n  of hum oral im m u n ity  is associated  w ith  
th e  com plex fe to -m a te rn a l in te rac tio n s  [27-29]. A p a rt from  fe to -in a te rn al 
im m u n e  reactions, a lte ra tio n  of im m u n ity  during  p reg n an cy  m ay  jeopard ize  
th e  value of serological assessm ent.

I t  seemed th e re fo re  ju s tif ie d  to  con tinue  our serological s tu d y  on serial 
se ru m  sam ples to  c la rify  th e  e x te n t o f a lte ra tio n s d u rin g  p regnancy . The 
re su lts  ind icate  t h a t  th e  level of h um ora l im m u n ity  decreases w ith  th e  
p rogress of p reg n an cy . This fac t shou ld  be tak en  in to  acco u n t w hen in tr a 
u te r in e  infections a re  d e te rm in ed  w ith  th e  use of serological te s ts . N ever
th e less , serial serum  sam ples (at least one in  each tr im este r) p ro v id e  a reaso n 
ab le  background  fo r o b ta in in g  reliab le  d a ta  in d e tec tin g  infections during  
p regnancy .

D eterm ining  t i t r e  changes in  sera  of n o n -p reg n an t w om en  was ju s tif ied  
b y  th e  scarc ity  o f su ch  d a ta  [30, 31] fo r th e  no rm al p o p u la tio n .

W e consider t h a t  ou r serum  b a n k  gives a solid base fo r  analising  th e  
re la tio n sh ip  b e tw een  in tra u te r in e  in fec tions and  fe ta l m a lfo rm atio n s.
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DIPLOID FORMATION OF CANDIDA TROPICALIS VIA 
PROTOPLAST FUSION

C. V a l l i n  a n d  L. F e r e n c z y  

D epartm ent o f M icrobiology, A ttila  J ó zse f University, Szeged  

(R eceived  N ovem ber 10, 1977)

H aploid  a u x o tro p h ic  m u tan ts  w ere  p roduced  from  Candida tropicalis, and  p ro to p la s t  
usion  was induced  b y  polyethylene glycol. The re su ltin g  n u tritio n a l co m p lem en ta tio n  w as 

due  to  h e te ro k ary o n  fo rm atio n  and , a t  a m uch  low er frequency, to  sp o n tan eo u s  d iploidiz- 
a tio n . D uring  c u ltiv a tio n , h e te ro k ary o tic  clones re g u la rly  gave rise to  heterozygous d ip lo ids 
from  w hich, in tu rn ,  hap lo ids could b e  iso la ted . T he technique of p ro to p la s t  fusion gives 
an  o p p o rtu n ity  for genetic  analysis o f th is  and  sim ila rly  asexual fu n g a l species.

P ro to p la s t fusion  and n u tr i t io n a l com plem en ta tion  o f y easts  has been 
described  w ith  Schizosaccharomyces pom be , Saccharomyces cerevisiae an d  
R hodosporidium  toruloides [1 -4 ]. N o rm ally , in  these  species th e  diploid fo r
m a tio n  is a consequence of m a tin g  reac tio n s an d  nuclear fu sion  betw een tw o  
cells o f opposite  m a tin g -ty p es. B y  m eans o f  p ro to p last fusion  techn iques, 
d ip lo ids can be p ro d u ced  also w ith in  th e  sam e m atin g -ty p e  [1 -4 ].

In  Candida tropicalis no m a tin g  reac tio n s or parasexua l ev en ts  resu lting  
in  d ip lo id  fo rm a tio n  are know n. T h e  only m ean s of te m p o ra ry  d ip lo id ization  
has been described as “ au to p lo id iza tio n ”  [5].

W e have now  m ade a t te m p ts  a t p ro to p la s t fusion w ith  haploid  au x o 
tro p h ic  m u ta n ts  o f  C. tropicalis to  o b ta in  n u tr itio n a l com p lem en ta tio n  and  
heterozygous d ip lo ids as the  f ir s t  s te p  in th e  genetic analysis o f th e  species. 
T he m ethod  of p ro to p la s t fusion seem s to  be th e  only p o ssib ility  to s ta r t  
th is  k in d  of in v es tig a tio n  when sex u a l processes or h e te ro k a ry o n  fo rm atio n  
b y  anastom osis are  n o t know n. A t th e  sam e tim e, th e  p ro to p la s t fusion 
te c h n iq u e  is easy  to  ca rry  out w ith  good effic iency  in th e  case o f C. tropicalis, 
as i t  has been show n prev iously  [6].

M aterials and m ethods

Strains. A series o f auxo troph ic  m u ta n ts  was p roduced  from C. tropicalis CBS 644 
b y  UV  tre a tm e n t (P h ilip s  TUV 15 W  lam p , 5%  su rv iv a l). The freq u en cy  of au x o tro p h ic  
m u ta n ts  was 0 .4% , p rac tica lly  the  sam e as for h ap lo id  stra in s  of S. cerevisiae  or S. pombe. 
S tab le  m u ta n ts  req u irin g  adenine ( ade)  a n d  cyste in e  ( cys)  were se lec ted  fo r the  fusion  
ex p erim en ts . A t low ad en ine  co n cen tra tio n s  th e  ade m u ta n t  produced  re d  p igm ent w ith 
m ax im u m  yield a t  an  aden ine  c o n ce n tra tio n  of 6 ,«g/ml. T he p ro to tro p h ic  s tra in  and th e  
m u ta n ts  showed th e  sam e spectrum  of c a rb o h y d ra te  assim iliation  w h ich  corresponded to  
th e  s ta n d a rd  descrip tion  [7]. No reverse m u ta t io n  has ev er been observed  fro m  the  selected 
au x o tro p h s .
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M edia. Y L : 0 .5 %  y e a s t e x tra c t (O xoid) a n d  1%  glucose; Y A : Y L  supp lem en ted  w ith  
2 %  agar (Difco B acto -ag a r); MA: m inim al m ed iu m  contain ing  0 .5%  (N H 4)2S 0 4, 0 .1%  K H 2P O „ 
0 .05%  M gS 04 • 7 H 20 ,  1 %  glucose, 2%  ag ar a n d  v itam ins. OM A: MA supp lem en ted  w ith  
0.9 M m annito l as o sm otic  stab ilizer. W hen re q u ire d , MA or OMA w as also su p p lem en ted  with 
6 fj,g/m l adenine an d /o r 25 /ig /m l cysteine-H C l.

Protoplast fo rm a tio n . Cells of ade and  cys m u ta n ts  were g ro w n  under shak ing  in  Y L 
a t  30 °C for 12 h r, co llected  b y  cen trifu g a tio n , w ashed  twice w ith  d is tilled  w ater, an d  tre a te d  
w ith  1.5%  (w/v) snail enzym e (freeze-dried g a s tr ic  juice of H elix  pom atia  p roduced  in  th is 
in s titu te )  dissolved in  0.6 м  KCl con tain ing  0 .1 %  b e ta -m e rc ap to e th a n o l. The cell concen
t r a t io n  was ab o u t 5 X 107/m l. A fter 1 h r a t  30 °C, a t  least 99%  of th e  cells were conv erted  
in to  p ro to p lasts, w hich  w ere collected and  w ash ed  by  c en trifu g a tio n , and th en  tran s fe rre d  
in to  0.9 M m annito l.

Protoplast fu s io n  and regeneration. P ro to p la s t  suspensions o f th e  two m u ta n ts , each 
co n ta in in g  106/m l p ro to p la s t ,  w ere m ixed in a 1 : 1 ra tio , and 10 m l portions were sed im en ted  
b y  cen trifugation . T he su p e rn a ta n t  was rem o v ed  an d  2 ml p o ly e th y len e  glycol (P E G ) m ol w t 
4000, 40%  in  0.1 M  CaCl2 so lu tion , was lay e red  on to  th e  p ro to p la s ts  and th e  tu b e s  were 
g en tly  shaken several tim es . A fte r 30 m in th e  suspensions, co n ta in in g  p ro to p last aggregates 
o f d ifferen t sizes, w ere d ilu te d  in  PE G  so lu tio n , m ixed in to  OM A a t  43 °C and tran s fe rre d  
as a th in  layer to  th e  su rface  of a lready  solid ified  OMA plates w ith  an d  w ithou t ad en ine  and 
cysteine. A bout 5 X Ю2 colony-form ing u n its  (single p ro top lasts a n d  aggregates of p ro to p la s ts)  
w ere applied to each  5 cm  d iam . p late . The p la tes  w ere incubated  a t  30 °C for 5 days a n d  colonies 
developing on OMA w ere iso la ted  and tra n s fe rre d  to  MA plates.

The frequency  of co m p lem en ta tio n  w as de term ined  b y  com paring  th e  n u m b er of 
colonies growing on OMA to  t h a t  of colonies g row ing  on OMA su p p lem en ted  w ith  b o th  aden ine 
an d  cysteine; an d  also b y  com paring  th e  n u m b er of colonies g row ing  on OMA to th e  n u m b er 
o f p ro top lasts in v o lv ed , c o u n ted  by  a h a em o cy to m ete r before a d d in g  PE G  to th e  m ixed 
suspension of th e  tw o m u ta n ts .

The contro ls em p lo y ed  were: p ro to p la s ts  from  the  p a re n ta l  m u tan ts  w ith o u t P E G , 
b o th  separa te ly  an d  in  a m ix tu re ; p ro to p la sts  from  the  p a re n ta l  m u ta n ts  se p a ra te ly  w ith  
P E G ; in ta c t cells from  th e  p a ren ta l m u ta n ts , w ith  or w ith o u t P E G , and b o th  se p a ra te ly  
a n d  in  a m ix tu re .

All p rocedures w ere carried  ou t u n d e r  a sep tic  conditions.
Cytological analysis. T he original p ro to tro p h ic  s tra in , th e  tw o  m u tan ts , fusion  iso lates 

an d  th e ir  p ro to tro p h ic  seg regan ts were in o cu la ted  onto Y A. A fte r  3 days of c u ltiv a tio n  a t 
30 °C, sam ples were ta k e n , p h o tographed  u n d e r  the  m icroscope an d  the  cell d im ensions 
w ere m easured. T he n u m b er of nuclei w as d e term ined  by  acrid in e  orange s ta in in g  and 
fluorescence m icroscopy  a f te r  fix a tio n  w ith  e th a n o l-a c e tic  acid  (1 : 1), and th e  a m o u n t of 
D N A  per cell w as e s tim a te d  using chicken e ry th ro c y te  D N A  as s tan d ard , as described 
p rev iously  [2].

R esults and discussion

Colonies w ere n o t observed w hen  p ro to p la s ts  o f th e  tw o m u ta n ts  were 
inocu lated  se p a ra te ly  in  OMA, or w hen  th e y  w ere m ixed w ith o u t P E G - 
tre a tm e n t before in o cu la tio n . S im ilarly , no g row th  w as found w hen in ta c t 
cells of th e  m u ta n ts  w ere used se p a ra te ly  or m ixed, w ith  or w ith o u t PEG - 
tre a tm e n t. T hese fa c ts  ind ica te  th a t  m u ta n ts  are s ta b le  au x o tro p h s; cross
feeding betw een  th e  ade and  cys m u ta n ts  is negligible; an d  w ithou t p ro to p la s t 
fo rm atio n  an d  ag g reg a tio n  h y  P E G  th e re  is no n u tr i t io n a l com plem enta tion . 
On the  o th e r h a n d , p in k , slow -grow ing, freq u en tly  sectored p ro to tro p h ic  
colonies ap p eared  in  OMA due to  p ro to p la s t fusion , som ew hat s im ila r to  
tho se  ob ta ined  w ith  Geotrichum candidum  [8, 9]. A t a frequency  of a b o u t 1%  
o f th e  p ink colonies, fast-grow ing  w h ite  p ro to tro p h ic  colonies also ap p eared . 
T he frequency  of n u tr itio n a lly  com plem en ted  colonies was 4.3 X 1 0 _3 w hen 
th e  n um ber o f colonies in  n u tr itio n a lly  non -su p p lem en ted  and su pp lem en ted
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m edia w as com pared , and  2.6 X 1 0 wh e n  th e  com parison  was m ade 
concern ing  th e  n u m b er of colonies in  OMA an d  th a t  of p ro to p la s t pa irs 
m easured  w ith  th e  h aem o cy to m ete r.

A crid ine o range s ta in in g  rev ea led  th a t  cells o f th e  p ink fusion colonies 
con ta ined  1 to  8, m ost fre q u e n tly  3 or 4 nuclei, w hile th e  original p ro to tro p h ic  
s tra in  an d  b o th  m u ta n ts  co n ta in ed  on ly  1 nucleus p e r cell. The fusion  colonies 
could be m a in ta in ed  in d efin ite ly  on MA. On Y A  or on MA su p p lem en ted  
w ith  aden ine  and  cyste ine , th e  fusion  cells o f p in k  colonies reg u la rly  gave 
rise to  cells o f th e  p a re n ta l ty p es  w ith  h igh frequencies. This in d ica tes  th e  
ex istence on MA of u n stab le  h e te ro k a ry o n s .

P in k , u n s tab le  h e te ro k ary o n s reg u la rly  gave rise to  s tab le  and  fa s t
grow ing w hite-co lony  p ro to tro p h s , th e  cells of w hich  con ta ined  only  1 nucleus 
each. S pon taneous segregation  in to  th e  p a re n ta l  m u ta n ts  on n u tr itio n a lly -  
rich m ed ia  was iso la te -d ep en d en t, w ith  a low freq u en cy  of 10 ~5 or less. T he 
dim ensions of 3 ran d o m ly  selected  u n in u c lea te  p ro to tro p h ic  iso la tes, th e ir  
D N A  co n ten ts  and  tho se  of th e  p a re n ta l  m u ta n ts  are  seen in  T ab le  1.

T he fusion iso lates were m ore ellipsoid th a n  th e  p a re n ta l m u ta n ts , 
u sua lly  la rger, and  co n ta ined  m uch m ore D N A . A lth o u g h  w ith  low  frequency , 
b o th  p a re n ta l m u ta n t  ty p es  could be  recovered  from  th e  sam e s tab le  p ro to 
tro p h ic  iso la tes. All th ese  d a ta  in d ic a te  th a t  th e  s tab le  p ro to tro p h ic  iso la tes 
were d ip lo ids.

The d is tr ib u tio n  of D N A  b e tw een  th e  nucleus and th e  m ito ch o n d ria , 
and  th e  re la tio n sh ip s  betw een  th is  d is tr ib u tio n  an d  plo idy a re  unknow n. 
A high m ito ch o n d ria l D N A  co n ten t an d /o r its  l i ttle  p lo idy -dependency  m ig h t 
be an e x p lan a tio n  w hy th e  D N A  c o n ten ts  of th e  cells do n o t ex ac tly  follow  
the  p lo idy  p a tte rn . N e ith e r can th e  ex istence  of aneuplo ids be excluded .

C. tropicalis differs from  th e  o th e r  y easts  s tu d ie d  b y  p ro to p la s t fusion 
in th a t  th e  lie te ro k ary o tic  s ta te  can  be m a in ta in ed  indefin ite ly , as in th e

T able  I

Cell size and D N A  content o f  stable prototrophic fu s io n  isolates and the parental mutants 
S ta n d a rd  erro rs are based  on 50 m easu rem en ts  and  fo u r D N A  d e te rm inations.

B oth  p ro to tro p h s  an d  p a re n ta l  m u ta n ts  a re  uninucleate

S tra in s L en g th , /< т W id th , / п а
D N A  co n ten t 

(fg  D N A  p e r cell)

P ro to tro p h  S-3 8.02 ±  0.26 5.44 d r  0.16 79.9 ±  3.6
P ro to tro p h  S-4 8.13 ±  0.29 5.43 ±  0.09 76.3 dr 6.2
P ro to tro p h  S-5 9.37 ±  0.28 6.32 ±  0.19 82.1 d= 4.1
A uxo troph  ade 6.70 ±  0.16 5.59 dr 0.15 49.7 d r  4.0
A uxo troph  су s 6.50 ±  0.17 5.32 d= 0.11 50.0 dr 4.1
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case of filam en to u s fu n g i [8-10]. This c h a ra c te ris tic  is a ttr ib u te d  to  th e  ab ility  
of th is  y eas t to  fo rm  filam en ts . L inkage group s tu d ies  by  induced  haploidi- 
za tion  are in  progress.
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NO TE A D D E D  IN  P R O O F

Since th is m a n u sc r ip t was su b m itted  fo r pu b lica tio n , a paper en titled  “ R ecom bination  
a f te r  p ro to p la st fusion  in the  yeast C andida tropicalis” by  P . F o u r n i e r , A. P r o v o s t , 
C. B o u r g u ig n o n  an d  H . H e s l o t  has ap p eared  (A rch. M icrobiol., 115, 143, 1977). The resu lts  
rep o rted  in the  tw o p a p e rs  are in no w ay c o n tra d ic to ry , an d  com plem ent each o th er.
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SEROLOGIC DISTRIBUTION OF ANTIBODIES AGAINST 
ADENOVIRUSES IN SHEEP OF LARGE-SCALE FARMS

V. P álfi  and S. B é lá k

Central Veterinary In s titu te , B udapest and Institu te o f  Epizootiology , U niversity  o f  Veterinary
Science, B udapest

(R eceived  N ovem ber 22, 1977)

T he com m on soluble a n tig en  of the  f irs t sub g ro u p  of bovine adenoviruses w as u sed  
fo r assaying 793 sheep sera b y  th e  agar gel diffusion  te s t.  Of th e  50 fa rm s included in  th e  
s tu d y  43 were fo u n d  in fec ted . T he ra tio  of reac tin g  sam ples was 73 .7%  of th e  sera o b ta in e d  
from  infec ted  fa rm s. V irus n e u tra liz a tio n  tes ts rev ea led  th a t  a considerab le  num ber o f se ra  
reacted  specifically  w ith  all ty p e s  o f ovine ad en ov iruses, even w ith  sero types w hich  h a d  
never been iso la ted  in  H u n g a ry . T he resu lts  yielded b y  th e  agar gel d iffusion  tes ts  were co m 
pared  w ith  th e  re su lts  o f v iru s n eu tra liza tio n  tes ts . O f 850 c a ttle  se ru m  sam ples, ag ar gel 
diffusion te s ts  gave p ositive  re su lts  in  33.4% . V irus n e u tra liz a tio n  te s t  w as done only w ith  
the  bovine adenov irus ty p e  2. No differences could be  d e tec ted  in  a n tib o d y  titre s  w hen th e  
p ro to ty p e  s tra in  (No. 19) an d  th e  s tra in  iso lated  fro m  sheep (O R T/111) were com pared  in 
parallel titra tio n s . B o th  ru m in a n t species were found  to  be in fec ted  w ith  bovine ad en o v iru s 
type  2. N evertheless, in a p p a re n t in fection  w ith th ese  s tra in s  seem ed to  be less f re q u e n t 
am ong ca ttle  th a n  in  sheep flocks.

P n eu m o en te ritis  in lam b s caused b y  adenov iruses has freq u en tly  been  
observed in  H u n g a ry  [1]. O vine adenovirus ty p e  1 and adenovirus s tra in s  
closely re la ted  to  b o v in e  adenov irus ty p e  2 w ere iso la ted  during  th e  o u t
breaks [2-4]. O vine aden o v iru s  typ es 4 and  5 also were d em o n stra ted  in  th e  
nasal d ischarge of lam bs show ing m ild re sp ira to ry  sy m ptom s [5, 6]. No re p o rts  
are availab le  on th e  iso la tio n  of bovine aden o v iru s  ty p e  2 from  c a ttle  in 
H u n g ary , a lth o u g h  closely re la ted  or iden tica l v iruses have often  been iso la ted  
from -sheep [7].

One of th e se  iso la tes (H et/3  s tra in  of b o v in e  adenov irus ty p e  2 of sheep  
origin) proved  p a th o g e n ic  fo r b o th  lam bs an d  calves in ex p erim en ta l in fec tion  
[8- 11].

A serological su rv ey  w as perform ed in  o rd er to  c la rify  th e  occurrence 
of bovine adenov irus ty p e  2 an tibod ies in th e  tw o  ru m in a n t species on som e 
large-scale farm s in  H u n g a ry . In  add ition , th e  sheep sera  w ere te s ted  w ith  
all know n ty p es  o f ovine adenov irus.

M aterials and m ethods

Sera. A to ta l  of 793 sam ples o f sheep sera fro m  2 -6 -year-o ld  b reed ers were rece ived  
from  50 large-scale fa rm s and 850 c a tt le  sera were co llected  from  v a rio u s age groups on 30 
farm s.

V irus strains. O vine ad en o v iru s reference s tra in s  P X  515 (ty p e  2), P X  611 (ty p e  3), 
7769 (ty p e  4) and  S A V  ( ty p e  5) w ere k in d ly  supplied b y  D r. J .  B. M c F e r r a n , B elfast, N o rth
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I re la n d . The ty p e  1 s tra in  u sed  (GY/14) was a loca l iso late . The sheep sera  were te s te d  w ith  
a n  ov ine  iso late (O R T /11I) o f b o v ine  adenov irus ty p e  2. C attle  sera w ere te s te d  w ith  O R T/111 
a n d  w ith  th e  reference s tra in  No. 19 of b o v in e  adenovirus ty p e  2 (received fro m  Dr. 
A. B a r t h a , B udapest).

Serological techniques. U n d ilu te d  sera w ere screened  f irs t in  double  gel-d iffusion  te s t  
a g a in s t th e  com m on soluble ad en o v iru s an tig en . P u rif ied  B acto  ag ar (D ifco, D e tro it, M ichi
g an ), 1 .5%  in  0.15 M  NaCl w ith  0 .03%  m e rth io la te  an d  m ethy l o range  (R ean a l, B u d ap es t)  
w as u sed . The an tig en  w as p re p a re d  b y  co n ce n tra tio n  w ith  22.8%  w /v  am m onium  su lp h a te  
(R e a n a l, B u d ap est) of calf k id n ey  tissue  cu ltu res  in fec ted  w ith  bovine  adenovirus ty p e  3. 
C u ltu re s  were frozen a n d  th a w e d  th re e  tim es.

Virus neutralization tests w ere done w ith  200 sheep sera an d  200 c a tt le  sera, po sitiv e  
in  th e  gel-diffusion te s t  (10 each  from  20 farm s). S e ru m  sam ples w ere te s te d  in  1 : 5 d ilu tio n  
w ith  100 T C ID 50 of th e  v iruses. T w en ty  sam ples re a c tin g  w ith  th e  s tra in s  used in  th e  s tu d y  
w ere selected and  th e ir  f in a l t i t r e  w as de te rm in ed .

R esults

Gel-diffusion te s ts  rev ea led  th a t  n o n e  of th e  sheep  sera su b m itte d  
fro m  7 farm s gave a po sitiv e  reac tio n . T hese were o m itte d  from  fu r th e r  
ca lcu la tio n s. O f 681 sam ples collected fro m  in fec ted  fa rm s 502 (73.7% ) gave 
a p ositive  te s t. O nly  284 c a ttle  sera  (33 .4% ) were po sitiv e  in th e  gel-d if
fusion  te s t.

The frequency  o f n eu tra liz in g  an tib o d ie s  against th e  d ifferen t ad e n o 
v iru s  sero types in  sheep sera  and  o f th o se  against th e  bov ine  adenov irus 
ty p e  2 in c a ttle  sera  is sum m arized  in  T ab le  I. Sheep sera  were fo u n d  to  
c o n ta in  an tibod ies a g a in s t ty p es  2 a n d  3, w hich h ad  n o t  been iso la ted  in 
H u n g a ry . The geom etric  m ean  ti tre s  w ere  1 : 12, 1 : 13 an d  1 : 14 fo r  th e  
s tra in s  7769, GY/14 an d  O R T/111, re sp ec tiv e ly . R esu lts  lis ted  in  T ab le  I 
in d ic a te  th a t  sheep of in fec ted  farm s possess an tibodies ag a in st tw o or th ree  
d iffe ren t adenov irus sero ty p es.

T able  I

Frequency o f neutralizing antibodies against adenovirus serotypes in  sheep and cattle sera

O vine a d e n o v iru s  sero types B ovine a d en o v iru s

OA 1 OA 2 OA  3 OA 4 OA  5
ty p e  2

P er cen t of positive sera of 
those  reacting  in agar gel 
diffusion tes t

24.0 49.0 64.0 88.0 29.0 55.0 21,5*

P ositiv e  sera per cen t of the  
to ta l  num ber of sera 
tested**

17.9 36.3 47.0 64.9 21.4 40.0 6.9*

* C attle  sera  te s te d  in  1 : 5 w orking d ilu tio n .
** C alculated v a lu es to  show th e  rea l freq u en cy  of in fec tion . M a th em atica l calcu

la tio n s  ind icate  t h a t  these  v a lues are  u n d e re s tim a ted  due to  th e  low  sen sitiv ity  o f th e  agar 
gel d iffusion te s t.  T he a c tu a l p e r cen t of p o sitiv e  se ra  is less th a n  th e  upp er, b u t  h ig h er th a n  
th e  low er, n u m b er in  th e  T ab le . See te x t  fo r fu r th e r  details.
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C attle  sera  w ere te s ted  w ith  b o v in e  adenov irus ty p e  2 in  th e  n e u tra l i
z a tio n  te s t , an d  21 .5%  of th e  sam ples w ere found  positive. A n tib o d y  ti t ra t io n s  
w ere done in  p ara lle l w ith  th e  re fe rence  s tra in  (No. 19) an d  w ith  th e  local 
ovine iso la te  (O RT/111), b u t no s ig n ifican t difference could be  detected .

R esu lts  o f th e  v irus n e u tra liz a tio n  te s t  and of agar-gel p rec ip ita tio n  
w ere com pared  on a m a th e m a tic a l basis . R esu lts  are p lo tte d  in  Fig. 1. T h e  
p e rcen tag e  o f po lynega tive  sera  is show n on th e  o rd in a te . T he ca lcu la tion  
w as done on basis of th e  v irus n e u tra liz a tio n  te s ts . The n u m b e r  of ran d o m ly  
se lec ted  v iru s sero types consecu tive ly  te s te d  is shown on th e  abscissa. T h e  
expression

(100 P J  X (100 p 2) X ............ X (100 -  P„— X (100 -  P„)
100n -1

gives in  p er cen t th e  h ighest possib le  n u m b e r of th e  sera  n eg a tiv e  ag a in s t 
all v iru s ty p es  ( n )  te s ted , if  th e  p e rcen tag e  of positive sera  ( P x; P 2 etc.) w as 
ap p lied  in increasing  order ( Р г P 2 . . . e tc .). T he reversed  o rd e r ( P x, P 2 . . . P n) 
w ill give th e  low est percen tage  o f p o ly n eg a tiv e  sera (N n) ca lcu la ted  on th e  
basis  o f th e  d a ta  listed  in T ab le  I .  T he ex trem es are rep re sen ted  by  open 
circles in  Fig. 1.

I t  was a n tic ip a te d  th a t  th e  p e rcen tag e  of po lynegative  sera  ca lcu la ted  
(N n) equalled  th e  p ercen tage  of se ra  p ro v in g  n egative  in th e  a g a r gel p re c ip it
a tio n  te s t  (arrow  in Fig. 1), p ro v id ed  th e  sen s itiv ity  of th e  tw o  te s ts  was th e

No. of types tested

Fig. 1. C alculated  pe r cen t of p o ly negative  sheep sera , if  d ifferen t n u m b ers  o f adenovirus 
se ro ty p es are consecu tively  tes ted  in th e  v iru s  n eu tra liza tio n  tes t. O rd in a te : pe r cent of 
n eg ativ e  sera. A bscissa: nu m b er of sero types invo lved . O pen circles: m ax im u m  an d  m inim um  
v a lu es calcu la ted  on  th e  basis o f the  d a ta  g iven  in  T ab le  I. Closed circles: a rith m e tic a l m ean  
of th e  percen tages g iven  in  Table I were u sed  fo r calcu la tion . Shadow ed a rea : ran g e  of v a r i
a tio n  on  th e  basis o f th e  d a ta  given in  T ab le  I. A rrow  in d ica tes per cen t o f sera  un reac tiv e  
in  a g a r gel d iffusion te s t  using th e  com m on soluble a n tig en  (i.e. 26.3%  o f sheep sera te s te d  

w ith  sero types in  th e  v iru s  n eu tra liza tio n  test)
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sam e. The resu lts  in d ic a te  th a t  th is  w as n o t  th e  case. Sheep sera were te s te d  
w ith  6 d ifferen t se ro ty p e s  and th e  ca lcu la ted  m ean  v a lu e  of po lynega tive  
sera  (full circles in F ig . 1) was abou t 5 .7 % . In  c o n tra s t, n egative  sheep sera 
am o u n ted  to  26 .3%  in th e  agar gel p re c ip ita tio n  te s t . T his value is show n 
b y  th e  arrow  in F ig . 1.

D iscussion

A denovirus in fec tio n s  are know n  to  p lay  an  im p o r ta n t aetiological 
role in re sp ira to ry  an d  enteric diseases o f lam bs. Specific p neum oen teritis  
was often seen cau sin g  severe losses [1, 2, 4]. U nlike in  h igh ly  in d u stria lized  
farm s we have o b serv ed  only mild clinical disease in  lam bs reared  u n d er 
tra d itio n a l co n d itions [7].

The serological su rv e y  repo rted  rev ea led  th a t  even  seronegative flocks 
could be found  w hen  so lely  the  agar gel p rec ip ita tio n  te s t  was used. N ev er
the less, these  re su lts  sh o u ld  he considered carefully . L ack  of an tibod ies d e te c t
ab le b y  th e  ag ar gel p rec ip ita tio n  te s t  m a y  resu lt from  th e  tim e d ep en d en t 
decrease of th e  a n tib o d y  level aga in st th e  com m on so luble  an tigen . An a n t i 
body  level still d e te c ta b le  by the  ag a r gel p rec ip ita tio n  te s t in th e  sera  of 
ad u lts  m ay  be a t t r ib u te d  to  the  b o o ste r effect of th e  hexon an tigen  due  to  
re infection  w ith  e ith e r  sero type. T he re su lts  of th e  v iru s  n eu tra liza tio n  te s t 
seem  to  confirm  th is  hypo thesis since i t  revealed  th a t ,  on th e  average, th e  
sera  of ad u lts  c o n ta in e d  antibodies a g a in s t tw o or th re e  sero types.

The resu lts  p lo tte d  in Fig. 1 allow  a com parison  of th e  d a ta  o b ta in ed  
in th e  case of c a tt le  se ra  using th e  tw o  serological te ch n iq u es: 66 .6%  o f th e  
c a ttle  sera  w ere n e g a tiv e  in the  ag a r gel p re c ip ita tio n  te s t, and 2 1 .5%  of 
th e  positive ones re a c te d  w ith bovine adenov irus ty p e  2 in th e  v iru s n e u t
ra liza tio n  te s t. T his is only 6.9%  o f th e  to ta l n u m b er of sera exam ined . The 
presence in H u n g a ria n  ca ttle  herds of bovine ad en o v iru s  ty p e  2 has been 
p roven  b y  th ese  re su lts . A com parison  of th e  p o s itiv ity  of th e  ag ar gel 
p rec ip ita tio n  le s t w ith  those of sheep sera  in Fig. 1 suggests th e  presence 
of o th e r bovine a d en o v iru s  sero types.

D uring  th e  p re p a ra tio n  of th is  m an u sc rip t, b o v in e  adenovirus ty p e  2 
w as iso la ted  from  calves (L. C s o n t o s , personal com m unication). T he sheep 
iso lates of th is  s e ro ty p e  are p a th o g en ic  for b o th  ru m in a n t species [8 -11]. 
W h e th e r th e  v iru s n e u tra liz a tio n  t i tre s  w ere th e  sam e if  te s ted  w ith  d ifferen t 
s tra in (s) of sheep a n d /o r  cattle , rem a in s  to  be d e te rm in ed .

In  o th e r c o u n trie s , isolation o f sheep  adenov iruses w as successful from  
lam bs w ith  re s p ira to ry  sym ptom s, an d  also from  a p p a re n tly  h ea lth y  an im als 
[5, 6, 12]. T he s tra in s  were iso lated  o n ly  from  faeces w hereas our local iso lates 
(i.e. ovine a d en o v iru s  typ es 1, 4 an d  5) were h eav ily  shed  w ith  b o th  faeces 
an d  nasa l d ischarge  d u ring  th e  acu te  phase  of th e  disease.
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Serological s tu d ies  revealed t h a t  large-scale farm s are in fec ted  even 
w ith  ovine se ro ty p es (i.e. types 2 a n d  3) w hich h ad  never been  iso la ted  in 
H u n g a ry . The conclusion m ay be d ra w n  th a t  s im ilarly  as th e  bov ine  ad en o 
v iru ses  [13], ovine adenoviruses f re q u e n tly  cause in a p p a re n t in fections. 
In c rea sed  im p o rt an d  local tra n s fe r  fo r b reed ing  purposes h av e  p ro b ab ly  
c o n tr ib u te d  to  th e  w ide d is trib u tio n  o f various ovine adenov irus se ro types. 
S evera l s tra in s  of th e se  ty p es were p ro v en  to  be pathogen ic . T herefo re, th e  
need  fo r new  epidem iological m easu res and  th e  necessity  of v acc in a tio n  
h av e  to  be ta k e n  in to  consideration  w hen  h igh ly  in d u stria lized  sheep farm s 
are  o p era ted .
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UNIQUE FEATURES OF HEAT-STABLE ENTEROTOXIN OF 
SHIGELLA FLEXNERI*

I. K e t y i , A d e l e  V e r t é n y i , I l o n a  M á l o v i c s , T. K o n t r o i i r  a n d  S. P á c s a  

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

( R e c e iv e d  N o v e m b e r  23, 1977)

Sephadex  G-100 fractions of u ltra so n ic  ly sa te  of Shigella fle x n er i  w ere com pared  to  
th e  frac tio n s of Escherichia coli ly sa tes of E n t “ , LT  + S T +, LT  + , and  ST + s tra in s . The range  
of m olecu lar w e igh t o f S. fle x n eri  ST frac tio n s  w as th e  sam e as th a t  of E . coli LT  frac tions. 
R ap id  P F  a c t iv ity  w as associated  w ith  th e  ST p eak  in  th e  case of S. f le x n e r i , and  follow ed 
th e  LT a c tiv ity  in  th e  E . coli (LT + ST + ) frac tio n s , an d  app eared  in  th e  sam e m olecu lar w eight 
range  in  th e  case o f E n t “ E . coli ly sa te . Cross n e u tra liz a tio n  could be d e m o n s tra ted  betw een 
S. f le x n e r i  ST an d  E . coli LT. A ntigen ic  re la tio n sh ip  be tw een  shigella ST an d  choleragen 
seem ed to  be less expressed  and  ra th e r  u n ila te ra l.

In  a p rev ious p ap er [1] we described  th a t  in th e  f iltra te s  an d  u ltraso n ic  
ly sa tes  of all b u t  few Shigella fle x n e r i  3a an d  4b s tra in s  and  also in  ty p e  2a 
s tra in  M 42-43 of O ’B r i e n  et al. know n  as a Shiga-like tox in  p ro d u cer, a rap id  
p e rm eab ility  fa c to r  (P F ) and  a h e a t-s ta b le  (ST) en te ro to x in  w ere p resen t. 
T hese ac tiv ities  appeared  in th e  sam e S ep h ad ex  G-100 frac tio n s. LT specific 
a c tiv ity  was observed  n e ith e r in  c rude  m a te ria ls  nor in  S ephadex  frac tio n s . The 
ap p earan ce  of sh igella  ST in th e  ea rly  S ep h ad ex  frac tions revealed  an u n 
u su a lly  high m o lecu lar w eight o f th e  to x in . This fac t has m ade us to  co n d u c t 
fu r th e r  co m p ara tiv e  stud ies on th e  a n tig e n ic ity  of th e  ST of S. flexn er i.

M aterials and  m ethods

S tra ins  u sed  are  listed  in  T able  I.
E nterotoxin production. B acteria  w ere c u ltiv a ted  in  a m odified S ak azak i m edium , 

as described p rev io u sly  [1]. U ltrason ic  ly sa te s  w ere p rep ared  from  fresh  cu ltu res  killed  by  
in erth io la te . A fte r d ialysis against ta p  w a te r  for 2 days an d  against d istilled  w a te r for 2-3  
days an d  m em b ran e  f i ltra tio n , th e  ly sa tes  w ere freeze-d ried , d is tr ib u ted  in ph ia ls , d ried  over 
P 2O r„ filled w ith  N , gas and sto red  a t  —20 °C. C holeragen (L o t No. 0972) w as p rep ared  by 
D r. R. A. F i n k e l s t e i n .

Sephadex G-100 fractions  were p re p are d  as described prev iously  [1].
Enterotoxic activity  was assayed in  th e  case o f LT b y  th e  classical (“ d e lay ed ” ) blueing- 

te s t  in  w hite  ra b b its , and  in CHO and  Y -l cell cu ltu res  as described earlier [1]. ST a c tiv ity  
w as assayed in  3 -day-old  suckling m ice in o cu la ted  ora lly  [1, 2]. The ra p id  P F  discovered 
b y  S a n d e f u r  an d  P e t e r s o n  [3] was in v es tig a te d  accord ing  to  th e ir  o rig ina l descrip tion  
in  w h ite  rab b its .

A ntisera  a g a in s t S. fle x n eri  ST (s tra in  No. 140, ty p e  3a), E . coli LT an d  ST (stra in  
B 7A ), as well as ag a in s t rap id  P F  (s tra in  No. 23473, E n t “ ) were p roduced  b y  im m unizing

* S u p ported  by  th e  Scientific  R esearch  Council, H u n g arian  M in istry  of H ealth  
(3 -1 0 -0 3 0 5 -0 3 -1 /K ).
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ra b b its  accord ing  to C a l l a h a n  et al. [4]. S ephadex  G-100 frac tio n s  con ta in ing  th e  h ig h est 
a c tiv ity  w ere m ixed w ith  F re u n d  a d ju v a n t (D ifco) (1 : 1) an d  ra b b its  w eighing 2 .5 -3 .5  kg 
were in o cu la ted  4 tim es w ith  0.5 ml and th e re a f te r  w ith  1 m l of th e  m ix tu re  su b c u tan e o 
usly in to  th e  ax illary  o r ing u in a l region a t  w eekly  in te rv a ls . One week a fte r th e  la s t in jec 
tion , th e  an im als were b led , sera  were collected , sterilized  by  f i ltra tio n  and sto red  a t  —20 °C 
w ith o u t chem ical conserva tion .

The cholera a n titox in  u sed  was a Swiss Serum  p re p a ra tio n  (ЕС 3/A-2/67-B).
N eutralization tests. N e u tra liza tio n  of shigella ST w as perfo rm ed  in  suckling  m ice. 

A dose o f 3 m g freeze-dried  co n cen tra ted  crude  S .fle x n e r i  m a te ria l was used. I t  caused sligh t 
in te s tin a l d ila ta tio n  (bow el/body  m ean index , 0.081). A 0.05 m l volum e of 3 mg crude en tero- 
to x in  w as m ixed w ith  0.05 m l of serum  d ilu tio n  in cu b a ted  a t  37 °C for 30 m in  and  a t  
4 °C fo r one h r. W ith  each  m ix tu re , four an im als  were in o cu la ted . A fter 3 h r, bo d y  w eigh t 
and bow el w eigh t of th e  suckling  mice w ere m easured . F o r ev a lu a tio n , th e  la s t  n egative  
(below in d ex  0.070) an d  th e  f irs t  positive d ilu tio n  of a given serum  were used. T he n e u tra l
izing dose of a serum  w as d e te rm in ed  by  g rap h ica l p lo ttin g , co rresponding  to  th e  m ean  contro l 
value (0.081). I t  was expressed  in abso lu te  q u a n ti ty .

N e u tra liza tio n  of LT  an d  choleragen a c t iv ity  were p e rfo rm ed  in  CHO cells, e s tim a tin g  
th e  h ig h es t serum  d ilu tio n  still in h ib itin g  th e  cy to to n ic  effec t (elongation  of cells) of 2 -4  
tissue cu ltu re  cy to to n ic  doses (TCCD).

Table I

L ist o f  strains

D esig n atio n Species and  an tig en ic  s tru c tu re
E n te ro to x i-

gen icity Origin

140 S .fle x n e r i  type  3a ST + G. V .  L á s z l ó

23473 E . coli O78:K80:NM E n f E .  C z i b o k

"B 7 A ” E . coli 0148:K 87:H 21 L T +ST + S. B. F o r m a l

B arnum  2176E8 E . coli 0 1 38:K81 ST + B. N a g y

Moon No. 263 E . coli 08 :K 8 7  K 88a, b :II1 9 L T + B. N a g y

R esults

1. Sephadex G-100 fractions o f  S . flexn er i and E . coli. U ltrason ic  ly sa tes 
w ere p rep ared  from  all s tra in s . A fter d ialysis th e y  w ere co n cen tra ted  b y  freeze
d ry ing . T he d ry  m a te r ia l was dissolved a t  200 m g a liquo ts in  0.005 м T ris-H C l 
(0.001 M  ED TA ) b u ffe r pH  7.6, an d  fra c tio n a ted  on th e  sam e S ephadex  G-100 
colum n. F rac tio n s of 5 ml each w ere collected an d  sto red  a t 20 °C. In  cases 
of S. fle xn er i  3a N o. 140, E n t -  (0 7 8  : K80 : NM, No. 23473) E . coli and  
L T + S T +  (0148 : K 87 : H21, No. B7A) E. coli th e  frac tions were te s te d  firs t 
for ra p id  P F  a c tiv ity , th e re a fte r  selected  frac tions were te s ted  in suckling  
m ice, and  all th e  frac tio n s  were in v es tig a ted  in th e  classical (“ d e lay ed ” ) P F  
te s t  as well as in CH O  cells. Sam ples p rep ared  from  LT+ s tra in  No. 263, 
and  ST one No. 2176E 8 were te s te d  for LT a c tiv ity  only in CHO cells and  
selected  frac tions fo r ST in suckling  m ice. R esults are  sum m arized  in T ab le  I I  
and  illu s tra ted  in F ig . 1.
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F E A T U R E S  O F  S H I G E L L A  E N T E R O T O X I N 2 2 1

Table I I  an d  Fig. 1 c learly  ind ica te  th a t  th e  m olecu lar size of th e  
s tu d ied  S. flexn er i ST was in  th e  order of m ag n itu d e  of 100 000. I ts  m olecular 
w eight was in th e  range ch a rac teriz in g  E. coli LT p roduced  e ith e r  b y  L T +ST  + 
or by  only L T + s tra in s , w hile th e  ST of E . coli o rig ina ted  e ith e r  from  L T +ST  + 
or only ST + s tra in s , bo th  of a low m olecular size.

In  respect o f m olecular size, th e  position  o f ra p id  P F  seem s to  be sim ilar 
as th a t  of th e  LT. On th e  o th e r han d , it  is associated  w ith  th e  ST a c tiv ity  
o f S. flexn er i and  th e  LT a c tiv ity  of E . coli. I ts  ap p earan ce  in  th e  E n t -  E. 
coli s tra in  No. 23473 was u n expec ted .

The large m olecular size of S. flexneri to x in , to g e th e r w ith  th e  chem ical an d  
biological p ro p ertie s  of ST (non dialysable , re s is ta n t to  100 °C for 30 m in 
and  to  pH  1.0 for 90 m in, positive  in th e  suck ling  mice m odel and  negative  
in  LT specific te s ts) in d ica ted  th e  p ro b ab ility  o f an  an tig en ic  ch a rac ter and  
th e  possib ility  of a serological re la tionsh ip  to  th e  LT o f E . coli.

2. A ntigen ic ity  and antigenic relationship o f  S . f le x n e r i S T . R ab b its  
were im m unized  w ith  ac tive  Sephadex  frac tio n s  co n ta in in g  S. flexn eri ST, 
E . coli LT, ST (B7A), and  ra p id  P F  (23473). T he only sy stem  th a t  could he

Fractions, ml

Fig. 1. C om parison of m olecular w eigh t ranges and  biological a c tiv itie s  of Sephadex G-100 
frac tio n s of S. f le x n e r i  3a, E n t L T  + ST + , L T + an d  S T + E . coli. O pen area  =  ST a c tiv ity : 
bow el/body w eigh t indexes m easu red  in  suckling m ice; S haded  area  =  LT a c tiv ity  m easured  
in  CHO cells, t i t r e  of cy to ton ic  (e longation) a c tiv ity ; Closed a rea  =  ra p id  P F  effect in  m m 2 
of b lueing area  on ra b b it  skin. 1 =  S. fle x n er i  3a, 2 =  E n t “ E . coli No. 23473 (078  : K 80 : 
: NM). 3 = LT+ST+ E. coli “ B 7A ” (0148  : K87 : H 21), 4 = LT+ E . coli No. 263 (0 8  : K 87, 
K 88a, b  : H 19), 5 =  ST + E . coli No. 2176E8 (0 1 3 8  : K 81). F ra c tio n s  o f 50, 5 ml a liquo ts 
were collected, a c tiv ity  ranges are designated  in  vo lum e. Scale “ A ”  =  bow el/body w eigh t 
indices over 0.070. Scale “ B ”  =  reciprocal values o f cy to to n ic  t i t r e s  h igher th a n  1 : 4 in  

CHO cells. Scale “ C”  =  blueing areas in  m m 2 above 20 m m 2
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T able  II

Enterotoxigenicity o f  Sephadex G-100 fractions prepared fro m  the ultrasonic

F rac tio n s
(ml)

S .  f le x n e r i  3a 140 É n t "  E .  coli 23473 (0 7 8  : K 80  : N M )

rap id  P F  
(m m 2 area)

d e lay ed  P F  
(m m 2 area)

CH O
cells

( ti tre )

suckling
m ice

(bow el/body)

rap id  P F  
(m m 2 area)

d e la y e d  P F  
(m m 2 area)

CHO
cells

( ti tre )

suckling
m ice

(bow el/body)

0 -  4 5 __1 __1 # 3

4 5 -  5 0 — — — 1 5 3 — —

5 0 -  5 5 5 0 — — 2 0 1 — — —

5 5 -  6 0 5 0 — — 7 8 — —

6 0 -  6 5 1 5 3 — — 0 . 0 8 8 7 8 — — —

6 5 -  7 0 1 5 3 — — 0 . 0 8 8 — — — —

7 0 -  7 5 2 8 — — — — — —

7 5 -  8 0 2 8 — — — — —

8 0 - 1 1 0 — — — — — —

1 1 0 - 1 2 5 — — — — — —

1 2 5 - 1 3 0 — — — — — —

1 3 0 - 1 3 5 — — — — — —

1 3 5 - 1 4 0 — — — — — —

1 4 0 - 1 4 5 — — — — — —

145-150 — — — — — —

150-155 — — — — — —

155-160 — — — — — —

160-165 — — — — — —

165-170 — — — — — —

170-175 — — — — — — —

175-180 — — — — — —

180-185 — — — — — —

185-190 — — — — — —

190-250 — — — — — —

1 blueing a rea  u n d e r  20 m m 2, 2 u n d e r  1 : 10, 3 no t tes ted .

used  for n eu tra liz a tio n  ex p erim en ts  of S. flexn eri ST, w as th e  suck ling  mice 
m odel. R esu lts o f th e se  ex p erim en ts  are  sum m arized  in  T ab le  I I I .

T he d a ta  p resen ted  in  T ab le  I I I  clearly  show th e  n eu tra liz in g  effect 
o f hom ologous serum , p ro v in g  th e  an tig en ic ity  of th e  shigella ST. F u r th e r 
m ore , a s trong  cross n e u tra liz a tio n  w as given b y  th e  E . coli an ti-L T  serum . 
Sera  ag a in st ST, or ra p id  P F  of E . coli, were lacking n eu tra liz in g  cap ac ity . 
T h e  fac t th a t  a high dose of cho lera  a n tito x in  was needed  for n eu tra liz in g  
th e  effect of shigella e n te ro to x in , w as ind ica tive  of a w eak an tigen ic  re 
la tio n sh ip .

T he cross n eu tra liz in g  c a p ac ity  of shigella an ti-S T  serum  was s tu d ied  
on CHO cells. As e n te ro to x in s  th e  m ost active frac tions of B7A LT an d  263 
L T , as well as choleragen w ere te s te d . Before th e  n e u tra liza tio n  te s t ,  th e  
to x in s  w ere t i t r a te d  and  th e  la s t d ilu tio n  still hav ing  a cy to to n ic  effect (elong
a tio n  of a t  least 60%  of th e  cells) w as de term ined  (TCCD). Such a t i t r a t io n  
w as m ade as a contro l p a ra lle l w ith  every  n eu tra liza tio n  ex p erim en t. T he resu lts
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lysates o f  S . f le x n er i and  control strains o f  E . coli

LT+ST+ E .  c o l i B7A (0148 : K87 : H21) LT+ E .  c o l i 263 ST+ E c o li 2178E8

rapid PF delayed PF CHO cells suckling mice CHO cells suckling mice CHO cells suckling mice
(mm2 area) (mm2 area) (titre) (bowel/body) (titre) (bowel/body) (titre) (bowel/body)

—

50 40

—
-

— .

50 50 320 — — —

39 200 640 — 10 — —

— 28 160 — 80 — — —

- -
8

-
80

-

- - -
0.097

- - -

— — — 0.100 — — — —

— — — 0.120 — — — 0.072
— — — 0.140 — — — 0.086
— — — 0.120 — — — 0.085
— — — 0.120 — — — 0.100
— — 0.100 — — — 0.125
— — — — — — — 0.131
— — — — — — — 0.112
— — — — — — — 0.120
— — — — — — — 0.093
— — — — — — — 0.086
— — — — — — — —

of rep ea ted  n e u tra liz a tio n  ex p e rim en ts  oil CHO cells are  sum m arized  in  
T able  IV .

T he d a ta  in  T ab le  IV show  a good agreem ent w ith  th e  n eu tra liza tio n  
ex perim en ts m ade in  suckling m ice. T h e  cy to ton ic  effect of hea t-lab ile  E . coli 
to x in s  o f B7Á and  263 origin w as e ffec tively  n eu tra lized  n o t only b y  E . coli 
an ti-L T  (B7A) se ru m , b u t also b y  S . flexn eri an ti-S T  serum . T he cholera 
a n tito x in  had  a w eak  neu tra liz ing  effect on E . coli LT  desp ite  its  s trong  
n eu tra liz in g  a c tiv ity  ag a in st hom ologous to x in . No n e u tra liz a tio n  w as observed 
b y  th e  serum  p rep a red  against E . coli ra p id  P F . E v a lu a tio n  of th e  n e u tra l
izing a c tiv ity  of a n ti-E . coZi-LT, o r o f an ti-sh igella-S T  sera, to  choleragen 
was h am p ered  by  th e  fac t th a t  a t  low er d ilu tions th e  sera  show ed a cy to tox ic  
effect an d  a t h igher dilu tions no n e u tra liz a tio n  w as observed. I f  these  sera 
h ad  a n y  n e u tra liz a tio n  capacity , i t  w as w eak an d  insign ifican t.

T he n e u tra liz a tio n  experim en ts p roved  th e  an tig en ic ity  of S . flexn er i 
ST (ty p e  3a, No. 140), its  strong re la tio n sh ip  to  th e  hea t-lab ile  E . coli en tero- 
to x in , as well as a w eak  antigenic re la tio n  to  th e  choleragen.
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Table III

N eutra liza tion  experim ents in  suckling mice test 
S .fle x n e r i  3 N o. 140 c o n cen tra ted  m a te ria l (ST) in  one dose of 3 mg

S era
D ilu tion
(reciprocal)

B o w el/b o d y  w eight 
in d ex

A bso lu te  se ru m  q u a n ti ty  
(m l) reach in g  co n tro l 

v a lu es  (L  + dose)

S .flexn eri  3 
No. 140 
anti-ST

2
4
8

16

0.048
0.067
0.074
0.085

0.004

2 0.063
E. coli 4 0.065
B7A 8 0.064 0.002
anti-LT 16 0.068

32 0.091

E. coli B7A 
anti-ST

2
4

0.090
0.085 > 0 .0 2 5

E. coli 23473 2 0.082 > 0 .0 2 5A nti-rap id  P F 4 0.084

Cholera
antitoxin*

2
4
8

0.062
0.087
0.090

0.013 
(4.95 IU )

Control:

S .fle x n e r i  3 No. 140 
3 mg of cone, m ateria l; 

m ean in d ex  value
0.081

* Swiss Serum  — 375 IU /m l “ f ”  so lu tion .

Table IV

N eutra liza tion  experiments in  Chinese Ham ster Ovary (C H O ) cells 
(a g a in s t E. coli LT  frac tio n s  and  choleragen)

R ecip ro ca ls  o f  m in im u m  n eu tra liz in g  serum  t i t re s  ag a in st

Sera B7A —L T 1 263 L T 2 choleragen3

4 TCCD 1 TCCD 4 TCCD 1 TCCD 8 TCCD 2 TCCD

Anti-Shigella-ST < 3 2 128 i6 < 1 6 < 4

A nti-coli-LT < 3 2 > 5 1 2 i6 < 4 < 3 2

A nti-co li-rap id  P F < 8 < 8 < 8

C holera an titox in <0.55** 1.13 < 0 .0 3 4

1 and 2 The m o s t ac tiv e  Sephadex  G-100 frac tio n s of E . coli s tra in s  B7A and  263. 
3 cho leragen  L ot No. 0972 p repared  b y  D r. R . A. F i n k e l s t e i n . TCCD m eans th e  d ilu tio n  
o f en te ro to x in  causing  cy to to n ic  effect (T issue C ulture C yto ton ic  Dose) in  CHO cells, values 
o v er T C D f>0. The ex p ress io n  e.g. 4 TCCD m eans 4 tim es th e  dose read  in  paralle l. Cholera 
a n ti to x in  (Swiss S eru m , d ilu tio n  “ f ”  o f 375 IU /m l) values are expressed  in  IU .
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D iscussion

I t  is n o t an  easy  ta sk  to  in te rp re t  th e  un iq u e  fea tu res of S . f le x n e r i  
en te ro to x in . I ts  h igh  m olecular w e ig h t is in  c o n tra s t  to  its  h e a t-s ta b le  
ch a rac te r, Avhile its  an tig en ic ity  and  close serological re la tio n  to  E . coli h ea t-  
labile en te ro to x in  ra ise  some problem s.

On th e  o th e r h a n d , en tero to x in s  o f E . coli d isp lay  wide v a ria tio n s  in  
m olecular w eigh t, h e a t s tab ility  and  d iffu s ib ility . T he h e a t labile to x in  m a y  
range in m olecular w eig h t from  20 000 [5], 35 000 [6] to  over 100 000 [6, 7]. 
S im ilarly , th e  ST v a rie s  g reatly , its  m ean  m olecu lar w eigh t being 6000, b u t  
active frag m en ts  m ay  be  under t h a t  v a lu e  [8]. T he h igh  m olecular w eig h t 
of ST was a t tr ib u te d  b y  J a c k s  et al. [9] to  com plex  fo rm atio n  w ith  lip o p o ly 
saccharide. F u r th e r  in fo rm a tio n  su p p o rtin g  th e  v a r ia b ility  of th e  m o lecu la r 
w eight of ST is p ro v id ed  b y  dialysis b u t  som e d a ta  d is tin g u ish  d ialysab le  [10, 
11] and non-d ia ly sab le  [9, 12] h e a t-s ta b le  en te ro to x in s . Crude tox ins differ 
also in  se n s itiv ity  to  h e a t  [12, 13]. T h e  lack  of im m unogen ic ity  is a g enera l 
fea tu re  of n o n -p u rified  ST [14, 15]. T h u s , th e  ch a rac te ris tic  b io logical 
a c tiv ity  seem s to  be a dependable q u a li ty  in  d iffe ren tia tin g  betw een  LT  
and  ST.

The S. flexn er i en te ro to x in  s tu d ied  in  our ex p erim en ts  showed beside  
its  heat an d  acid s ta b il i ty  all b io log ical ch a rac te rs  o f h eat-stab le  e n te ro 
tox ins: p roducing  d ila ta tio n  after 3 h r  in  suck ling  m ice, and  an early  (4 h r) 
b u t no delayed  (18 hr) ra b b it  loop p o s it iv ity  [15]. F u rth e rm o re , it  is n eg a tiv e  
in th e  foo t oedem a te s t ,  classical (de layed ) b lueing  reac tio n  and cy to to n ic  
effect for Y -l and  CH O  cells.

A possible e x p la n a tio n  of th e  o b serv ed  h igh  m o lecu la r w eight m ay  be 
th a t a com plex  fo rm a tio n  occurs be tw een  e n te ro to x in  an d  lipopo lysaccharide 
[7], w hich m ay  cause h e a t s tab ility  an d  large m o lecu lar size. W ith o u t 
fu rth e r investig a tio n s u sin g  purified to x in , th e  p o ssib ility  can n o t be excluded . 
N evertheless, th e  v a lid ity  of the  h y p o th es is  is w eak as in add ition  to  h ea t-  
s tab ility , ST ex erts  bio logical ac tiv ity . F u rth e rm o re  an ti-se ru m  p rep ared  in  
rab b its  gave a very  low  t i t r e  (1 : 10) in p re c ip ita tio n  w ith  the  frac tio n a ted  
an tigen  and  th is  c o n tra d ic ts  a high O -an tig en  c o n ten t.

The re la tio n  of E . coli LT to  ST is a com plex  p rob lem . There are tw o  
tox ins w ith basically  id e n tic a l ac tiv ity  (flu id  accu m u la tio n ). In  case of LT-ST 
producing s tra in s  only  one plasm id is responsib le  for b o th  to x ins, w hich m a y  
involve th e  ac tion  of tw o  “ íoa”  genes or d iffe ren t chem ical en tities o rig in a te  
from  a single gene in fo rm a tio n  [16]. B o th  to x in s  are characterized  b y  m o l
ecular he te rogene ity . So th e  idea of th e  orig in  of ST d id  n o t change since 
1970 w hen S m i t h  and  G y l e s  supposed th a t  th e  ST m igh t he th e  active to x in  
and th e  LT w as a p ro te in  linked p recu rso r [14]. A ccording to  F i n k e l s t e i n  

et al. [6], a p ro teo ly tic  cleavage m ay ch iefly  he responsib le  for the  large-
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scale m olecular h e te ro g en e ity . As a w o rk in g  hypothesis, su ch  an  in te r 
m e d ia ry  position  o f S. fle xn er i  ST is a ccep tab le

T he d a ta  o b ta in e d  in  n e u tra liz a tio n  experim en ts are in  ag reem en t w ith  
th e  l i te ra tu re . T he cho leragen  and  th e  LT  o f E . coli show a ra th e r  u n ila te ra l 
an tig en ic  re la tio n sh ip  w hen te s ted  on th e  lig a ted  ra b b it loop [17]. S im ilar 
re su lts  w ere o b ta in e d  in  tissue cu ltu res  o f Y - l  an d  CHO [18, 19]. S um m ariz ing  
th e se  d a ta , we m ay  say  th a t  cholera a n tito x in  neu tralizes E . coli LT in  a 
som ew hat lesser degree th a n  i t  n eu tra lizes  th e  hom ologous choleragen , w hile 
an ti-co li-L T  has no or a v e ry  w eak n eu tra liz in g  effect on choleragen . O ur 
re su lts  show  th a t  th e  suckling  m ice m odel is also su itab le  fo r n e u tra liz a tio n  
ex p erim en ts.

No an tigen ic  re la tio n sh ip  b e tw een  th e  rap id  P F  of h igh m o lecu lar 
w eig h t and  en te ro to x in s  was found . S im ila rly , S a n d e f u r  an d  P e t e r s o n  [20] 
show ed th e  lack  o f n eu tra liz in g  c a p ac ity  o f  cho lera  a n tito x in  ag a in s t Salm onella  
ra p id  P F .

A lthough  th e  p a tho log ica l role o f E . coli ST has b een  p roven  [21], 
c la rifica tio n  of th e  ro le of S. fle x n e r i  ST in  th e  pathogenesis of b ac illa ry  
d y se n te ry  needs fu r th e r  stud ies. W a te ry  d ia rrh o ea  is a com m on sy m p to m  
o f bac illa ry  d y se n te ry . E x p e rim en ts  ca rried  o u t on m onkeys show ing a s im ila r 
c lin ical p a tte rn  rev ea led  th a t  in fec tion  of th e  coecum did  n o t re su lt in  th is  
“ je ju n a l re a c tio n ”  [22].

A fu r th e r  fa c to r  in  th e  to x ic  effect m a y  be a S. dysenteriae  1-like to x in . 
A cy to to x ic  e n te ro to x in  has been  fo u n d  b y  O ’B r i e n  et al. [23]. The possib le  
pa tho lo g ica l an d  im m unolog ical role o f th is  k ind  of en te ro to x in  w as show n 
b y  K e u s c h  an d  J a c e w i c z  [24] w ho d em o n stra ted  a n tito x in  titre s  a g a in s t 
“ S h ig a -to x in ”  in  th e  sera of p a tie n ts  convalescing  from  S. f le x n e r i  or S . sonnei 
in fec tions. As a lread y  m en tioned  [1], th is  ty p e  of to x in  w as n o t fo u n d  in  
m a te ria ls  p rep a red  from  th e  S. fle xn er i  s tra in s  used b y  us. On th e  o th e r h a n d , 
s tra in  M 42-43 o f O ’B r i e n  et al. [23] is a ST producer.

Acknowledgements. F resh ly  iso la ted  S. f le x n e r i  s tra ins were k in d ly  supplied  b y  D r. 
G. V. L á s z l ó  (N a tio n a l In s t i tu te  o f H ygiene, B u d a p es t) . The E n t“ E . coli No. 23473 s tra in  
o rig in a ted  from  e x tra in te s tin a l p a tho log ica l p rocesses and  was p ro v id ed  b y  Dr. E . C z i r ó k  
(P e s t C ounty  P u b lic  H e a lth  S ta tio n , B u d ap es t). T he L T +ST + “ B 7A ”  s tra in  was k in d ly  se n t 
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N O TE A D D E D  IN  P R O O F

The high  m olecular w eight n a tu re  o f S . fle xn eri  ST was fu r th e r  p roved  b y  A m icon 
u ltra f iltra tio n , show ing th e  ac tive  m ateria l in  97 .2%  in th e  XM  100 A re te n ta te .
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HIGH MOLECULAR WEIGHT RIBOSOMAL RIBONUCLEIC 
ACIDS FROM VEGETATIVE HYPHAE AND SPORES OF 

STREPTOMYCES GRISEUS

G a b r i e l l a  V a l u  a n d  G .  S z a b ó

In s titu te  o f  Biology , U niversity  M edical School, Debrecen 

(R eceived D ecem ber 7, 1977)

H igh m olecu lar w e ig h t ribosom al rib onucle ic  acids (rR N A s) w ere iso lated  from  y o u n g  
v eg e ta tiv e  cells a n d  spores o f a s trep to m y c in  non-p ro d u cin g  Streptom yces griseus, an d  th e ir  
e lec tro p h o re tic  m o b ility  w as com pared to  each  o th e r  an d  to  t h a t  o f rR N A s of E scherichia  
coli K -12. The e le c tro p h o re tic  m obility  of 23 an d  16S rR N A s from  v eg e ta tiv e  cells and  spores 
of S. griseus was id en tica l, b u t  the  23S rR N A s of s trep to m y ces ribosom es m ig ra ted  m ore 
slow ly on p o ly acry lam id e  gel th a n  those  of E . coli ribosom es. In ta c t ,  e lec tro p h o re tica lly  
hom ogeneous rR N A s co u ld  be iso lated  from  S. griseus  (No. 45-H ) on ly  in the presence o f 
d ie th y l p y ro c arb o n a te  (D E P ) , and in ta c t  rR N A s could  be o b ta in ed  fro m  spores only if  D E P  
h a d  been added before  b re ak in g  th e  spores. O therw ise  in stead  of tw o  d is tin c t bands, th re e  
w ere o b ta ined  on p o ly ac ry la m id e  gel.

In  prev ious s tu d ie s  we exam ined  th e  s ta b ili ty  [1], th e  p ro te in  co m p o 
sition  [2], and  th e  in  vitro  am ino acid  in co rp o ra tin g  a c tiv ity  [3] of ribosom es 
iso la ted  from  y o u n g  v eg e ta tiv e  h y p h a e  an d  spores of Streptomyces griseus  
s tra in  45-H . In  th is  w o rk  we w ished to  su p p lem en t o u r and  o ther w o rk ers’ 
d a ta  (4 -6 ) on s tre p to m y c e s  rR N A s.

M aterials and m ethod s

Organisms. A  s tre p to m y c in  non-p roducing  S. griseus s tra in  (No. 45-H) and  Esche
richia coli K-12 s tra in s  w ere used . T h e  S. griseus  v a r ia n t  had  a com plete  life-cycle even  in 
liqu id  soybean m ed ium , p ro d u c in g  conidia  in  g re a t n u m b er. A d e ta iled  descrip tion  of th e  
s tra in  has been p u b lish ed  p rev io u s ly  [7].

S. griseus was g ro w n  a t  27 °C in a ro ta ry  sh ak e r on f ilte red  soybean m edium  an d  
h a rv ested  a t  16 h r o f age, w h ic h  corresponded to  an  ex p o n en tia lly  grow ing culture. Iso la tio n  
an d  pu rifica tio n  of spo res w ere perform ed as described  p rev iously  [1].

Isolation o f  r R N A s .  B y  th e  com b in a tio n  of d iffe ren t m eth o d s [8—11], to ta l R N A  w as 
o b ta in ed  and  th e  h ig h  m o lecu la r  w eight rR N A s were p re c ip ita te d  w ith  3.0 м sodium  a c e ta te  
[10, 12]. The m ain  step s o f iso la tio n  were as follow s. V eg eta tiv e  cells an d  spores were w ashed  
tw ice  in  freshly  p re p are d  b u ffe r  contain ing  0.01 м T ris -ac e tic  acid p H  7.7, 0.01 м m agnesium  
a ce ta te , and 5 ml D E P  p e r  1000 ml buffer [13, 14]. W ashed  pelle ts (2 -3  g of E. coli an d  6 -8  
g of Streptomyces) w ere re su sp en d ed  in  10 m l of th e  b u ffer, and  5 m l phenol : m -cresol : 8- 
hydroxychino line  m ix tu re  (p heno l c rystals, 500 g; m -cresol, 70 m l; b isd istilled  w ater, 55 m l; 
8 -hydroxychinoline, 0.5 g) w as added, th en  th e  cell o r spore  suspension was broken in  a B ra u n  
cell hom ogenizer (m odel M SK ). A fter c en trifu g a tio n  th e  u p p e r phase  was p ip e tted  off an d  
p reserved . The in te rp h ase  w as m ix ed  w ith  10 m l b u ffer (0.01 м T ris -ac e tic  acid pH  6.6, 0.01 м 
m agnesium  ace ta te  an d  5 m l D E P  per 1000 m l) co n ta in in g  0 .5%  sodium  dodecyl su lp h a te  
SDS) and 5 ml phenol : m -creso l : 8 -h y d roxych ino line  m ix tu re . A fte r  cen trifugation  th e  
u p p e r phases were com bined , th e  SDS co n cen tra tio n  was a d ju s te d  to  0 .5% , and phenol 
t r e a tm e n t was rep ea ted  th re e  tim es. One te n th  of 2 м p o tassium  a c e ta te  was added an d  th e  
nucleic acids were p re c ip ita te d  w ith  two vo lum es of cold e th an o l, th e n  k e p t a t  —20 °C o v e r
n ig h t. The p rec ip ita te  w as co llected  b y  c en trifu g a tio n  a t  12 000 g fo r 20 m in, th en  w ashed  
th ree  tim es w ith  70%  e th a n o l a t  —20 °C. T h e  sed im en t w as d issolved a t  room  te m p e ra tu re
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in  0.15 м sodium  a c e ta te  p H  6.0 co n ta in in g  0 .5 %  SDS, th en  p re c ip ita te d  again  w ith  tw o 
vo lum es of cold e th an o l. A fte r  c en trifu g a tio n  th e  p e lle t was dissolved in  3 M sodium  a ce ta te  
b u ffe r  p H  6.0, an d  k e p t a t  4 °C for 12-14 h r . D u rin g  th is  tim e h igh  m olecu lar w e igh t rR N A s 
w ere p rec ip ita ted . T he p re c ip ita te  w as se d im e n ted , w ashed th ree  tim es w ith  3 M sodium  
a c e ta te , dissolved in  75%  e th a n o l-0 .5%  SD S so lu tio n , and s to red  a t  —20 °C u n t i l  used.

The abso rp tio n  ra tio  (A 2I10 pe r A 2S0) of R N A  iso lated  by  th e  m eth o d  described  above 
w as found  be tw een  2.02 an d  2.22.

Polyacrylamide gel electrophoresis o f r R N A .  H igh  m olecular w e ig h t rR N A  sam ples 
w ere e lectrophoresed  in  2 .4%  gel [15]. T o 4 m l o f acry lam ide  so lu tion  (acry lam ide  1 5% , bis- 
acry lam id e  0 .75% ) 12.45 m l b isd istilled  w a te r  a n d  8.33 m l co n ce n tra ted  e lectrophoresis 
b u ffe r  (Tris, 108 g; N a 2E D T A , 9.3 g; b o ric  acid , 55 g; to  1000 m l b isd istilled  w a te r  p H  8.3 
[16]) were added . A fte r  d eae ra tio n  20 fil N ,N ’,N ,N ’-te tram e th y l-e th y le th y len e  d iam ine 
(T E M E D ) and 200 /Л 10%  fresh ly  p re p are d  am m o n iu m  persu lphate  w ere added  a n d  7 cm 
lo n g  gels were p rep ared  in  p lexi tu b es w ith  an  in n e r  d iam eter of 6 m m . R N A  sam ples (30—50 
fig) w ere dissolved in  ten fo ld  d ilu ted  e lec tro p h o resis  buffer, th e n  lay e red  over th e  gels in  
vo lum es of 10 fd  co n ta in in g  10%  saccharose  (S e rv a , R N ase free) an d  0 .005%  b rom opheno l 
b lue . E lectrophoresis w as carried  o u t a t  4 °C w ith  c o n s tan t cu rren t o f 3 m A  per gel co lum n, 
u sin g  a tenfo ld  d ilu tio n  of electrophoresis b u ffe r  p H  8.3. The gels w ere th e n  rem oved  from  
th e  tu b es  and  p u t  in to  1.0 м acetic  acid  fo r 10—15 m in  [16], th en  s ta in ed  w ith  0 .2%  m eth y len e  
b lue  dissolved in  a b u ffer co n ta in ing  0.4 м so d iu m  ace ta te  and 0.4 м  ace tic  acid. A fte r sta in in g  
th e  gels were tran s fe rre d  in to  w a te r an d  w ash ed  fo r som e hours. T hey  w ere scanned  in  a K ipp  
an d  Zonen D en sito m eter (D D 2) a t 600 nm .

All th e  e x p erim en ta l p rocedures w ere pe rfo rm ed  in a cold ch am b er a t  a b o u t 4 °C. 
G lassw ares were s te rilized  to  reduce rib o n u cléase  ac tiv ity .

R esu lts and d iscussion

P o lyacry lam ide  gel e lec trophoresis  p a tte rn s  of h igh m olecu lar w eigh t 
rR N A s from  E . coli K -12, from  y o u n g  v eg e ta tiv e  h y p h ae  an d  spores o f S. 
griseus, are show n in  Fig. 1. E le c tro p h o re tic  m obility  o f 23 and  16S rR N A s 
o f y oung  v eg e ta tiv e  cells and  th a t  o f spores was iden tica l, b u t  th e  23S rR N A s 
o f S. griseus , b o th  from  v e g e ta tiv e  cells an d  spores, m ig ra ted  m ore slow ly 
on th e  po ly acry lam id e  gels th a n  th e  23S rR N A  of E . coli. T he d ifference in 
e lec trophore tic  m o b ility  of 23S rR N A s from  S. griseus a n d  E . coli m a y  be

Distance migrated into gel ( cm )
Fig. 1. Scans of p o ly acry lam ide  gel o f h ig h  m olecu lar weight rR N A s p rep ared  from  E. coli 

K -12 (a), 16 h r  cells (b) a n d  spores (c) of S. griseus No. 45-H .
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due to  th e  d iffe ren t m o lecu la r w eight a n d /o r d ifferen t con fo rm ation  of th ese  
rR N A  m olecules. C onform ation  in d e p e n d e n t m olecular w eigh t d e te rm in 
a tio n  [17] of th e  rR N A  sam ples was n o t perfo rm ed .

These re su lts  are in  good ag reem en t w ith  L o e n in g ’s d a ta  [4], w ho 
exam ined  th e  m olecular w eigh t of rR N A s from  differen t sources b y  p o ly 
acry lam ide  gel e lec trophoresis  and  fo u n d  th a t  in th e  p ro k a ry o tic  group 
s trep to m y cc te s  h ad  s lig h tly  h igher m o lecu la r w eight 23S R N A  th a n  h a d  
E . coli cells (1 .11-1 .13 X 10° versus 1.07 X 10(i).

The negligible d ifference observed m a y  he considered  an  ad d itio n a l 
in fo rm atio n  in  su p p o rt o f th e  idea th a t  s trep to m y ce te s  occupy an in te r 
m ed ia te  p o sition  betw een  b a c te r ia  and  e u k a ry o tic  organ im s.

As to  th e  iso la tion  of h igh m olecular w e ig h t rR N A s from  spores, in ta c t ,  
e lec tro p h o re tica lly  hom ogeneous rR N A  could  be o b ta in e d  if  th e  R N ase 
in h ib ito r  (D E P ) had  been  added before b reak in g  th e  spores. O therw ise 
in s tead  of tw o d is tin c t b a n d s  th ree  were o b ta in e d  on th e  p o ly ac ry lam id e  gels.
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OBSERVATIONS CONCERNING THE STAINING 
PROPERTIES OF THE MACROCONIDIA OF CERTAIN 

DERMATOPHYTON SPECIES

J .  G a l g ó c z y

National Institute o f Hygiene, Budapest 

(R eceived Septem ber 8, 1977)

Staining o f the m acroconidia o f several Dermatophylon species by lactophenol-cotton  
blue was investigated . Young m acroconidia stain variably; their cytoplasm  m ay appear hom o
geneous or inhom ogeneous. The possible explanation seems to be variation  in the com position  
o f the cytoplasm . In  some m acroconidia dark-staining filam ent was seen along the longitudinal 
axis. Mature m acroconidia showed basal or basal-f-apical hom ogeneous deep staining. The 
intensive apical staining suggests th at the apical structure differs from  the structure o f  the  
side wall.

In  earlie r rep o rts  [1, 2] we h av e  suggested  th a t  th e  m acrocon id ium  was 
th e  m ost im p o r ta n t m icrobiological m ark e r in  th e  id en tif ic a tio n  and  d iffe ren tia l 
diagnosis o f th e  D erm atophyton  species. W e exam ined  th e se  fea tu res  (grow ths) 
in  situ , in  aqueous an d  la c to p h e n o l-c o tto n  b lu e  p re p a ra tio n s  in  ro u tin e  w ork . 
T he regu la rities  fo u n d  in  th e  s ta in in g  of m acro n id ia  are  described  in  th e  p re se n t 
rep o rt.

M aterials an d  m ethods

Dermatophyton species: Microsporum gypseum  (5 strains), M . fu lvu m  (1 strain), M . fe li- 
neum  (2 Strains), M . vanbreuseghemii ( l  strain), M . persicolor (1 strain), M . ferrugineum  (1 
strain), M . cookei (2 strains), M . racemosum  (1 strain), M . bullardii (1 strain), Trichophyton 
ajelloi (3 strains), T. vanbreuseghemii (1 strain).

Preparations were stained w ith  lactop henol-cotton  blue,

R esults

The u p p e r row  in  F ig . 1 show s s ta in ed  y o u n g  m acro n id ia  of M . fe lin e u m . 
T he  pho tos w ere ta k e n  a fte r  24 h r  s ta in in g . T h e  cy to p lasm  of som e m ac ro 
conidia shows o n ly  a few  d a rk -s ta in in g  p a rtic le s  (P ic tu re  1), in  o thers a g rea t 
m ass of d a rk  (deep-blue) p a rtic le s  occur (P ic tu re s  2 an d  3) or th e  w hole c y to 
p lasm  sta in s  hom ogeneously  (P ic tu res  4 -6 ). In  th e  low er row  of P la te  I  som e 
fu r th e r  young  m acro n id ia  of M . fe lin eu m  are  show n. In  th e  cy top lasm  of th e se , 
a filam en tous s tru c tu re  s ta in in g  m ore in te n se ly  th a n  its  en v iro n m en t is seen 
along th e  lo n g itu d in a l axis.

1 Acta Microbiologica Academiae Scientiarum  Hungaricae 25, 1978
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Fig . 1. M . fe lin eu m . Y oung  m acroconid ia. L ac to p h e n o l-co tto n  blue sta in in g . O rig inal m ag n i
f ica tio n  X 250

Acta Microbiologica Academiae Scientiarum Hungaricae 25, 1978
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In  Fig. 2, m a tu re  m acron id ia  of T . ajelloi (P ic tu re  1), M . fe lin eu m  
(P ic tu re  2) and M . racemosum  (P ic tu re  3) are show n. T he p h o to s  were tak en  
a f te r  a s ta in ing  p e rio d  o f 2 hr. In  P ic tu re  1, in flow  of dye  a t  th e  basa l end is 
seen . The m acron id ia  in P ic tu res 2 an d  3 show  deep s ta in in g  a t  b o th  ends.

F ig . 2. M atu re  m acroconid ia  o f T. ajelloi (P ic tu re  1), M .fe lin e u m  (P ic tu re  2) an d  M . racemosum  
(P ic tu re  3). L ac to p h e n o l-co tto n  b lue  sta in ing . O rig inal m ag n ifica tio n  X 250

D iscu ssion

T he m acron id ia  o f  th e  o th e r species s tu d ied  to o k  th e  s ta in  sim ilarly  as 
th o se  show n in th e  P ic tu re s . The p a r t ly  g ran u la r, p a r t ly  hom ogeneous sta in in g  
of th e  young m acro n id ia  appears to  rep re sen t a general ru le . Som e m acro
con id ia  s ta in  fa in tly  ev en  a fte r a s ta in in g  period  o f severa l d ay s, o thers ta k e  
th e  s ta in  in tensely  in  a few hours. W e have fa iled  to  ex p la in  th is  g rea t v a r i
a b ility  w hich is due  p resu m ab ly  to  in d iv id u a l v a ria tio n s  in  th e  com position  
of th e  cy toplasm  of m acro n id ia  or to  s ligh t d ifferences in  th e  degree of m a tu ra 
tio n  n o t dem o n strab le  m icrom orphologically .

T h e  filam en ts in  th e  lower row  o f Fig. 1 suggest th a t  in ten se ly  s ta in in g  
co m p o n en ts  m ay be s itu a te d  along th e  lo n g itu d in a l axis o f th e  cy toplasm . 
One m ig h t assum e t h a t  th e  filam en ts  rep resen t a fungus p a ra s itiz in g  th e  d er
m a to p h y te . H ow ever, d em ato p h y tes  liv ing  u n d er n a tu ra l cond itions are ra re ly  
p a ra s itiz e d  by fungi a n d  th e  d e rm a to p h y te s  show n in ou r pho to s  had  been 
ta k e n  from  p rim o cu ltu res  ob ta ined  d ire c tly  from  patho lo g ica l processes, no t 
from  collections.
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P ic tu re  1 of Fig . 2 p re sen ts  th e  cond itio n  in  w hich a m a tu re  m acron id ium  
is b eg in n in g  to  s ta in  hom ogeneously  a t  its  basa l end. T he s ta in in g  su bstance  
accu m u la tin g  in th e  cy to p la sm  d u rin g  one or tw o days accoun ts for th e  hom o
geneous deep blue s ta in in g  of th e  w hole cy top lasm . T he m acro n id ia l w all and 
th e  se p tu m  rem ain  m u ch  lig h te r . In  a considerab le p ro p o rtio n  of th e  cases, 
in flow  of th e  dye stops a t  one o f th e  se p ta , p resu m ab ly  due  to  closing of th e  sep ta l 
p o re . In  such cases, in v asio n  o f th e  dye  s tops before  reach in g  th e  ap ex . The 
sam e  p ic tu re  was seen in  la c to p h e n o l-c o tto n  blue s ta in e d  p re p a ra tio n s  sto red  
fo r sev era l years.

T he m ost im p o r ta n t  p h en o m en o n  is seen in  P ic tu re s  2 an d  3 o f F ig . 2. 
In  m a n y  m acroconid ia , th e  d a rk  s ta in in g  s ta r ts  from  th e  b asa l an d  apical 
ends sim u ltaneously  in  b o th  gen era  u n d e r s tu d y . I t  is th e re fo re  assum ed  th a t  
th e  w all a t  th e  apex  differs from  th e  side walls n o t on ly  in  being  th in n e r , b u t 
also  in  s tru c tu re .
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DEMONSTRATION OF EBNA 
(EPSTEIN-BARR VIRUS NUCLEAR ANTIGEN) 

ANTIBODIES OF DIFFERENT IMMUNOGLOBULIN
CLASSES

J u d i t  C z e g l é d y , L. G e r g e l y , L . Y á c z i  a n d  A .  S z a l k a

Institute o f Microbiology, University Medical School, Debrecen and László Central Hospital fo r
Infectious Diseases, Budapest

(Received S e p tem b e r 16, 1977)

A nti-E B N A  Ig M , a  p reviously  u n k n o w n  a n tib o d y , w as d e tec ted  b y  th e  an tih u m an  glob
u lin  an ticom plem en t im m unofluorescence (A C IF ) m eth o d  in  serum  sam ples from  acu te  
in fec tious m ononucleosis (IM ) of E p s te in -B a rr  v iru s  (E B Y ) origin. T he an tib o d y  d isappears 
fro m  th e  serum  in som e w eeks during convalescence. I t  w as ab sen t in  an ti-E B Y -p o sitiv e  sera 
o f h e a lth y  donors a n d  in  se ru m  sam ples ta k e n  fro m  p a tie n ts  w ith  IM  caused  b y  cy tom egalo
v iru s. T he an tib o d y  a p p e a rs  sim ultaneously  w ith  an ti-E B V  IgM  an d , reach in g  a  lower t i t r e  
th a n  th e  la tte r ,  its t i t r e  cu rv e  runs parallel w ith  th e  an ti-E B V  IgM  curve. Since in  acu te  E B V  
in fec tio n s , an ti-E B N A  IgM  alw ays app eared , i ts  p resence m ay  serve as an  ad d itio n a l ev idence 
of th e  acu teness o f E B V  infection . In  E B V -seropositive  h e a lth y  su b jec ts , th e  b u lk  of a n ti 
bod ies belongs to th e  Ig G  class, non-com plem ent-fix ing  IgA  an tibod ies occur on ly  sporad ically .

A m ong th e  E p s te in -B a rr  v iru s (E B V ) an tig en s described  so fa r, th e  n u 
clear an tigen  (E B N A ) h as  a ttra c te d  m o s t in te re s t . E B N A  is p re se n t in  th e  n u 
cleus o f all E B V -carry in g  lym phoid  cells, even  in  th e  absence o f  all o th e r E B V  
an tig en s . EB N A  is, th e re fo re , a re liab le  in d ic a to r  of th e  p resence  of E B V  
[1, 2]. In  th is  re sp ec t, E B N A  is s im ila r to  th e  T  an tig en  o f sm all D N A  viruses, 
ex cep t th a t  i t  b in d s to  th e  DNA of ch rom osom es being  in  th e  m e tap h ase  (so- 
called  D N A -binding  p ro te in )  [3]. R e c e n t f in d in g s h av e  suggested  th a t  i t  m ig h t 
fu n c tio n  as a rep re sso r o f v irus tra n s c r ip tio n , th u s  c o n tr ib u tin g  to  th e  m a in 
te n a n c e  of virus la te n c y  an d  th e  tra n s fo rm e d  s ta te  o f cells (G. K l e i n , personal 
co m m u n ica tio n ).

In  E B V -seropositive  subjects, E B N A  an tibod ies can  alw ays be dem 
o n s tra te d . H ow ever, in  E B V -positive in fec tio u s m ononucleosis (IM) th e y  
a p p e a r as la te  as 2 m o n th s  or m ore a f te r  o th e r  E B V  specific ities, e.g. th e  
g re a te s t num bers o f  E B V -positive  ly m p h o id  cells a re  seen in  th e  f i r s t  few w eeks 
o f th e  illness [4, 5]. T o  exp la in  th e  d e lay , i t  w as assum ed th a t  th e  a n tih u m a n  
g lobu lin  an tico m p lem en t im m unofluorescence  (A C IF) m e th o d , th e  procedure  
g en era lly  used for th e  de tec tio n  of E B N A  an tib o d ies , is n o t sensitiv e  enough 
fo r d e tec tin g  sm all a m o u n ts  of th e  a n tib o d y . T he so-called com bined  te s t  of 
S c h m i t z  et al. [6], b a se d  on th e  co m b in a tio n  of in d ire c t I F  an d  A C IF , is m ore
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T able  I

Demonstration o f  E B  V  antibodies

In d ire c t
im m unofluorescence

( IF )

A n ti-co m p lem en t
im m unofluorescence

(AC1F)

A n ti-h u m an -g lo b u lin  
(A C IF /com bined  A C IF )

S tep  1 A n tig en -a n tib o d y A n tig en -an tib o d y A n tig en -an tib o d y

S tep  2 F IT C -an ti-h u m an
globulin

C om plem ent (C) U nlabelled  an ti-h u m an  
globulin

S tep  3 — F IT C -an ti-h u m an  C C om plem ent

S tep  4 — — F IT C -an ti-hum an  C

Table II

Horizontal study w ith serum samples fro m

Case
P B D
titre s

T im e  in te rv a l 
b e tw e en  f ir s t  

a n d  ac tu a l 
sam pling

E B V
IgM

tit re s
(IF )

E B V  
VC A 
IgG

titre s
( IF )

E B N A  a n tib o d y  titre s  
d e te rm in e d  b y  the  

com bined  A C IF  m eth o d

A n ti-
-E B N A
titre s

(A C IF )
E B N A  IgM E B N A  IgG E B N A  IgA

32 yr. 0 day 20 80 16 32 negative < 5
6 1 : 128 8 days 80 320 16 64 negative < 5

10 m onths < 1 5 40 negative 32 negative 20
14 m onths < 1 5 < 4 0 negative i6 negative 40

19 yr. 0 day 40 40 i6 64 i6 < 5
$ 7 days 80 160 32 128 32 < 5

1 : 1024 25 days 40 80 32 64 32 < 5
6 m onths < 1 5 40 negative 32 16 15

11 m onths < 1 5 < 1 0 negative 32 16 40

22 yr. 0 day 20 80 i6 64 16 < 5
$ 12 days 40 80 64 64 32 < 5

1 : 64 17 days 80 160 64 64 32 < 5
1 m on th 40 160 16 64 2 < 5
8 m onths < 1 5 10 negative 64 2 40

17 yr. 0 day 15 40 i6 negative 16 < 5
9 3 days 20 40 64 negative 16 < 5

1 : 64 9 days 40 80 32 negative 16 < 5
1 m on th 80 160 16 negative 32 < 5
4 m onths < 1 5 80 16 negative 16 20
8 m onths < 1 5 80 negative negative 16 40

16 yr. 0 d ay 15 40 i6 i6 16 < 5
<? 1 : 128 11 days 40 40 32 32 16 < 5

1 m on th 40 10 32 16 16 < 5
12 m onths < 1 5 10 negative 16 16 20
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sen sitiv e  and  perm its  d iffe ren tia tio n  of A C IF -d e tec tab le  an tib o d ies  belonging 
to  d iffe re n t im m unoglobu lin  classes.

In  th e  p resen t w ork  we have m ad e  a t te m p ts  to  d e m o n s tra te  E B N A  
an tib o d ie s  appearing  E B V -positive IM  a n d  tho se  p re se n t in  su b jec ts  w ho h ad  
c o n tra c te d  EBV in fec tio n  earlier.

M aterials and m ethods

S e ru m  samples. (I) F o rty -n in e  sam ples fro m  10 p a tie n ts  who show ed th e  ty p ic a l clinical, 
and  h aem ato lo g ica l p ic tu re  o f  IM . E ach  of th e  p a tie n ts  w as p ositive  for h e te roph ilic  a n tib o d y  
and  a n ti-E B Y  IgM.

(ii) T w enty-one sam ples from  5 p a tie n ts  w ith  C M V -positive IM.
(iii) T w enty-one sam ples from  E B V -positive  h e a lth y  donors (B lood S upp ly  Service, 

D ebrecen).

patients w ith  I M  o f E B  V  origin

C ase
P B D

tit re s

T im e  in te rv a l  
b e tw e e n  f ir s t  

a n d  a c tu a l 
sa m p lin g

E B V
IgM

tit re s
(IF )

E B V  
VC A 
IgG

t i t r e s
( IF )

E B N A  a n tib o d y  t it re s  
d e te rm in e d  b y  th e  

c o m b in ed  A C IF  m eth o d

A n ti-
-E B N A

tit re s
(A C IF )

E B N A  IgM E B N A  Ig G E B N A  Ig A

24 y r. 0 day 15 10 16 16 16 < 5
з l : 4096 4 days 20 40 32 16 16 < 5

1 m o n th 40 40 32 16 16 < 5
4 m onths < 1 5 40 negative i6 16 20

19 y r. 0 day 20 10 32 64 16 < 6
? 4 days 40 10 32 128 16 < 5

l : 8192 10 days 80 40 32 64 16 < 5
17 days 80 40 16 64 32 < 5

1.5 m onths < 1 5 10 16 i6 16 < 5

24 y r. 0 d ay 20 10 32 i6 negative < 5
? 5 days 40 40 16 i6 negative < 5

l : 512 10 days 40 80 16 32 negative < 5
3.5 m onths < 1 5 40 negative 16 negative 10

9 m onths < 1 5 10 negative 16 negative 40

15 y r. 0 day 20 40 i6 32 negative < 5
? 5 days 40 40 32 32 negative < 5

l : 64 1 m o n th 40 40 16 128 negative < 5
7 m onths < 1 5 40 negative 64 negative 40

20 y r. 0 day 40 10 i6 16 32 < 5
3 5 days 80 40 32 32 64 < 5

10 days 80 80 64 64 64 < 5
l : 1024 15 days 80 160 64 128 64 < 5

1.5 m on ths 15 80 16 64 32 < 5
9 m on ths < 1 5 40 negative 64 16 20
9 m on ths < 1 5 40 negative 32 16 40
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T h e  sera were k e p t a t  56°C fo r 30 m in  a n d  sto red  a t  — 20°C u n til  used.
Source o f complement. N a tiv e  h u m a n  serum  n egative  fo r Е В У  an tibodies.
Detection o f an ti-E B  V  IgM . T h is  m e th o d  w as app lied  on  ace tone-fixed  sm ears o f В 9 5 -8  

cells. T h e  orig inal m e th o d  [7] w as m odified . T he serum  sam ples w ere d ilu ted  in  b u ffered  sa lt 
so lu tio n  (BSS p H  6.9. 0 .8 %  N aC l; 0 .014%  CaCl2; 0 .04%  KC1; 0 .02%  M g S 0 4 • 7 H 20 ;  0 .06%  
K H 2P 0 4; 0 .06%  N a 2H P 0 4 • 2 H 20 )  1 : 15 a n d  cells Were in cu b a ted  w ith  th e  d ilu ted  se ru m  
fo r 20 h r. T he p re p a ra tio n s  w ere th e n  in c u b a te d  w ith  F IT C -labelled  an ti-h u m an  IgM  (^tt-chain- 
specific) a t  37°C fo r 30 m in .

Detection o f complement-fixing a n ti-E B N A  by the A C IF  method. T he p re p a ra tio n  a n d  
f ix a t io n  o f sm ears h a s  b een  described elsew here [1]. A n ti-E B N A  w as t i t r a te d  acco rd ing  to  
H e n le ’s th ree -step  A C IF  m eth o d  [8]. Sera  w ere d ilu ted  1 : 4, 1 : 10 a n d  1 : 40, h u m a n  com ple
m e n t 1 : 10 and  F IT C -labe lled  a n ti-h u m an  co m plem en t (ßiclßlA) con jugates 1 : 20. BSS w as 
u se d  as d ilu en t th ro u g h o u t.

Detection o f complement-fixing and non-complement-fixing an ti-E B N A  by the anti-human 
globulin A C IF  test. T h e  re ac tio n  w as pe rfo rm ed  in  4 step s on  sm ears p rep ared  fro m  E B N A - 
p o sitiv e  B A J I  an d  В  95-8 cells. T h e  cell lines w ere k in d ly  supplied  b y  P rofessor G. K l e in  
(K a ro lin sk a  In s t i tu te ,  S tockholm ).

1. Sm ears w ere in cu b a ted  a t  37°C fo r one h r , e x cep t those  serv ing for th e  d e m o n s tra tio n  
o f  com plem en t-fix ing  IgM , w hich  w ere in c u b a te d  fo r 20 hr.

2. T he sm ears w ere w ashed  a n d  in cu b a ted  w ith  1 : 50-d ilu ted  g o a t a n ti-h u m a n  Ig G  
se ru m  (y-chain-specific), a n ti-h u m an  IgA  serum  (a-chain-specific) o r an ti-h u m an  IgM  se ru m  
(//-chain-specific) a t  37°C fo r 1 hr.

3. T he p re p a ra tio n s  w ere w ashed  ag a in  an d  covered  w ith  h u m an  com plem en t (1 : 10) a t  
37°C fo r 1 hr.

4. T he p re p a ra tio n s  w ere w ashed , an d  sta in ed  w ith  1 : 20-d ilu ted  F IT C -a n ti-h u m an  
co m p lem en t a t  37°C fo r  20 m in , th e n  w ash ed , d ried , covered  w ith  bu ffered  glycerol an d  e x a m 
in e d  u n d e r  a  L eitz  O rth o p lan  UV m icroscope p ro v id ed  w ith  P loem -O pak  illu m in a to r.

T he p re p a ra tio n s  w ere w ashed  an d  th e  reag en ts  w ere d ilu ted  w ith  B SS th ro u g h o u t.
W ith  reg ard  to  th e  possible p resence o f nonspecific  an ti-n u c lea r an tib o d ies , we p re -in - 

c u b a te d  th e  acu te-p h ase  IM  sera  w ith  cells o b ta in e d  from  chron ic  ly m pho id  leu k aem ia  (C L L) 
a n d  h u m a n  em b ry o n ic  f ib ro b la s ts , (H u E F b ) , a n d  th e  reac tio n  w as carried  o u t  w ith  CLL ly m 
p h o c y te s , H u E F b  cells an d  um bilical cord  ly m p h o cy tes  as well.

Demonstration o f  heterophilic antibody. T he m odified  m eth o d  of P a u l-B u n n e ll-D av id so h n  
w as u sed  [9].

T able  I show s th e  com bined A C IF  m eth o d  in com parison  w ith  th e  tw o b asic  m eth o d s .

R esu lts

A. E B V  Ig M , E B V -V C A  IgG and E B N A  antibodies in  E B V -p o s itiv e  
I M .  T he  a n tib o d y  changes in  49 serum  sam ples ta k e n  from  10 p a tie n ts  w ith  
IM  o f Е В У  orig in  a re  show n in T ab le  I I .

In  th e  acu te  phase , sm all am o u n ts  of E B N A -specific  an tib o d ies  a p p ea red  
p a ra lle l w ith  Е В У -specific IgM  an d  IgG  an tib o d ies ; th o se  belong ing  to  th e  
IgM  class ap p ea red  in  each case, w hereas th e  IgG  an d  IgA  an tib o d ies  w ere 
d em o n strab le  in  9 an d  7 of th e  10 cases, re sp ec tiv e ly . L ike th e  E B Y  IgG  an d  
IgM  an tibod ies, th e  E B N A  an tib o d ies  reach ed  th e ir  h ighest serum  level in  
th e  f ir s t  weeks o f th e  illness. D u rin g  convalescence, th e  t i t r e  o f each  a n tib o d y  
w as declin ing, th e  an ti-E B Y  IgM  an d  th e  an ti-E B N A  IgM  even d isap p eared . 
EBV-VCA IgG , E B N A  IgG  an d  E B N A  IgA  w ere s till d e te c ta b le  severa l 
m o n th s  a fte r convalescence.

In  th e  f i r s t  w eeks o f IM , th e  A C IF  reac tio n  w as n eg a tiv e  in  every  case. 
T h e  f irs t  seroconversion  w as d e m o n s tra te d  3.5 m o n th s la te r  in P a t ie n t  N o . 8.
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F ig u re  1 show s th e  ty p ica l d y n am ics o f serum  an tib o d ies  in  a y o u n g  
m ale  p a tie n t.

B . E B V  Ig M  and E B N A  antibodies in  I M  o f  C M V  origin. T w en ty -o n e  
su ch  serum  sam p les  were ex am in ed  from  5 p a tie n ts , all seropositive  fo r E B V . 
E B V  an tib o d ies  o f th e  IgM ty p e  w ere n o t  d e tec tab le  e ith e r  b y  th e  I F  or th e  
A C IF  te c h n iq u e . In  co n trast, e v e ry  sam ple  co n ta in ed  li ttle  am o u n ts  o f E B N A - 
specific  a n tib o d ie s  (Table I I I ) .

Table П1

H orizontal study  with serum sam ples fro m  patien ts with I M  o f  C M V  origin

Time interval EBV antibody titre

Case between the 
first and the 

actual sampling
Anti- 

EBV IgM 
(IF)

Anti-
EBNA IgM 

(combined ACIF)

Anti-
EBNA
(ACIF)

16 y r.
3

0 day  
14 days 
6 m on ths 
9 m on ths

< 1 5 negative 20

24 y r . 

?

0 day 
12 days 

2 m onths 
7 m onths 

10 m o n th s

< 1 5 negative 15

15 y r .

*

0 day 
16 days 

7 m on ths 
12 m on ths

< 1 5 negative 5

20 y r .

a

0 day 
8 days
1 m on th  
7 m onths

10 m onths

< 1 5 negative 15

10 y r .
3

0 day 
8 days 

10 m onths
< 1 5 negative 5

C. E B V  I g M  and E B N A  antibodies in  E B V -p o s itiv e  sera of tw en ty -o n e  
serum  sam ples k in d ly  supplied b y  th e  B lood  S upp ly  Service o f D ebrecen , 
all co n ta in ed  l i t t le  am ounts of E B N A  la te  an tib o d ies , b u t  none o f th e m  w ere 
fo u n d  to  be p o s itiv e  fo r an ti-E B N A  IgM .

T h e  sen sitiv e  com bined A C IF  m e th o d  show ed Ig G -ty p e  an tib o d ies  in  
19 a n d  Ig A -ty p e  an tibod ies in 9 o f  th e  21 cases (Table IV).
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incubation

F ig . 1. D ynam ics o f  se ru m  an tibod ies in  a  y o u n g  m ale p a tie n t (heterophilic  a n tib o d y  ti t r e  
1 : 1024). U pper g ra p h : a n ti-E B V  a n tib o d y  t i t r e s  d e tec ted  b y  I F  te s t.  Middle g rap h : an ti-  
E B N A  an tib o d y  t i t r e s  d e te c te d  by  com bined A C IF  te s t. Lower g rap h : an ti-E B N A  a n tib o d y
t i t r e s  de tected  b y  o rig in a l A C IF  tes t. • ------•  A n ti-E B V -Ig M ; X -------x  a n ti-E B N A -Ig G ;

о ------о  an ti-E B N A —IgA ; □ -------0  a n ti-E B N A -Ig M

Table IV

Virus-specific antibodies in  E BV-seropositive samples collected fro m  21 healthy donors

Total No. of sera 21

No. o f sera  positive for an ti-E B V  IgM  (IF ) 0
No. o f sera  positive for an ti-E B N A  IgM (com bined

A C IF) 0
No. o f se ra  positive  for an ti-E B N A  IgA  (com bined

A C IF) 9
No. o f se ra  positive for an ti-E B N A  IgG  (com bined

A C IF ) 19
No. o f se ra  positive for an ti-E B N A  (ACIF) 21

D iscussion

1. E B N A  IgM  an tib o d y  was c o n sis ten tly  d e tec ted  in  EB V -specific  IM . 
T h e  sam e a n tib o d y  could  n o t be d e te c te d  in  serum  sam ples from  su b jec ts  who 
h a d  co n trac ted  Е В У  infection  a t  an  earlie r tim e . T he appearance  a n d  early
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d isap p earan ce  of th e  an tib o d y  re m in d  one of th e  E B V  IgM  a n tib o d y , an d  its  
d e te c tio n  m ay se rv e  as an a d d itio n a l evidence o f th e  acu teness of an EB V  
in fec tio n .

2. In  serum  sam ples collected  from  acu te  E B V  in fections an d  h e a lth y  
E B V  carriers , th e  an tibod ies d e te c ta b le  irre g u la rly  m ay  rep re sen t th e  n o n 
com plem en t-fix ing  IgG 4 subclass a n d /o r  th e  Ig A  class. T he im p o rtan ce  of 
th e ir  presence or absence  is no t k n o w n .

3. Sm all a m o u n ts  of com p lem en t-fix in g  anti-EB IN A  IgG  (Ig G l IgG2 
an d  IgG 3) are p e rs is tin g  in th e  se ru m  of every  E B V -seropositive su b jec t.

I t  m ay  be conc luded  th a t  th e  h u m an  im m u n e  response to  E B N A , th e  
earliest v ira l p ro d u c t, is con tinuous. The early  an tib o d ies , viz., th e  com ple
m en t-fix in g  IgM, ap p earin g  co n sis ten tly , and  th e  non -com plem ent-fix ing  
IgG  and  IgA an tib o d ie s , appearing  irreg u la rly , a re  soon rep laced  b y  com 
p lem en t-fix in g  IgG  an tib o d ies . The an tig en ic  s tim u lu s  m ay  be due to  ly m p h o 
cy tes re leasing  v iru s  spon taneously , as well as to  im m une  lysis o f n o n -p ro 
d u c tiv e  E B V -genom e-carry ing  В ly m p h o cy te s . A lthough  acu te  in fection  is 
follow ed b y  a su d d en  decrease in th e  n u m b er o f E B N A -positive  cells [5], 
u n a ffec ted  carrier cells m ay  m u ltip ly  fo r  a long tim e , u n til  k illed  b y  th e  im 
m une response [10].
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CHROMOSOME CHANGES IN SUBACUTE 
SCLEROSING PANENCEPHALITIS

É v a  C s o n k a , F .  F o r n á d i  a n d  A. S .  К о е н

Second In stitu te  o f Pathology and First D epartm ent o f  Neurology, Semmelweis U niversity M edical
School, B udapest

(Received S e p tem b e r 16, 1977)

In  tw o  ou t of a to ta l  o f 6 cases o f su b a c u te  sclerosing  p an en cep h a litis  w ith  m an ifes t 
chrom osom e a lte ra tio n s , chrom osom e stud ies w ere rep ea ted  4 an d  5 years o f s tan d in g , r e 
spectively , a f te r  m an ife s ta tio n  of the disease. I n  one case th e  incidence of chrom osom e a lte ra 
tions increased  while in  th e  o th e r no change w as found . B o th  cases were clinically  s im ilar in  
th e ir h is to ry  w ith  rem ission .

T he im p o rtan ce  o f  measles v iru s  in  th e  ae tio logy  of su b acu te  sclerosing 
pan en cep h alitis  (S S P E ) has rep ea ted ly  been  em phasized  in  th e  la s t 10 years  
[1, 2 ]; an  in v o lv em en t o f o ther v iruses cou ld  n o t be excluded  [3 -5 ].

E a rlie r  we h av e  rep o rted  chrom osom e b reak s an d  pu lv eriza tio n  in  leu k o 
cytes fro m  SSPE  p a t ie n ts  [6]. Such changes are  genera lly  ascribed  to  v iru s  
in fection  [7, 8], so t h a t  th e  finding w as an  a d d itio n a l c ircu m stan tia l ev idence 
in  fav o u r o f a possib le v ira l aetiology o f  th e  d isease. A m a t o  and  P e l l e g r i n o  

[9] fa iled , how ever, to  observe chrom osom e a lte ra tio n s  in  th e  leukocy tes 
of one p a tie n t  while th e y  found them  in  th e  cu ltu re d  cells from  a b ra in  b io p sy  
specim en of an S S P E  p a tie n t.

In  th is  p ap e r w e rep o rt on ch rom osom e s tu d ies  in  som e a d d itio n a l 
S S P E  p a tie n ts . Two o f  th o se  had been  s tu d ie d  fo r chrom osom e a lte ra tio n s  4 
and  5 y ea rs  earlier, re sp ec tiv e ly . Since t h a t  tim e  th e se  p a tie n ts  rem ain ed  in  
a clin ically  s ta g n a tin g  cond ition . The re su lts  of chrom osom e stud ies are  p re 
sen ted  to g e th e r  w ith  neuro logical and  la b o ra to ry  fin d in g s.

M ethods

M easles v iru s a n tib o d y  t i t r e  in the sera w as d e te rm in ed  b y  h a em ag g lu tin a tio n  in h ib itio n  
(H I )  te s t  u sin g  T a k a t s y ’s  M ic ro titra to r  [ 1 0 ] .

C hrom osom e stud ies w ere  perform ed in  48 h r  leukocy te  cu ltu res  using  th e  co n v en tio n a  
a ir  d ry ing  m ethod .

R esults

The clinical h is to ry , th e  results o f  re le v a n t la b o ra to ry  te s ts  as well as 
those of th e  chrom osom e stud ies are su rv e y e d  in  T ab le  I .

A m ong th e  c lin ica l te sts , the  g re a te s t  d iag n o stic  v a lue  is genera lly  
a ttr ib u te d  to  th e  h igh g am m a globulin levels  in  th e  C SF b y  e lectrophoresis
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Table I

Clinical history o f  patients, results o f  laboratory tests and chromosome studies

Patient, 
year of 
birth

Onset
of

disease

Dates of 
examina

tions
Phase

EEG
Rader-
macker
com
plex

Gamma globulin, 
per cent

Measles
HI*

Chromosome alternations, 
per cent

CSF Serum Q CSF Serum Mitosis GAP Break
Frag-
men
tation

Di
centrism Total

p . j . 1973 5.1973 I I + n.d. n.d. n.d. l 640
1961 5.1973 и-n i + 37.6 25.2 1.49 1 : 80 l 1280 93 5.38 6.45 5.38 2.15 19.36

<? 6.1973 ii-iii + 20.4 18.5 1.10 1 : 40 l 640

Sz. J. 1969 9. 1969 I + n.d. n.d. n.d. l 640
1960 3. 1971 h + 34.3 n.d. n.d. l 160

<? 4. 1973 I n.d. 30.0 1 : 80 l 1280
5. 1973 neg. 48.6 16.5 2.94 n.d. l 1280 160 10 6.25 1.88 0.62 18.75

H . I. 1964 1964 i-ii neg. n.d. n.d. n.d. n.d.
1956 4.1968 и neg. 11.6 23.5 0.49 n.d. l 1280

8.1969 I n.d. n.d. n.d. n.d. n.d. l 160 125 6.8 3.2 10.0
3. 1971 I neg. 8.0 8.0 1.0 n.d. l 320
3. 1973 I neg. 25.0 12.3 2.0 neg. l 160
5.1973 I n.d. n.d. n.d. n.d. n.d. 112 12.5 13.5 4.5 0.9 31.4

W. Gy. 1967 1967 i - i i + 63.2 n.d. n.d. n.d.
1954 5.1968 h i + 45.5 14.6 3.1 n.d. l 640 240 13.1 8.2 5.4 26.7

s 9.1968 i n _L 47.0 14.6 3.2 n.d. l 1280
1. 1969 i n + 30.4 13.7 2.2 n.d. n.d.
2.1970 и 20.0 15.5 1.3 n.d. l 2560
4.1973 I neg. 38.0 16.8 2.3 1 : 80 l 1280 218 7.3 6.0 11.4 2.3 27.0

CSO
N

K
A

 et al.
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S. I. 1957 5.1968 11 + n.d. n.d.
1946 7.1968 II n.d. n.d. n.d.

? 1.1969 II + n.d. n.d.

N. M. 1960 1960 I I I
1945 1961 II + n.d. n.d.

? 7.1962 I + n.d. 54
10. 1963 I neg. n.d. n.d.
4. 1966 I-II n.d. n.d. n.d.
2. 1967 I I I neg. 25.6 18.3

11.1967 I-II neg. n.d. 18.3
4.1968 II-III neg. 22.6 12.8

10.1968 II-III neg. 17.4 16.1
12.1968 III + n.d. 18.8
1.1969 III neg. n.d. n.d.
7.1969 III n.d. n.d. n.d.
7.1969 III n.d. n.d. n.d.

* Haemagglutination inhibiting antibodies 
n.d. =  not done

n.d. n.d. 1 320
n.d. n.d. 1 320
n.d. n.d. 1 320 140 4.8 5.3 3.0 7.8

n.d. n.d.
n.d. n.d.
n.d. n.d.
n.d. n.d.

1.40
n.d. n.d.

1.76 n.d. 1 80
1.08 n.d. n.d.

n.d. 1 80
n.d. 1 80
n.d. 1 160 100 12.8 16.2 3.0 —

n.d. 1 160

20.9

32.0
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2 4 8 CSONKA et al.

as w ell as to  th e  ra tio  o f  gam m a g lobulin  in  CSF an d  se ru m . T he p resence  
o f  R ad erm ack er com plex  in  E E G  is also of d iagnostic  va lu e . T h e  clin ical s ta tu s  
o f  p a tie n ts  was d esig n a ted  b y  ro m an  n u m b ers  I , I I  an d  I I I .  P h ase  I  is c h a ra c 
te r iz e d  b y  b eh av io u ra l d is tu rb an ces  a n d  th e  ap p earan ce  o f  som e co rtica l 
sy m p to m s. In  phase  I I ,  e x tra p y ra m id a l hyperk inesis develops. P h ase  I I I  
re p re se n ts  th e  stage  w ith  rigo r and  p rogressive d eco rtica tio n . In  ad d itio n  to  
th e  clinical and  la b o ra to ry  d a ta  th e  re su lts  o f m easles H A I te s ts  an d  ch rom o
som e stud ies are show n.

F i g .  1 . a) Case No. 1. Breaks and gaps, b) Case No. 2. Breaks and gaps
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D e ta iled  resu lts  of th e  chrom osom e s tu d ie s  a re  also p re sen ted  in  T ab le  I .  
T he c h ro m a tid  gaps are n o t a n y  m ore considered  to  re p re se n t chrom osom e 
dam age. Since, how ever, we h a d  to  com pare  th e  p resen t re su lts  w ith  ea rlie r 
ones, we s till ta k e  in to  acco u n t th e  ch ro m a tid  gaps in  a se p a ra te  g roup ; th e ir  
incidence o f  th is  p a rtic u la r  chrom osom e w as 0 .8%  or less in  h e a lth y  in 
d iv id u a ls .

(W)
F i g .  2 .  a) Case No. 3. Undefinable multiple chromosomal rearrangements, 

b) Case No. 4. Cbromosal fragmentations
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Fig. 3 . a) Case No. 5. Dicentrism, b) and,c) Case No. 6. Undefinable multiple 
major chromosomal rearrangements
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W ith  p a tie n t P . J .  th e  h is to ry  is ty p ic a l o f S S P E . H e h ad  h igh  m easles 
a n tib o d y  titre s  in  b o th  serum  and  C SF. B reaks and  frag m en ted  chrom osom es 
o ccu rred  w ith  ap p ro x im a te ly  th e  sam e freq u en cy  (F ig . 1/a).

Sz. J .  u n d e rw en t rem ission a f te r  a co n d ition  correspond ing  to  phase I I  
of th e  disease. H igh  m easles a n tib o d y  titre s  w ere d em o n strab le . This p a tie n t 
e x h ib ite d  th e  low est incidence of chrom osom e a lte ra tio n s  (F ig . 1/b).

H . J . :  th e  d isease ran  an a ty p ic a l course in  th is  p a tie n t. T h e  C S F -serum  
gam m a globulin q u o tie n t, th e  e lev a ted  m easles a n tib o d y  level an d  th e  presence 
of M -com ponent in  th e  CSF were ty p ic a l, b u t  no R ad erm ack er com plex was 
seen in  th e  E E G . C hrom osom e s tu d ie s  revealed  m ark ed  a lte ra tio n s  and th e ir  
inc idence  increased  b y  21.4%  in  fo u r  years. No d ru g  or t r e a tm e n t was g iven  
to  th e  p a tie n t th a t  could  cause chrom osom e a lte ra tio n  (F ig. 2/a).

W . E . ex h ib ited  clinical sy m p to m s c h a ra c te ris tic  of S S P E  an d  th e  b lood 
m easles an tib o d y  t i t r e  was high. T h e  only  u n u su a l sym p to m  w as a m arked  
rem ission  w ith  d isap p earan ce  of th e  R ad e rm ack er com plex a f te r  a tw o-year 
period  of phase I I I  cond ition . C hrom osom e stu d ies  rep ea ted  in  th e  phase o f 
rem ission  5 years a f te r  th e  f irs t s tu d y  did  n o t rev ea l an y  change in  th e  incidence 
an d  ty p e  of th e  changes (Fig. 2 /b).

S. I. was a d m itte d  in 1968 a n d  in  1969, th u s  th e  d a ta  on th e  course of 
th e  disease are scarce. The p a tie n t could n o t be reach ed  since h er discharge. 
C hrom osom e stud ies revealed  a h ig h  incidence o f d icen tric  figu res (F ig. 3/a).

N. M.: th is  p a t ie n t  im proved  considerab ly  a f te r  a perio d  of phase I I  
co n d itio n . Some y ea rs  la te r, how ever, th e  cond itio n  again  becam e worse. 
A R ad erm ack er com plex  was n o t a lw ays observed  even in  th e  severe periods. 
T h e  m easles a n tib o d y  level was co n sis ten tly  low , b u t  chrom osom e stud ies 
rev ea led  m arked  a lte ra tio n s  (Fig. 3 /b , c).

D iscussion

In  th e  S S P E  p a tie n ts  s tu d ie d  we could n o t d em o n stra te  a n y  co rre la tion  
o f th e  clinical co n d itio n  w ith  th e  m easles a n tib o d y  level or th e  frequency  
of chrom osom e a lte ra tio n s . The chrom osom es o f tw o p a tie n ts  w ere s tu d ied  
re p e a te d ly  a fte r 4 a n d  5 years, re sp ec tiv e ly . In  one case no change occurred  
in  th e  frequency  o f chrom osom e a lte ra tio n s  w hile in  th e  o th e r  a sign ifican t 
increase  was observed .

In  p a tien ts  3 an d  6 some sim ila rities  w ere ev id en t. T h e ir age (17 and 24) 
w as co m p ara tiv e ly  h ig h , b o th  experienced  a severa l y ea rs’ long  rem ission, in  
one th e  R ad erm ack er com plex w as co n sis ten tly  m issing and  in  th e  o ther i t  
d isap p eared . In  b o th  cases, low m easles H A I t i t r e s  w ere fo u n d  an d  b o th  ex 
h ib ite d  chrom osom e a lte ra tio n s s im ila r in  degree an d  freq u en cy .

The find ing  do n o t p e rm it to  draw  conclusions. The v a r ia b ility  in  th e  
re la tio n  of chrom osom e a lte ra tio n s  to  th e  m easles a n tib o d y  levels and  th e
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course  of th e  d isease  are , how ever, suggestive o f a possible h e te ro g en e ity  
o f  th e  aetio logical agen t(s) invo lv ed  [4, 5].
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REPLICATION OF OVINE ADENOVIRUSES

S . B é l á k , V . P á l f i  and S. T u b o l y

Institu te  o f  Epizootiology, U niversity  o f  Veterinary Sciences 
and Central Veterinary Institu te , B udapest

(R eceived  S ep tem b er 21, 1977)

T h e  rep lica tion  of ov ine  adenov iruses shows in te r ty p ic  an d  in tra ty p ic  v a r ia tio n s , e.g. 
th e  e x trace llu la r  and  in tra ce llu la r  v iru s y ie ld  o f O R T/111, a  s tra in  re la te d  to  bovine adenov irus 
ty p e  2, reached  its  p eak  40 to  46 h r  p o stin fec tio n , in  co n tra s t to  GY /14, a  s tra in  classified as 
ovine ad en o v iru s ty p e  1, w h ich  req u ired  52 to  58 h r  to  reach  th e  h ig h es t y ie ld . T he rep lica tion  
cycle w as n o t apprec iab ly  in fluenced  e ith e r b y  ro lling  of th e  tu b e  cu ltu res  o r th e  age (betw een 
0 an d  7 d ays) o f th e  su p p o rtin g  ovine cell cu ltu re . All th e  s tra in s  u n d e r  s tu d y  rep lica ted  a t  
40°C m ore  rap id ly  th a n  a t  34°C or 37°C. T h ere  w as som e in tra ty p ic  v a r ia tio n  in  th e  rep lica tion  
of s tra in s  a t  d ifferen t te m p e ra tu re s . O vine adenov iruses rep lica ted  well a f te r  th ree  consecutive 
passages in  cu ltu red  lam b  tes tic le  o r  seco n d ary  hetero logous cells such  as ca lf k idney , calf 
te s tic le  o r pig k idney  cell cu ltu res  as well as th e  M D B K  cell line  an d  a  cell line from  th e  calf 
tra c h e a . T he tissue sp ec tra  o f s tra in s  show ed in tra ty p ic  v a ria tio n s . As exam in ed  b y  d irec t 
im m unofluorescence, fluorescing  ad en o v iru s a n tig en  appeared  f irs t  a t  8 h r  postin fec tio n  and  
w as p re se n t in  90%  of th e  cells a t  16 h r. In te r ty p ic  differences in  th e  in te n s ity  an d  ch arac te r 
o f fluorescence are described.

R ecen tly  [1—4] we h av e  show n th e  aetiolo.gical ro le in  p n eu m o en te ritis  
o f lam b s o f several ovine adenov iruses an d  of s tra in s  re la te d  to  bov ine  adeno
v iru s  ty p e  2. In  th e  p re se n t w ork, we h av e  s tu d ied  th e  rep lica tio n  o f th e  ovine 
s tra in s .

In  th e  lite ra tu re  av a ilab le  one single p a p e r  [5] was fo u n d  to  deal w ith  th e  
re p lic a tio n  of ovine ad en o v iru s , o f s tra in  SAY, th e  p ro to ty p e  s tra in  of ty p e  5. 
Since in  p re lim in ary  ex p erim en ts  we h ad  found  essen tia l d ifferences betw een  
s tra in s  belonging to  d iffe ren t se ro ty p es, i t  seem ed ju s tif ie d  to  s tu d y  th e  
s tra in s  co m p ara tiv e ly . E x p e rim e n ts  w ere perfo rm ed  in  v a rio u s  cell cu ltu res 
o f v a rio u s  ages and  a t  v a rio u s  te m p e ra tu re s . T he ap p earan ce  an d  in trace llu la r 
lo ca tio n  o f adenov irus a n tig e n  w ere exam ined  b y  d irec t an d  in d ire c t im m uno
fluorescence (IF ).

M ateria ls an d  m ethods

Cell cultures. The s tra in s  were p ro p a g a ted  in  secondary  fe ta l ov ine k id n e y  cell cu ltures. 
T heir tis su e  spec tra  were in v es tig a te d  in  lam b  testic le , ca lf testic le , ca lf k id n ey  a n d  pig k idney  
seco n d ary  cell cu ltu res and  in  tw o  cell lines, v iz ., th e  M D B K  calf k id n ey  line an d  a  calf trach ea  
cell line.

Viruses. Of th e  ovine ad en o v iru s ty p e  1 s tra in s  th e  p ro to ty p e  s tra in  S I an d  th e  H u n 
g a ria n  iso la te  GY/14, an d  of th e  ty p e  5 s tra in s  th e  p ro to ty p e  s tra in  SAY a n d  th e  H u n g arian  
isolate P A /8 , were included in  th e  s tu d y . T he rep lica tio n  o f th e  bovine ty p e  2 ad en ov irus stra ins
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O R T /111 and H e t/3 , b o th  iso la ted  from  sheep, was com pared w ith  t h a t  o f th e  p ro to ty p e  s tra in  
N o. 19 isolated from  calves. The ovine p ro to ty p e  stra in s  were k in d ly  supplied  by  D r. J .  В 
M c F e r r a n , B elfast, N o rth e rn  Ire lan d , th e  p ro to ty p e  No. 19 by  D r. A .  B a r t h  A., B u d ap est.

Study o f replication in  stationary cultures. Secondary  fe ta l ovine k id n ey  cells cu ltiv a ted  
in  tu b es  were w ashed in  P B S  an d  in o cu la ted  w ith  107 T C ID S0 v iru s /tu b e . T he h igh m u ltip lic ity  
se rv ed  for approach ing  synch ro n o u s in fec tion  of cells. T he rep lica tio n  o f ORT/111 and  GY/14 
w as s tud ied  in d e ta il. A fte r  an  a d so rp tio n  period  of 2 h r a t  37°C, th e  cu ltu res were w ashed 
th re e  tim es, each w as covered  w ith  1.5 m l E a rle ’s m edium  and  fu r th e r  in cu b a ted  a t  37°C. Six 
sam p les were tak en  a t  0 h r , 5 h r  an d  10 h r  an d , su b sequen tly , in  ev ery  6 th  h r u n til 82 h r  p o s t
in o cu la tion . The sam pled  cu ltu res  w ere exam ined  un d er th e  l ig h t m icroscope. The cu ltu re  
m ed ia  from  the  six  p a ra lle l cu ltu res  w ere pooled and cen trifuged  a t  5000 rp m  for 30 m in ; th e  
cell layers were w ashed  w ith  PB S  an d  th e  cells sed im en ted  from  th e  su p e rn a ta n t were resu s
p e n d ed  and added  (in  1.5 m l E a rle ’s m ed iu m /tu b e) to  th e  cell sed im en t. T he cells were th en  
fro zen  and  thaw ed six  tim e s  an d  th e  d eb ris  w as rem oved by  cen trifu g a tio n . The v irus released 
in to  th e  su p e rn a tan t as w ell as th e  cell-fixed  v iru s was t i t r a te d  alw ays in  th e  sam e b a tc h  of 
cell cu ltu re , s im u ltaneously .

Study o f replication in  rolling tubes. E x ce p t for in cu b a tio n  in  ro lling  d rum , th e  ex p eri
m e n ts  were perform ed as described  above.

Influence o f  the age o f  cell culture. Secondary  fe ta l ovine k id n ey  cell cu ltu res were inoc
u la te d  w ith  106 T C ID 50/0.1 m l of th e  GY/14 s tra in  on days 0, 1, 3, 5 o r 7 o f cu ltu ring . Sam ples 
ta k e n  daily  were tre a te d  a n d  t i t r a te d  as described above.

I n f  luence o f  incubation  temperature. Cell cu ltu res were in o cu la ted  w ith  100 T C ID 5o/0.1 m l 
o f  v iru s and incu b a ted  a t  34, 37 an d  40°C. Six sam ples w ere ta k e n  on d ay s 2, 3, 5 and  7 p o s t
ino cu la tio n . To d e te rm in e  in fec tiv ity , we in o cu la ted  cell cu ltu res  w ith  serial v iru s  d ilu tions and 
in c u b a te d  th em  a t  37°C.

Replication in  various cell cultures. T h e  s tra in s  p ro p ag a ted  in  ovine fe ta l k id n ey  cell cu l
tu re s  were tran sferred  to  va rio u s cell cu ltu res . E ach  tu b e  was in o cu la ted  w ith  100 T C ID 5o/0.1 
m l o f virus. The cu ltu res  w ere th e n  in cu b a ted  a t  37°C fo r 10 d ay s while exam ined  for C PE  
d a ily . Those show ing w ell-defined  C PE  an d  th e  cu ltu res n egative  on  d a y  10 were su b jected  
to  fu r th e r  two consecu tive  passages in  cu ltu res  o f th e  sam e ty p e . Sam ples from  th e  las t passage 
w ere  frozen and th aw ed  th re e  tim es , freed  from  cell debris, an d  t i t r a te d  in  fe ta l sheep k idney  
cell cu ltu res paralle l w ith  th e  s ta r tin g  m ate ria l. The v irus recovered  w as iden tified  by  v irus 
n e u tra liz a tio n  tes ts .

Direct immunofluorescence. A n tise ru m  to  fluorocarbon  (A rklone, P , IC I) trea te d  s tra in  
OR T/111 was raised  in in itia lly  seronegative  goats. The an im als w ere in o cu la ted  four tim es a t 
w eek ly  in te rvals in tra v en o u s ly  an d  in tra m u sc u la rly  and b led  on  th e  10 th  day  follow ing th e  
la s t  inoculation . T he pooled  sera gave po sitiv e  gel p rec ip ita tio n  te s t  w ith  an  an tigen  p rep ared  
fro m  serotype 1 of b o v ine  ad en o v iru s an d  n eu tra lized  ORT/111 up  to  serum  d ilu tion  of 1 : 512. 
T o  prepare  conjugate th e  g lobulins w ere sa lted  ou t w ith  N a 2S 0 4. T he g lobulin  frac tio n  was 
d ia ly sed  and its 2%  so lu tio n  was labe lled  w ith  FITC  (F lu k a  A G , B uchs SG). The free F IT C  
w as rem oved by  f i lt ra tio n  of Sephadex  G-50 an d  the  o p tim u m  d ilu tio n  of th e  con jugate  w as 
de te rm in ed . The O R T/111 s tra in  w as p ro p a g a ted  in  secondary  sheep k id n ey  cell coverslip 
cu ltu re s . These were in o cu la ted  as d escribed  above. Sam ples were ta k e n  every  second hr. The 
d iffe re n t ovine ad en o v iru s s tra in s  were com p ara tiv e ly  stu d ied  by  IF . T he cu ltu res to  be e x 
am in ed  were fixed  in  ace to n e  a t  4°C, in cu b a ted  w ith  th e  con ju g a te  a t  37°C for 30 m in , w ashed 
a g a in , and c o u n te rs ta in ed  w ith  1 : 40 000-d ilu ted  E vans blue.

Indirect I F .  F ix e d  p re p a ra tio n s  w ere in cu b a ted  w ith  a se ru m  o b ta in e d  from  im m unized  
ew es (n eu tra lization  t i t r e ,  1 : 128), w ashed , and  in cu b a ted  w ith  FIT C -labelled  an ti-sheep  
im m unoglobulin  p rep ared  from  th e  blood of ra b b its  im m unized  w ith  an  an tig en  p repared  from  
poo led  sheep serum  b y  a lu m  tre a tm e n t.

In  the ev a lu a tio n  o f fluorescence Zeiss NU -2 m icroscope, BG 12 an d  BG 3 ob jectives 
a n d  OG 1 eye-piece w ere used.

R esults

Replication in  sta tionary and rolling cultures. In  n a tiv e  cu ltu res of O R T/ 
111 of GY/14 C PE  ap p ea red  in  th e  16th  h r. In itia lly , th e re  w as no appreciab le  
d ifference betw een  s ta tio n a ry  and  rolling cu ltu res . L a te r , rolling cu ltu res
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show ed m ore p ro n o u n ced  C PE . In  O R T /l l l - in fe c te d  cu ltu re s  th e  dam aged  
cells w ere d iffusely  re frac tiv e , ro u n d ed  up  an d  swollen, th o se  in  cu ltu res in 
fec ted  w ith  th e  GY/14 s tra in  were also re frac tiv e  and  fo rm ed  c lusters. In  
cu ltu re s  in fec ted  w ith  th e  ORT/111 s tra in , n ea rly  all cells w ere dam aged  52 
to  58 h r a fte r  in o cu la tio n  and  m an y  o f th e m  w ere ten d in g  to  d e tach . T he sam e 
changes developed slow er in  G Y /14-infected  cu ltu res. T he v iru s  t i tre s  are 
show n in Figs 1 4.

In fluence  o f  the age o f  cultures. F ig u res  5 and  6 show  th e  dynam ics of 
v iru s  rep lica tio n  in  cu ltu re s  of d iffe ren t ages. T he ra te  o f rep lica tio n  seem ed 
to  be in d ep en d en t o f th e  age of c u ltu re .

In fluence  o f  incubation tem perature. O f th e  bov ine  ty p e  2 adenov irus 
s tra in s , O RT/111 reach ed  th e  sam e t i t r e  irre sp ec tiv e  of te m p e ra tu re , while th e  
t i t r e  reach ed  b y  H et/3  w as 10~3at3 4 °C , 10“ 4a t  37°C and  10~e a t  40°C (Table I).

T ab le  I

Infective titres at different temperatures

V irus
s tra in

T e m p era 
tu re ,

°C

lo g  T C ID 50/m l v iru s o n  d ay s  p o s tin fec tio n

2 3 5 7

34 1 2 2 3

H et/3 37 1 2 3 4

40 1 2.5 4 6

34 3 4 4 5

GY/14 37 3 4 5 7

40 4 5 6 7

34 3 5 6 7

ORT/111 37 3.5 5 6 7

40 3 6 6 7

34 3 3.5 4 6

SI 37 3 4 4.5 7

40 4 5 6 7

All th e  o ther s tra in s  rep lica ted  a t  th e  h ighest ra te  a t  40°C. On th e  7 th  
d ay , how ever, th e  v iru s  y ield  was id e n tic a l a t  37°C and  40°C.

V irus m ultip lica tion  in  d ifferen t cell cultures. All s tra in s  rep lica ted  well 
in  m am m alian  cell cu ltu re s  (Table I I ) .  T he s tra in s  iso la ted  from  sheep and  th e  
bov ine  s tra in  No. 19 rep lica ted  n e a rly  eq u a lly  in  ovine, bov ine  and  pig cells. 
T he ORT/111 s tra in , re la ted  to  b o v in e  adenov iruses, reach ed  som ew hat
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F ig . 1. M ultip lica tio n  o f th e  ORT/111 v iru s  s tra in  in  s ta tio n a ry  fe ta l sheep k id n ey  cell cu ltu res 
• ------•  e x trace llu la r v iru s , О —  О in trace llu la r  v iru s

F ig . 2. M ultip lica tio n  o f th e  ORT/111 v iru s  s tra in  in  ro lled  fe ta l sheep k id n ey  cell cu ltu res  
• ------•  ex trace llu la r v iru s , О —  О in trace llu la r  v iru s
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Hours after inoculation
F ig . 3. M u ltip lica tio n  of th e  GY/14 v iru s s tra in  in  s ta tio n a ry  fe ta l sheep k id n ey  cell cu ltu res; 

•  — •  ex trace llu la r v iru s ; О —  о  in trace llu la r v iru s

Hours after inoculation
Fig. 4. M ultip lica tio n  o f th e  GY/14 v iru s s tra in  in  rolled fe ta l sheep k id n ey  cell c u ltu res ; 

•  — •  e x tra ce llu la r  v iru s , О  —  О in trace llu la r v iru s
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À
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F ig. 5. V irus t it re s  o f th e  su p e rn a ta n ts  o f fe ta l sheep k id n ey  cell cu ltu res in o cu la ted  w ith
GY/14 v irus s tra in  a t  d iffe re n t in te rv a ls . Age o f in ocu lum , d ay s: О ----О 0, •  —  •  1, • ......... •  3,

о -----о 5, •  * 7
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Days after inoculation
F ig. 6. T itres o f in tra ce llu la r  v iru s in fe ta l sheep k id n ey  cell cu ltu res  in o cu la ted  w ith  th e  G Y /14 

s tra in  o f d iffe re n t days of cu ltu rin g . Age of inocu lum , as in  Fig. 5
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Table II

M ultip lication  o f virus stra ins in  various cell cultures

V irus
s tra in

In it ia l  
t i t re  in  

lam b k id n ey  
cells*

T itre  in  lam b  k id n ey  cell c u ltu re s  a f te r  3 se ria l passages in*

lam b 
testic l e

ca lf
k id n ey

calf
tes tic le

M D B K calf
tra c h e a

P»g
k id n ey

cell c u ltu re s

SI 6.0 5.0 4.0 4.0 4.75 5.0 5.25

GY/14 6.0 5.25 4.0 3.5 4.5 5.0 5.0

SAV 6.25 5.5 5.25 6.0 5.25 5.0 5.5

PA/8 5.25 4.0 4.0 4.0 4.0 2 5 4.5

ORT/111 6.5 6.0 6.0 7.0 5.25 5.0 6.5

H et/3 5.0 4.75 5.0 5.25 4.75 3.0 5.75

No. 19 4.75 4.25 5.0 5.0 5.75 4.0 4.0

* lo g 10T C ID 50/m l

higher t i t r e s  in  calf te s tic le  cell cu ltu res  th a n  in  lam b  k id n ey  ones, w hereas 
an  opposite  d ifference o f  tw o  orders of m ag n itu d e  was observed  in  th e  m u lti
p lica tion  of th e  ovine ty p e  1 s tra in  G Y /14.

I F  studies. Zero a n d  2 hr a fte r in o cu la tio n , d irec t I F  show ed th e  b a c k 
ground  of th e  in fec ted  cu ltu res fa in tly  g lim m ering  w hile th e  cell nucle i a p 
peared  as d a rk  areas. T he sam e was o bserved  in  non -in fec ted  con tro l cu ltu res
(Fig- 7).

In  th e  4 th  h r, th e  glim m ering of th e  cy to p lasm  te n d e d  to  becom e m ore 
in tensive  an d  th e  n u c lea r  m em brane sh a rp e r. In  th e  6 th  h r, th e  o u tline  o f th e  
n uc lear m em brane becam e b righ te r. In  th e  8 th  h r, th is  p a tte rn  of fluorescence 
was still m ore p ro n o u n ced  and coarse fluo resc ing  g ranules appeared  in  a few 
nuclei. A t th e  sam e tim e  th e  fluorescence of th e  n u c lea r m em brane b egan  to  
w eaken . In  th e  10th h r , w ell-defined g ra n u la r  fluorescence was observed  in 
several nucle i (Fig. 8).

In  p a ra lle l cu ltu res  exam ined in  th e  n a tiv e  s ta te , C PE  was f irs t  seen in 
th e  12 th  h r . A t th e  sam e tim e , an in ten se  fluorescence was de tec ted  in  ab o u t 
10%  of th e  nuclei. S om etim es th e  flu o resc in g  s tru c tu re s  ap p eared  as a fine 
g ran u la tio n , in  o ther cases th e  nucleus w as d iffusely  filled  w ith  coarse g ranu les
(Fig. 9).

Cells w ith  fluoresc ing  nuclei w ere sc a tte re d  in  th e  cu ltu res . In  th e  14 th  
h r, som e 50%  of th e  n u c le i were fluo resc ing , m an y  o f th e m  w ere en larged  an d  
filled w ith  b rig h t g ranu les (Fig. 10).
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Fig. 7. D irect I F  b y  cells su p p o rtin g  th e  rep lica tio n  of s tra in  ORT/111. Secondary  fe ta l sheep
k id n ey  cell cu ltu res ; 0 h r  sam ple

In  o th e r nucle i, b rig h t s tru c tu re s  like adenov irus inclusions an d  ro u n d  
s tru c tu re s  sim ilar to  nucleo li w ere seen su rro u n d ed  b y  flu o rescen t su b stan ce . 
In  th e  16th h r, 90 %  o f th e  cells show ed th is  p ic tu re  (F ig . 11).

A t th e  sam e tim e , th e  in tra n u c le a r  fluorescence te n d e d  to  w eaken  an d  
flu o rescen t g ranu les seem ed to  a tta c h  them selves to  th e  nu c lea r m em b ran e , 
som etim es s im u la tin g  a b r ig h t rin g  lin ing  its  in n e r surface. M any nucle i d is
p la y e d  an in ten se  hom ogeneous fluorescence. T he p ic tu re  show ed h a rd ly  a n y

Fig. 8. Sam e as F ig . 7; 10 h r  sam ple
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Fig. 9. Sam e as F ig . 7; 12 h r  sam ple

change u n til th e  end  o f th e  observa tion  p e rio d  in  th e  4 0 th  h r . T he contro l cu l
tu re s  rem ain ed  u n ch an g ed .

W ith  th e  O R T/111 co n juga te , fluorescence  was observed  in  cu ltu res  
in fec ted  b y  an y  o f th e  s tra in s  involved  in  th e  s tu d y . B o th  rep re sen ta tiv es  
o f ovine ty p e  5 in d u ced  g ran u la r  fluorescence sim ilar in  in te n s ity  and  a p p e a r
ance  to  th a t  seen in  n u c le i o f cells in fec ted  b y  O R T/111. T he ty p e  1 ovine 
s tra in s  b ehaved  d iffe ren tly ; in cells in fec ted  b y  GY/14, m a in ly  th e  c lu ste red

Fig. 10. Sam e as F ig . 7; 14 h r  sam ple
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Fig. 11. Sam e as F ig . 7; 16 h r sam ple

cells were fluo resc ing , b u t  less in te n se ly  th a n  th e  cells in fec ted  by  O R T /111. 
T h e  fluorescence in v o lv ed  th e  n u c lea r m em b ran e  in  th e  f i r s t  p lace, in tra n u c le a r  
g ran u la r  fluorescence  occurred  ra re ly . T h e  fluorescence in d u ced  by  s tra in  SI 
w as m ore in te n s iv e , and  th e  in tra n u c le a r  g ranu la r fluorescence o ccu rred  
m ore  freq u en tly  in  S l- in fec ted  cells th a n  in  th o se  in fec ted  b y  GY/14. N e v e rth e 
less, th e  fluorescence  due to  th e  S I s tra in  w as w eaker th a n  th a t  observed  in  
O R T /l l l - in fe c te d  cells.

In d ire c t I F  te s ts  were p erfo rm ed  only  w ith  th e  O RT/111 s tra in . T h e  
fluorescence w as s im ila r in  ty p e  b u t  w eak er th a n  th e  d irec t one.

D iscu ssio n

R ep lica tio n  o f th e  s tu d ied  v iru s  s tra in s  seem ed to  be sim ilar to  th e  
rep lica tio n  of adenov iruses in genera l [6 -9 ]. The d iffe ren t ap p earan ce  of th e  
s tra in s  O RT/111 an d  GY/14 suggests t h a t  p ronounced  differences, like th o se  
observed  am ong h u m a n  adenov irus s tra in s , m ay be com m on am ong ov ine  
s tra in s . A ccord ing  to  our u n p u b lish ed  find ings ( R e l á k  an d  P Á l f i ) ,  even  
in tra ty p in g  d ifferences m ay  occur, e.g . th e  rep lica tion  cycle of H e t/3  seem s to  
b e  pro longed as com pared  to  th a t  of O R T/111.

CPE w as fo u n d  to  be m ore p ro n o u n ced  in  ro lling  cu ltu res  th a n  in  s ta 
t io n a ry  ones. S ince, how ever, ageing o f cells is faste r in  ro lling  cu ltu res, ro llin g  
m a y  be d isad v an tag eo u s  w hen s tra in s  o f p ro longed rep lica tio n  cycle are  s tu d ie d .

A ccording to  in v estig a tio n s p erfo rm ed  w ith  h u m an  adenov iruses in  
h u m a n  am nio tic  cell cu ltu res [10], o ld  cu ltu res  are m ore suscep tib le  to  C P E
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th a n  y o u n g  ones. In  th e  f i r s t  week of in c u b a tio n  rep lica tio n  w as n o t in fluenced  
b y  th e  age of th e  c u ltu re  and  th e  a rea  covered  b y  th e  m onolayer, w hereas 
CPE w as m ore p ro n o u n ced  in  young c u ltu re s .

T he influence o f in cu b a tio n  te m p e ra tu re  on th e  rep lica tio n  of ov ine 
adenov irus has n o t b een  s tu d ied  before. W e found  th a t  40 °C was th e  te m p e r
a tu re  a t  w hich  all th e  s tra in s  m ultip lied  a t  th e  h ighest ra te . T he y ield  of s tra in  
O RT/111 w as, how ever, eq u a l a t 34°C a n d  40°C while th a t  o f H e t/3  was h ig h er 
by  3 orders of m ag n itu d e  a t  40°C th a n  a t  37°C, in sp ite  of th e  fa c t th a t  b o th  
s tra in s  be long  to  th e  sam e  serotype.

T he w ide C PE sp e c tru m  of adenov iruses inc lude  a n u m b er of hetero logous 
cells [6, 10], b u t re p lic a tio n  was m ost in te n s iv e  in  cells o f th e  hom ologous 
species [H i-

B ov ine  adenov iruses rep licate  in ov in e  k idney  cells w ith  a low v iru s  
yield [12]. R ep lica tio n  o f  ovine ad en o v iru ses  has been  rep o rted  in  lam b  
k idney  [13] and sheep th y ro id  [14] cell c u ltu re s . I t  w as found  [15] th a t  th e  
ty p e  5 p ro to ty p e  s tra in , SAV, lost i ts  c y to p a th o g e n ic ity  and  in fe c tiv ity  
during  th re e  consecu tive  passages in ca lf  k id n e y , calf te s tic le , chicken e m b ry 
onic f ib ro b la s t, B H K 21 , P K 1 5  or M DCK cells. In  c o n tra s t, like  th e  o th e r ov ine 
adenov irus s tra in s  SAV w as found to  re p lic a te  on a w ide scale of m am m alian  
cell cu ltu res .

I t  deserves in te re s t  th a t ,  e.g., in c a lf  te s tic le  cu ltu res , th e  ovine iso la tes  
re la ted  to  bovine ad en o v iru s  ty p e  2 a t ta in  or even su rpass th e ir  o rig inal 
titre s  w hile th e  t i t re  o f  ov ine type  1 a d en o v iru s  s tra in s  declines.

O ur I F  te s ts  h av e  th ro w n  ligh t on th e  in tra c e llu la r  lo ca tion  of adenov irus 
an tigens an d  on th e  p ro p o rtio n  of cells in v o lv ed  in  rep lica tio n . C PE ap p eared  
sligh tly  la te r  th a n  d id  th e  in trace llu la r ad en o v iru s  a n tig en . T he fluorescence 
de tec ted  d u rin g  th e  re p lic a tio n  of O R T/111 agreed in  c h a ra c te r  w ith  th a t  o f 
cells in fec ted  w ith  o th e r  adenoviruses [16]. T he fine an d  coarse g ran u la tio n  
f irs t lin ing  th e  nu c lea r m em brane th e n  ap p ea rin g  in side  th e  nucleus w as 
ex trem ely  in ten siv e . T h e  cytoplasm ic flu o rescen ce  w as, how ever, w eaker even 
in th e  4 0 th  h r  of re p lic a tio n  th a n  th a t  d esc rib ed  fo r o th e r adenoviruses [16—18].

T he re p re se n ta tiv e s  o f ty p e  1 ovine ad en o v iru s , f ir s t  o f all GY/14, elic ited  
an I F  d iffe ren t in  in te n s i ty  and c h a ra c te r  from  th e  fluorescence of O RT/111 
d em o n stra ted  w ith  th e  sam e conjugate  (O R T /111) w hile fo r d ifferen t ty p e  5 
s tra in s  th e  p ic tu re  w as ap p ro x im ate ly  th e  sam e. T he phenom enon  rem inds 
one of th e  v a ria tio n s  o b serv ed  am ong b o v in e  adenov irus s tra in s  [18], w hich  
m igh t be a t tr ib u te d  to  d ifferen t degrees o f in te r ty p ic  an tigen ic  re la tio n . 
O ur I F  s tu d ies  su p p o rt th e  observation  o f  M c F e r r a n  et al. [13] th a t  ovine 
adenov iruses have a com m on antigen , c losely  re la ted  to  th e  com m on an tig en  
of h u m an  adenov iruses. T h is would ra ise  th e  p o ssib ility  of differences in  th e  
an tigen ic  re la tio n sh ip  b e tw een  different s tra in s . W e observed  sim ilar p h en o m 
ena w ith  th e  im m unodiffusion  test.
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IMMUNOFLUORESCENT STUDIES ON CANDIDA
ALBICANS*

E r z s é b e t  H e s z l e r  a n d  É v a  S z a b ó

Department o f Dermatology and Venerology, University Medical School, Szeged

(R eceived N o v em b er 14, 1977)

T h e  in d ire c t im m unofluo rescen t t i t r e s  o f Candida albicans 0656 CBS h y p erim m u n e  r a b 
b it  se ru m  w ere in v es tig a te d  against C. albicans an tig en s  p rep ared  fro m  stra in s  o rig in a tin g  fro m  
m ucous m em branes o f h e a lth y  persons an d  p a tie n ts  w ith  th ru sh . U sing  pa thogen ic  s tra in s  as 
an tig en s, a  defin ite ly  s tro n g  fluorescen t re ac tio n  w as o b ta in e d  w ith  h y p erim m u n e  ra b b it  se ru m  
in a d ilu tio n  o f 1 : 2500. I n  th e  case o f ap a th o g en ic  s tra in s  th e  f lu o rescen t reac tio n  w as e ith e r  
v e ry  w eak  or neg ativ e  in  a  d ilu tion  of 1 : 2000. A b so rp tio n  stud ies also seem ed to  revea l a  d iffe r
ence in  re a c tiv ity  be tw een  pa thogen ic  a n d  a p a th o g en ic  stra ins . H y p e rim m u n e  ra b b it  se ru m  
abso rbed  w ith  ap a th o g en ic  C. albicans s tra in s  show ed a  positive  flu o rescen t reac tio n  o n ly  w ith  
pa th o g en ic  ones as an tig en s. In  th e  opposite  case a neg ativ e  reac tio n  w as ob ta ined .

C utaneous an d  system ic in fec tions b y  y easts  h av e  becom e in creasin g ly  
fre q u e n t in  re c e n t y ears . In  m ost cases th e  p a th o g en ic  a g en t is Cancida albicans, 
a fa c u lta tiv e  p a th o g en , a n o rm al in h a b i ta n t  of th e  a lim e n ta ry  t r a c t  a n d  th e  
m ucocu taneous reg ion . I t  is o ften  d ifficu lt fo r th e  m yco log ist, especially  in  
th e  la ck  o f ad e q u a te  in fo rm atio n , to  decide th e  p a th o g en ic  ro le of th e  iso la tes
[É 2].

Som e au th o rs  have  tr ie d  to  d iffe re n tia te  be tw een  path o g en ic  a n d  a- 
p a th o g en ic  s tra in s  on th e  basis o f d ifferences in  th e  an tig en s of Candida  or 
th e  a n tib o d y  response  to  th em  [1, 3 —6 ]. T hese in v es tig a tio n s  w ere m a in ly  
concerned  w ith  th e  re a c tiv ity  to  th e  m icroorgan ism , in  o th e r  w ords, th e  re la 
tio n  o f th e  p a th o g en ic  ag en t w ith  th e  h o s t o rganism .

T he questio n  arises w h e th e r th e re  a re  d ifferences in  th e  y e a s t itse lf  
on th e  basis  of w hich  pa thogen ic  s tra in s  cou ld  be  se p a ra te d  from  ap a th o g en ic  
ones a n d  w h e th e r th e re  is some fa c to r  re la te d  to  th e  a b ility  o f causing d isease.

In  o rd e r to  c la rify  th e  questio n , th e  re a c tiv ity  o f an  a n tican d id a  h y p e r
im m une  r a b b i t  serum  w as s tu d ied  using  th e  im m u n o flu o rescen t m eth o d  on 
C. albicans cells as an tigens o rig in a tin g  fro m  h e a lth y  a n d  th ru sh y  m ucous 
m em brane.

M aterials and m ethods

Antigen. C. albicans w as iso lated  fro m  th e  m ucous m em brane  o f 10 h e a lth y  sub jec ts  an d  
10 p a tie n ts  w ith  th ru sh . C ultu ring  was done on  S a b o u rau d  agar, id en tif ic a tio n  on rice ag ar [7]. 
P re p a ra tio n  o f th e  a n tig e n  w as carried  o u t  acco rd ing  to  S e e l ig e r  [8].

* P a r t  o f th is  w ork  w as p resen ted  a t  th e  F if th  In te rn a tio n a l Specialized S ym posium  on  
ifeasts, K esz th e ly , 1977.
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Im m une serum . P ro d u c tio n  o f h y p erim m u n e  an tican d id a  ra b b it  se rum  was done u sin g  
S e e i .ig e r ’s m eth o d  [8 ]. R a b b its  w ere im m unized  in trav en o u s ly  w ith  10 m g/m l suspension o f 
th e  above m en tioned  an tig e n  p rep ared  fro m  C. albicans s tra in  0656 CBS (D elft). A fte r five  
w eeks im m uniza tion  th e  t i t r e  o f th e  serum  w ith  hom ologous an tigen  w as 1 : 1280 in a g g lu tin a 
t io n  a n d  1 : 2500 in  im m unofluorescence.

Conjugate. G o a t a n ti- ra b b it  se rum  labelled  w ith  fluorescein  iso th io c y a n a te  (Code N o.: 
65-173-M iles Y eda) w as u sed  in  1 : 65 d ilu tion .

M icroscopy. A  L eitz  O rth o p lan  F luorescence m icroscope w ith  X e n o n  X  BO 150 w b u lb  
a n d  L eitz  v e rtica l i llu m in a to r  w as used . F ilte r  co m b in a tio n : K G  1 (2 m m ), BG 38 (4 m m ). 
K p  500; secondary  f i lte rs , T K  510/K  515. O b jectives: A po 40/63 X.  O cular: P e rip lan  G F  12.5 X.  
M icropho tographs w ere ta k e n  w ith  an  O rth o m a t cam era  using  A nscochrom e 500 d a y lig h t film .

Im m unofluorescent technique. C. albicans cells lay e red  on a slide w ere d ried  a t  room  te m 
p e ra tu re ,  th en  in c u b a te d  fo r 30 m in  in  a w e t ch am b er w ith  d ifferen t d ilu tio n s  of an ti-ca n d id a  
r a b b i t  serum . A fte r  w ash in g  in  N a irn  b u ffer p H  7.2 , th e y  were in cu b a ted  w ith  con ju g a te  fo r 
30 m in .

Im m unoabsorption . A n tican d id a  ra b b it  se ru m  w as absorbed  w ith  p a th o g en ic  an d  a p a th o -  
gen ic  C. albicans s tra in s : 0.3 m l h e a t  k illed  C. albicans suspension w as ad d ed  to  0.5 m l im m u n e  
se ru m  d ilu ted  1 : 20 a n d  in cu b a ted  a t  37°C fo r 2 h r .,  th e n  a t  4°C for 20 h r . A fter c en trifu g a tio n  
th e  process was rep ea ted .

R esu lts

F irs t th e  f in a l t i t r e  o f th e  a n ti-c a n d id a  serum  w as defined . The h ig h es t 
d ilu tio n  causing a b r ig h t green f lu o re scen t rin g  on th e  cell w alls (F ig. 1), w h ich  
w as easily  d iffe re n tia ted  from  th e  yellow ish-brow n au to -fluorescence , w as co n 
s id ered  th e  t i t r e  o f  th e  serum . I t  dep en d ed  on w heth er p a th o g en ic  or a p a th o - 
genic C. albicans w as used  as an tig en , an d  th e  difference could  he m easu red  
q u a n tita tiv e ly . R esu lts  are sum m arized  in  T ab le  I , w here i t  is seen th a t  p a th o 
genic stra in s re a c te d  w ith  a n ti-can d id a  ra b b i t  im m une serum  m ore in ten se ly  
th a n  apa thogen ic  ones.

To o b ta in  fu r th e r  in fo rm atio n  on th e  difference in  re a c tiv ity  b e tw een  
p a th o g en ic  an d  ap a th o g en ic  iso la tes, th e  h y p erim m u n e  an ti-c a n d id a  r a b b it  
se ru m  was a b so rb ed  w ith  four p a th o g en ic  and  four ap a th o g en ic  C. albicans 
s tra in s . B a c k - ti tra tio n  was done w ith  fu r th e r  6 s tra in s  of b o th  ty p es each . 
R esu lts  are show n in T ab le  I I .

The se rum  ab so rb ed  w ith  p a th o g en ic  s tra in s  in  1 : 20 d ilu tio n  gave  a 
n eg a tiv e  fluo rescence  p a tte rn  w ith  b o th  path o g en ic  and  apa thogen ic  s tra in s  
w ith o u t fu r th e r  d ilu tio n . In  th e  oppo site  case, serum  ab so rb ed  w ith  a p a th o -

Table I

Difference between pathogenic and apathogenic strains o f C. albicans as measured w ith
indirect immunofluorescence

D egre o f lu o rescen ce
A ntigens
(strains)

N o. o f 
s tra in s 1 : 200 se ru m  d ilu tio n 1 : 2500 seru m  d ilu tio n

- + +  +

P athogenic 10 — — 7 3

A pathogenic 10 4 6 — —
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genic s tra in s  in 1 : 10 d ilu tio n  gave a d is tin c t fluorescence w ith  p a th o g en ic  
s tra in s , even  on an  a d d itio n a l 1 : 10 d ilu tio n . W ith  th e  la s t ty p e  of ab so rb ed  
serum , in  a d ilu tion  of 1 : 100, a m osaic p a t te rn  [5] was observed , v iz ., besides 
n eg a tiv e  cells ab o u t 1 -2 %  positively  s ta in e d  cells w ere seen (Fig. 2).

Fig. 1. H om ogeneous, ring-like reac tio n  on  th e  cell walls o f C. albicans. X  800

F ig . 2. Mosaic p a tte rn .  X  500 

Table II
Indirect immunofluorescence o f  a hyperim m une anti-candida rabbit serum absorbed 

with apathogenic and pathogenic C. albicans strains

R eaction  o f  th e  se ru m  a b so rb ed  w ith
A ntigens
(strains) apathogen ic  C . a l b i c a n s  

s tra in s
p a th o g en ic  C. 

a lb i c a n s  s tra in s

A pathogenic negative negative

Pathogenic positive (1  : 1 0  d ilu tion ) negative

m osaic p a tte rn  (1  : 1 0 0  d ilu tion )
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D iscussion

O ur resu lts  seem  to  p o in t to  a d ifference in  re a c tiv ity  be tw een  C. albicans 
s tra in s  from  h e a lth y  oral m ucosa an d  fro m  m ucosa w ith  th ru s h . W ith  im m u n e  
a b so rp tio n  th e  d ifference could be  d e m o n s tra te d  q u a lita tiv e ly . As th e  se ro 
ty p e s  A an d  В o f C. albicans h av e  n o t  b een  considered, i t  is supposed  t h a t  th e  
d ifference d e m o n s tra te d  lies w ith in  th e  ran g e  of th e  an tig en ic  s tru c tu re s  
re p re se n te d  b y  th e se  tw o  ty p es.

The q u es tio n  arises w h e th e r th e  C. albicans s tra in s  d iffe ren t in  r e a c tiv i ty  
a re  a lte rn a tiv e  colonizers o f th e  d iseased  or h ea lth y  h o s t or h av e  a com m on 
orig in . In  th e  la t te r  case th e  an tig en ic  change m ay  be  co rre la ted  w ith  th e  
acq u is itio n  o f p a th o g e n ic ity  an d  re f le c t th e  h o s t’s defence. P a th o lo g ica l con
d itio n s  such  as d iab e tes , m a lig n an t d isease , e tc ., and  ia tro g en ic  effects such  as 
a n tib io tic  or c y to s ta tic  th e ra p y  m a y  c o n tr ib u te  to  th e  process. D esp ite  th e  
u n an sw ered  q u estio n s, th e  above m e th o d s  are considered  usefu l in  c lin ica l 
p rac tice .
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TRANSFORMATION OF HAMSTER EMRRYONIC 
FIBRORLAST CELLS BY UV-IRRADIATED HUMAN 

CYTOMEGALOVIRUS*

I .  BO LD O G H , É v a  GÖNCZÖL and  L .  YÁ CZI 

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

(R eceived N o vem ber 17, 1977)

In fec tio n  o f h a m s te r  em bryon ic  fib ro b la s t (H E F )  cells w ith  U V -irrad ia ted  h u m an  CMV 
resu lted  in  app earan ce  o f tran sfo rm ed  clones. T he e s tab lish ed  cell line  (87-T R H -5) w hen in o c 
u la te d  su b cu tan eo u sly  in d u ced  tu m o u r in  n ew born  h am ste rs . T he 87-T R H -5 cell line an d  th e  
cell lines ( 8 7 -T R  H - 5 - T  s c t, 87-T R H -5-T sc2, 87-T R H -5-T sc3)'developed  fro m  th e  induced  tu m o u r , 
p roved  to  b ea r CM Y-specific cytoplasm ic a n d  surface  an tigens. D e m o n stra tio n  of in fectious 
CMV or CMV-specific n u c lea r an tig en  in 87-T H R -5-cells h as failed.

T he ce ll-tran sfo rm in g  cap ac ity  of h e rpesv iruses o f m an  (EBV , H SV -1, 
HSV-2) and  low er an im als  (MDV, H SV , Н У А , L H V  etc .) has been  su p p o rted  
b y  a n u m b e r of a u th o rs  [1—3]. The sam e has n o t  p roved  u n eq u iv o ca lly  fo r h u 
m an  cy tom egalov irus (HCM Y), th o u g h  A l b r e c h t  and  R a p p  [4] and G é d e r  
et al. [5] in d u ced  tra n s fo rm a tio n  o f h a m s te r  em bryon ic  fib ro b lasts  (H E F ) 
and  h u m an  em bryon ic  lu n g  cells, re sp ec tiv e ly , w ith  HCMV.

W e h av e  succeeded  in  in fec ting  sem iperm issive m ouse cells w ith  HCM V
[6] . In  th e  in fec ted  sem iperm issive cells th e  v iru s  genom e p e rs is ted  in  a la te n t  
form  for long periods o f tim e  while th e  v iru s  fu n c tio n s w ere u n d e r  h o st co n tro l
[7 ] . B o th  hom ologous (hum an) and  hetero logous (m ouse) D N A  syn thesis w as 
s tim u la ted  b y  p a r tia lly  in a c tiv a te d  HCMV [8]. In  th is  re p o r t , we p resen t f u r 
th e r  d a ta  on tra n s fo rm a tio n  b y  HCMV.
Ш
F,

M aterials an d  m ethods

H E F  cells were p re p a re d  from  14-day-old S y rian  h a m s te r  em bryos as described b y  D u f f  
and  R a p p  [9]. T he cells w ere p ro p ag ated  in  p las tic  (N uclon) vessels in  m in im um  essen tia l 
m edium  (M EM , G IB C O ) supp lem en ted  w ith  10%  fe ta l  ca lf serum  (FC S), 0 .075%  N a H C 0 3, 
100 jUg/ml penic illin  an d  100 |Ug/ml s trep tom ycin .

T he C-87 s tra in  o f  HCM V was p ro p ag a ted  t i t r a te d  a n d  sto red  as described [10, 11]. 
Specific HCM V an tig en s w ere de tected  b y  in d ire c t im m unofluorescence [12, 13]. A n ti-  
HCMV h u m an  co n valescen t se ra , were used  a n tise ra . F luorescein iso th iocyanate-labe lled  a n ti 
h u m an  IgM  con ju g a te  (H y la n d ) w as app lied  in stead  of Ig G  con ju g a te  b ecause  of th e  Ig G -F c  
b in d in g  a c tiv ity  o f  th e  cells (unpub lished  d a ta ) .

T he v iru s suspension w as U V -irrad ia ted  a t  80 erg /sec/m m 2 from  a  d is tan ce  of 20 cm fo r 16 
m in . M ethods described e a rlie r  [7, 14] were used  in  5-iodo-2’-d eoxyurid ine  (IU d R , S igm a) 
tre a tm e n t a n d  fusion  w ith  h u m a n  em bryonic  f ib ro b la s ts  (H u E F )Jb f 87-T R H -5  cells.

* T h is w ork  w as su p p o rte d  b y  a g ran t fro m  th e  H u n g a rian  M in istry ’o f H e a lth , C o n trac t 
No. 2-11-0801/VG.
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R esu lts

H E F  cells ( 4 х Ю 6) w ere in fec ted  a t  a m u ltip lic ity  o f a b o u t 1 p .f.u ./ce ll 
w ith  p a rtia lly  U V -in ac tiv a ted  НСМУ s tra in  €-87. The v iru s  h ad  been t i t r a te d  
on  H u E F  cu ltu res . A fte r an  ad so rp tio n  perio d  of 2 h r a t  37°C, th e  u n ad so rb ed  
v iru s  was rem oved  b y  w ash ing  w ith  P B S . T he cells w ere m a in ta in ed  in  M EM  
enriched  w ith  10%  FCS in p lastic  P e tr i  d ishes 60 m m  in d iam e te r in  an  a tm o s
p h e re  co n ta in in g  5 %  C 0 2. T he m edium  w as changed w eekly .

N ineteen  to  24 days a fte r  in o cu la tio n , rap id ly  m u ltip ly in g  foci o f  cells 
o f  a lte red  m orpho logy  (F ig . 2/b) ap p e a re d  in  th e  in fec ted  m onolayers. In  
n o n -in fec ted  co n tro l H E F  m onolayers, tran sfo rm ed  foci could  n o t be observed .

E leven  o f th e  foci w ere iso la ted . F ig u re  1 shows th a t  of th ese  only  one clone 
(87-T R H -5) rem ain ed  capab le  of m u ltip ly in g . The clone caused  tu m o u r  in

H A M ST E R  E M B R Y O  FIB R O B L A ST

U V -irrad ia ted  HCMV 
18-24 d ay s

I
Clones o f m orpholog ically  transfo rm ed  cells

num ber of clones: 11 
ф passage (4 su rv iv o r clones)

87-T R H -3 j 87-T R H -5 87-T R H -9 8 7 -T R H -ll

11 passages 7 passages 5 passages
4 4 4 4

Loss o f  cells 18 passages Loss o f  cells Loss o f cells

In o cu la tio n  in to
new born  h am ste rs 4
In o cu la tio n  in to

26 passages

new born  h am ste rs 1—> 70 passages
4

in  vivo
4

passages

Tscj
X

in  vitro passage
----------------------->■ cell line (87-T R H -5-Tsc,)

T sc2 in  vitro passage cell line (87-T R H -5-T sc2)

4
T sc3 in  vitro  passage

---------------------- > cell line (87-T R H -5-Tsc3)

Fig. 1. H is to ry  of oncogenic tran s fo rm a tio n  of h am ste r  em bryo cells b y  U V -irrad ia ted  HCMV

S h am  infection

4
12 passages

Loss o f cells
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se ria l in  vivo passages in  h am sters . A  cell line was iso la ted  from  each  of th ree  
co nsecu tive  passages o f 87 -T R H -5 -tu m o u rs  (lines 87-TRH-5-TSCJ, 87-T R H - 
5 -T sc2 and  87-T R H -5-T sc3). In  th e  follow ing, th e  p ro p ertie s  of th e  four cell 
lines a re  described.

T he cells of th e  87-T R H -5 line  a re  fib ro b last-lik e , som e o f th em  m ulti- 
n u c lea r . T he nuclei a re  la rg e r (Fig. 2/c) th a n  those  o f n o rm a l h a m s te r  cells in 
g en era l (F ig. 2/a).

Fig. 2. N o rm al and  H C M V -transform ed h a m s te r  cell lines: a) no rm al h a m s te r  em b ry o  fib ro 
b la s t  (H E F )  cu ltu re ; b) НСМ У-transfo rm ed  h a m s te r  em bryo f ib ro b la s t, a  clone of m orpho
log ically  a lte red  cells; c) cu ltu re  o f 87-T R H -5 cells a fte r  th e  18 th  passage; d) cu ltu re  of 
87-T R II-5 -T sc , cells (15th  passage) a fte r iso la tion  fro m  tu m o u r induced  b y  in jec tio n  o f 87-TR H - 
-5 cells in to  new born  h am ste r; e) cu ltu re  of 8 7 -T R H -5-T sc2 cells (1 2 th  passage) a f te r  iso lation  
fro m  tu m o u r  induced  by  in jec tio n  of 87-T R H -5-T scL cells in to  new born  h a m s te r ;  f) cu ltu re  of 
8 7 -T R H -5 -T sc2 cells (12th  passage) a fte r iso la tio n  fro m  tu m o u r in d u ced  b y  in jec tio n  of 

87-T R H -5-T sc2 cells in to  new born  h am ste r
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T he deriv a tiv e  cell lines (F igs 2 /d , 2/e, 2/f) do n o t d iffer fro m  one a n o th e r 
m orphologically , b u t  do d iffer from  th e  p a re n ta l line 87-T R H -5 . T hey  show  
fib ro ep ith e lo id  m orp h o lo g y . O ccasionally  m u ltin u c lea r g ia n t cells and  g ian t 
cells o f  b izarre  m o rp h o lo g y  occurred .

T he oncogenecity  o f  th e  cell lines is sum m arized  in  T ab le  I .  Cells o f 
8 7 -T R H -5  were d e ta c h e d  an d  in o cu la ted  in to  n ew born  h a m ste rs  (105, 5 x l 0 5, 
10® a n d  5 x l 0 4 cells/an im al) an d  w eanling  h am ste rs  (10® an d  107 cells/anim al).

T um our developed  in  one o f th e  new born  h am ste rs  in o cu la ted  w ith  10* 
cells an d  in  23 of th e  24 in o cu la ted  w ith  10® cells. O f th e  14 w eanlings in o cu la ted  
w ith  107 cells 2 d ev e lo p ed  tu m o u r.

T um our in d u c tio n  b y  cell lines of tu m o u ra l o rig in  w ere exam ined  in  
w ean lin g  ham sters. T u m o u rs  w ere rem o v ed  u n d e r s te rile  co n d itio n s, try p s in ized  
a n d  tran sfe rred  th ro u g h  5 seria l passages in  vitro. H a m ste rs  w ere in o cu la ted  
w ith  104, 105 or 10® ce ll/an im al. T ab le  I  shows t h a t  th e  oncogen ic ity  of th e  cell

Table I

Tum our induction  in  Syria n  hamster by H C M V -transform ed cell lines

Number
of

animals
Number of 
inoculated 

cells/bamster

Tumour incidence
Weeks after injection Total

2 4 6 8 10 12 14 20 24

Newborn
ham ster

10
H E F

10’

12
87-TRH-5

10s l 1
10 5 x 1 0 s — — — 2 l l — — — 4
10 106 — — 2 4 2 l — — — 9
14 5 X106 — 2 2 6 4 — — — — 14

Weanling 
ham ster 
(4 weeks 

old)
12

87-TRH-5

106
14 10’ l l 2

10
87-TRH-5-Tsc!

104 4 2 2 8
8 10s l 6 7

11 10« 3 7 10

10
87-TRH-5-Rsc2

104 4 3 2 9
7 10s 2 5 — — — — — — — 7
8 10« 4 4 8

10
87-TRH-4-TSC,

104 2 5 3 10
10 10s 3 6 1 — — — — — — 10
8 10« 2 6 8
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Fig. 3. Im m unofluorescence o f  HC1MV an tigens localized in '8 7 -T R H -5  tran sfo rm ed  h a m s te r
cells. X 252

a) A ntigen(s) localized  in  cy top lasm ; b) an tigen (s) on th e  surface  o f 87-T R H -5 cells

lines h a d  increased ; 104 ce lls/ham ster caused  tu m o u r in  90 to  100%  o f th e  
in o cu la ted  anim als.

H am ste rs  in o cu la ted  in  n eo n a ta l age w ith  107 n o rm a l h am ste r  cells/ 
an im a l developed no  tu m o u r  during  th e  8 -m o n th  o b se rv a tio n  period.

T h e  tu m o u r in d u ced  b y  an y  of th e  fo u r cell lines show ed  th e  h isto log ical 
p ic tu re  of fib rosarcom a.

T h e  87-TR H -5 cell line  an d  th e  lines o b ta in ed  from  tu m o u r  w ere exam ined  
b y  in d ire c t im m unofluorescence for HCM V-specific an tig en s  (Table I I ) .

Table I I

Immunofluorescence studies

Cells

Fluorescence with

human sera 
HCMV

positive for IgM antibodies to 
HSV-2

human sera negative 
for anti-НСМУ and 

anti-HSV-2

I S I s I  S

87-TR H -5 + +
87-TR H -5-Tsct + + — — —  —

87-T R H -5-T sc2 + + — — —  —

87-T R H -5-T sc3 + + — — _ _
НСМУ (C-87)-infected

H u E F " + + — — _ _
НСМУ (C-87)-infected

h e f " + + — — —  —

H a m ste r em bryo fibro-
b las t — — — — —  —

H SV -2-infected H E F — — + + —  —

I l /d  SV40 tu m o u r cells — — — —

I =  in trace llu la r an tigen(s)
S =  antigen(s) on  th e  cell surface 
a h u m an  em bryonic f ib ro b la sts  48 h r a fte r  infection  
0 h am ste r  em bryonic fib ro b lasts  24 h r a f te r  infection
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HCMV-sp ec ific ity  o f b o th  th e  cy to p lasm ic  and  th e  su rface  an tigen  was 
d e te c te d  in  th e  tra n s fo rm e d  cells (Figs 3 /a  a n d  3/b). No fluorescence  occurred 
w ith  e ith e r an ti-H S V -2  or no rm al sera.

A ttem p ts  w ere m ad e  to  d e te c t in fec tious v iru s or H CM V -specific n uc lear 
an tig en (s) suggestive o f  th e  presence o f th e  com plete  v iru s  genom e or its  
p a r ts  responsible fo r cod ing  fo r th e  n u c lea r an tigen(s).

(1) IU d R -tre a te d  (48 h r, 100 pg/m l) an d  u n tre a te d  87-TR H -5 cells 
w ere  son icated  (1.5 A, 1 m m ) an d  H u E F  cells w ere in o c u la te d  w ith  th e  d is
in te g ra te d  cells;

(2) IU d R -tre a te d  an d  u n tre a te d  87-T R H -5  cells w ere co -cu ltiv a ted  w ith  
H u E F  cells;

(3) IU d R -tre a te d  an d  u n tre a te d  87-T R H -5  cells w ere induced  to  fuse 
w ith  H u E F  cells an d  th e  re su ltin g  h y b rid s  w ere tre a te d  w ith  IU d R .

W e failed  to  iso la te  in fectious v iru s  from  an y  o f th e  experim en ts. 
F luorescence w as seen to  ap p ea r in  8 7 -T R H -5 /H u E F  nucle i, b u t  th e  an tig en  
responsib le  for th e  fluorescence could  n o t be d is tin g u ish ed  im m unologically  
fro m  th e  cy top lasm ic an tig en , suggesting  th a t  th e  an tigen  d e te c te d  in th e  nuclei 
w as due to  an  in flow  o f cy top lasm ic  an tig en .

D iscussion

Infection  o f H E F  cells w ith  p a r tia lly  U V -in ac tiv a ted  HCMV re su lted  
in  th e  ap p earan ce  o f  m orpho log ically  tran sfo rm ed  cells. M ultilayered  foci 
w ere  iso lated  an d  c u ltiv a te d  fu r th e r . O ne clone su rv ived  an d  developed in to  a 
con tin u o u s cell line . In o c u la te d  in to  n ew bornor w ean ling  h am ste rs , th e  cell 
line  induced  local tu m o u r  g row th . U n in fec ted  H E F  cells k e p t  un d er th e  sam e 
cond itions did n o t tra n sfo rm .

R o th  th e  p a re n ta l  cell line an d  its  d e riv a tiv es  show ed HCM V-specific 
cy top lasm ic  and  m em b ran e  fluorescence. A tte m p ts  a t  iso la tin g  in fec tious 
HCM V or in d u c in g  HCM V-specific n u c lea r  an tigens h av e , how ever, fa iled . 
W e assum e th a t  th e  v ira l genom e in  th e  tu m o u r  cells is incom plete .

I t  m ay be conc luded  th a t  in fec tio n  of H E F  cells w ith  HCMV re su lted  
in  th e  developm ent o f m a lig n an t cells. W h e th e r th e  m alig n iza tio n  was in d u ced  
b y  th e  v ira l genom e d ire c tly  or th ro u g h  in d u c tio n  of endogenous onco rnav irus 
needs fu rth e r  in v es tig a tio n s .

Acknowledgements. T he au th o rs  are in d eb te d  to  Mrs. M a h i a  R o z g o n y i  S z é c s i  an d  Miss 
M a g d o l n a  L o v á s z  fo r exce llen t tech n ica l assistance .
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TREATED WITH RORDETELLA PERTUSSIS VACCINE

Z s u z s a n n a  B á n o s , P i r o s k a  A n d e r l i k , I l o n a  S z e r i  a n d  
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(Received D ecem ber 9, 1977)

D e a th  occurred  ea rlie r and  th e  m o rta lity  ra te  was h igher in  one an d  tw o-w eek-old m ice 
p re tre a te d  w ith  Bordetella pertussis  vaccine a n d  in fec ted  in tra ce re b ra lly  w ith  LCM v iru s, th a n  
in  n o t p re tre a te d  an im als  o f  th e  sam e lit te r . P e rtu ss is  vaccine t re a tm e n t  co n trib u ted  to  th e  
course o f LCM v iru s in fec tio n  ending in le th a l m en in g itis  in  suckling  m ice, b y  accelerating  th e  
d evelopm en t o f th e ir  c e llu la r im m une response.

B esides sev era l o th e r  effects in  m ice, Bordetella pertussis  vaccine cau s
es tra n s i to ry  sp lenom egaly , leucocytosis [1, 2] an d  a lte ra tio n  o f th e  im m u n o 
logical re a c tiv ity . T h e  a lte ra tio n  m ay  be an  increases o f  th e  h um ora l im 
m une response or a decrease of th e  ce llu la r im m une response  to  hetero logous 
an tig en s [3, 4].

T he cellu lar im m u n e  response is know n  to  be th e  basis o f ly m p h o cy tic  
choriom ening itis, a neuro logical sym p to m  of in tra c e reb ra l LCM virus in fec tion , 
an d  T  lym p h o cy tes  p la y  a basic role in  its  d ev e lopm en t [5 -7 ]. The course o f 
v iru s  in fec tion  depends on th e  im m une response  of th e  an im als and  so on th e ir  
age. T he in fec tion  ends in  fa ta l ly m p h o cy tic  choriom ening itis in  a d u lt m ice 
w ith  in ta c t  im m une  system  while n ew b o rn  m ice w ith  undeveloped  im m une  
system  do n o t develop  m eningitis, th e y  su rv ive  th e  in fec tio n  and  becom e 
lifelong v iru s ca rrie rs . I n  suckling m ice th e  m o rta lity  r a te  an d  tim e  of d e a th  
depend  on th e  age o f  th e  anim al a t  th e  t im e  o f in o cu la tio n  [8].

In  th e  p re sen t w ork  th e  effect o f p e rtu ss is  vaccine p re tre a tm e n t has been  
s tu d ied  in  th e  course o f  LCM virus in fec tio n  in  suck ling  m ice.

M aterials an d  m ethods

E xperim ental an im als. C FL P  mice of d iffe ren t age and  b o th  sexes were used.
P ertussis vaccine. T h e  vaccine con ta ined  3 0 x l 0 9/m l k illed  b a c te r ia  in physio logical 

saline ( In s t i tu te  fo r Serobacterio log ical P ro d u c tio n  an d  R esearch  H u m an , B udapest).
L C M  virus infection. T h e  W . E . s tra in  u sed  in  our ex p erim en ts  w as m ain ta in ed  in  ou r 

In s t i tu te  in serial m ouse b ra in  passages. PB S (p H  7.0) was used fo r b ra in  suspensions and  v iru s 
d ilu tions. V irus w as t i t r a te d  w ith  in trace reb ral in o cu la tio n  in  young  a d u lt  m ice, using  100 L D 50 
in 0.03 ml o f th e  p re ti t r a te d  v iru s. Neurological sy m p to m s c h arac te ris tic  o f ly m phocy tic  chorio-
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m en in g itis  (trem or, convulsion) were o bserved  tw ice  daily  and th e  occurrence of d e a th  w as 
reg is te red .

Reisolation o f  v iru s. A t th e  end of th e  e x p e rim e n ts  th e  b ra in  suspensions p rep ared  fro m  
su rv iv in g  anim als w ere  in o cu la ted  in tra ce re b ra lly  in  a 1 : 10 d ilu tion . R e iso la tion  of LCM v iru s 
w as confirm ed b y  th e  ch arac te ris tic  neuro log ica l sy m p to m s and  d e a th  in  th e  in o cu la ted  
m ouse  groups.

Histological exam ina tion . Sections p re p a re d  fro m  th e  b ra in  o f th e  an im als dy ing  d u rin g  
th e  ex p erim en ts w ere s ta in e d  w ith  h a em a to x y lin —eosin.

E xam inations o f  the lym phoid  system, (a ) A bso lu te  ly m p hocy te  co u n t was d e te rm in ed  
fro m  blood tak e n  fro m  th e  caudal vein  u n d e r  s ta n d a rd iz e d  conditions, (b) M ean re la tiv e  spleen 
w eigh t o f anim als sac rificed  4 and 10 d ay s a f te r  p e rtu ss is  vaccine tre a tm e n t and  th e  spleen 
in d e x  ch arac te ris tic  o f vacc ine  trea te d  g ro u p s w as de term ined .

M ean  re la tiv e  spleen w e ig h t =
m ean  spleen w eigh t mg 

m ean  body w eigh t g

Spleen index
m ean  re la tive  sp leen  w e ig h t o f pertussis vaccine tre a te d  group 

m ean  re la tiv e  sp leen  w eigh t of con tro l group

Statistical eva lua tion  o f  data. E v a lu a tio n  o f th e  resu lts  was carried  o u t b y  ca lcu la ting  
th e  m ean  values o f th e  d a ta  groups (x) an d  th e  d e v ia tio n s  of th e  m eans ( +  Sx) and  b y  co m p ar
ing  th e m  w ith  s ta tis t ic a l  m ethods. S tu d e n t’s tw o  sam ple  t te s t  was app lied  fo r s ta tis tic a l e v a lu a 
tio n . T he accep ted  sign ificance level w as p  =  0.05.

R esu lts

The effect o f  pertu ssis  vaccine  w as s tu d ied  in  th e  course of LCM v irus 
in fec tio n  in  1-, 2- an d  6-w eek-old m ouse  groups. T w en ty -six  lit te rs  w ere in 
cluded  in  th e  ex p e rim en ts . E ach  l i t te r  consisted  of 8 an im als an d  h a lf  o f th e m  
w as v acc in a ted  in tra p e rito n e a lly . T h e  an im als received on tw o occasions
0.3 m l vaccine (18 X lO 9 bac te ria ) on successive days. T he rem ain in g  an im als 
w ere given P B S  so lu tio n . On th e  second  d a y  of tre a tm e n t, 5 lit te rs  of 1-week- 
old anim als an d  8 lit te rs  of 2-w eek-old  an im als were in fec ted  w ith  LCM v iru s . 
S im u ltaneously , 13 litte rs  were in o c u la te d  w ith  th e  b ra in  suspension  of non- 
in fec ted  an im als. T re a tm e n t o f 6-w eek-o ld  mice and  of th e  con tro ls  w as id e n 
tic a l to  th a t  of suck lin g  m ice. C o n tro l g roups consisted , how ever, n o t o f th e  
sib lings. O ne-w eek-old  vaccine t r e a te d  m ice belonged to  th e  P-LC M -I g roup , 
2-w eek-old an im als  to  th e  P -L C M -II a n d  th e  6-w eek-old ones to  th e  P -L C M -III 
g roup . P B S -tre a te d  one-w eek-old m ice fo rm ed  th e  C-LCM -I, 2-w eek-old m ice 
th e  C-LCM -II an d  th e  6-w eek-old ones th e  C -LC M -III g roup . A nim als in 
o cu la ted  w ith  n o rm a l b ra in  suspension  an d  p re tre a ted  w ith  vaccine belonged  
to  th e  P -I , P - I I  an d  P -1 II, those  p re tre a te d  w ith  PBS to  th e  C -I, C -II and  C -III  
g roups. The e x p e rim e n ts  ended on th e  21st day  a fte r v iru s  in fec tion . T ab le  I 
d em o n stra te s  th e  m ouse groups an d  tre a tm e n ts .

The effect o f  vaccine t re a tm e n t on th e  lym phoid  organs of m ouse g roups 
n o t in fected  w ith  v iru s  was s tu d ie d  4 an d  10 days a fte r  t re a tm e n t. A bso lu te  
ly m p h o cy te  c o u n ts  w ere d e te rm in ed . S ubseq u en tly  fo u r an im als w ere sac ri
ficed  4 days a n d  e ig h t anim als 10 d ay s a f te r  th e  tre a tm e n t in  th e  P -I  an d  C-I

Acta Microbiologica Academiae Scientiarum Hungaricae 25, 1978



L C M  I N F E C T I O N  I N  M I C E 279

T ab le  I

Mouse groups and  their treatments

Group Num
ber Age Intraperitoneal

treatment
Cerebral

inoculation

P-LCM I 20 p e rt. LCM v iru s

C-LCM I 20 PB S LCM virus
1 w eek

P-I 20 p ert. X

C-I 20 PB S X

P-LCM I I 32 p e rt. LCM virus
C-LCM I I 32 PBS LCM virus

2 w eeks
P -II 32 p ert. X

C-II 32 PB S X

P-LCM I I I 16 p e rt. LCM virus

C-LCM I I I 16 PB S LCM virus
6 w eeks

P -I I I 32 p e rt. X

C -III 32 PB S X

X  =  norm al b ra in  suspension 
p e r t. =  B . pertussis  vaccine

groups an d  tw elve an im als  each w ere sacrificed  4 an d  10 days follow ing th e  
t r e a tm e n t  in  th e  P - I I ,  C -II, P - I I I  a n d  C -III  g roups and  th e  re la tiv e  spleen 
w eights an d  spleen in d ex es  were d e te rm in ed . A ccord ing  to  th e  resu lts  su m 
m arized  in  T able I I ,  sp leen h y p e r tro p h y  and  lym p h o cy to sis  developed  in 
each  age group of m ice  tre a te d  w ith  p e rtu ss is  vaccine.

T ab le  I I

Data o f the lym p h o id  organs

Group
Lymphocyte count///1 Relative spleen weight Spleen index

4th day 10th day 4th day 10th day 4th day 10th day

p - i

C-I

13500 +  4085 

2450 ±  819

p <  0.001

6050 +  2407 

2633 ±  787

p  <  0.001

10.7 ±  1.04 

5.87 +  0.94

p  <  0.001

14.23 +  4.1 

8.87 +  1.36

p  <  0.001

1.82 1.60

P -I I

C -II

19800 ±  6000 

2237 +  972

p  <  0.001

2822 ±  707 

2212 +  895

p <  0.01

9.46 +  0.85 

5.91 +  0.85

p <  0.001

9.96 ±  1.8 

6.2 +  1.83

p <  0.001

1.68 1.60

P - I I I

C -III

9990 +  6814 

5108 ±  3874

p <  0.02

4083 +  1200 

4587 ±  1333

p >  0.1

7.17 ±  1.52 

5.21 +  1.37

p <  0.001

8.15 ±  1.66 

4.62 +  0.61

p  <  0.001

1.37 1.76
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R a te  an d  tim e  course of d e a th s  a re  p re sen ted  in  F ig . 1.
V irus in fec ted  6-w eek-old m ice n o t  t re a te d  w ith  p e rtu ssis  vaccine 

(C -L C M -III g roup) a ll succum bed w ith  c h a ra c te ris tic  neurological sy m p to m s, 
7—10 day s a fte r  in fec tio n . Tw o-w eek-old m ice (C-LCM -II group) show ed 58%  
an d  th e  one-w eek-o ld  an im als (C-LCM -I g roup) 15%  m o rta lity  r a te . O n ly  a few  
suck ling  m ice developed  ch arac te ris tic  neu ro log ica l sym ptom s. D e a th  occurred  
a t  a n d  a f te r  10 day s p ostin fec tion  am ong  one-w eek-old an im als (C-LCM -I 
group) an d  7 day s postin fec tio n  in  th e  g roup  o f tw o-w eek-old  (C -LC M -II 
group) an d  six-w eek-old  (C -LC M -III g roup) m ice. M o rta lity  ra te  w as h igher 
(80% ) an d  d e a th  o ccu rred  earlier in  th e  v iru s  in fec ted  and  vaccine  t re a te d  
one-w eek-old  m ouse group  (P-LC M -I group) th a n  in  th e ir  u n tre a te d  siblings 
(C-LCM -I g roup). Tw o-w eek-old an im als  su b jec ted  to  p re tre a tm e n t an d  in 
fec tion  (P -L C M -II group) d isp layed  100%  m o rta li ty  7 -18  days a f te r  v iru s 
in fec tio n  in  c o n tra s t  to  th e  58%  m o r ta l i ty  observed  in  th e  sib ling  co n tro l 
g roup  (C -LC M -II g roup). N eurological sy m p to m s ch a rac te ris tic  o f v iru s  in 
fec tio n  w ere observed  in  anim als dy ing  e a r ly  in  b o th  th e  P-LC M -I an d  P -L C M -II 
groups an d  in  th e  b ra in  of m ice su ccu m b in g  in  th e se  groups 7 -8  days a f te r  
v iru s  in fec tio n  ly m p h o cy tic  in f iltra tio n  o f  th e  lep to m en in x  was rev ea led  b y  
h isto log ica l ex am in a tio n .

I n  c o n tra s t , th e  m o rta lity  r a te /d a y  w as low er in  th e  vaccine  tre a te d  
an d  v iru s  in fec ted  6-w eek-old anim als (P -L C M -III group) th a n  in  th e  C-LCM- 
I I I  g roup  an d  12%  o f th e  anim als su rv iv e d  th e  v iru s  in fection .

F ro m  th e  b ra in  o f each an im al su rv iv in g  th e  v iru s  in fec tion  b y  21 days, 
v iru s could  be  re iso la ted , th u s  th ese  m ice w ere carrie rs . N e ith e r d isease n o r 
d e a th  o ccu rred  in  th e  groups n o t su b je c te d  to  LCM v iru s  in fection .

D iscussion

D ev e lo p m en t o f  th e  im m une sy s tem  a t  b ir th  is d iffe ren t in  th e  in d iv id u a l 
an im al species. T  lym p h o cy tes  ap p ea r g ra d u a lly  in  th e  p e rip h era l ly m p h o id  
organs o f m ice [9, 10] a n d  th e  cellu lar im m u n e  response  develops co n tin u o u sly  
in  th e  p o s tn a ta l  w eeks [11—13]. O ur re su lts  also show  th a t  m ice in fec ted  a t  
d iffe ren t ages d isp lay  d iffe ren t m o r ta lity  ra te s  an d  th e  p ro p o rtio n  of su rv ivo rs 
decreases w ith  age.

I n  th e  p re se n t experim en ts, ly m p h o cy to sis  an d  splenom egaly  developed  
in  consequence of p e rtu ss is  vaccine t r e a tm e n t  in  b o th  one (P -I  group) an d  
tw o-w eek-o ld  (P -II)  m ice. S im u ltaneously , th e  course o f LCM v iru s  in fec tio n  
changed  to o  in  th e  vacc ine  tre a te d  an im als . D e a th  occurred  earlie r an d  its  
ra te  w as h ig h er in  th e  P-LC M -I g roup  th a n  in  th e ir  siblings n o t su b jec ted  
to  vacc ine  tr e a tm e n t (C-LCM -I group). M o rta lity  w as 100%  in th e  P -L C M -II 
g roup . T he ap p ea ran ce  of ch a rac te ris tic  neuro log ical sym ptom s as well
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as ly m p h o cy tic  in f il tra tio n  on th e  lep to m en in x  could  be d e tec ted  in  an im als 
d y in g  early  in b o th  th e  P-LC M -I an d  th e  P -L C M -II groups.

O ur resu lts  in d ic a te  th a t  p e rtu ss is  v acc ine  tre a tm e n t c o n tr ib u te d  to  
th e  deve lopm en t o f  le th a l m en ing itis  follow ing LCM virus in fec tion . Com 
p a rin g  th e  course o f LCM v irus in fec tio n  in  vaccine  p re tre a te d  one-w eek-old 
(P -L C M -I group) a n d  n o t p re tre a te d  tw o-w eek-o ld  (C-LCM -II group) m ice, 
fu r th e rm o re  in  th e  vacc in e  tre a te d  tw o-w eek-o ld  (P -L C M -II group) an d  n o t  
p re tre a te d  6-w eek-old m ouse groups (C -L C M -III g roup), m ice of th e  P -L C M -I 
g ro u p  w ere found  to  re a c t  to  LCM v iru s  in fec tion  sim ilarly  as d id  th e  an im als  
o f th e  C-LCM -II g roup  and  th e  P -L C M -II an d  C -LC M -III m ice also show ed 
a s im ila r reac tion . T h is re fe rred  to  an  enhanc ing  effect o f vaccine t r e a tm e n t  
on th e  developm ent o f  th e  cellu lar im m u n e  response  in  suckling  m ice. T he w ay  
o f th e  enhancing  e ffec t is n o t clear [3]. Cell p ro life ra tio n  w as found  in  th e  sp leen  
o f a d u lt  m ice w ith  in ta c t  lym p h o id  sy stem  u n d e r  th e  effect o f p e rtu ssis  v acc in e  
[14, 15]. The o b se rv a tio n s  th a t  th e  p ro p o rtio n  of cells reac tin g  to  p h y to h aem - 
ag g lu tin in  s tim u la tio n  rises in p e rip h era l b lood  up o n  pertu ssis  vaccine  t r e a t 
m e n t [16] fu rth e rm o re  th a t  no ly m p h o cy to sis  occurs in  th y m ecto m ized  an d  
th y m u s  defic ien t (nude) m ice [17-19] re fe r to  th e  ro le of T  cells in  th e  ly m p h o 
cy to s is  elicited b y  th e  vaccine.

Considering th e  significance o f T  ly m p h o cy tes  in  th e  d eve lopm en t o f  
m en in g itis  a fte r in tra c e re b ra l LCM v iru s  in fec tion , one m ay  assum e th a t  
vacc in e  tre a tm e n t enhances d ev e lo p m en t o f th e  cellu lar im m une  response  
o f suckling  m ice b y  causing  T  ly m p h o cy te  p ro life ra tio n . In  our ex p erim en ts  
th e  d a ily  dea th  r a te  w as low er in  6-w eek-old vacc ine  tre a te d  and  v iru s  in fec ted  
(P -L C M -III g roup) an im als th a n  in  th e  C -L C M -III group and  p a r t  o f th e  
an im als  su rv ived  th e  in fec tion . A ccord ing ly , th e  course of in tra c e reb ra l v iru s  
in fec tio n  showed a change sim ilar to  th e  im m u n e  depressive cond itions in 
d u ced  in  d ifferen t w ays [20]. T his re su lt agrees w ith  earlier o b serv a tio n s co n 
ce rn in g  th e  effect o f p e rtu ssis  vaccine  t r e a tm e n t of a d u lt m ice in fec ted  w ith  
LCM  v irus. These f in d in g s  rev ea led  th a t  in tra v e n o u s ly  given p e rtu ssis  v acc in e  
re d u c e d  th e  ce llu la r im m une  response  to  hetero logous an tigens bein g  p re se n t 
sim u ltan eo u sly  in  th e  organism  [21]. T he p re se n t resu lts  in d ica te  th a t  th e  
p e rtu ss is  vaccine red u ced  th e  ce llu lar im m une  response to  LCM v iru s  in fec tio n  
in  a d u lt  mice w ith  developed im m u n e  sy stem , w hereas th e  effect in c reased  
th e  cellu lar im m u n e  response in  suck ling  m ice.
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INHIBITORY AND MUTAGENIC EFFECTS OF 
SODIUM NITROPRUSSIDE AND ITS ADENINE 

COMPEEX ON ESCHERICHIA COLI

I .  S z i l á g y i  a n d  S . V i t á l i s

Institu te  o f  B io logy , U niversity  M edical School, Debrecen 

(R ece ived  D ecem ber 19, 1977)

Sodium  n itrop russide  a n d  its  adenine com plex w ere found  to  decrease th e  g ro w th  ra te  
o f  exp o n en tia lly  grow ing Escherichia coli cu ltu res , an d  th e  aden ine com plex to  e x e r t  in  a d d itio n  
a b acteric id a l e ffect. In  m u ta tio n  experim en ts  th e  la t te r  com pound failed  to  in d u ce  b ase -p a ir 
su b s titu tio n s  in  th e  E . coli s tra in s  te s te d  b u t  th e  re su lts  do n o t allow  to  exclude o th e r  m u tag en ic  
m echanism s.

In  re c e n t years sev e ra l papers h av e  d iscussed  th e  to x ic ity  of sod ium  
n itro p ru ss id e  b u t  no d a ta  could  be fo u n d  concern ing  its  m u tag en ic ity .

On th e  o th e r h an d , n itro p ru ss id e  w as show n to  reac t w ith  nucleobases 
u n d e r b io logical cond itions, an d  th e  p ro d u c t o f its  reac tio n  w ith  aden ine  w as 
p rep ared  in  solid  s ta te  [1]. T h e  p ro d u c t w ill be  designated  as aden ine  com plex . 
I t  was suggested  th a t  th is  re a c tio n  in  vivo  cou ld  lead  to  m u ta tio n s  [1]. M ore
over, in  p la n ts  i t  w as found  to  be m u tagen ic  (M. B e c k  and  I . T a m Á s s y , personal 
co m m u n ica tio n ).

The p re se n t re p o rt describes th e  effects o f n itro p ru ss id e  an d  its  aden ine  
com plex on Escherichia coli an d  th e  re su lts  o f m u ta tio n  te s ts  p erfo rm ed  w ith  
th e  la t te r  on tw o  s tra in s  o f th e  m icroo rgan ism .

M ateria ls and  m ethods

Strains. T w o E . coli s tra in s  w ere u se d , w ild  ty p e  K -12 an d  a В s tra in  d e riv a tiv e , W P  2 
u v rA  T rp - .

M edia and  growth. W P  2 u v rA  cells were h a n d le d  according to  Gb e e n  a n d  Mu k ie l  [2]. 
K -12 cells w ere g row n in  th e  fo llow ing  m edium : K H 2P 0 4, 13.6 g; (N H 4) 2S 0 4, 2.0 g; M g S 0 4 • 
• 7 H 20 ,  0.2 g; F e S 0 4 • 7 H 20 ,  0.5 m g; glycerol, 2.0 g p e r  litre ; p H  7.4. An o v e rn ig h t cu ltu re  

o f th e  cells w as d ilu te d  in fresh  m ed iu m  a t an  o p tic a l d e n s ity  (OD ) of a b o u t 0.150, m easu red  
a t  570 nm . T w e n ty  m l a liquo ts o f th is  suspension w ere p ip e tte d  in to  100 m l E rlen m ey e r flask s, 
th e n  th e  cu ltu res  w ere shaken  a t  250 rp m  in  a C ontro lled  E n v iro n m e n t In c u b a to r  S h ak er 
(N ew  B runsw ick  Scientific  Co. In c .)  a t  37 °C fo r one h r . S u b seq u en tly  th e  s tock  so lu tion  o f th e  
com pounds to  b e  te s te d  was ad d ed  to  th e  cu ltu res a t  th e  f in a l co n cen tra tio n  in d ica ted . T he cells 
w ere th en  grow n fo r 4 h r  and  2.0 m l sam ples w ere ta k e n  ev ery  hour. T he sam ples w ere cooled 
in  an  ice h a th  a n d  cen trifuged  in  a  re fr ig e ra ted  cen trifu g e  a t  3000 g  for 20 m in , an d  re su sp en d ed  
in  2.0 m l o f fresh  m ed ium  of th e  sam e com position  as above h u t  lacking glycerol. O p tica l 
d en sity  of th e  suspensions w as d e te rm in ed  a t  570 nm .

D eterm ination o f  survival. E .  coli K-12 cells w ere grow n as described above. A fte r th e  
d ilu tio n  step , th e  s tock  so lu tion  o f aden ine  com plex w as ad d ed  to  give a fin a l co n ce n tra tio n  
o f 5 X  10~3 M . A t zero, 3 and 5 h r , 2.0 m l sam ples w ere ta k e n , cen trifuged  a t  3000 g  fo r 20 m in
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a n d  resuspended  in  2.0 m l o f physiological saline. V iable co u n ts  were de term ined  a fte r  d ilu tio n  
an d  p la tin g  on O xoid  N u tr ie n t  A gar p lates [3].

Testing o f  m utagenicity . E . coli K -12. E x p o n en tia lly  grow ing cu ltu res o f K -12 cells 
w ere o b ta in ed  as d escribed  above. A fter d ilu tio n  to  OD =  0.150 th e  cells were grow n fo r 2.5 h r. 
T h en  th e  cu ltu res w ere h a lv e d  an d  10-3 м  u rid in e  or 10 -3  м  u rid ine  p lus 5 x l O -3 м  ad en ine  
com plex w ere ad d ed  to  th e  new  cu ltu res. T h is tim e  w as considered  th e  zero p o in t o f th e  e x p e ri
m en t. T h en  th e  cu ltu res  w ere shaken  a t  37 °C fo r one h r , cooled an d  cen trifuged . T he cu ltu re  
tre a te d  w ith  aden ine  co m plex  was resuspended  in  th e  o rig ina l volum e of fresh  m ed iu m  while 
th e  con tro l w as d ilu te d  th ree fo ld  in  th e  sam e m edium . T h en  th e  cu ltu res were g row n fo r 
3 h r. T he n u m b er o f  v iab le  cells was d e term ined  a t  zero, 1 and  4 h r ; s trep to m y cin  re s is ta n t 
m u ta n ts  were co u n ted  in  sam ples tak e n  a t  zero a n d  4 h r. S trep to m y c in  resistance w as d e te r 
m ined  on O xoid N u tr ie n t  A g ar p la tes co n ta in in g  s tre p to m y c in  su lp h a te  (EG Y T, B u d a p es t)  
a t  a co n cen tra tio n  o f 15 fj.g p e r ml. Sam ples w ere cen trifu g ed  an d  resuspended  in  one te n th  of 
th e ir  o rig inal vo lu m e; 0.2 m l o f th is  suspension w as sp read  on  th e  selective p lates an d  colonies 
w ere coun ted  a f te r  in c u b a tio n  a t  37°C fo r 48 hr.

W P  2 uvrA . T h e  p ro to co l described in  th e  p a p e r  o f Gr e e n  an d  Mu r ie l  [2] was follow ed. 
F o r sp o t te s ts , c ry s ta ls  o f th e  com pounds w ere p laced  d irec tly  on to  th e  agar surface. In  “ t r e a t  
an d  p la te ”  te s ts  ad en in e  com plex was used  a t  a  co n cen tra tio n  o f 5 х 1 0 _3 m . Cells w ere in 
cu b a ted  w ith  th e  a g en t fo r  30 and  120 m in.

R esults

Sodium  n itro p ru ss id e , aden ine, aden ine  com plex  and  adenine com plex  
plus u rid ine  w ere ad d e d  to  ex p o n en tia lly  grow ing E . coli K-12 cu ltu res . T he 
decrease of g ro w th  ra te  c o n s tan t (g .r.c .), Я in  eq u a tio n

N t =  N 0 • eAt

w as used  to  d escribe  th e  in h ib ito ry  effect of th e  agen ts te s ted . R esu lts  are 
sum m arized  in  T ab le  I.

T he te s te d  com pounds were all fo u n d  to  decrease g.r.c. The in h ib ito ry  
effect of aden ine  cou ld  be p rev en ted  b y  th e  ad d itio n  of 10-3  u rid ine . T h e  effect 
of th e  aden ine  co m p lex  was only m o d era ted  b y  u rid in e , and  i t  was m ore effective 
th a n  n itro p ru ss id e  a t  th e  sam e c o n cen tra tio n  even in  th e  presence of u rid in e . 
T herefore, in  th e  fo llow ing ex perim en ts aden ine  com plex was used a t  a con
c en tra tio n  of 5 X 1 0 ~ 3 M.

T he effect o f 5 х Ю ~ 3 м aden ine  com plex  on th e  su rv ival of an  expo
n en tia lly  grow ing K -12 cu ltu re  is show n in  F ig . 1. A denine com plex w as found  
to  kill a p p ro x im a te ly  60%  of th e  cells b y  3 h r, an d  th e  effect increased  only  
sligh tly  d u rin g  su b se q u e n t in cu b a tio n  fo r 2 h r. In  o th e r experim en ts k illing  
of W P  2 u v rA  cells tre a te d  in  bu ffer w as fo u n d  to  reach  50%  a fte r  30 m in .

M u ta tio n  te s ts  w ere perform ed w ith  tw o  s tra in s . In  th e  f irs t  series of 
ex perim en ts i t  w as te s te d  w heth er th e  aden ine  com plex increases th e  freq u en cy  
of s trep to m y c in  re s is ta n t  cells in  a cu ltu re  o f w ild ty p e  K-12 cells. T h ere  was 
no s ign ifican t in crease  in  th e  freq u en cy  o f re s is ta n t cells a fte r exposu re  to  
adenine com plex  (T able  I I ) . In  th e  second series of experim en ts th e  te s t  sy stem  
of G r e e n  an d  M u r i e l  [2] was used. T his system  m akes use of th e  reversion
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Table I

Growth rate constant o f  E . coli K -12  cultures after exposure 
to the compounds indicated

C o m p o u n d
C o n c e n tra tio n , 

M
G ro w th  r a te  

c o n s ta n t
P e r  ce n t o f  

c o n tro l  g ro w th  
r a t e  c o n s ta n t

Control 0.464 100.0
Sodium  n itro p ru ssid e 2 x 1 0 - 2 0.257 55.4

10-2 0.283 61.0
5 x l 0 - 3 0.309 66.6

Control __ 0.487 100.0
Adenine I O '2 0.083 17.0

2 X IO -3 0.212 43.5io-3 0.323 66.3

Control (10_3 M  urid ine) — 0.578 100.0
Adenine plus IO“ 3 0.528 91.4
10 ~3 M urid ine 5 X 1 0 -3 0.609 105.5

_  __ io-3 0.624 107.9

Control 0.442 100.0
Adenine com plex IO“ 2 0.075 17.0

5 X  10-3 0.131 29.6io-3 0.198 44.8io-4 0.366 82.8

Control (10 ~3 M urid ine) __ 0.496 100.0
Adenine com plex plus IO“ 2 0.199 40.1
10~3 M u rid ine 5 x l 0 - 3 0.213 42.9io-3 0.479 96.6

K-12 cells were g row n an d  trea ted  as described in  M aterials an d  m ethods. Grow th ra te  
c o n s ta n t w as calculated  fro m  O D 570 of th e  cu ltu res a t  zero an d  3 h r , u sing  th e  equation

t

w here N 0 =  OD570 a t  zero h r , N t =  O D 570 a t  3 h r  and t =  3 h r

to  try p to p h a n  p ro to tro p h y  in  s tra in  W P  2 u v r A T r p - .  R eversion  is due to  base- 
p a ir  su b s titu tio n  a t  th e  site  of th e  orig inal a lte ra tio n  or to  th e  induction  of 
ochre  suppressors [4]. S p o t te s ts  an d  t r e a t  an d  p la te  te s ts  w ere perform ed. 
I n  th e  sp o t te s t, n e ith e r  n itro p ru ssid e  n o r its  aden ine  com plex  increased th e  
n u m b e r of m u ta n t colonies. (C ontrol: 58 +  5 .3; n itro p ru ss id e : 22 +  11.8; 
ad en in e  com plex: 44 +  17.5.) In  t r e a t  an d  p la te  te s ts  th e  n u m b e r of m u ta n t 
colonies was e ither eq u a l on contro l an d  tre a te d  p la te s , o r on th e  la t te r  i t  was 
ap p ro x im a te ly  50%  o f th e  con tro l, a f te r  30 an d  120 m in  exposure, respec
tiv e ly .
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F ig . 1. E ffec t of 5 x l 0 -3 aden ine  com plex  on th e  survival o f a n  E . coli K -12 cu ltu re . E x p o 
n e n tia lly  growing cu ltu res  o f E . coli w ere o b ta in e d  and  v iab le  co u n ts  w ere de te rm in ed  as
d escribed  in M aterials a n d  m eth o d s. OD  o f  co n tro l: О ----- О ,  t r e a te d :  • - ----- # ,  v iab le  cells

p e r  m l in  co ltro l: Л --------Д ,  tre a te d : A ----------A

T able  II

Frequency o f  streptom ycin resistant m utan ts in  adenine complex treated E . coli K -12

T im e ,
C ontro l T re a te d

(hr)
a b C a b C

0 4.46 X  108 43.4 4.9 4.43 x10s 52.4 5.9
+  1.07 xlO8 ±16.0 ±0.45 xlO 8 ±10.7

l 1.05 xlO 9 — — 6.58 x10s — —
±0.89 xlO 9 ±1.30 x 10s

4 9.09 X108 35.6 2.0 1.82 xlO 9 104.2 2.9
±1.13 XlO8 ±10.6 ±0.14 xlO 9 ±12.4

a =  num ber o f v iab le  cells pe r m l; b  =  num ber o f strep to m y c in  re s is ta n t m u ta n ts  in  
0.2 m l of tenfold co n cen tra ted  sam ple; c =  n u m b er o f m u tan ts  p e r 108 v iab le  cells

E xponen tia lly  grow ing cu ltu res o f E . coli were trea ted  w ith  10-3  M  u rid ine  (control) o r  
10-3  M  urid ine  plus 5 X  10 _3 M  adenine com plex , for one hr. A fter cen trifu g a tio n , th e  cells w ere 
resuspended  in th e  o rig ina l volum e o f fresh  m ed ium  (trea ted  cu ltu re) o r were d ilu ted  th reefo ld  
in  th e  sam e m edium  (contro l). C ultures w ere  le t  to  grow for 3 h r. Sam ples w ere tak e n  a t  th e  
in d ica ted  poin ts of tim e a n d  th e  n u m b er o f s trep tom ycin  re s is tan t m u ta n ts  a n d  v iable  counts 
w as determ ined as described  in  M aterials an d  m ethods

D iscussion

Sodium  n itro p ru ss id e  an d  i ts  aden ine  com plex w ere fo u n d  to  decrease 
th e  g row th  ra te  of e x p o n en tia lly  grow ing  E . coli cells. T h is effect of aden ine  
co m p lex  was due in  p a r t  to  th e  in h ib ito ry  effect o f its  ad en in e  com ponen t on
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th e  de novo sy n th esis  o f py rim id in e  n u c leo tid es  [5]. This co m ponen t of th e  
in h ib itio n  could he  e lim in a ted  b y  th e  a d d itio n  of 10~3 M u rid in e . The m ech a
n ism  of th e  rem ain in g  in h ib itio n  w as n o t in v es tig a ted . A denine com plex, 
how ever, was m ore  effective th a n  so d ium  n itro p ru ss id e  even in  th e  presence 
of u rid in e . The h ig h er n itro p ru ssid e  c o n te n t o f th e  fo rm er [1] can n o t alone 
acco u n t fo r th is ; th e  difference m ig h t be  due  to  d ifferences in  u p tak e .

A denine seem s to  p la y  a sig n ifican t role in  th e  le th a l effect of th e  aden ine  
com plex , as i t  w as suggested  b y  th e  d a ta  of F ig . 1 an d  T ab le  I I .  Cells tre a te d  
in  th e  absence of u rid in e , e ith er in  c u ltu re  m ed ium  or in  b u ffe r (for 3 h r  an d  
30 m in , respec tive ly ) show ed a p p ro x im a te ly  50%  killing . In c u b a tio n  of a 
c u ltu re  fo r 60 m in  in  th e  presence o f 10 _3 м u rid in e  p lus 5 x  1 0 м adenine 
com plex  did  n o t re su lt in  an y  decrease o f v iab le  coun t.

In  m u ta tio n  ex p erim en ts  no p ro o f o f m u ta g e n ic ity  w as fo und . T he sm all 
increase in  th e  freq u en cy  of s trep to m y c in  re s is ta n t m u ta n ts  a fte r exposure 
to  aden ine  com plex c a n n o t be reg a rd ed  as a sign of m u tag en ic  a c tiv ity  as th e  
s lig h t difference falls w ith in  th e  lim its  o f e rro r of th e  m e th o d . T he sen s itiv ity  
o f th e  m eth o d  o f G r e e n  an d  M u r i e l  is also lim ited ; th e  t r e a t  and  p la te  te s t  
even  u n d e r o p tim u m  cond itions only rev ea led  a considerab le  increase over th e  
sp o n tan eo u s m u ta tio n  ra te . In  th e  ex p e rim en ts  p resen ted  th e  increase should  
b e  ab o u t tw en ty fo ld , correspond ing  to  th e  m ax im u m  sen sitiv ity  of th e  te s t . 
O n th e  o th e r h a n d , th e  sp o t te s t  is in sen sitiv e  unless th e  ag en t to  be te s te d  is 
v o la tile  or a s tro n g  m u ta g e n . I t  was u sed  only  to  te s t  a n u m b er o f n itro p ru ss id e  
d e riv a tiv e s ; none o f th em  gave a p o sitiv e  re su lt (u npub lished  d a ta ).

T hus, i t  is conc luded  th a t  th e  ad en in e  com plex  c a n n o t have  a h igh  
m u tag en ic  a c tiv ity  in  th e  E . coli te s ts  em ployed  a n d  since one o f ou r aim s w as 
to  f in d  a new  s tro n g  m u ta g e n , these  ex p e rim en ts  w ere d iscon tinued . The d a ta  
p re sen ted , how ever, do n o t  p e rm it to  exclude  a w eak  m u tag en ic  ac tion  or th e  
in d u c tio n  of fra m e sh if t m u ta tio n s .
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PLASMID CURING AND ANTIBACTERIAL EFFECTS 
OF SOME CHLORPROMAZINE DERIVATIVES IN 

RELATION TO THEIR MOLECULE ORBITALS

J .  M o l n á r  a n d  B .  S c h n e i d e r

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

(R eceived J a n u a ry  5, 1977)

7 -H y d ro x ych lo rp rom azine, 7 ,8 -d ihydroxy  ch lo rp rom azine  an d  7,8-dioxochlorprom azine 
e x e rted  a b a c te rio s ta tic  effect o n  G ram -positive  and  G ram -n eg a tiv e  b a c te r ia , w ith  the  la t te r  
being  m ore re sis tan t. T he th ree  com pounds also h a d  a b ac te ric id a l effec t on selected s tra in s  
o f  Escherichia coli a n d  Staphylococcus aureus. 7 -H y d ro x y ch lo rp ro m azin e  w as able to cure 2 %  
o f  F ’lac p lasm id of th e  E. coli K -12 L E  140 s tra in  a t  60 /ig /m l, while 7 ,8 -d ihydroxych lo rp rom a- 
zine and its quinone fa iled  to  p roduce such an  effect a t  th e  sam e co n ce n tra tio n . In  the  presence 
o f 0.1 M m agnesium  su lp h a te  th e  p lasm id  cu ring  effect o f  CPZ a n d  7-O H -C PZ decreased 
m ark ed ly , while th e  M IC values o f  CPZ and its  d e riv a tiv e s increased . I t  seem s therefore th a t  
th e  re la tive  in effec tiv ity  o f CPZ in th e  presence o f m agnesium  ions w as n o t due to  its m eta l 
chelation .

I t  was show n earlie r th a t  ch lo rp rom azine  (CPZ) and  th re e  o ther pheno- 
th iaz in e  com pounds ex e rted  an  a n tib a c te r ia l effect on v a rio u s b ac te ria  and  a 
p lasm id  curing ac tio n  on th e  R  fac to r an d  F ’lac p lasm id  o f Escherichia coli 
[1—3]. F u rth e rm o re , i t  was show n th a t  ch lo rp rom azine  su lphox ide , a biolog
ically  active m e tab o lite  o f CPZ, had  n e ith e r  th e  a n tib a c te r ia l n o r plasm id curing  
effect of its  p a re n t d ru g  [4]. I t  was ev id en t t h a t  a sm all change in  th e  m olecular 
s tru c tu re  of CPZ led to  th e  loss of bio logical a c tiv ity . H u m an  s tud ies in various 
biological system s w ith  know n or possible m e tab o lite s  of CPZ, such as 7-O H - 
CPZ (7 -hydroxych lo rp rom azine), 7 ,8 -(O H )2-CPZ (7 ,8 -d ihydroxych lo rp rom a- 
zine) and  7 ,8 -(0 2)-CPZ (7 ,8 -d ioxoch lo rp rom azine), show ed th e se  com pounds 
to  possess an  a c tiv ity  s im ila r to  or, in  m an y  o f th e  te s t  s itu a tio n s , g rea te r 
th a n , ch lorprom azine i tse lf  [5]. O ur aim  w as th e re fo re  to  s tu d y  th e  a n tib a c 
te r ia l and  th e  p lasm id  cu ring  effects o f th ese  ag en ts  in  com parison  to  those  
o f CPZ.

M aterials and m ethods

Drugs. C hlorprom azine H C l was o b ta in ed  from  E G Y T  P h a rm ac eu tica l W orks, B u d a 
pest. 7 -H y d ro x ych lo rp rom azine, 7 ,8 -(O H )2-CPZ an d  7 ,8 (0 )2-CPZ w ere k in d ly  provided by  
D r. A l b e r t  A .  M á n i á n  o f th e  P sychopharm aco logy  R esearch  B ran ch , N a tional In s titu te  
o f M ental H ealth , R ockville , Md. 20857, USA.

Bacterial strains. Bacillus anthracis Y R , Bacillus megatherium  299 and  Escherichia 
coli K-12 L E  140 stra in s  w ere used  in  th is  s tu d y . T he E. coli s tra in  w as k in d ly  prov ided  by M r. 
P . A .  M e a c o c k . T he Staphylococcus aureus, Streptococcus pneumoniae , Streptococcus pyogenes,
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Streptococcus viridans, Klebsiella pneumoniae , Proteus vulgaris an d  Pseudomonas aeruginosa 
s tra in s  w ere iso lated  fro m  clinical specim ens in  o u r labora tory .

Media. T he a n tib a c te r ia l  and  p lasm id  cu ring  effects of th e  d ru g s were s tu d ied  in  a  try p -  
to n e-y eas t e x tra c t (M TY) liq u id  m ed ium  [6]. F o r p la ting , MTY w as su p p lem en ted  w ith  1 .5%  
a g a r (Difco). Eosin  m eth y len e  blue (E M B ) a g a r [7] was used in cu ring  ex p erim en ts  to  d is tin 
g u ish  lac positive  colonies fro m  colonies fo rm ed  b y  lac negative  p lasm id less b ac te ria .

Bacteriostatic effect. T h e  drugs w ere te s te d  on  d ifferent b a c te r ia  b y  use o f th e  tu b e  d i
lu tio n  m eth o d  in MTY liq u id  m edium . O v e rn ig h t p recu ltu res w ere d ilu te d  to  1 0 a n d  0.05 m l 
(ap p ro x im ate ly  8 x l 0 2- 5 x l 0 3 b ac te ria )  w as ino cu la ted  in 5.0 m l o f M TY b ro th  co n ta in in g  
0—500 //g rill o f th e  d rugs. I n  tu rn ,  th e  cu ltu res  w ere grown in th e  d a rk  in th e  p resence of th e  
d ru g  w ith o u t shaking, a t  37°C. T he m in im u m  in h ib ito ry  co n cen tra tio n s (M IC) w ere d e te r
m in ed  a fte r  24 h r  in cu b a tio n .

Bactericidal action o f  CPZ and its derivatives. The drugs w ere ad d ed  a t  v a rio u s con
c en tra tio n s  to  ex p o n en tia l p h ase  cu ltu res (o p tica l densities w ere 0 .22-0 .25  a t  620 n m , con
ta in in g  5—8 X 108 b a c te ria  p e r  m l) o f E. coli K -12 L E  140 and  S. aureus grow ing in  M TY b ro th  
a t  37 °C. A fter 60 m in  th e  n u m b er o f su rv iv o rs  w as determ ined  b y  p la tin g  on  M TY ag ar p la tes .

Elimination o f plasm id. E lim in a tio n  of F ’lac  plasm id w as carried  o u t b y  th e  m eth o d  
of Má n d i et al. [2]. A n o v e rn ig h t p re cu ltu re  o f  E . coli K-12 L E  140 w as d ilu ted  to  103 b a c te ria  
p e r m l in MTY m ed ium  a n d  CPZ an d  its  d e riv a tiv e s  were ad ded  to  5.0 m l o f  th e  d ilu ted  cul
tu re s  a t  final co n cen tra tio n s o f 0-140 /(g/m l. T he cu ltu res were th e n  in cu b a ted  a t  37°C w ith o u t 
shak ing . A fter a 24 h r  in cu b a tio n  period  th e  cu ltu res  were d ilu ted  in  physio log ical saline an d  
p la te d  to  o b ta in  in d iv id u a l colonies on  E M B  agar. The p lates w ere in cu b a ted  a t  37°C fo r an  
a d d itio n a l 24 h r an d  th e n  th e  lac positive  a n d  lac  negative colonies w ere co un ted .

Elimination o f plasm id in the presence o f  chelate complexes. M agnesium  chela te  com plexes 
o f CPZ and  its  d e riv a tiv es w ere p rep ared  acco rd ing  to  R a j a n  et al. [ 8 ]  in  M TY m ed ium . In  
p re lim in a ry  ex p erim en ts th e  M TY m ed iu m  con ta ined  0.1 M m ag n esiu m  su lp h a te  an d  w as 
su p p lem en ted  sep ara te ly  w ith  CPZ and  its  d e riv a tiv e s to  a fin a l co n ce n tra tio n  o f 500 /tg /m l, 
th e n  5 X 103 b ac teria  w ere ad ded  to  5.0 m l o f m edium  contain ing  th e  com plex. T he sam ples 
w ere in cu b a ted  a t  37 °C fo r 24 h r an d  th e  cu ring  efficiency was te s te d  b y  p la tin g  on  EM B  agar.

R esu lts

T he m inim al in h ib ito ry  co n cen tra tio n s  of 7 -O H -C PZ , 7 ,8 -(O H )2-CPZ 
an d  7 ,8 -(0 )2-CPZ w ere d e te rm in ed  an d  com pared  to  t h a t  of CPZ on som e 
G ram -positive  an d  G ram -n eg a tiv e  b a c te r ia . I t  can  be  seen in  T a b e  I  th a t  
th e  G ram -positive b a c te r ia  w ere m o re  sensitive to  th e  d rugs te s te d  th a n  th e  
G ram -negative  ones. T h e  CPZ d e riv a tiv e s  showed no  a p p a re n t d ifference in  
b a c te rio s ta tic  effect w hen  te s te d  on th e  sam e b a c te ria l species. A m ong th e  
G ram -positive  organ ism s S . pneum oniae  w as th e  m ost sen sitiv e ; in  th e  g roup  
o f G ram -negative  b a c te r ia . P . aeruginosa  w as com pletely  r e s is ta n t to  th e  d rugs. 
In  stud ies of th e  b a c te ric id a l a c tio n  o f CPZ deriv a tiv es  on S . aureus  an d  E .  
coli, increasing  th e  c o n cen tra tio n  o f th e  drugs g rad u a lly  decreased  th e  n u m b e r 
o f su rv ivors. T he CPZ d eriv a tiv es  ex e rted  a som ew hat w eak er b a c te ric id a l 
effect on E . coli (F ig . 1) th a n  on S . aureus  (Fig. 2). T he b a c te ric id a l e ffect of 
CPZ and  7-O H -CPZ w as sim ilar, w hile  7 ,8-(O H )2-CPZ w as less ac tiv e . 7,8- 
D ioxoch lo rp rom azine  h a d  an  ever w eak er b ac te ric idal a c t iv i ty  th a n  th e  o th e r 
th re e  com pounds.

E ffective p lasm id  curing  co n cen tra tio n s  of cu ring  com pounds a re  som e
w h a t below  th o se  o f th e ir  M IC v a lu es . In  our cu ring  ex p e rim en ts , th e  sub- 
in h ib ito ry  co n cen tra tio n s  o f d rugs allow ed th e  m u ltip lica tio n  of cells a t  a sub- 
o p tim a l ra te . T he cells of E . coli w ere  grow n in th e  p resence  of 0 -1 4 0  pg/m l
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Table I

Bacteriostatic effect o f chlorpromazine, 7-hydroxychlorpromazine, 7-8-dihydroxychlorpromazine 
and 7,8-dioxochlorpromazine on bacteria using the tube dilution method

Bacterial
Minimum inhibitory concentration {jig/ml)

strain CPZ 7-OH-CPZ 7,8-(OH)2-CPZ 7,8-(0),-CPZ

B. anthracis Y R 20 10 15 10

B. megaterium 299 10 10 10 10

S. aureus 30 15 10 10

S. pyogenes 20 10 10 15

S. viridans 30 20 15 15

S. pneumoniae 5 5 5 5

E. coli K -12 L E  140 90 90 140 150

P. vulgaris 250 250 250 250

K . pneumoniae 250 150 250 250

P. aeruginosa > 5 0 0 > 5 0 0 > 5 0 0 >500

0+
0 100 200 300 Í00 500

pg/rra

Fig. 1. B acteric id a l effec t o f d iffe ren t c o n cen tra tio n s  o f  ch lorp rom azine, •  •  ;
7 -hydroxych lo rp rom azine, О ----------- О ; 7 ,8 -d ihydroxych lo rp rom azine, д  ------------- Д ;  and  7,8-

d ioxochlorprom azine, □ ,-------- — □  on th e  E. coli K-12 L E  140 s tra in
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Table II

Elimination o f F'lac plasmid o f  E . coli K-12 L E  140 strain 
by chlorpromazine and 7-hydroxychlorpromazine

Per cent efficiency of curing

CPZ 7-OH-CPZ

Lac-  colonies, 
per cent

No. of colonies 
tested

Lac- colonies, 
per cent

No. of colonies 
tested

0 0 1680 0 1720

20 l 1780 0.1 2110

30 5 2860 0.8 3050

40 20 2540 1 2100

50 22 2403 1.5 2285

60

70

29 2300 2 2103

80

100
— — — —

120 — — — —

140 — —

— =  no b ac teria l grow th

Table III

Elimination o f F'lac plasmid o f E . coli K-12 L E  140 strain by 
7,8-dihydroxy chlorpromazine, 7,8-dioxochlorpromazine

/'g/ml

Per cent efficiency of curing

7,8-(OH)2-CPZ 7,8-(0)2-CPZ

Lac-  colonies, 
per cent

No. of colonies 
tested

Lac colonies, 
per cent

No. of colonies 
tested

0 0 2390 0 1429

20 0 1850 0 2200

30

40 0.2 3000 0 2300

50

60 0.15 4500 0 1465

70

80 0.1 3360 0 2423

100 0.2 3315 0 1121

120 0.3 3445 0.1 2846

140 — — 0.1 2673

• =  n o t te s te d  
— =  no b ac te ria l grow th
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CPZ an d  its  d e riv a tiv e s  a t  37°C fo r 24 h r  and  th e  n u m b e r o f  lac  positive and  
lac neg a tiv e , p lasm id less b ac te ria  w ere  th e n  d e te rm in ed  b y  p la tin g  on EM B 
ag a r p la tes. The re su lts  a re  show n in  T ab les  I I  an d  I I I .  I t  is seen th a t  7-O H - 
CPZ was ab o u t te n  tim es  less effec tive  th a n  CPZ w hile 7 ,8 -(O H )2-CPZ and  
7 ,8 - (0 )2-CPZ had  p ra c tic a lly  no p lasm id  curing  a c tiv ity . I t  w as show n p rev i
ously  th a t  d isco n tin u a tio n  of p i-co n ju g a tio n  in  th e  rin g  sy stem  led to  loss of 
th e  p lasm id  curing  effect of 7 ,8 -d ioxoch lo rp rom azine; p i-co n ju g a tio n  is, how 
ev er, n o t essential fo r th e  an tib a c te ria l effect.

F ig . 2. B acteric ida l e ffec t o f d ifferen t co n cen tra tio n s  o f ch lo rp rom azine,
7 -h y d ro x y ch lo rp ro m az in e, О ------------О ; 7 ,8 -d ih y d roxych lo rp rom az ine, Д  ------------

dioxochlorprom azine, g ---------- Д  on  S. aureus

• ------- •  ;
Д ;  and  7,8-

The role of th e  free  te r t ia ry  am ino  group o f th e  side ch a in  in  th e  biolog
ical ac tiv ities  of ch lo rp rom azine  an d  i ts  de riv a tiv es  w ere s tu d ie d  by  using 
ch e la te  com plexes. U n d e r th e  cond itions described , th e  p lasm id  curing  effects 
o f CPZ and  7-O H -C PZ w ere m ark ed ly  decreased , w hile th e  M IC values of th e  
CPZ deriva tives in c reased  in  th e  p resence  o f m agnesium  ions (Table IV). 
In  o th e r  curing  ex p e rim en ts  th e  m o lar co n cen tra tio n s  of CPZ an d  m agnesium  
sa lt w ere g radua lly  in c reased  to  s tu d y  th e  role of m e ta l ch e la tio n  in  th e  plasm id 
e lim in a tio n  b y  CPZ (T ab le  V). As show n in  T ab le  V, m agnesium  ions did n o t 
p re v e n t th e  a n tib a c te r ia l an d  p lasm id  cu ring  effect o f CPZ w hen  b o th  com 
p o u n d s  w ere app lied  in  th e  n early  eq u im olar c o n cen tra tio n  req u ired  fo r th e  
m e ta l chelation  of CPZ.

Acta Microbiologica Academiae Scientiarum Hungaricae 25, 1978



2 9 6 M O L N Á R  a n d  S C H N E I D E R

Table IV

Elimination o f  f ”lac plasmid o f E . coli K-12 L E  140 strain by chlorpromazine 
and some o f  its derivatives in  the presence o f 0.1 м magnesium sulphate

Compound
Lac- 

colonies, 
per cent

No. of 
colonies 
tested

Variable cells 
after 24 hr

Control — 0 2390 7 X108
CPZ 500 0.5 3060 2.0 x10s
7-OH-CPZ 500 0.4 2240 7.5x10«
7,8-(OH)2-CPZ 500 0 4400 4.3x10«
7,8-(0)2-CPZ 500 0 1190 9.7 X107

Table V

Per cent efficiency o f  plasmid curing in  the presence o f various molar concentrations 
o f  chlorpromazine and magnesium sulphate

Chlorpromazine Magnesium sulphate, м

M (Ug/ml 1x10-« 1x10-» 1x10-“ 3x10-* 7.5x10-» 1.5 xlO "1

6 .4 x 1 0 -« 20 0.5 0.8 0 0 0 0

9 .6 x 1 0 "« 30 2.0 2.1 0 0 0 0

1 .2 x 1 0 -« 40 11.0 18.0 0 0 0 0

1 .6 x 1 0 -* 50 — 22.0 0 0.1 0 0

1 .9 x 1 0 -* 60 29.0 0.5 0 0 0

2 .5 x 1 0 -* 80 — 2.0 0.1 0 0

3 .2 x 1 0 -* 100 1.5 0.4 0.2 0

6 .4 x 1 0 -* 200 — 0 0.6 0.1

9 .6 x 1 0 -* 300 0 2.0 2.8

1.2 x l O - 3 400 — 0 1.5

1 . 6 x l 0 - 3 500 0 0.5

0 — no p lasm id  curing  
— =  no b ac teria l g row th

D iscussion

P rev iously  w e h av e  show n t h a t  CPZ, levom eprom azine  an d  p ro m eth az in e  
h ad  a b a c te rio s ta tic  effect on G ram -positive  b a c te r ia  a t  co n cen tra tio n s o f 
2 0 -60  /rg/ml an d  on  G ram -n eg a tiv e  b a c te ria  a t  130-180 /tg/m l. T he b a c te rio 
s ta tic  effect w as th e n  te s te d  on 105/m l of b ac te ria  [1, 3 ]. T he p re se n t ex p eri
m en ts  showed th a t  th e  m in im al b a c te r io s ta tic  c o n cen tra tio n  is low er i f  a sm all 
n u m b e r (ap p ro x im a te ly  103/m l) o f  b a c te r ia  is used.
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In  th e  p re sen t ex p erim en ts  CPZ was able to  e lim in a te  th e  R fac to r of an 
E . coli s tra in  [1, 3] an d  L o n -  m u ta n ts  w ere selected  b y  CPZ tre a tm e n t [9]. 
L evom eprom azine an d  p ro m eth az in e  also h a d  a p lasm ic cu ring  effect on 
a n o th e r  s tra in  of E . coli, w hich was la c -  on th e  chrom osom e b u t  carried  an 
F ’ p lasm id  c o n ta in in g  th e  lac reg ion  [2]. On th e  o th e r h a n d , ch lorprom azine 
su lphox ide  ex e rted  n e ith e r  an  an tib a c te ria l n o r a p lasm id  cu ring  effect [7] 
d esp ite  of a sm all m o d ifica tio n  of th e  chem ical s tru c tu re  o f CPZ. F u r th e r  7-O H - 
CPZ, 7 ,8-(O H )2-CPZ an d  7 ,8 - (0 2)-CPZ, w hich d iffer from  each  o th e r in th e  
su b s titu e n ts  on th e  sam e a ro m atic  ring  of th e  CPZ m olecule, w ere te s ted  and  
d esp ite  o f th e  ste ric  m od ifica tions these  com pounds ex e rted  b o th  b ac te rio s ta tic  
an d  bac te ric id al effec ts. T h e ir p lasm id  curing  a b ility , how ever, was q u ite  
d iffe ren t. 7 -H y d ro x y ch lo rp ro m azin e  show ed a w eaker p lasm id  curing  effect 
th a n  CPZ did and  th e  tw o  d isu b s titu te d  CPZ d eriv a tiv es  w ere n o t able to  
e lim in a te  th e  F ’lac p lasm id . On th e  basis of th e ir  p lasm id  cu ring  a c tiv ity , th e  
CPZ deriva tives w ith  an  a n tib a c te r ia l effect could  be d iv ided  in to  tw o groups. 
C hlorprom azine an d  7-O H -C PZ belong to  th e  f irs t  group hav in g  a n tib ac te ria l 
an d  p lasm id  curing  effects. T h e  second g roup  consisting  of 7 ,8 -(O H )2-CPZ 
an d  7 ,8 -(0 )2-CPZ is n o t  ab le  to  e lim ina te  th e  p lasm id .

In  th e  m olecules o f CPZ and  7-O H -C PZ th e  p i-e lec trons are in  co n ju g a
tio n  an d  th e  a ro m a tic  rin g  sy stem  has a well defined  nucleophilic  charge. 
In  7 ,8 -(0 2)-CPZ th e  co n ju g a tio n  of th e  p i-e lec trons is b ro k en  a t  th e  position  
o f ca rb o n  atom s 7 an d  8 and , th e re fo re , som e change in  p o la riza tio n  occurs in 
th e  rin g  system . T h e  nucleoph ilic  ch a rac te r o f ca rb o n  atom s 7 an d  8 is de
creased . The reason  fo r th e  ineffectiveness of 7 ,8 -(O H )2-CPZ m ay he an  in 
s ta b ili ty  u n d e r th e  ex p e rim en ta l conditions em ployed  (in th e  presence of o x y 
gen). I t  is know n th a t  th e  com pound undergoes a u to -o x id a tio n  in  th e  presence 
o f  a ir, fo rm ing  7 ,8 -d ioxoch lo rp rom azine  and  to x ic  species [10, 11]. W e assum e 
th a t  in  th e  case of th e  tw o  d isu b s titu te d  CPZ d e riv a tiv e s  th e  d isco n tin u a tio n  
o f co n ju g a tio n  of th e  p i-e lec tro n  system  is th e  reason  fo r th e  absence of a 
p lasm id  elim inating  effect.

The a n tib a c te ria l an d  p lasm id  curing  ac tiv itie s  of th e  CPZ deriva tives 
decreased  in th e  p resen ce  of m agnesium  a t  h igh c o n cen tra tio n . The m eta l 
ch e la tio n  of CPZ an d  i ts  d e riv a tiv es  is well know n to  occur in  aqueous e lec tro 
ly tic  m edia [8]. I t  is possib le  th a t  in such com plexes th e  nucleophilic  ch a rac te r 
of th e  a rom atic  rin g  sy s tem  is also a lte red  and  th is  m ig h t be connected  w ith  
th e ir  re la tiv e  ineffec tiveness; how ever, th e  ch e la te  com plex  of CPZ derivatives 
show ed th e  sam e a c tiv i ty  on b a c te ria  as th e  d e riv a tiv e s  them self.

Beside th e  m en tio n ed  m echanism  th e  h igh m agnesium  concen tra tion  
m ay  stab ilize  th e  a c t iv i ty  o f d iffe ren t enzym es, th u s  th e  m agnesium  a t  high 
co n cen tra tio n  p rev en ts  th e  b in d in g  of ch lo rp rom azine  d e riv a tiv es  to  th e  s tru c 
tu ra l com ponents of th e  b ac te ria . T here  is som e ev idence of m eta l ions ac ting  
in  such w ay  as th e  m anganese  ions reversed  th e  g row th  in h ib ito ry  action  of
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e th id iu m  brom ide on a В . cereus s tra in  [12]. I t  w as also observed  th a t  th e  
p resence  of m agnesium  ions leads to  an  in h ib itio n  o f tilo ro n e  b in d in g  to  
D N A  [13].

Acknowledgements. T h e  au th o rs  a re  in d e b te d  to  P rofessor I. B é l á d i ,  D irec to r o f th e  
In s t i tu te  o f M icrobiology, U n iv e rs ity  M edical School, Szeged, fo r h e r in te re s t an d  to  P rofessor 
A .  A. M a n i a n  (P sy ch o p h arm aco lo g y  R esearch  B ran ch , N a tio n a l In s t i tu te  of M en tal H e a lth , 
R ockv ille , M d., U SA) fo r  p ro v id in g  th e  ch lo rp rom azine  d eriva tives.

R E F E R E N C E S

1. M o ln á r , J . ,  K ir á l y , J . ,  Má n d i, Y .: E x p e rie n tia  (B asel) 31, 444 (1975).
2. Má n d i, Y ., Mo ln á r , J . ,  H o lland , I. B ., B é l á d i, I.: G enet. R es. 26, 109 (1976).
3. M o ln á r , J . ,  Má n d i, Y ., K ir á l y , J . :  A c ta  m icrobiol. A cad. Sei. hung . 23, 45 (1976).
4. M o ln á r , J . ,  Má n d i, Y ., H o lla n d , I .  B ., Sc h n e id e r , Gy .: A c ta  m icrobiol. A cad. Sei.

hung . 24, 1 (1977).
5. F o r r e s t , I. S., Ca r r , C. J . ,  U s d in , E . (eds): T he P h eno th iaz ines an d  S tru c tu ra lly  R e la ted

D rugs. R av en  P re ss , N ew  Y ork  1974.
6. A l f ö l d i , L., R a s k ó ,  I . ,  K e r e k e s ,  E .: J .  B act. 96, 1512 (1968).
7. C l o w e s ,  R. C., H a y e s ,  W .: E x p e rim en ts  in  M icrobiological G enetics. B lackw ell, O xford

1968.
8. R a ja n , K . S., Ma n ia n , A. A., D a v is , J .  M., Sk r ip k u s , A .: In  F o r r e s t , I. S., Ca r r , C. J . ,

U s d i n ,  E . (eds): T h e  P h en o th iaz in es a n d  S tru c tu ra lly  R e la ted  D rugs. R a v en  P ress , 
N ew  Y ork 1974, p . 571.

9. M o ln á r , J . ,  H o lla n d , I. B ., Má n d i, Y .: G enet. Res. 30, 13 (1977).
10. H e i k k i l a ,  R . E ., C o h e n ,  G., M a n i a n ,  A . A .: B iochem . P h a rm aco l. 24, 363 (1974).
11. T j io e , S. A ., M a n i a n ,  A. A., O’N e il l , J .  J . :  Psychopharm aco l. Com m. 1, 373 (1975).
12. T o m c h i k ,  R ., M a n d e l ,  H . G .: J .  gen. M icrobiol. 36, 225 (1964).
13. C h a n d r a , P ., W o l t e r s d o r f ,  M.: F E B S  L e tte r  41, 169 (1974).

A d d ress  o f  th e  au th o rs :

J ó z s e f  M o l n á r , B éla  Sc h n ie d e r
I n s t i tu te  o f  M icrobiology, U n iv e rs i ty  M edical School
D ó m  t é r  10, H -6720 S zeged, H u n g a ry

Acta Microbiologica Academiae Scientiarum Hungaricae 25, 1978



Acta microbiol. Acad. Sei. hung. 25, 299 — 3 0 6 ,  1978

DEFECTIVE LIFE CYCLE AND LOW ANTIBIOTIC 
PRODUCTION IN SUBMERGED CULTURES OF 

STREPTOMYCES FRADIAE
I .  B IO C H E M IC A L  C H A R A C T E R IZ A T IO N  

G y . V a r g h a , S. V i t á l i s  and G. S z a b ó

In s titu te  o f  Biology, U niversity  M edical School, Debrecen 

(R eceived  J a n u a ry  9, 1978)

T he life cycle o f a Streptomyces fra d ia e  s tra in  p roducing  h igh  am o u n ts  o f neom ycin  
u n d e r in d u str ia l con d itio n s has been in v es tig a te d  in  liqu id  soybean  m edium  w here th e  p ro 
d u c tio n  of a n tib io tic  p roved  to be co m p a ra tiv e ly  low. T he changes occurring  in  th e  m ain  
m acrom olecu lar co m ponen ts and  th e  enzym e ac tiv itie s  o f th e  m ycelium  du rin g  th e  life cycle 
an d  cyto logical o b se rv a tio n s proved  th a t  th e re  was a block in  th e  norm al process o f  re p ro 
d u c tiv e  d iffe re n tia tio n  and  a lack  of exocellu lar a lkaline  p h o sp h a tase  a c tiv ity  w as fo u n d .

T he life cycle of s trep to m y ce tes  in  subm erged  cu ltu res was in v e s tig a te d  
m o st th o ro u g h ly  by  P r o k o f i e v a - B e l g o v s k a y a  [ l j  w ho d isting u ish ed  a 
v e g e ta tiv e  an d  a rep ro d u c tiv e  p h ase  each  consisting  of tw o fu r th e r  stages on 
th e  basis of cy to log ica l d a ta , th e  g row th  ch a ra c te r , th e  chem ical com position  
and  biological a c tiv ity  of th e  m ycelium . T his w ork  has been ex ten d ed  in  our 
la b o ra to ry  u s in g  Streptomyces griseus  s tra in s  w hich  sp o ru la te  a b u n d a n tly  in  
subm erged  c u ltu re s  [2]; in  th e ir  life cycle th e  follow ing stages have  been  d if
fe re n tia te d . 1. T he v eg e ta tiv e  (g row th) p h ase  involves th e  stages of (a) g er
m in a tio n , (b) v e g e ta tiv e  (quasi-ex p o n en tia l) g row th  and  (c) tra n s itio n a l s tage  
(f irs t lysis). 2. T h e  rep ro d u c tiv e  p h ase  (phase of d iffe ren tia tion ) involves th e  
stages of (a) re p ro d u c tiv e  g row th , (b) spore fo rm atio n , and  second lysis (m or
phogenesis) [2, 3 ]. In  these  stud ies th e  changes in  m acrom olecu lar co m ponen ts, 
m a rk e r enzym e a c tiv itie s  and  m orpho logy  of th e  cu ltu res w ere re la te d . A m ong 
th e  m a rk e r enzym es, peaks of b e ta -g lucosidase  an d  b e ta -g a lac to sid ase  a c tiv ity  
w ere c h a ra c te r is tic  of th e  v eg e ta tiv e  p h ase , w hile a lkaline p h o sp h a ta se  an d  
p ro te a se  a c tiv ity  w as ty p ica l o f th e  rep ro d u c tiv e  phase a lth o u g h  th e y  h a d  
m ax im a  also in  th e  v eg e ta tiv e  phase . T he tw o  la t te r  enzym e ac tiv itie s  h ad  been  
co rre la ted  w ith  th e  sp o ru la tion  in  B acillus subtilis  [4—6]. A lkaline p h o sp h a ta se  
a c t iv i ty  w as fo u n d  to  be d irec tly  linked  w ith  neom ycin  p ro d u c tio n  in  S trep 
tomyces [7].

T he a n tib io tic  p ro duc tion  of s trep to m y ce te s  is in  connection  w ith  th e  
life cycle or d iffe ren tia tio n  of th ese  o rgan ism s. T he fo rm atio n  of spores b y  a 
S . griseus  s tra in  an d  th e  p ro d u c tio n  of s trep to m y c in  th u s  show  a close co r
re la tio n  [8]. T h ere  is a s tra in  w hich  in  subm erged  cu ltu re  does n o t p ro d u ce
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s tre p to m y c in  b u t sp o ru la te s  well, w hile a n o th e r s tra in  produces an tib io tic  
b u t  does n o t form  spores in subm erged c u ltu re  (a lth o u g h  som e early  steps occur 
to w ard s  rep ro d u c tiv e  d iffe ren tia tio n ) [9].

I t  is well know n  th a t  th e  co n d itions of cu ltiv a tio n  s tro n g ly  in fluence  
th e  an tib io tic  p ro d u c tio n , th e  grow th  c h a rac te ris tic s , m etabo lic  a c tiv ity  and  
d iffe ren tia tio n  of a n tib io tic  p roducing  s tra in s . Choosing a genetically  good 
a n tib io tic  producer s tr a in  i t  seem ed in te re s tin g  to  exam ine th e  course of its  
life cycle under c ircu m stan ces th a t  suppress an tib io tic  b io syn thesis , in  o rder 
to  o b ta in  insigh t in to  connections b e tw een  d iffe ren tia tio n  and  secondary  m e ta b 
o lism . F o r th is reaso n  in  the  follow ing w ork  we used  an  in d u stria l S . frad iae  
s tra in  sy n th e tiz in g  n eo m y cin  poorly  u n d e r th e  cond itions applied . In  in d u s tr ia l 
fe rm en ta tio n s  th e  sam e s tra in  p roduced  m an y  tim es m ore an tib io tic . In  th is  
p a p e r  th e  resu lts o b ta in e d  by  m easu ring  th e  changes of th e  m ain  m acrom olec- 
u la r  com ponents an d  m ark e r enzym e ac tiv itie s  d u ring  cu ltiv a tio n  are  p re 
se n te d . The cy to log ica l find ings will be  p u b lished  sep a ra te ly  [10].

Materials and methods

Cultivation. S. fra d ia e  L N  47 1-G1 spores were o b ta in ed  from  th e  surface of ag ar slan ts , 
su sp en d ed  in 0.9%  N aC l so lu tio n  and ad d ed  in to  500 m l E rlen m ey er flasks each  con ta in ing  
100 m l o f sterile filte red  liq u id  soybean m ed ium  [11] plus 1 g of sterile  C aC 03 a t  ab o u t 106 
spores/m l of cu ltu re  m ed iu m . C ultivation  w as perfo rm ed  on a ro ta ry  shaker (stroke  50 m m , 
230 rp in ) a t  27 °C. A fte r 0, 24, 48, 72, 96, 120, 144 h r  3 cu ltu res each  were h a rv ested  b y  c en trif
u g a tio n  a t  4000 g, th e  m ycelium  was w ashed w ith  0 .9%  NaCl and  frozen a t  —20 °C u n til use. 
T he su p e rn a ta n t was also frozen  and th en  used  fo r m easuring  th e  ex trace llu la r enzym e ac
tiv it ie s . Two series of in d e p e n d e n t ex p erim en ts each  w ith  3 paralle ls were carried  o u t in  th e  sam e 
w ay . Because in  tw o in d e p e n d e n t ex p erim en ts  th e  num erica l values m ay  v a ry , in  th e  F igures 
a lw ays one of th em  is o n ly  show n.

Preparation o f  crude homogenate. T he m ycelium  was suspended  in  5 ml m/ 15 p h o sp h a te  
b u ffer p H  7.5. Cells w ere b ro k en  by  so n ication  (20 k H z , M easuring and  Scientific  E q u ip m e n t 
L td . ,  U ltrason ic  Pow er U n i t  No. 3000).

D eterminations in  the crude homogenate.
1. D N A  and R N A  content. E x tra c tio n s  w ere carried  o u t b y  th e  sligh tly  m odified m e th 

od  of V a l u  and S z a b ó  [12]. Cold acid soluble m ate ria l was e x tra c te d  w ith  5%  perchloric  
acid  (PCA ) a t  0°C fo r one hour. The p re c ip ita te  w as suspended  in 1.5 N  PCA, e x tra c te d  a t  
70°C fo r 50 m in and  deox y p en to se  (for D N A ) an d  a ldopentose  (for RN A ) c o n ten t w as d e te r
m ined  w ith  d ip h en y lam in e  [13] and ph lorog lucin  [14], respec tive ly . Nucleic acid  co n ten ts  of 
th e  cu ltu res  were ex p ressed  as fig DNA or R N A  per ml o f cu ltu re  m edium . The s ta n d a rd s  
w ere chick  blood D N A  (R ean a l, B u d ap est) an d  y eas t R N A  (W orth ing ton).

2. Protein content w as m easured b y  th e  m eth o d  of L o w r y  et al. [15].
3. Beta-galactosidase activity. S u b s tra te : 1 m g/m l o-n itropheny l-be ta-D -galac topyrano- 

side (F lu k a) in 0.1 м K H 2P 0 4/K .,H P 0 4 b u ffer p H  6.5. A ssay m ix tu res co n ta ined  0.5 ml of 
c ru d e  hom ogenate p lu s 0.5 m l o f su b s tra te  so lu tion . A fter one h o u r of in cu b a tio n  a t  27°C, 
0.5 m l 1 M N a 2C 0 3 w as a d d e d  and  th e  assay  tu b es  were im m ed ia te ly  p laced in to  w a te r  b a th  
a t  0°C. T his was follow ed b y  cen trifugation  a t  4000 g and  th e  ex tin c tio n s of th e  sam ples were 
m easu red  a t  420 nm . A c tiv i ty  was expressed  as fi m ole/m l D N A /hr.

4. Beta-glucosidase activity  was m easu red  in  th e  sam e w ay as b e ta -galactosidase  excep t 
t h a t  th e  su b stra te  w as 1 m g/m l p -n itro p h en y l-be ta-D -g lucopyranoside  (M erck) in 0.1 м 
K H 2P 0 4/K 2H P 0 4 b u ffe r  p H  7.2 and th e  in cu b a tio n  tim e  20 m in.

5. A lka line  phosphatase activity. S u b s tra te : 1 m g/m l p -n itro p h en y l-p h o sp h a te  (K o c h - 
L ig h t) in v e ro n al-ace ta te  b u ffer pH  8.5; 0.1 m l crude hom ogenate  p lus 0.4 ml su b s tra te  were 
in cu b a ted  a t  27°C fo r 20 m in . The enzym e re ac tio n  w as s topped  b y  add ing  0.1 ml fo rm aldehyde ,
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th e  co lour w as developed  w ith  0.5 ml 1 м  N a 2C 0 3. A fte r c en trifu g a tio n  a t  4000 g th e  e x tin c tio n  
of th e  s u p e rn a ta n t  w as m easured  a t  420 nm .

6. Protease activ ity  was de term ined  b y  th e  m eth o d  of BÉKÉSI et al. [16] an d  expressed  
as / lE ä| . mg D N A /hr.

Exocellular enzym e activities were m easu red  in  th e  cell-free cu ltu re  m ed ium  (cells w ere 
sed im en ted  b y  c en trifu g a tio n ) in th e  sam e w ay  as in  th e  crude hom ogenate.

N eom ycin  concentration  in  th e  cu ltu re  m ed ium  w as de term ined  b y  th e  c o n v en tio n a l 
ag ar d iffusion  m eth o d , using  neom ycin sensitive  B acillus subtilis  ATCC 6633 s tra in .

Results

Growth characteristics o f  S . fra d ia e  and neom ycin production. As i t  can  be  
seen in  F ig . 1, th e  D N A  co n ten t o f th e  m ycelium  o f S. fra d ia e  increased  in 
ten se ly  b e tw een  0 -2 4  h r of g row th , th e n  rose fu r th e r  a t a lim ited  ra te  fo r tw o  
day s an d  decreased  slowly a fte r 72 h r. T he p ro te in  co n ten t o f th e  m ycelium  
increased  s im ila rly  b u t  only for 48 h r  (F ig . 2). The am o u n t of R N A  w as 
s tr ik in g ly  h igh  a t  24 h r after in o cu la tio n  b u t  la te r  decreased (F ig . 1).

B o th  th e  R N A /D N A  and  th e  p ro te in /D N A  ra tio s  w ere h ig h es t in  th e  24 
h r  old cu ltu res  o f  S . frad iae. These cu ltu res  w ere n ear th e  end  of th e  q u a s i
ex p o n en tia l g ro w th . A fter th is  tim e  b o th  ia tio s  decreased and pers is ted  a t  
a c o m p a ra tiv e ly  low  level. The d e fin ite  decrease in  th e  case of R N A /D N A  
ra tio  to o k  p lace ap p ro x im ate ly  24 h r  ea rlie r th a n  th a t  of th e  p ro te in /D N A  
ra tio  (F ig . 3).

Fig. 1. R N A  an d  D N A  co n ten ts of th e  m ycelium  of S. fra d ia e  du ring  c u ltiv a tio n . C ultu res 
were h a rv es te d  a t  th e  tim es ind ica ted  a f te r  in o cu la tio n . Crude hom ogenates w ere p re p are d  
and  th e  D N A  an d  R N A  con ten ts were d e te rm in ed  as described  in  M aterials an d  m eth o d s . 
The D N A  and  R N A  c o n te n ts  were calcu la ted  in  fig  p e r  m l o f cu ltu re. P o in ts  rep re sen t m eans 

of th ree  parallels. 1 =  R N A  c o n te n ts , 2 =  D N A  co n ten ts
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F ig . 2. P ro te in  c o n te n t o f th e  m ycelium  o f S. fra d ia e  an d  th e  a m o u n t o f neom ycin  p roduced . 
1 =  C ultures were h a rv e s te d  a t  th e  in d ic a te d  tim e s  a f te r  in o cu la tion . Crude h o m ogenates 
w ere  p rep ared  as desc rib ed  in  th e  M aterials a n d  m eth o d s. P ro te in  co n ten ts  d e te rm in ed  b y  th e  
m e th o d  of L o w r y  et al. [14] were expressed  in  fig  p e r  ml o f cu ltu re . 2 =  Cells were sed im en ted  
fro m  th e  cultures a t  th e  in d ic a te d  tim es a f te r  ino cu la tio n . T he neom ycin  c o n ten t o f th e  cell- 
free  m edium  was d e te rm in e d  b y  the  ag ar p la te  m eth o d  and  expressed  in f i g  per m l o f c u ltu re  

m ed iu m . Po in ts rep re sen t m eans o f th ree  paralle ls

N eom ycin p ro d u c tio n  was poor a lth o u g h  i t  rose betw een  48—144 h r a t  a 
n e a r ly  co n stan t speed  (Fig. 2).

Endocellular enzym e activities during  cultivation. I t  has been fo u n d  th a t  
e a c h  of th e  fo u r en zy m e ac tiv ities m easu red  in  these  ex perim en ts show ed 
a p p a re n tly  d iffe ren t an d  ch a rac te ris tic  levels a t  d iffe ren t stages o f th e  life 
cy c le . These changes w ere essen tia lly  s im ila r in  c h a ra c te r  w hen specific  activ -

F ig . 3. R N A /D N A  a n d  p ro te in /D N A  ra tio s  in  th e  m ycelium  o f S. frad iae  du ring  c u ltiv a tio n . 
T h e  R N A , DNA a n d  p ro te in  con ten ts o f th e  m y ce liu m  w ere d e term ined  as described  in  M a
te r ia ls  and  m ethods a n d  in  th e  legend of F igs 1 a n d  2. P o in ts  rep re sen t m eans of th ree  paralle ls. 

1 =  P ro te in /D N A  ra tio , 2 =  R N A /D N A  ra tio
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itie s  w ere expressed  as U /m g  p ro te in  (d a ta  n o t shown) or as U /m g D N A  
(F ig . 4).

All o f th e  four specific ac tiv itie s  rose ra p id ly  betw een  24 48 h r of c u ltiv a 
t io n  to  reach  a co m p ara tiv e ly  sh a rp  m ax im u m  a t ab o u t 48 h r. A fter 48 h r  
o f  g row th  tw o  ty p es  of changes w ere n o ticed , (i) E ndocellu lar be ta-g lucosidase , 
b e ta -g a lac to s id ase  an d  p ro tea se  a c tiv itie s  decreased  and  s ta y e d  a t  low levels 
w h ich , how ever, w ere s ig n ifican tly  h ig h er th a n  th e  zero v a lu es . (The specific 
a c t iv i ty  of beta-g lucosidase w as alw ays h ig h er th a n  th a t  of b e ta -g a lac to sid ase .)

Time of cultivation, hr Time of cultivation, hr Time of cultivation, hr

F ig . 4. E n d o ce llu lar enzym e a c tiv itie s  in  th e  m y ce liu m  o f S. fradiae. C u ltu res were h a rv es te d  
a t  th e  tim es in d ica ted  a fte r  in o cu la tio n . Crude hom ogenates were p re p a re d  an d  enzym e 
a c tiv itie s  w ere d e term ined  as desc rib ed  in  M ateria ls  and  m ethods. A : s tra ig h t lin e -b e ta -  
g lucosidase a c tiv ity , d o tte d  lin e—b eta -g a lac to sid ase  a c tiv ity ;  B: p ro tease  a c tiv ity ;  C: a lka line  
p h o sp h a tase  a c tiv ity . On th e  ab sc issa , tim e  of c u ltiv a tio n  (hr); on th e  o rd in a te , U /m g D N A . 
I n  th e  case o f p ro tease  a c tiv ity : U  =  z lE 315/h r; in  th e  case of o th e r enzym es: U  //m ol hr.

P o in ts  re sp resen t m eans o f  th ree  parallels

(ii) A lkaline p h o sp h a tase  a c t iv i ty  a fte r  th e  48 h r  m ax im um  decreased  till 72 h r , 
th e n  p e rs is ted  a t  th e  sam e leve l fo r a d ay , a n d  a fte r  a m in im um  a t  120 h r  v e ry  
q u ick ly  rose betw een  120 a n d  144 h r.

Exocellular protease activ ity  during cultivation. B eta-g lucosidase , b e ta -  
ga lac to sid ase  and , su rp ris in g ly , a lkaline p h o sp h a ta se  ac tiv itie s  w ere n o t d e te c t
ab le  in  th e  cu ltu re  m ed ium . T he exocellu lar p ro tease a c t iv i ty  was m u ch  
h ig h er th a n  th e  endocellu lar one, and  show ed  a d ifferen t tim e  course. I t  in 
creased  till  48 h r  of c u ltiv a tio n , d id  n o t ch an g e  betw een  48 an d  96 h r  an d  th e n  
increased  to  a h igh level a t  144 h r  (F ig . 5), while th e  endoce llu la r p ro tease  
a c t iv i ty  show ed a defin ite  decreasing  te n d e n c y  betw een 48—120 h r of c u ltiv a 
tio n  and  s ta y e d  a t  a low level t i l l  144 h r  (F ig . 4).
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Time of cultivation hr

F ig . 5. E xocellu lar p ro tea se  a c tiv ity  o f S .fra d ia e  d u rin g  cu ltiv a tio n . M ycelium  was sed im en ted  
b y  cen trifu g a tio n  a t  th e  tim es in d ica ted  an d  p ro tea se  a c tiv ity  w as de te rm in ed  in th e  cell-free 
su p e rn a ta n t b y  th e  m e th o d  of B é k é s i  et al. [16]. U  =  d E 515/h r. P o in ts  respresen t m ean s o f

th ree  p a ralle ls

Discussion

The g row th  cu rves (Figs 1 and  2) show  clearly  t h a t  a t  24 h r  of c u ltiv a tio n  
th e  m ycelium  is a t  th e  end of th e  q u asi-ex p o n en tia l s tag e  of grow th, or has 
passed  it. A fte r t h a t  tim e  a sm aller b u t  de fin ite  increase  o f th e  DNA c o n te n t 
ta k e s  p lace. N eom ycin  p ro d u c tio n  begins in  th is  period . B etw een  24 an d  72 h r 
th e  R N A  c o n te n t a n d  also th e  R N A /D N A  and  p ro te in /D N A  ra tio s decrease  
s ig n ifican tly  (F igs 1 a n d  3). T he changes m a y  be due to  th e  d ifferent ra te s  of 
syn th esis  of R N A , D N A  an d  p ro te in s . T h e  sign ifican t decrease in th e  a b so lu te  
am o u n ts  of R N A  b e tw een  24 and  48 h r  (F ig . 1) an d  t h a t  o f th e  endocellu lar 
enzym es b e tw een  48 an d  72 h r  (d a ta  n o t  show n) in d ic a te , how ever, t h a t  th e  
increased  d e g ra d a tio n  of specific R N A s and  p ro te in s  w ith in  th e  h y p h a e  
m ig h t also be in v o lv ed . A decreased R N A  an d  p ro te in  syn thesis  m ay also p la y  
a ro le. In  ad d itio n , som e lysis and  new  v eg e ta tiv e  h y p h a e  a re  observed a t  72 h r 
o f cu ltiv a tio n  [10]. A fte r  th e  decrease in  R N A  c o n te n t of th e  m ycelium  
(24-48  hr) th e  a m o u n t of R N A  does n o t  change in  4 8 -7 2  hour-old h y p h a e ; 
th is  m ay  re flec t a new  grow th  of v e g e ta tiv e  m ycelium  [10].

T he life cycle perio d  betw een  24 an d  72 h r  seem s to  correspond to  th e  
s tag e  of lim ited  g ro w th  or f ir s t  lysis (on th e  basis o f g ro w th  ch a rac te ris tic s  
F igs 1 and  2) b u t  th is  s tage  is m uch  sh o rte r  if  a n o rm allly  d iffe re n tia ted  
Streptomyces s tra in , as for exam ple S . griseus No. 4 5 -H  having  a n o rm a l
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(com plete) life cycle is cu ltiv a te d  u n d e r th e  sam e co n d itio n s [3]. I t  is assum ed  
also on th e  basis of cy to log ical observ a tio n s, th a t  th e  h y p h ae  are p re v e n te d  
from  en te rin g  in to  re p ro d u c tiv e  d iffe ren tia tio n . T h e re  seems to  be a b lock  
in  th e  n o rm al re p ro d u c tiv e  developm ent in  th is  m ed iu m  [10].

B efore discussing th e  changes in  enzym e a c tiv ity , i t  is necessary  to  e m p h a 
size t h a t  a c tiv ity  w as ca lcu la ted  in u n its  p er D N A  c o n te n t, th is v a lue  being  
p ro p o rtio n a l to  th e  a c t iv i ty  p er genom e.

T he observed  m ax im a  of th e  endocellu lar m a rk e r enzym e a c tiv itie s  a t  
48 h r  fa ll in to  th e  p ro longed  tra n s itio n a l (firs t ly tic ) s tag e  (see above). T he 
ex ac t p o in ts  of tim e  o f th e se  m axim a could  no t he d e te rm in ed  because o f th e  
few  sam plings. S im ilar m ax im a of th e  sam e enzym e ac tiv itie s  were o b served  
n ea r th e  end  of th e  q u asi-exponen tia l g ro w th  of S. griseus  No. 45-H  u n d e r  th e  
sam e c ircum stances b u t  in  th is  case a lk a lin e  p h o sp h a ta se  a c tiv ity  was m e a su r
ab le only  in  th e  cu ltu re  m ed ium  [3]. T he h igh  a c tiv ity  o f be ta-g lucosidase  an d  
b e ta -g a lac to s id ase  seem s to  be ch a rac te ris tic  of th e  v e g e ta tiv e  phase, in  good 
ag reem en t w ith  re su lts  o b ta in ed  w ith  S . griseus  [3]. T h e  h igh a c tiv ity  o f th e se  
enzym es even  a fte r 48 h r  o f cu ltiv a tio n  can  be ex p la in ed  by  th e  p resence  of 
new ly  grow n y o ung  v e g e ta tiv e  h y p h ae  t h a t  ap p ear t i l l  120 h r [10]. A fte r  th is  
tim e , w hen  re p ro d u c tiv e  h y p h ae  begin to  ap p ear, th e  beta-g lucosidase an d  
b e ta -g a lac to s id ase  a c tiv itie s  con tinue to  decrease. E ndocellu lar p ro tea se  
a c tiv ity  show s a sim ilar tim e  course. A lkaline p h o sp h a ta se  a c tiv ity  has m ax im a  
b o th  in  th e  v eg e ta tiv e  p h ase  and in th e  rep ro d u c tiv e  one. W hen m easu red  
se p a ra te ly , exocellu lar p ro tea se  a c tiv ity  w as m an y  tim es  h igher th a n  th e  en d o 
cellu lar one, and  in  c o n tra s t  w ith  th e  la t te r  i t  was h ig h e s t a t  144 h r. T his d e re 
p ression  o f exocellu lar p ro teases  m ay be in  connection  w ith  th e  lysis beg in n in g  
a t  72 h r  [10].

T he d iffe ren t enzym e p a tte rn s  in  cu ltu res o f  d iffe ren t ages re fle c t 
d iffe ren t reg u la tio n  s itu a tio n s  during  th e  stages of deve lopm en t.

N eom ycin  accu m u la tio n  in  th is  m ed iu m  begins a t  th e  sam e tim e  as i t  
does u n d e r in d u s tr ia l co n d itio n s, i.e. a f te r  or n ea r th e  en d  o f quasi-ex p o n en tia l 
g row th , h u t  i t  rem ains low  u n til  144 h r  o f  cu ltiv a tio n . E xocellu lar a lk a lin e  
p h o sp h a ta se  a c tiv ity  is also lacking ti l l  144 h r  w hile u n d e r  in d u stria l c ircu m 
stan ces, p h o sp h a ta se  a c t iv i ty  is d e fin ite ly  m easu rab le . The alkaline p h o s
p h a ta se s  w ere found  to  b e  essen tia l in  th e  la s t  s tep  of neo m y cin  b iosyn thesis [7].

I t  is an  im p o r ta n t q u estio n  to  answ er w h e th e r (i) th e  im paired  d iffe re n ti
a tio n  [10], an d /o r (ii) th e  lack  of exocellu lar a lkaline  p h o sp h a tase  a c tiv ity  
(a p ro b lem  o f enzym e reg u la tio n ) are in  a n y  w ay  co n n ec ted  w ith  (iii) th e  a b 
n o rm ally  low  an tib io tic  p rod u c tio n .
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Some E s c h e r i c h i a  c o l i strains isolated from patients and instilled  into the nostrils o f  
mice cause a rapidly developing fatal, haemorrhagic lung oedem a. Lung toxic strains were 
found in different serogroups, w ith the predominance of 0 4 , 0 6  and 0 1 8 . The toxic m aterial 
seems to be bound to the cells; the toxin  yield is poor by different m ethods of extraction . 
The toxic principle causes toxic, haemorrhagic oedem a in m ouse foot pad test and shows 
cytotox icity  for AY-3 cells. The “ lung tox in ” is heat labile and after Sephadex fractionation  
has a molecular weight o f about 100 000 dalton. There is a possible id en tity  w ith a toxic haem o- 
lysin.

One of th e  au th o rs  (T.A .A .) w hen in v es tig a tin g  th e  p a th o g en ic ity  of 
Escherichia coli s tra in s  iso la ted  from  in fan ts  suffering  fro m  acu te  e n te ritis  
realized  th a t  som e o f th e  s tra in s  d id  n o t belong  to  an y  serogroups of kn o w n  
nosological u n its  an d  d isp layed  in freq u en t an d  low sign o f en te ro to x ig en ity . 
In  th e  lung  te s t  in tro d u ced  b y  V o i n o - Y a s e n e t s k a y a  [1] som e of the  above 
m entioned  unclassified  E . coli s tra in s  caused in  m ice a ra p id , haem orrhag ic  
lung oedem a (n o t in te rs titia l pneum onia) in d ica tin g  th e  to x ic  ac tiv ity  of th e  
m a te ria l [2].

In  th is  p a p e r  som e fea tu res  of th e  lung  tox ic  m a te r ia l are described .

M aterials and  m ethods

S t r a i n s .  E .  c o l i strains were isolated from faecal sam ples o f infants suffering from acute  
enteritis. Pure cultures were tested w ith OB antisera representing the known serogroups 
responsible for infantile gastroenteritis and for dysenteriform  enteritis o f adults. Strains not 
belonging to these serogroups were tested for invasiv ity  (Serény-test) and for production o f  
either heat-labile (CHO and Y -l cell lines), or heat-stable (suckling m ouse test) enterotoxins. 
A total o f 72 strains not belonging to well known nosological units were analysed serologically, 
determ ining m ostly their О antigen only.

* Supported in part by the Scientific Research Council, H ungarian Ministry of H ealth  
(3-10-0305-03-1/K ).
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Some investigations presented in this paper dealt only w ith a few  representative strains. 
Am ong them  were the standard К  type strains o f  serogroup 0 4  (I. and F. O r s k o v ,  Statens 
Serum Institut, Copenhagen), a strain designated “ Kreka” w ith  the antigenic structure 
0 4  : K12 : H5, and a few  others. Two strains o f the serogroup 0 1 3 9 , causing oedem a disease in 
sw ine, were kindly sent by Dr. B. N a g y  (Szom bathely, H ungary). An E .  c o l i  strain 
(N o. 281/54) carrying a H ly  plasm id (serologically  not determ ined) was isolated in the 
Pécs laboratory.

M e d i a .  Bacto broth m edium  w ith or w ith ou t 1.6% of agar, and m odified Sakazaki 
m edium  for shaking cultures [3] were used. M odification means the use of Levinthal broth 
instead of “ M yosat” . Shaking was performed in the Psychrotherm apparatus (New Brunswick) 
at 37°C for 18 hr.

Blood agar plates containing 2.5% o f defibrinated sheep blood were used.
B a c te r ia l  e x t r a c t s , l y s a t e s .  For obtaining the toxic material from  bacteria the following  

m ethods were applied. A lternative freezing and thawing 10 tim es, ultrasonic treatm ent at 
0 °C for 30 min (M SE, 500 W , “ full energy se ttin g ” ) and the extraction m ethod of V a n  H e y - 
n i n g e n  and G l a d s t o n e  [4] w ith alkali treatm ent at 37°C instead of 57°C in view  of the heat 
lab ility  of the tox ic  m aterial.

All lysates and extracts were dialysed against tap water for 2 days, and against distilled  
w ater for 2-3 days, m embrane-filtered (M em branfilter Gesellschaft, G öttingen, No. 1121) 
and freeze-dried. The freeze-dried materials were distributed in vials, dried further over P 20 5, 
then  filled w ith N 2 gas and stored at — 20°C.

T e s t  f o r  b a c t e r ia l  i n v a s i v e n e s s  w as p e r fo rm e d  acco rd in g  to  S e r é n y  [5 ]; th e  g u in e a  p ig  
e y e s  w ere  o b se rv e d  fo r  5 d a y s .

T e s t s  f o r  e n te r  o to  x i g e n i c i t y . The presence o f  heat-labile (LT) enterotoxin  was dem onstrated  
in CHO or Y -l cultures [6, 7], using plastic p lates (Linbro, 96-F8-TC, FLOW ) in the micro
m ethod applied. In m ost cases culture filtrates were tested, but in the case o f representative 
strains concentrated ultrasonic lysates were investigated  with other LT specific tests including  
ligated  rabbit loop [8], blueing [9], and m ouse foot oedema tests [10].

Materials were tested  also for the presence of heat-stable (ST) enterotoxin  in suckling 
m ice [11].

L u n g  te s t [1, 2]. Mice of our own breed or from  the BALB/c line weighing 10-12 g were 
used. They were anaesthetised superficially w ith  ether and 0.05 ml of the cultures, filtrates, or 
extracts diluted in P B S were instilled into their nostrils.

In positive cases convulsions developed, w ith  signs of acute asphyxia , and foam , som e
tim es tinged w ith blood, appeared in the nostrils. D eath  m ostly occurred 1 -4  hr after infection; 
in the case of very active m aterial the anim als died in the first hour. Post-m ortem  exam ination  
revealed haemorrhagic lung oedem a. In negative  cases the mice survived or died in a few days 
w ith  interstitial pneum onia.

C y t o to x i c i t y  o f filtrates, extracts, or fractionated materials was estim ated by a micro
m ethod [12] in a cell line o f human am niotic origin (AY-3).

T e s t s  f o r  h a e m o l y t i c  a c t i v i t y .  Screening o f cultures was made on blood agar plates. Super
natants, filtrates, or extracts were tested for haem olytic activity by T a k á t s y ’s m ethod [13] 
using 1% sheep red blood cells. The type of haem olysin  [14] was determ ined by the overlayer 
m ethod; the cultures were killed by chloroform vapour for 20 m in, and the chloroform was 
evaporated for 45 m in, the killed culture was overlayered with 2 .5 -3  m l m edium  containing  
0.6%  agar and 5% sheep erythrocytes.

M o le c u la r  w e i g h t  o f the toxic m aterial w as determined by fractionation  of a Sephadex 
G -100 column of 1.5 x 9 0  cm for 200 mg freeze-dried ultrasonic lysate. The m aterial was dis
solved in 0.005 M  Tris/HCl buffer pH 7.6 containing 0.001 м ED T A  used also as eluent. The 
eluation speed was 20 m l/hr and samples o f 5 m l each (50 fractions) were collected. Optical 
density  was measured at 280 nm (Uvicord II , LK B). Fractions were stored at — 20 °C. 
U sing the same colum n, other materials were also fractionated, e.g . m aterials containing
E .  c o l i LT.

A n t i s e r u m  was produced by im m unizing rabbits according to Ca l l a h a n  e t a l . [15]. 
Fractions of Sephadex G -1 0 0  containing the h igh est activity were m ixed  1 : 1 w ith  Freund 
(D ifco) adjuvant and rabbits weighing 2 .5 -3 .5  kg were inoculated subcutaneously 4 tim es w ith  
0 .5  ml, and thereafter w ith  1 ml of the m ixture w eekly, into the axillary and inguinal region. 
One week after the last injection the animals were bled, sera were collected , sterilized by filtra
tion  and stored at — 20°C  w ithout chem ical preservative.

M u t a g e n e s i s .  Some strains were m utagenized by ethyl-m ethane sulphonate (EMS) 
[16]. Non-haem olysing clones were selected and isolated on blood agar.

S t a t i s t i c a l  a n a l y s i s .  L D 50 v a lu e s  w ere  c a lc u la te d  acco rd in g  to  K ä r b e r  [17].
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R esults

Some E . coli s tra in s  iso la ted  from  in fa n ts  w ith  e n te ritis  d id  no t belong 
to  an y  know n  e n tity . In  o th e r w ords, th e y  fa iled  to  re a c t w ith  OB an tise ra , 
p rep ared  b y  cau sa tiv e  agen ts of in fan tile  e n te ritis  or d y sen te rifo rm  disease, 
th e y  w ere n eg a tiv e  in  th e  Serény  te s t and d id  in freq u en tly  p roduce  LT or ST. In  
th e  lung  te s t ,  a n u m b er o f th e se  s tra in s , in s te a d  o f  causing  a slow ly developing  
in te rs ti t ia l  pn eu m o n ia  [1] gave rise to  a ra p id ly  fa ta l haem o rrh ag ic  lung oede
m a. These o b serv a tio n s in d ica ted  th a t  th e  s tra in s  in  q u estio n  p roduced  som e 
to x ic  m a te ria l(s). E ffo rts  w ere m ade to  e lu c id a te  th is  assu m p tio n .

1. Serological distribution o f the lung toxic strains. A ccording to  d a ta  
sum m arized  in  T ab le  I , lung  tox ic  E . coli s tra in s  were found  in 26 d iffe ren t 
serogroups. S tra in s  iso la ted  from  cases w ith  clinical sym p to m s and  p a r tly  
belonging  to  know n nosological u n its , being  n eg a tiv e  in  th e  lung  te s t, served  
as contro ls in  re sp ec t o f serological d is tr ib u tio n .

A m ong th e  lung to x ic  s tra in s , th e  serogroups 0 4 , 0 6  an d  0 1 8  p red o m i
n a ted  (T able I) b u t  such serogroups occurred  also in th e  con tro l group.

T he m ark ed  p redom inance  of serogroup  0 4  led us s tu d y  some s ta n d a rd  
К  ty p e  s tra in s . D a ta  d e m o n s tra te d  in  T ab le  I I  show ed th a t  th re e  of these  old 
su bcu ltu res s till possessed a to x ic  effect.

2. Production o f  the lung toxic material. T h e  lung  to x ic  effect of live b a c 
te ria  was n o t in fluenced  b y  cu ltu ra l cond itions. N o t less th a n  107 germ s w ere 
needed to  evoke fa ta l m ouse lung  oedem a regard less of th e  age (betw een 6 
and  48 hr) an d  th e  m ethod  of cu ltiv a tio n  (w ith  or w ith o u t ag ita tio n , w ith  or 
w ith o u t th io g ly co la te ). F u rth e rm o re  th e  e ffe c tiv ity  th e  sam e was found w hen 
b ac te ria  w ere w ashed  off from  agar p la tes. A lkaline m ea t e x tra c tio n  [18] h ad  
no in d u c tiv e  effect.

S u p e rn a ta n ts  of b ro th , m odified S ak azak i liqu id  cu ltu res  (w ith  or w ith o u t 
ag ita tio n ) an d  of w ashed  agar cu ltu res did n o t co n ta in  to x ic  m ateria l.

D ifficu lties arose w ith  ex trac tio n  o f to x ic  m a te ria l from  th e  cells. 
A p p ro x im ate ly  th e  sam e low yield was o b ta in ed  b y  u ltra so n ic  lysis, freezing 
and  th aw in g  10 tim es, an d  b y  alkaline e x tra c tio n  [4]. H e a t tre a tm e n t a t  
57°C for 30 m in or a t  60°C for 15 m in d es tro y ed  all to x ic  a c tiv ity  of b o th  
liv ing  b a c te r ia  an d  e x tra c ts .

To avo id  th ese  d ifficu lties, m ostly  u ltra so n ic  ly sa tes co n cen tra ted  b y  
freeze-d ry ing  w ere used.

3. Testing  the lung toxic substance w ith  other methods. T he lung to x ic  
E . coli s tra in s  w ere selected  on th e  basis of th e ir  lack  of en te ro to x ic ity , am ong 
o thers. A lung  to x ic  s tra in  o f E . coli desig n a ted  “ K re k a ”  (0 4  : K 12 : H5) was 
in v estig a ted  in  de ta il. A p a rt from  cu ltu re  f i l t ra te s , u ltraso n ic  ly sa tes and con
c en tra ted  m a te ria l from  th e  la t te r  ly sa te  were in v es tig a ted  in severa l te sts . No to x 
ic effect was observed  in CH O , Y -l cells, an d  no  p o sitive  b lue ing  was observed
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Table I

Serological distribution o f  lung toxic E . coli strains

Serogroup
N u m b e r  o f  
lu n g  to x ic  

s tra in s

N u m b e r  o f 
lu n g  neg a tiv e  

s tra in s1
S erogroup

N u m b er o f  
lung  to x ic  

s tra in s

N u m b er o f  
lung  n eg a tiv e  

s tra in s1

01 2 — 0111 — 44

0 2 1 — 0 1 1 2 a ,b 2 —

0 4 25 2 0 1 1 2 a , c — 14+3

0 5 1 — 0115 1 2

0 6 10 I 2 0119 — 1

015 — 22 0123 1 —

018 10 7 01 2 4 — I 3

025 1 33 0128 — 1

026 — ]2+4 0129 — l 3

028 1 l 3 0135 — l 3

030 1 — 0136 — l 3

032 — I 3 0138 I 1

0 4 4 — 1 0141 1 1

045 1 — 0142 — 1

050 1 — 0143 — l 3

062 1 1 0144 — l 3

063 1 — 0148 — 3

071 1 — 0151 — 3

075 2 1 0152 — l 3

078 — l 2 0153 — 3

082 1 — 0158 — 1

083 1 — 0159 — 1

085 1 1 0162 — 6

086 1 — no t deter- 2 2

091 1 — m ined — —

T otal nu m b er o f lung  tox ic  s tra in s , 72 (26 serogroups)
T otal n u m b er o f lung  negative s tra in s , 63 (32 serogroups)
1 control s tra in s  iso lated  from  en teric  cases; 2 stra ins p roducing en te ro to x in ; 3 Serény-test 

positive  stra ins; 4 s tra in s  belonging to  serogroups associated w ith  in fan tile  en teritis

in  th e  rap id  or in  th e  delayed  te s t  [19]. O n th e  o th e r h a n d , 18 h r a f te r  in tra -  
derm al in o cu la tio n , n ecro tic  lesions developed  in  th e  ra b b its  skin. T h is te s t  
as an assay  m e th o d  show ed no a d v a n ta g e  over th e  m ouse lung  te s t ,  an d  was 
less sensitive th a n  th e  la t te r .  No to x ic  effect could be d e tec ted  in  th e  r a b b it  
lig a ted  loop (in d ex  below  0.48) an d  th e  suckling  m ice o ra l te s t  (index  below
0.06) even w ith  c o n cen tra ted  m a te ria l.
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Table II

Lung toxicity o f  standard ( Copenhagen)  К  type stra ins belonging to serogroup 04

D e sig n a tio n
A ntigen ic
s tru c tu re

M ouse lung te s t

orig inal local su rv ivor
infected

m ean
su rv iv a l, h r

U  4/41 2891 0 4  : K 4(L ) : H5 2/9 2.28

Bi 7457/41 3082 0 4  : K 6(L ) : H5 6/9 10.33

Su 65-42 3088 0 4  : K 12(L) : H5 6/10 10.33
A 103 3127 0 4  : K 52(L) : - 9/9 —

U ltraso n ic  ly sa te s  or liv ing  cells d id  n o t  cause flu id  accu m u la tio n  in  
th e  m ouse foo t p a d  te s t  (index  w ith  u n d ilu te d  u ltraso n ic  ly sa te : 1.1), h u t  a 
m ark ed  haem o rrh ag ic  necrosis, w ith  fre q u e n t d e a th  of th e  an im als could  be 
observed . A ccord ing  to  d a ta  sum m arized  in  T ab le  I I I  of a co n cen tra ted  freeze- 
dried  m a te ria l w ith  a L D 50 of 1600 pg ab o u t 125 pg was needed to  evoke th e  
n ec ro tic  effect. S im ilar resu lts  w ere o b ta in ed  w ith  living b ac te ria . S en sitiv ity  
of th e  foo t p ad  te s t  was som ew hat low er th a n  th e  lung te s t (T able I I I ) ,  
th e re fo re  i t  h ad  no  ad v an tag e .

A  cell c u ltu re  m ic ro tes t w as fo u n d  usefu l in  te s tin g  th e  cy to to x ic  cap ac ity . 
A m ong severa l cell lines (H eL a, H E p -2 , m ouse f ib ro b las t)  te s te d , th e  h u m an  
a m n io tic  cell line АУ-3 proved  to  be  th e  m o st sensitive one. T estin g  freeze- 
dried  m a te ria l, a b o u t a dose of 125 pg  show ed a cy to to x ic  end p o in t (12 16%  
of th e  cells rem ain ed  unaffec ted ). S im ilar re su lts  were o b ta ined  w ith  o th e r 
e x tra c ts .

4 . M olecular weight range o f  the lung toxic m aterial. Of th e  freeze-d ried  
u ltra so n ic  ly sa te  200 m g was fra c tio n a te d  on S ep h ad ex  G-100 colum n. F ra c tio n s  
w ere te s te d  for c y to to x ic ity  in  АУ-3 cells (T able  IV , F ig . 1). T he low  to x ic ity  
o b ta in ed  led us to  te s t  th e  positive  frac tio n s q u a lita tiv e ly  in a m odified  m icro 
te s t .  A b o u t 104 cells in 0.1 ml of m ed ium  w ere m ixed  w ith  0.1 m l of u n d ilu ted  
S ep h ad ex  frac tio n . A fte r  in cu b a tio n  o v ern ig h t a t  37°C th e  wells w ere em p tied , 
w ashed  an d  th e  re m a in in g  cells w ere fix e d  w ith  m ethano l. T hen  0.1 m l of 
4 -n itro p h en y l-p h o sp h a te  (1 g /litre) in  10%  d ie th an o lam in e  buffer w as added  
to  each  well. A fte r 30 m in a t room  te m p e ra tu re , ex tin c tio n s expressing  p h o s
p h a ta se  a c tiv ity  w ere dete rm in ed  b y  a S P E C O F  sp ec tro p h o to m ete r a t  400 nm . 
As i t  is seen in  T ab le  IV  and  F ig . 1, a sh a rp  p e a k  of cy to tox ic  a c tiv ity  c h a ra c 
te rized  th e  frac tio n s  13-15 . C om paring  i t  w ith  o th e r m ateria ls  se p a ra te d  on 
th e  sam e S ep h ad ex  co lum n (e.g. E . coli F T ), i t  ind ica tes a h igh m olecular 
w eigh t (100 000 d a lto n s) of th e  lu n g  to x ic  m a te ria l.

In  v iew  of th e  low  to x ic ity  of th e  frac tio n s , i t  was n o t possible to  te s t  
th em  in th e  m ouse lu n g . N or could we te s t  th e ir  an tig en ic ity , as th e  n eu tra liz in g  
c a p a c ity  of an tib o d ies  produced  in  ra b b its  w ith  th e  frac tions 13—15 could  n o t
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Table III

E . coli lung toxin in  mouse lung and foo t pad  tests

T o x ic
ag e n t A m o u n t T e s t

S u rv iv o rs /
in o cu la te d

M ean tim e 
o f d e a th , h r

N ecrosis/
in o cu la te d

L iving
b acteria ,
s tra in
“ K rek a”

3.7 x lO 8 
0 .9 x 1 0 *
4.7 X  107
2.3 x lO 7

killed 60°C 30 min

l

3.7 X 10*
0.9 X 108
4.7 X 107
2.3 X  107

killed 60°C 30 min

lung

jD 50 =  3.0 X 1 0 1 g 

foo t pad

0/5
0/5
1/5
4/5
5/5

erms

4/5
4/5
5/5
5/5
5/5

6.2
5.2
8.25

20.00
.

20.0
44.0

3/5
3/5
2/5
1/5
0/5

2000 pg 2/5 40.0
1000 pg 3/5 60.0

500 pg lung 3/5 60.0
250 pg 3/5 84.0
125 pg 4/5 96.0

C oncentrated 58UC — 30 m in 5/5 —

ultrasonic
lysate , L D jo =  900 pg
stra in
“ K rek a” 2000 ^g 1/5 48.0 5/5

1000 pg, foot pad 5/5 — 5/5
500 pg 5/5 — 4/5

L D S0 =  1600 pg

E

F ig. 1. C y to to x ic ity  in  AV-3 cells, S ephadex  G-100 frac tio n s  o f u ltrason ic  ly sa te  o f s tra in  
“ K re k a ”  (0 4  : K 12 : H5). E  =  e x tin c tio n  va lues fo r ph o sp h a tase  a c tiv ity  o f  cells
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Table IV

Cytotoxicity in  A  V-3 cells o f  Sphadex G-100 fractions o f  ultrasonic lysates o f  strain  
44K reka ” (0 4 :  H 5 ) , as evaluated by phosphatase activity

M ate ria l 
(fracctio n  N o.) C y to to x ic ity

E x tin c tio n  
a t  400 n m

1-12 _
3 — 1.20

12 + 0.70

13 + + 0.24

14 + + 0.18

15 + + 0.15

16 + 0.41

17-50 — 1.20

N ot frac tio n a ted  m ate ria l + + 0.20

S . dysenteriae 1 crude f iltra te + + 0.64

Cell con tro l — 1.40

b e  m easured  w ith  a m a te ria l o f low  to x ic ity . No cross n e u tra liz a tio n  w as ob 
se rv ed  in  ex perim en ts ca rried  o u t w ith  Shigella dysenteriae  1 en te ro to x in  in  
AY-3 cells, or w ith  E . coli LT in  CHO cells w ith  th e ir  co rrespond ing  an tito x in s .

5. Correlation between lung toxic activity and haem olytic capacity. Since 
th e  iso la ted  su b stan ce  ex e rted  a haem orrhag ic  effect in  b o th  th e  lung  te s t  
an d  th e  foot p ad  te s t  an d  as a to x ic  haem olysin  [18] caused  oedem a w hen 
g iven  in trav en o u sly  in to  m ice, th e  possib ility  of a ce rta in  connection  betw een  
to x ic  ac tio n  and  haem olysis w as assum ed.

In v es tig a tin g  th e  h aem o ly tic  ch a rac te r o f th e  lu n g  to x ic  s tra in s , a s trik in g  
co rre la tio n  was fo u n d . D a ta  p re se n te d  in  T ab le  Y d e m o n s tra te  th a t  all th e  
72 lu n g  tox ic  s tra in s  in v e s tig a te d  w ere haem oly tic , w hereas all th e  73 lung  
n e g a tiv e  s tra in s w ere n o n -h aem o ly tic . F u rth e rm o re , 5 su b cu ltu re s  of o rig inally  
lu n g  p o sitive  s tra in s  w hich  h a d  lo st th e ir  m ouse lung  to x ic ity , w ere also lack ing  
a haem o ly tic  cap ac ity .

F o r  th e  p resence of h aem olysin , in  su p e rn a ta n ts  o f th e ir  b ro th  cu ltu re  
24 s tra in s  were te s te d . T he h aem o ly tic  a c tiv ity  w as w eak  w ith  t i t re s  betw een  
1 : 2 an d  1 : 32. A sim ila rly  w eak  a c tiv ity  was fo u n d  in  u ltra so n ic  ly sa tes , too . 
D ue to  th e  low y ie ld  o f haem olysin , we have no clear p ro o f w h e th e r th e  cy to- 
to x in  is iden tica l w ith  h aem olysin . F rac tio n s w ith  po sitiv e  c y to to x ic ity  show ed 
a w eak  haem oly tic  a c tiv ity , an d  th is  p rev en ted  re liab le  ev a lu a tio n .

I n  order to  overcom e th ese  difficulties we h av e  tr ie d  to  iso la te  sp o n ta n e 
ous non -haem oly tic  d e riv a tiv e s  from  a few s tra in s . These efforts w ere u n 
successful. E x p e rim en ts  to  cure  p lasm ids by  acrid ine  dyes, sod ium  dodecyl
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Table V

Correlation between mouse lung toxicity  and haemolytic capacity among 
E . coli strains

Number of strainsLung
toxicity total haemolytic non haemolytic

Lung toxic s tra in s 72 72 none
Lung non to x ic  s tra in s 73 none 73
Subcultures h ad  lo st lung

toxicity 5 lost 5

Table VI

Mouse lung toxicity o f  haemolytic E . coli strains and their derivatives 
with impared haemolytic activity

Wild-type
strains

Lung 
toxicity, 
survivors / 
infected

Derivatives Yield
by

Lung, 
toxicity, 
survivors / 
infected

Haen

blood
agar

oolysis

over-
layer

2891 2891/3 1/20 +  +
0 4  : К З : H5 2891/4 1/10 +  +
К  type  strain 4/20 2891/5 3/10 — +  +

2891/6 9/10 — —

2891/7 0/10 — + +
3082 3082/1 10/10 — —

0 4  : Кб : H5 2/20 3082/3 10/10 — —

К  type  strain 3082/8 EMS 14/15 — —

3088
0 4  : K12 : H5 2/15 3088/6 treatm ent 2/5 — +  +
К  type  strain 3088/10 15/15 — —

3976 5/15 3976/2 15/15 — —

0 4  strain 3976/3 5/5 — —

659/1 5/5 — —

659 659/2 5/5 — —

0 4  : H5 2/5 659/3 5/5 — —

strain 659/4 5/5 — —

659/5 5/5 — —
Bp-S-57* 5/5 + + + +  +  +
0139
M-S-15*
0139 5/5 • + + + + + +
281/54** 04 4/10 +  + —

281/54/Hly- plasmid 5/5 — —

curing

* Swine oedem a disease stra in
* E . coli s tra in , carry in g  H ly  p lasm id  w hich inform s haem olysin
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su lp h a te  an d  e tid iu in  b rom ide h av e  also failed . T herefore  these  s tra in s  w ere 
m u tag en ized  by  EM S an d  no n -h aem o ly tic  colonies w ere selected . These d e r iv 
a tives, to g e th e r w ith  th e ir  w ild -type  p a re n ts , w ere te s te d  in  th e  m ouse lu ng . 
W ith  som e m u ta n ts  an  incongruency  w as observed  betw een  th e  loss of th e  
h aem o ly tic  c h a ra c te r  an d  th e  loss of m ouse lu n g  to x ic ity . T herefore all th e  
clones w ere te s ted  fu r th e r  for haem olysin  p ro d u c tio n  w ith  th e  sensitive o v e r
lay er m e th o d . In  th is  w ay  i t  was fo u n d  th a t  th e  12 m u ta n ts  h ad  no haem o ly tic  
and lu n g  tox ic  a c tiv ity . These d a ta  are  sum m arized  in  T ab le  V I. D a ta  of 
con tro l s tra in s  in c lu d ed  in  T able V I suggest th a t  cau tio n  is needed  to  consider 
the  h aem oly tic  c h a ra c te r  the  sole in d ic a to r  of lung  to x ic ity . Two s tra in s  of 
E . coli serogroup 0 1 3 9 , fresh ly  iso la ted  from  sw ine oedem a disease, show ed 
a well expressed a lp h a -ty p e  haem o ly tic  a c tiv ity  w ith  w eak lung  to x ic ity  
(c rep ita tio n  was observed  only). On th e  o th e r h a n d , th e  E . coli s tra in  No. 281/54 
p ro d u ced  haem olysin , inform ed b y  a H ly  p lasm id . This s tra in  was to x ic  fo r 
th e  m ouse lung in  th e  presence of th e  H ly  p lasm id , b u t  th e  to x ic ity  d isap p eared  
a fte r  effective p lasm id  curing. U n fo rtu n a te ly , th e  tran sfe rred  H ly  p lasm id  
is h ig h ly  lab ile  in E . coli K-12 h o st an d  th is  m ay  exp la in  w hy th e  lung  to x ic ity  
can n o t be  d e m o n s tra te d  b y  H ly + K -12 d e riv a tiv e .

D iscussion

In  add itio n  to  th e  well know n nosological u n its  of pa th o g en ic  E . coli 
th e  ex istence  of o th e r  u n its  w ith  a novel p a th o m ech an ism  has to  be ex p ec ted  
as cau sa tiv e  agents o f en te ra l or e x tra in te s tin a l diseases. T here  are d a ta  [20, 21] 
th a t  E . coli s tra in s  iso la ted  from  h u m an  m ening itis  h av e  m eningococcal 
c ross-reacting  an tig en s. O ther d a ta  suggested  th e  pathogen ic  role of colicin V 
[22]. T h e  E . coli s tra in s  iso la ted  in  th e  p re se n t s tu d y  carried  some to x ic  
m a te ria l easily  d em o n strab le  b y  th e  m ouse lung  m odel. T he sam e to x ic  m a 
te ria l h a d  a cy to to x ic  effect in AV-3 cell cu ltu res , caused necrosis in  th e  r a b b i t  
skin a f te r  in tra c u ta n e o u s  in ocu la tion , an d  haem orrhag ic  necrosis w ith  oedem a 
in th e  m ouse foot p ad .

T h e  lung to x ic  s tra in s  belonged to  d iffe ren t serogroups w ith  th e  p re 
dom inance  of 0 4 , 0 6  an d  01 8 . T h ree  o f th e  lu n g  positive  К  ty p e  s tra in s  o f 
serogroup  0 4  ca rried  d ifferen t К  an tig en s (К З , К б  and  K12) b u t  id en tica l H  
(H5) an tig en s. T h e  n eg a tiv e  s tra in  (0 4  : K52 : ) was n o t m otile . T hese
lim ited  d a ta  are n o t conclusive e ith e r in  connection  w ith  an tig en  0 4  or w ith  H 5 .

T h e  low yield  an d  th e  cell-hound  n a tu re  of th e  to x ic  m a te ria l caused  
d ifficu lties in  se ttin g  u p  experim en ts. C u ltu re  su p e rn a ta n ts  w ere p ra c tic a lly  
n o n -tox ic , and  an effec tive  e x tra c tio n  m eth o d  is lack ing . C oncen tra ted  u l t r a 
sonic ly sa te s  passed  th ro u g h  S ep h ad ex  G-100 colum n allow ed to  d e te rm in e  
th a t  th e  to x in  has a m olecular w eig h t of m ore th a n  100 000 da lto n s, w hich

6 * Acta Microbiologica Academiae Scientiarum Hungaricae 25, 1978



3 1 6 K É T Y I  e t  a l .

suggests  th a t  th e  h ea t- lab ile  to x in  h as  an tig en ic ity . D ue to  th e  low  to x ic ity  
we w ere unab le  to  d em o n stra te  a n y  n e u tra liz in g  effect o f th e  an tise ru m  p ro 
d u ced . No cross n e u tra liz a tio n  w as o b serv ed  w ith  th e  lung  to x in  an d  E . coli 
L T  an d  S. dysenteriae  1 en te ro to x in  o r a n tito x in s .

S m it h  [18] described  an a lp h a -ty p e  tox ic  haem olysin , w hich evoked 
lu n g  oedem a in m ice a f te r  in trav en o u s in fec tio n . This observ a tio n  an d  th e o re t
ica l considera tions h a v e  m ade us to  in v e s tig a te  th e  re la tio n sh ip  betw een  
th e  lu n g  to x in  a n d  haem olysins. I t  w as th e n  found  th a t  all th e  lu n g  tox ic  
s tra in s  w ere h a e m o ly tic . S tra in s w hich  h a d  lost th e ir  lung  to x ic ity  during  
sub  cu ltiv a tio n  w ere n eg a tiv e  for h aem o ly tic  ac tiv ity . F ive  lung  to x ic , h aem o 
ly tic  s tra in s  w ere m u tag en ized  b y  EM S an d  H ly -  m u ta n ts  w ere selected . 
A ll o f th em  w ere n e g a tiv e  in  th e  lu n g  te s t .

O ur d a ta  su g g est an  id e n tity  o f th e  to x in  an d  th e  haem olysin , b u t  th e  
q u es tio n  needs f u r th e r  in v estig a tio n . I t  is c lear th a t  n o t every  a lp h a -ty p e  
h aem o ly sin  is co n n ec ted  w ith  lung  to x ic i ty , as i t  w as show n b y  th e  s tra in s  
o f sw ine oedem a d isease  origin. On th e  o th e r  h an d , th e re  is a p o ssib ility  th a t  
H ly  in fo rm ed  h aem olysins are co n n ec ted  w ith  lung  to x ic ity , as p ro v ed  b y  
p la sm id  curing.

O ur d a ta  a re  n o t  conclusive en o u g h  to  estab lish  a new  nosological u n it  
o f  E . coli, or th e  h u m a n  p a th o g en ic ity  o f th e  m ouse lung  to x ic  s tra in s . F u r th e r  
in v es tig a tio n s  are  n eed ed  before th e  p a th o g e n e tic  ro le of th is  ty p e  o f to x in  
w ill be clarified .
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ENTEROTOXIN PRODUCTION BY SHIGELLA 
FLEXNERI TYPE 2A, STRAIN No. M42-43*

I . K É T Y i ,  A d e l e  Y e r t é n y i ,  S. P á c s a  an d  В. Kocsis 

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

(R ece ived  F e b ru a ry  8, 1978)

E n te ro to x in  p ro d u ced  by  Shigella fle xn eri  ty p e  2a , s tra in  M 42-43, is sim ilar to “ Shiga- 
lik e ”  cy to tox ic  e n te ro to x in  an d  sh ares  com m on fe a tu res  w ith  th a t  o f o th e r  S . fle x n er i  s tra ins . 
On th e  basis o f m o lecu lar f i lt ra tio n  a n d  n eu tra liza tio n  ex p erim en ts  i t  is suggested  th a t  th e  sam e 
m olecule carries th ese  b iological ch aracte rs .

Shigella f le x n e r i  ty p e  2a s tra in  M42 43 iso la ted  and charac terized  b y
O ’B r i e n  et al. [ 1 ]  produces a “ Shiga-like”  cy to to x ic  en te ro to x in . K e u s c h  

an d  J a c e w i c z  [2] show ed t h a t  neu tra liz in g  an tib o d ies  ag a in st Shigella dysen- 
teriae 1 e n te ro to x in  could be  de tec ted  in sera  o f p a tie n ts  a f te r  in fection  by  
S . dysenteriae 1 or o th e r  sh igellae. T hey  concluded  th a t  such en te ro to x in s  
m ig h t w idely  be  p ro d u ced  b y  Shigella  species.

I t  has b een  show n p rev io u sly  [3, 4] t h a t  n ea rly  all o f th e  in v es tig a ted  
S. fle xn er i  s tra in s  p ro d u ced  a h ea t-s tab le  (ST) e n te ro to x in  w ith  th e  un ique  
fea tu res  of a h igh  m olecu lar w eig h t and an tig en ic ity . In  th is  re p o r t  we p resen t 
d a ta  regard ing  th e  re la tio n sh ip  betw een  such ST an d  th e  “ S h iga-like” e n te ro 
to x in  produced  b y  th e  s tra in  M42 43.

M aterials and m ethods

Strains. M 42-43 of S. f le x n e r i  ty p e  2a was k in d ly  p ro v id ed  by  D r. S. B. F ormal (W alter 
R eed  A rm y R esearch  In s t i tu te ,  W ash in g to n , D.C.). S. dysenteriae  1 No. 16 (P2 re le v a to r s tra in ) 
a n d  S. fle x n eri  ty p e  3a No. 140 o r ig in a ted  from  ou r co llection .

M edium  and cultivation . S ak azak i m edium  [5] m od ified  b y  us [6] was used  fo r p roduction  
of en te ro to x in s : L e v in th a l b ro th  1% , m an n ito l 0 .1% , N aC l 0 .35% , K 2H P 0 4 0 .368% , K H 2P 0 4 
0 .132% , p H  7.6. C ultu res w ere in cu b a ted  a t  37°C in  a sh a k e r (N ew  B runsw ick , P sy ch ro th e rm ) 
for 18 or 48 h r  (in  case o f H ey n in g en  ex tractio n ).

Lysates and extracts. U ltraso n ic  tre a tm e n t was p e rfo rm ed  a t  0°C (M SE, 500 W , fu ll 
energy  se tting ). F o r  e n te ro to x in  e x tra c tio n  from  S. dysenteriae  1 and  in  som e cases from  
M 42-43, th e  a lkaline  e x tra c tio n  m eth o d  of Van  H e y n in g e n  an d  Gla d sto n e  [7] was used. 
L y sa te s  and  e x tra c ts  w ere d ia lysed  ag a in s t tap  w a ter fo r 2 d ay s an d  ag a in st d istilled  w a te r  
fo r 2 -3  d ays, m em b ran e  filte red  (M em branfilte r G esellschaft, G o ttingen , No. 1121) an d  freeze- 
d ried . The freeze-dried  m ate ria ls  w ere d is tr ib u te d  in v ia ls, d ried  fu r th e r  over P 20 6, th e n  filled 
w ith  N 2 gas and  s to red  a t  — 20°C.

* S u p ported  b y  th e  Sc ien tific  R esearch  C ouncil, H u n g a rian  M in istry  o f  H e a lth  (3- 
10-0305-03-1/K).
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Sephadex G 100 fra c tio n  was pe rfo rm ed  on a  1.5 X 9(Tern co lum n w ith  200 m g o f freeze- 
d ried  m ate ria l dissolved in  a  buffer used also as e luen t: 0.005 M  T ris/H C l buffer p H  7.6, con
ta in in g  0.001 M E D T A . E lu a tio n  speed w as 20 m l/h r and  sam ples o f 5 m l each  w ere collected  
(50 fractions). The sam e co lum n was used  fo r all m ateria ls . F ra c tio n s  were s to red  a t  — 20°C. 
In  cases o f low to x ic ity , frac tio n s  were c o n ce n tra ted  a fte r d ia lysis b y  freeze-dry ing  a n d  d ilu ted  
1 : 10.

A ntitoxic  antisera  w ere p roduced  b y  im m unizing  ra b b its  accord ing  to  Ca lla h a n  el al. 
[8]. A ctive  Sephadex  G-100 frac tio n s w ere m ix ed  w ith  F reu n d  (D ifco) a d ju v a n t (1 : 1) and 
ra il b its  w eighing 2 .5 -3 .5  kg  were in o cu la ted  su b cu tan eo u sly  in to  th e  ax illary  a n d  inguinal 
reg io n  w ith  0.5 m l fo u r tim e s  and  th e re a f te r  w ith  1 ml o f th e  m ix tu re  a t  w eekly in te rv a ls . One 
w eek  a fte r  th e  fo u rth  in je c tio n  th e  an im als w ere b led , sera were co llected , sterilized  b y  f i ltra tio n  
a n d  sto red  a t  — 20äC w ith o u t chem ical p re se rv a tiv e .

Enteroloxigenicily. 1. Suckling  mouse te s t  w as perform ed accord ing  to  J acks a n d  W u  [9] 
u sing  3-day-old  m ice. F lu id  accu m u la tio n  w as m easu red  3 h r  a f te r  inocu la tion .

2. B lueing test. T h e  “ ra p id ”  and  “ d e la y ed ”  form s were carried  o u t according to  Sa n d e - 
f u r  an d  P e t er so n  [10].

3. L T  activity  w as te s te d  in  CHO cells [11] grow n in L inbro  p las tic  p la te s  in  H E P E S - 
b u ffered  m inim al e ssen tia l m edium . E lo n g a tio n  of cells w as d e te rm in ed  a fte r  a n  o v e rn ig h t 
in cu b a tio n  w ith  th e  f ra c tio n s  o f e n te ro to x ic  m a te ria l. C holeragen served  as th e  p o sitiv e  con tro l.

4. Cytotoxicity w as te s te d  in  a  h u m a n  a m n io tic  cell line (AV-3) by  a m ic ro m eth o d  [12].
N eutralization. 1. F or suckling mouse test 0.05 ml o f crude e n te ro to x in  w as m ix ed  w ith

0.05 m l of serum  d ilu tio n  a n d  in cu b a ted  a t  37°C fo r 30 m in  an d  a t  4°C fo r 1 h r. W ith  each 
m ix tu re  4 -5  an im als w ere inocu la ted . A fte r  3 h r , bo d y  and  bow el w eights o f th e  g roups of 
suck ling  mice were m easu red . F o r ev a lu a tio n  th e  la s t negative  (u n d e r index  0.07) a n d  th e  first 
p o sitive  d ilu tions o f a g iven  serum  were u sed . T he neu tra liz in g  dose lim it o f a se ru m  w as de
te rm in ed  b y  g rap h ical p lo ttin g .

2. I n  A V -3  cell culture  was d e te rm in ed  th e  h ig h est d ilu tio n  of sera still in h ib itin g  the  
cy to to x ic  effect o f 1—3 tissu e  cu ltu re  cy to to x ic  doses.

R esults

1. Enterotoxic activ ity  o f  ultrasonic lysate fro m  strain  M 4 2 —43. As d e 
scribed  in  M ateria ls an d  m ethods, u ltra so n ic  ly sa te  as w ell as H ey n in g en  ex 
t r a c t  co n cen tra ted  b y  freeze-d ry ing  p ro d u ced  a cy to to x ic  effect s im ila r to  th a t  
of S . dysenteriae 1 en te ro to x in , an d  w as ac tiv e  in  th e  suckling  m ice te s t ,  too  
(T able  I). T ests specific  for LT (de layed  ty p e  of b lu e in g  and  CHO) w ere neg-

Table I

Comparison o f  enterotoxin containing substances concentrated by freeze-drying

T e s ts

M in im al q u an titie s  o f  c ru d e  en te ro to x in  causing  
rea c tio n

S . f l e x n e r i  2a 
M42-43 

u ltra so n ic

S . f l e x n e r i  3a 
140

u ltra so n ic

S .  d y s e n te r i a e  1 
16

H ey n in g en

C ytotoxic effec t in AV-3 cells 937 p g _ 58 p g

C ytotonic effect in CHO cells 
Suckling m ice bow el/body

— —

w eight in d ex : 0.07 1200 p g 1600 p g —
B lueing-test (rap id ) 600 p g 800 p g —
B lueing-test (delayed)

Means negative  reac tion  w ith  h igh  doses
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a tiv e , w hile a ra p id  P F  a c tiv ity  could  be d e m o n s tra te d  in  all S . fle x n e r i  
ly sa tes .

C om paring  th e  tox ic  a c tiv ity  o f  M42 — 43 w ith  th e  co n tro l m a te ria ls  of 
S . dysenteriae  1 an d  S . fle xn er i  3 N o. 140, i t  w as concluded th a t  in  suck ling  
m ice th e  to x ic  a c tiv ity  of S. fle x n e r i  m a te ria ls  is ap p ro x im a te ly  th e  sam e, b u t  
th e  c y to to x ic ity  o f M42 43 is m uch w eaker th a n  th a t  o f S . dysenteriae  1.

T he M42 43 en te ro tox ic  m a te r ia l re ta in e d  its  to x ic ity  fo r suck ling  m ice
a fte r  h ea t t re a tm e n t (100°C fo r 30 m in), h u t  a hea t tre a tm e n t o f 65°C fo r 
30 m in d es tro y ed  its  cy to to x ic ity .

2. M olecular weight range. In  th e se  ex p erim en ts  200 m g o f H ey n in g en  
e x tra c ts  o f M 42—43 and  S. dysenteriae  1, u ltra so n ic  ly sa te  o f s tra in  140, all 
c o n cen tra ted  b y  freeze-dry ing , w ere fra c tio n a te d  on S ephadex  G-100 co lum n. 
F rac tio n s  w ere te s te d  for en te ro to x ic  a c tiv ity . In  case o f M 42—43 frac tio n s , 
due to  th e ir  low  to x ic ity , i t  w as n ecessary  to  co n cen tra te  th e se  frac tio n s  (see 
M ateria ls an d  m ethods).

D a ta  are  sum m arized  in  T ab le  I I  an d  F ig . 1. R esu lts  o f th e se  e x p e ri
m en ts  show ed tw o  peaks of cy to to x ic  a c tiv ity . A m ong th e  frac tio n s  of M42 43,
14—16, 38 an d  39 w ere found to  be  e n te ro to x ic . T he f irs t, h igh m olecu lar w eigh t 
frac tio n s (14—16) w ere tox ic , w hile th e  second p eak  frac tions (38, 39) of low  
m olecular w eigh t w ere n o t tox ic  fo r suck ling  m ice. The f irs t  p eak  frac tio n s  
w ere, like th e  on ly  peak  of S. fle x n e r i  3 ST in  th e  m olecular w eigh t ran g e  of 
100 000 as d e te rm in ed  earlier w ith  E . coli LT  [4]. T here are  d a ta  to  show  th a t  
th is  a c tiv ity  w as in  th e  re ten tio n  of A M ICO N  X M 100A  u ltra f il tra tio n . T he cy to -

Fig. 1. T o x ic ity  o f S ephadex  G-100 frac tio n s o f freeze-d ried  u ltra so n ic  ly sa tes  o r H ey n in g en  
e x tra c ts . 1. S. f le x n e r i  2a M 42-43 (d ialysed  frac tio n s o f H eyningen  e x tra c t c o n ce n tra ted  to 
1 : 10 by  freeze-dry ing); 2. S. dysenteriae 1 No. 16 (H ey n in g en  e x tra c t) ; 3. S . f le x n er i  3a No.
140 (u ltra so n ic  ly sa te ); X ----------X c y to to x ic ity  in  АУ-3 cell cu ltu re , V ------------ V  suckling
m ice bow el/body  w e igh t index. A bscissa: n u m b er o f f rac tio n s , od inate : curves o f cy to to x ic

titre s  o r suck ling  m ice indexes
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Table II

Comparison o f  Sephadex G-100 frac tions o f  concentrated ultrasonic lysates 
or H eyningen extracts

F rac tio n

S. f l e x n e r i  2a M 42-43 
H eyningen ex trac t* S .  f l e x n e r i  

3a 140

S. d y s e n te r ia e  
1 16

H eyningen
N o.

c y to to x ic i ty  
t i t r e  (Av-3)

suckling  m ice 
in d ex

u ltra so n ic  ly sa te  
suck ling  m ice 

in d ex

e x tra c t  
c y to to x ic ity  
t i t re  (АУ-3)

1-12
13 6** 0.088 10 +
14 100 0.119 0.088 40 +
15 50 0.092 — 40 +
16 12 0.076 — 40 +
17 6 — 10
18 — — 10

19-20 — — 160
21-25 — — 320
26-36 — 0.06-0.066*** — 10 +
37 6 — 10 +
38 24 0.058 — —

39 24 0.059 — —

40-50 — — —

* F rac tions w ere d ialysed  and co n cen tra ted  1 to  10 b y  freeze-drying 
** R eciprocal t itre s

*** Only frac tions 32 and  34 were tes ted  
— M eans cy to to x ic  t it re  below 1 : 6, o r suckling  mice in d ex  below  0.060 

. N o t tes ted

to x ic  a c tiv ity  o f S . dysenteriae  1 m a te ria l show ed a w ide d is tr ib u tio n ; i t  m a y  be 
d u e  to  its  h ig h er to x ic  co n cen tra tio n , in h ib itin g  sh a rp e r separa tions.

3. N eutra liza tion . T able I I I  show s th e  re su lt o f n e u tra liz a tio n  ex p e ri
m e n ts  ca rried  o u t in  АУ-3 cell c u ltu re . T he h igh ly  a n tito x ic  an tise ru m  a g a in s t 
S . dysenteriae  1 n eu tra liz ed  th e  hom ologous en te ro to x in  effectively , b u t  was 
o f low  t i t r e  a g a in s t M42 43 frac tio n s. I t  w as s trik in g  th a t  a n ti-S . fle x n e r i  ST
se ru m  should  h a v e  n eu tra lized  M 42—43 frac tio n s . T he an tito x in  c o n te n t o f  
th is  serum  is low , a b o u t th e  sam e hom ologous n e u tra liz a tio n  t i tre s  w ere ob
served  in  earlie r experim en ts  [4].

R esu lts  o f n e u tra liz a tio n  ex p erim en ts  perfo rm ed  in  suckling  m ice are  
su m m arized  in  T ab le  IV . This m odel allow ed to  te s t  th e  h e a t- tre a te d  M 42-43 
e n te ro to x in , to o . R esu lts  w ith  n a tiv e  to x in  w ere in  ag reem en t w ith  th o se  o f 
tissu e  cu ltu re  n e u tra liz a tio n  ex p erim en ts . T he S . dysenteriae 1 a n tito x in  h ad
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Table III

Neutralization o f S. dysenteriae 1 enterotoxin and toxic fractions 
o f S. flexneri 2a M42-43 in A V-3 cell culture

R ecip rocal t i t re  o f  n e u tra liz a tio n  a g a in st

A n tito x in S. dysenteriae  1
S . f le x n e r i 2a M42-43

frac tio n s  21—25*
fra c tio n  14** fra c tio n  38***

A n titox in  against 
S. dysenteriae 1 256 8 8

A n titox in  against 
S. flexneri ST 8 16

A n tito x in  against 
E . coli LT —

* F rac tio n  w ith  h igh  cy to to x ic ity  t i t r e  (1 : 320)
** H igh  m olecular w eigh t frac tion  causing  cyto toxic effect (1 : 100) and flu id  accum ula

tion  in  suck ling  mice bowel (index  0.119)
*** Low m olecular w eigh t frac tio n  w ith  cy to tox ic ity  (1 : 24), b u t  w ith o u t suckling mice 

a c tiv ity
— T itre  below 1 : 4 

. N o t tested

Table IV

Neutralization o f S. flexneri 2a M42-43 enterotoxin in  
suckling mouse test

A n tito x in  ag a in st
A n tito x in
d ilu tio n

S .  f le x n e r i  2 a  M 42-43 
c rude  en te ro to x in (5  m g)

n a tiv e
index*

100°C, 30 m in 
in d ex

S. dysenteriae 1 1 : 2 0.056 0.069

1 : 4 0.056 0.078

1 ; 8 0.069 0.078

1 : 16 0.079 0.081

1 : 32 0.092

contro l 0.114 0.078

E n d  p o in t titre** 1 : 8.8 1 : 2?

S. flexneri ST 1 : 2 0.056 0.058

1 : 4 0.056 0.059

1 : 8 0.062 0.068

1 ; 16 0.102 0.087

contro l 0.114 0.085

E n d  p o in t titre** 1 : 9.6 1 : 9.6

* B ow el/body w eight
** A n tito x in  titre s  reach in g  th e  0.07 end  p o in t; for end p o in t d e te rm in a tio n  see te x t
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a n  expressed  n eu tra liz in g  c a p a c ity  b u t  a t  low ti tre . A n tise ru m  produced 
a g a in s t S . flexneri ST show ed th e  sam e effect. A fte r h e a t t re a tm e n t, w hich 
cau sed  a loss of c y to to x ic ity , no  n e u tra liz a tio n  was observed  b y  S . dysenteriae 
1 a n tito x in . On th e  o th e r  h a n d , th e  n eu tra liz in g  cap ac ity  o f S . flexn er i ST- 
a n ti to x in  did n o t change .

D iscussion

In  previous s tu d ie s  [3, 4] we p resen ted  d a ta  suggesting  th a t  all th e  
S . f le x n e r i  stra ins te s te d , inc lu d in g  M 42-43, w ere capab le  of p ro duc ing  a heat- 
s ta b le  en tero tox in . T h is  en te ro to x in  has ce rta in  u n iq u e  fe a tu re s  regard ing  
i ts  h e a t  and acid s ta b il i ty  an d  its  to x ic  effect is carried  b y  a m olecule of high 
m o lecu la r w eight w ith  an tig en ic ity . I ts  m olecular w eigh t is ap p ro x im ate ly  
100 000 on the  basis o f  S ep h ad ex  G-100 fra c tio n a tio n  an d  A m icon u l t r a 
f i l t ra t io n .

Sephadex  f ra c tio n a tio n  of M 42-43 ly sa te  or e x tra c t rev ea led  tw o c y to 
to x ic i ty  peaks. One is in  th e  h igh m olecular w eigh t range  w ith  to x ic  a c tiv ity  
fo r  suckling  mice an d  th e  second in  th e  low m olecular w eig h t ran g e , w ith o u t 
to x ic i ty  to  suckling m ice. S im ilar observations w ere m ad e  b y  K e u s c h  and 
J a c e w i c z  [13] w ith  f ra c tio n a tio n  of S. dysenteriae 1 e n te ro to x in . The second 
p e a k  in  th e ir  ex p erim en ts  w as cy to to x ic  b u t  caused no f lu id  accum ulation  
in  th e  ligated  ra b b it  loop . Such a phenom enon  was n o t o bserved  b y  us w ith  
S . dysenteriae 1 to x in . I f  th e  w ide range of m olecular d is tr ib u tio n  is n o t a 
s im ila r  phenom enon, th e  occurrence of tox ic  su b u n its  m ay  exp la in  the  s i tu 
a tio n .

F rom  d a ta  o b ta in e d  b y  S ephadex  fra c tio n a tio n  an d  n e u tra liz a tio n  ex 
p e rim e n ts  it  was assum ed  th a t  a single m olecule carries b o th  cy to to x ic ity  
a n d  ST. Therefore, th is  k in d  of e n te ro to x in  m igh t n o t be id en tica l w ith th e  
S . dysenteriae 1 e n te ro to x in . T his is su p p o rted  b y  th e  fa c t t h a t  th e  cy to to x ic ity  
ca n  be  n eu tra lized  w ith  a n tito x in  in  AY-3 cell cu ltu re  only  p a rtia lly . On th e  
o th e r  hand , th is  k in d  o f to x in  shows all ch a rac ters  u n iq u e  fo r S . flexn eri ST.

T he an tigenic  re la tio n sh ip s  betw een  choleragen, E . coli L T , S. flexn eri 
ST , an d  th is cy to to x ic  e n te ro to x in , fu rth e rm o re  th e  bio logical re la tio n s of entero- 
to x in s  suggest th a t  th e  phenom enon  is governed  by  m o d u la tio n  of one tox 
gene. The role of p la sm id  e lem ents in  th is  ev o lu tio n ary  d ivergence  is an open 
q u es tio n .
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N O TE

OCCURRENCE OF TRICHOPHYTON 
VANBREUSEGHEMII IN HUNGARY

J .  G a l g ó c z y

National Institute o f Hygiene, Budapest 

(R eceived  O ctober 3, 1977)

The occurrence of Trichophyton vanbreuseghemii in H u n g a ry  is re p o rte d . T he micro- 
m orpholog ical ch arac te ris tics  o f th e  species are discussed.

W orld-w ide in v estig a tio n s o f soil sam ples have  show n th a t  am ong th e  
species regarded  as d e rm a to p h y te s , M icrosporum  gypseum , Trichophyton  
terrestre and  T. ajelloi can  be iso la ted  from  soil a t  h igh  freq u en cy . M . cookei 
is less com m on, th o u g h  th is  species, to o , is of w orld-w ide occurrence. The re 
m ain in g  geophil d e rm a to p h y te s  occur ra re ly . T. vanbreuseghem ii, one of the  
ra re  species, was described  b y  R io u x  et al. in  1964 [1]. I ts  p e rfec t form  was 
d esig n a ted  as Arthoderm a gertleri by  B ö h m e  in 1967 [2]. T he sam e species was 
iso la ted  by  A l t é r a s  an d  E v o l c e a n u  [3] and  P a d h y e  [4] from  soil sam ples 
co llected  in R oum an ia  an d  C anada, respectively . C onsidering th e  ra re  occur
rence  of T. vanbreuseghemii it  seem s ju s tif ie d  to  rep o rt on its  iso la tio n  from  soil 
sam ples collected in  H u n g ary .

M aterials and methods. U sing th e  ha ir-b a it m ethod , we have  reg u rarly  
exam ined  soil sam ples collected  from  d ifferen t p a rts  of H u n g a ry . T he fungus 
grow n on ha ir is tran sfe rred  on to  S abouraud  glucose ag a r p la te s  contain ing  
50 fig/m l chloram penicol an d  0.5 m g/m l cyclohexim ide. To ana lyse  micro- 
m orphological p roperties, p rep a ra tio n s  of m icrocu ltu res w ere s ta in ed  w ith 
lac to p h en o l-co tto n  b lue.

Results. A fungus d iffe ren t from  th e  com m only occurring  species was 
cu ltu re d  from  a soil sam ple  co llected  from  a d itch  in  T ököl, C en tra l H u n g ary .

M acroscopic p ic tu re  of th e  5 to  6-day-old  cu ltu re : floccose an d  g ran u la r 
cream -co loured  colonies 3 cm  in  d iam e te r, yellow ish-brow n from  th e  reverse 
side.

M icroscopic p ic tu re : am ong a g rea t n um ber of p y rifo rm  m icroconid ia , 
c lu ste rs  of m u ltise p ta te , sm ooth-w alled  m acroconid ia  w ere no ticed . T hus, 
th e  c lusters  appeared  hedgehog-like. Being th ree-d im en sio n a l, th e  m ost 
ch a rac te ris tic  c lusters, 35-55 X 7 -8  p m  in  size, could n o t be p h o to g rap h ed . 
In  severa l fields sp irals w ere also seen (Fig. 1). In  la c to p h e n o l-c o tto n  blue 
p rep a ra tio n s , advanced  f ra g m e n ta tio n  o f m acroconid ia  w as observed  (F ig. 2).
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Fig. 1. T . vanbreuseghem ii. C lusters of m acroconidia  in  situ  (1); c lu s te rs o f  m acro- 
conidia in  situ  u n d e r  coverslip  (2 an d  3); m icroconidia and  a sp ira l in situ  (4 and 

5). O rig inal m agn ifica tion , X l6 0
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D iscussion. T he ch a rac te ris tic  c lu ste rs  o f rad ia lly  ram ify in g  m acro- 
con id ia  an d  th e ir  d is in teg ra tio n  in to  c o m p artm en ts , su p p o rted  b y  th e  size 
o f th e  m acrocon id ia  and th e  occurrence  of sp ira l form s, p ro m p ted  us to  iden tify  
th e  s tra in  as T . vanbreuseghemii. W e h av e  failed  to  develop sexual form s 
because  of th e  lack  of m a tin g  ty p es .

F ig . 2. T . vanbreuseghemii. A  m acrocon id ium  frag m e n te d  in to  co m p artm en ts . L ac to p h en o l- 
co tton -b lue  s ta in ing . O rig inal m ag n ifica tion , X 400

R E F E R E N C E S

1. R io u x ,  J .  A ., J a r r y , D. T ., J u m in e r , R .: N a tu ra lia  M onspel. Sér. b o t. 16, 153 (1964).
2. B ö h m e , H .: M ykosen 10, 247 (1967).
3. A l t é r a s , I .,  E v o lcea n u , R .: M ykosen 10, 585 (1967).
4. P a d h y e , A. A .: M ycologia 61, 414 (1969).

A d d re ss  o f  th e  a u th o r :

JÓ Z S E F  G a LGÓCZY
N a tio n a l  In s t i tu te  o f  H y g ien e
H -1966  B u d a p e s t,  P .O .B . 64 , H u n g a ry

7 Acta Microbiologica Academiae Scientiarum Hungaricae 25, 1978



_____________________ ___ __ _ _  _ __ ______________________________ ____



BOOKS RECEIVED

S c h l e s s i n g e r , D. (ed .): M icrobiology. 1977. A m erican  Socie ty  fo r M icrobiology, 
W ash ing ton , D .C. 1977. p p . ix  -f- 593. P rice  U .S. $22.00.

H o b s o n ,  D ., H o l m e s ,  K .  K .  (eds): N ongonococcal U re th rit is  an d  R e la ted  In fec tio n s . 
A m erican  Socie ty  for M icrobiology, W ashing ton , D. C. 1977. pp . x v i -f- 391. P rice U .S. $14.00.

S c h l e s s i n g e r , D. (ed .): M icrobiology. 1978. A m erican  Socie ty  fo r M icrobiology, 
W ash ing ton , D .C. 1978. pp . x  +  449. P rice  U .S. $22.00.

7 * Acta Microbiologica Academiae Scientiarum Hungaricae 25, 1978



- ,



INDEX

Galgóczy, J .:  O bserva tions C oncerning th e  S ta in in g  P roperties o f th e  M acroconidia of
C erta in  D erm atophyton  Species ......................................................................................................  233

Czeglédy, J . ,  Gergely, L ., V áczi, L ., Sza lka , yl.: D em onstra tion  of E B N A  (E p s te in -B a rr
V irus N uclear A n tigen ) A ntibodies o f D ifferen t Im m u n o g lo b u lin  Classes ................. 237

Csonka, E .,  Fornâdi, F . ,  K och, A . S.: C hrom osom e Changes in S u b acu te  Sclerosing P a n 
encep h alitis  ............................................................................................................................................  245

B élá k , S ., P á lfi , F ., Tuboly, S.: R ep lication  o f O vine A denoviruses .........................................  253
Heszler, E ., Szabó, E .: Im m uno flu o rescen t S tu d ies  on Candida albicans .................................  265
Boldogh, I . ,  Gönczöl, E ., V áczi, L .: T ran sfo rm a tio n  of H am ster F ib ro b la s t  Cells b y  UV-

Ir ra d ia te d  H u m an  C y to m e g a lo v iru s ............................................................................................. 269
B ános, Z s., A n derlik , P ., Szeri, L ,  R adnai, B .: Course o f L y m p h o cy tic  C horiom eningitis

(LCM) V irus In fec tio n  in  Suckling Mice T rea te d  w ith  Bordetella pertussis  V accine . 277 
S zilágyi, L ,  V itális, S.: In h ib ito ry  and  M utagen ic  E ffects of S od ium  N itrop russide  and

its  A denine Com plex on Escherichia coli .....................................................................................  285
M olnár, J . ,  Schneider, В .: P lasm id  Curing a n d  A n tibac teria l E ffec ts  o f Some C hlor

p rom azine  D eriv a tiv es in  R e la tio n  to  th e ir  Molecule O r b i t a l s ........................................  291
Vargha, Gy., V itális, S ., Szabó, G.: D efective L ife Cycle and Low A n tib io tic  P ro d u c tio n  in

Subm erged  C ultures o f Streptomyces fra d ia e . I. B iochem ical C h a ra c te r iz a t io n .......... 299
K éty i, I . ,  E m ő d y ,L ., K ontrohr, T Vertényi, A .,  P ácsa, S ., Avdeeva, T . A . ,  Safonova, N . V ., 

Golutova, N . К .: Mouse L ung  O edem a C aused by  a Toxic S u b stan ce  of Escherichia
coli S tra in s  ..............................................................................................................................................  307

K éty i, I . ,  Vertényi, A .,  Pácsa, S ., K ocsis, В .: E n te ro to x in  P ro d u c tio n  b y  Shigella fle x n eri
T y p e  2a, S tra in  No. M 42-43 ...........................................................................................................  319

Galgóczy, J .:  N ote. O ccurrence of Trichophyton vanbreuseghemii in H u n g a ry  ........................ 327

B ooks R eceived  ...................................................................................................................................................  331



Printed in Hungary

A kiadásért felel az Akadémiai Kiadó igazgatója Műszaki szerkesztő: Zacsik Annamária
A kézirat nyomdába érkezett: 1978. VII. 20. — Terjedelem: 9,10 (A/5) ív, 34 ábra

78.6107 Akadémiai Nyomda, Budapest — Felelős vezető: Bernât György



275

JOURNAL OF GENERAL MICROBIOLOGY
Volume 106, Part 2, June 1978 

Selected Contents:

PHYSIOLOGY AND GROWTH

C. E. P a n k h u r s t  and A. S. C r a i g : Effect of oxygen concentration, temperature 
and combined nitrogen on the morphology and nitrogenase activity of ‘Rhizobium 
sp. ’Strain 32H1 in agar culture.

BIOCHEMISTRY

C. A. F e w s o n , A. L i v i n g s t o n e  and H. M. M o y e s : Mutants of ‘Acinetobacter 
calcoaceticus ’NC1B 8250 constitutive for the mandelate enzymes

GENETICS AND MOLECULAR BIOLOGY

E. J. F r i e n d , M. W a r r e n  and D. A. H o p w o o d : Genetic evidence for a plasmid 
controlling fertility in an industrial strain of ‘Streptomyces rimosus’

ECOLOGY
M. J. d e  F r e i t a s  and A. G. F r e d r i c k s o n : Inhibition as a factor in the maintenance 
of the diversity of microbial ecosystems

IMMUNOLOGY
O. H a y a s h i ,  H. Y a m a d a , T. Y a d o m a e  and T. M i y a z a k i : Purification and partial 
characterization of the serologically active substance from ‘Absidia cylindrospora’

TAXONOMY

A. A. P o l a k —  V o g e l z a n g , R. H a g e n a a r s  and J. N a g e l : Evaluation of an indirect 
immunoperoxidase test for identification of acholeplasma and mycoplasma

SHORT COMMUNICATIONS
G. P. H azlewood and J. H. A. N ugent: Leaf fraction 1 protein as a nitrogen 
source for the growth of a proteolytic rumen bacterium

Volumes 104- 109 (1978) £114.00 ($264.00 U. S. A. & Canada)
Single parts £11.00
($26.00 U. S. A. & Canada) each

CAMBRIDGE UNIVERSITY PRESS,
Bentley House, 200 Euston Road, London NW1 2D В 
32 East 57th Street New York, N. Y. 10022





Die A c t a  M i c r o b io lo g ic a  v erö ffen tlich en  A b h a n d lu n g en  au s d em  B ereiche de r M ikro
bio logie in  d e u tsch e r , englischer, französischer u n d  ru ss isch e r Sprache.

Die A c t a  M ic r o b i o l o g i c a  e rsch e in en  in  H e ften  w ech se ln d en  U m fanges. M ehrere  H e fte  
b ild en  einen B an d .

Die zur V erö ffen tlich u n g  b e s tim m te n  M an u sk rip te  s in d  a n  folgende A dresse zu  senden: 

A c t a  M ic r o b io lo g ic a ,  S ta a t l i c h e s  I n s t i t u t  f ü r  H y g i e n e ,  H - 1 9 6 6  B u d a p e s t ,  P . O . B .  6 4 ,  U n g a r n

A n die g leiche A n schrift i s t  je d e  fü r die R e d a k tio n  b e s tim m te  K o rrespondenz  zu  
r ic h te n . A bon n em en tsp re is  pro B a n d : $36.00.

B este llbar bei »K ultura«  A u ß en h an d e lsu n te rn eh m en  (H -1389 B u d ap es t 62, P .O .B . 149, 
B an k k o n to  N r. 218-10990) oder se inen  A u sla n d sv e rtre tu n g en .

Les A c t a  M i c r o b io lo g ic a  p a ra is s e n t en  frança is , a llem an d , anglais e t  ru sse  e t  p u b lie n t 
des tra v a u x  du  d o m a in e  de la  m icrobiologie.

Les A c t a  M ic r o b io lo g ic a  so n t p u b liés  sous fo rm e  des fascicules qu i se ro n t réu n is  en  
vo lum es.

On est p rié  d ’en v o y er les m an u sc rits  destinés à  la  ré d a c tio n  à  l’adresse su iv an te :

A c t a  M ic r o b io lo g ic a ,  I n s t i t u t  N a t i o n a l  d , H y g i e n e  P u b l i q u e ,  H - 1 9 6 6  B u d a p e s t ,  P . O . B .  6 4 ,  H o n g r i e

T oute  co rresp o n d an ce  avec la  ré d ac tio n  do it ê tre  env o y ée  à  ce tte  m êm e adresse.
Le p rix  de l’ab o n n em en t: $36.00 p a r  volum e.
On p e u t s’a b o n n e r  à  l’E n tre p rise  d u  Com merce E x té r ie u r  « K u ltu ra »  (H -1389 B u d a 

p e s t  62, P .O .B . 149, C om pte c o u ra n t N o. 218-10990) ou  chez re p ré se n ta n ts  à  l ’é tra n g er.

« A c ta  M ic r o b i o l o g i c a » публикуют трактаты из области микробиологии на русском, 
немецком, английском и французском языках.

«A c t a  M i c r o b i o l o g i c a » выходят отдельными выпусками разного объема. Несколько 
выпусков составляют один том.

Предназначенные для публикации рукописи следует направлять по адресу:

A c t a  M ic r o b io lo g ic a ,  Институт Здравоохранения, H - 1 9 6 6  B u d a p e s t ,  P . O . B .  6 4 ,  Венгрия

По этому ж е адресу направлять всякую корреспонденцию для редакции.
Подписания цена — $36.00 за том.
Заказы принимает предприятие по внешнец торговле «Kultura» (H-1389 Budapest 

62, P.O.B. 149, Текущий счет № 218-10990), или его заграничные представительства и 
уполномоченные.



Reviews of the Hungarian Academy of Sciences are obtainable 
at the following addresses:

AUSTRALIA
C .B .D . LIBRARY A N D  SU B SC R IPT IO N  S E R V IC E  
Box 4886, G .P.O., Sydney N .S . W. 2001 
COSM OS BOOKSHOP, 145 Ackland S treet, S t.  
Kilda (Melbourne), Victoria 3182 
AUSTRIA
GLOBUS, H öchstädtplatz 3, 1200 Wien X X  
BELGIUM
O F F IC E  IN T E R N A T IO N A L  D E  LIB R A IR IE ,
30 Avenue M arnix, 1050 Bruxelles
LIBR A IR IE  D U  M O N D E  EN T IER , 162 R ue du
M idi, 1000 Bruxelles
BULGARIA
H E M  US, Bulvár Ruszki 6» Sofia  
CANADA
PA N N Ó N IA  BOOKS, P.O . Box 1017, Postal S ta 
tion  “ B”, Toronto, Ontario M 5 T  2T8 
CHINA
C N PIC O R, Periodical D epartm ent, P.O. Box 50, 
Peking
CZECHOSLOVAKIA
M A D ’ARSKÁ K U L T Ú R A , N árodnl tïid a  22, 
115 66 Praha
PNS DOVOZ TISK U , V inohradská 46, Praha 2 
PN S DOVOZ TLACE, Bratislava 2 
DENMARK
E JN A R  M U N K SG A A R D , Norregade 6, 1165
Copenhagen
FINLAND
A K A TEEM IN EN  K IR JA K A U PP A , P.O. Box 128,
SF-00101 Helsinki 10
FRANCE
EU R O PE RIO D IQ U E S S. A., 31 Avenue de V er
sailles, 78170 La Celle St.-C loud  
L IBR A IR IE  LAVOISIER, 11 rue Lavoisier, 75008 
Paris
O FFIC E  IN T E R N A T IO N A L  D E  D O C U M E N T A 
T IO N  ET LIBRA IRIE , 48 rue Gay-Lussac, 75240 
Taris Cedex 05
GERM AN D EM O CRA TIC  REPUBLIC 
HA U S D ER U N G A R ISC H E N  K U L T U R , K arl- 
Liebknecht-Straße 9, DDR-102 Berlin 
D EU TSCHE POST Z E IT U N G SV E R T R IEB SA M T, 
S tiaße der Pariser K om m üne 3—4, DDR-104 Berlin

GERM AN FEDERAL R EPU BLIC  
K U N ST U ND W ISSEN E R IC H  BIEBER,
Postfach 46, 7000 S tuttgart 1

GREAT BRITAIN
BLACKW ELL’S PE RIO D ICA L S DIV ISIO N . H ythe
Bridge Street, O xford 0 X 1  2EU
BUM PUS, H A L D A N E A N D  M AXW ELL L T D .,
Cowpei W orks, Olney, Bucks M K46 4BN
COLLET’S H O L D IN G S LTD ., D enington E state,
Wellingborough, Northänts M N 8 2QT
W .M . DAWSON A N D  SONS LTD., C annon H ouse,
Folkestone, Kent C TI 5Е Е
Н. К . LEWIS A ND С О ., 136 Gower Street,
London WC1E 6BS

GREECE
KOSTARAKIS B R O T H ER S, International B ook
sellers, 2 H ippokratous Street, Athens-143

HOLLAND
M E U LE N H O FF-B R U N A  B.V., B eulingstraat 2, 
Amsterdam
M ART1NUS N IJH O F F  B.V., Lange V oorhou t 
9 — 11, Den Haag

SWETS SU BSCRIPTION SERVICE, 347b Heere-
weg, Lisse
INDIA
A LLIED  PU B LISH IN G  PR IV A TE L T D ., 13/14 
A saf Ali R oad, New Delhi 110001 
150 B-6 M ount R oad, Madras 600002 
IN T ER N A T IO N A L BOOK H O U SE PVT. LTD., 
M adame Cam a Road, Bombay 400039 
TH E STATE T R A D IN G  C O R P O R A T IO N  OF 
IN D IA  LTD ., Books Im port Division, Chandralok, 
36 Janpath , New Delhi 110001 
ITALY
EU G E N IO  CARLUCCI, P.O. Box 252, 70100 Bari 
IN TER SC IEN TIA , Via Mazzé 28, 10149 Torino 
LIBRERIA  COM  M ISSION ARI A SA N SO N I,
Via Lam arm ora 45, 50121 Firenze
SANTO VANASIA, Via M. M acchi 58, 20124
Milano
D. E. A., Via Lima 28, 00198 Roma 
JAPA N
K ÍN O K U N IY A  BOOK-STORE CO. LT D ., 17-7 
Shinjuku-ku 3 chôme, Shinjuku-ku, Tokyo 160-91 
M AR ÜZEN COM PANY LTD ., Book Departm ent, 
P.O. Box 5050 Tokyo In ternational, Tokyo 100-31 
N A U K A  LTD. IM PO R T D E P A R T M E N T , 2-30-19 
M inami Ikebukuro, Toshima-ku, Tokyo 171 
KOREA
CH U L PA N M U L , Phenjan 
NORWAY
TA N U M -C A M M ER M E Y ER , K arl Johansgatan
4 1 -4 3 , 1000 Oslo
POLAND
W ÇG IERSK I IN STY TU T K U L T U R Y , Marszal-
kowska 80, Warszawa
CK P I W ul. Towarowa 28 00-958 Warsawa
ROM ANIA
D. E. P., Bucuresti
RO M LIBRI, Str. Biserica Amzei 7, Bucure?ti 
SOVIET UNION
SO JU ZPETCH A TJ — IM PO R T, Moscow  
and the post offices in each town 
M EZH D U N A R O D N A Y A  K N IG A , M oscow G-200 
SPAIN
D IA Z D E SANTOS, Lagasca 95, M adrid  6 
SW EDEN
ALM QVIST A N D  W IKSELL, G am la Brogatan 26, 
S-101 20 Stockholm
G U M PER TS U N IV ER SITET SB O K H A N D E L AB,
Box 346, 401 25 Göteborg 1
SW ITZERLAND
K A R G E R  LIBRI AG, Petersgraben 31, 4011 Basel 
USA
EBSCO SU BSCRIPTIO N  SERV ICES, P.O. Box
1943, Birmingham, Alabama 35201
F. W. FA X O N  COM PANY, IN C ., 15 Southwest
Park, Westwood, Mass. 02090
TH E M OO RE-CO TTRELL SU B SC R IPT IO N
AG EN CIES, North Cohocton, N . Y. 14868
R EA D -M O RE PUBLICATIONS, IN C ., 140 Cedar
Street, New York, N . Y. 10006
STECH ERT-M A CM ILLA N , IN C ., 7250 Westfield
Avenue, Pennsauken N. J. 08110
VIETNAM
XUNHASABA, 32, H ai Ba Trung, Hanoi
YUGOSLAVIA
JUG O SLA V EN SK A  K N JIG A , Terazije 27, Beograd 
FO R U M , Vojvode MiSiéa 1, 21000 N ovi Sad

28. X I I .  1978 HU ISSN 0001-6187 Index: 26.016


	1. szám��������������
	Csizér, Z.–Zsidai, J.–Joó, I.. Stability of the Pertussis Component of Diphtheria-Tetanus-Pertussis (DTP) Vaccines�������������������������������������������������������������������������������������������������������������������������
	Menzel, G.–Stenz, E.: Wirkungen von Virazol (Ribavirin) in Virus/Prokaryonten-Systemen���������������������������������������������������������������������������������������������
	Elekes, E.–Bertók, L.–Merétey, K.: Adjuvent Activity of Endotoxin Preparation in Normal and Irradiated Rats������������������������������������������������������������������������������������������������������������������
	Kétyi, I.–Czirók, É.–Vertényi, A.–Málovics, I.–Pácsa, S.: Comparison of Escherichia coli Enterotoxin Tests�����������������������������������������������������������������������������������������������������������������
	Somogyi, P. A.–Petrovsky, G. V.–Földes, I.: Some Physical and Chemical Properties of Mycobacteriophage DNA�����������������������������������������������������������������������������������������������������������������
	Elekes, E.–Merétey, K.–Csizér, Z.: Adjuvant Effect of Various Bordetella pertussis Strains�������������������������������������������������������������������������������������������������
	Szabó, I. M.: Sixteen Colour Groups of the Substrate Mycelium Pigments of Streptomycetes�����������������������������������������������������������������������������������������������
	Galgóczy, J.: Conidium Ontogeny of Dermatophytes�������������������������������������������������������
	Szécsi, Á.: Isolation of Pure DNA from Filamentous Fungi by Chromatography on Hydroxyapatite���������������������������������������������������������������������������������������������������
	Reissbrodt, R.–Kemmer, G.–Seltmann, G.: Isolierung und Reinigung eines schwer extrahierbaren Proteus mirabilis Antigens
	Kétyi, I.–Kuch, B.–Vertényi, A.: Stability of Escherichia coli Adhesive Factors K88 and K99 and Mice�����������������������������������������������������������������������������������������������������������

	2. szám��������������
	Gláz, E. T.–Tálas, M.: New Data on the Activity of CP-20.961 (Pfizer), a Non-Toxic Interferon Inducer������������������������������������������������������������������������������������������������������������
	Berencsi, Gy.–Medveczky, P.–Naroditsky, B. S.–Chaplygina, N. M.–Zavizion, B. A.–Tikchonenko, T. I.–Nász, I.: Size and Sequence of the Bam-HI Fragments of Adenovirus h1 DNA����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Kontrohr, T.–Kocsis, B.: Sensitivity of Shigella sonnei Phase I and II Immunodeterminants to Chemical Treatments Used in Structure Analysis��������������������������������������������������������������������������������������������������������������������������������������������������
	Annual Meeting of the Hungarian Society of Microbiology, Gyula, August 29–September 1, 1977��������������������������������������������������������������������������������������������������
	Abstracts of Papers��������������������������
	Bacteriology and Bacterial Genetics������������������������������������������
	Virology���������������
	Agricultural and Industrial Microbiology�����������������������������������������������
	Mycology���������������
	Immunology�����������������


	3. szám��������������
	Szilágyi, T.–Csernyánszky, H.–Gazdy, E.–Bertók, L.: Haematologic Effect and Shwartzman Reactivity of Radiodetoxified Endotoxin�������������������������������������������������������������������������������������������������������������������������������������
	Kétyi, I.–Málovics, I.–Vertényi, A.–Kontrohr, T.–Pácsa, S.–Kuch, B.: Heat-Stable Enterotoxin Produced by Shigella flexneri���������������������������������������������������������������������������������������������������������������������������������
	Sabater, J. F. G.–Amador, A.: Mycobacterium valentiae sp. nov. A New Species of Rapidly Growing Mycobacteria�������������������������������������������������������������������������������������������������������������������
	Csukás, Zs.–Bán, É.: Haemophilus paraphrophilus Isolated from Endocarditis���������������������������������������������������������������������������������
	Bernáth, S.–Zalotai, L.: Mathematics of the Inverse Solid-Phase Radioimmunoassay���������������������������������������������������������������������������������������
	Nékám, K.–Láng, L.–Kalmár, L.–Fekete, B.–Gergely, P.–Petrányi, Gy.: Effect of Dialysable Leukocyte Extracts on Antibody-Dependent Cellular Cytotoxicity and Lymphocyte Fc Receptors������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Sipka, S.–Szerze, P.–Szabó, M.–Balázs, Cs.–Szilágyi, T.: Stimulation of Phagocytosis by Human Lymphokines����������������������������������������������������������������������������������������������������������������
	Pácsa, A. S.–Pejtsik, B.: Antibodies to Rubellavirus, Herpes Simplex Virus and Toxoplasma gondii Serial Serum Samples of Pregnant and Non-Pregnant Women���������������������������������������������������������������������������������������������������������������������������������������������������������������
	Vallin, G.–Ferenczy, L.: Diploid Formation of Candida tropicalis via Protoplast Fusion���������������������������������������������������������������������������������������������
	Pálfi, V.–Belák, S.: Serologic Distribution of Antibodies against Adenoviruses in Sheep of Large-Scale Farms�������������������������������������������������������������������������������������������������������������������
	Kétyi, I.–Vertényi, A.–Málovics, I.–Kontrohr, T.–Pácsa, S.: Unique Features of Heat-Stable Enterotoxin of Shigella felxneri����������������������������������������������������������������������������������������������������������������������������������
	Valu, G.–Szabó, G.: High Molecular Weight Ribosomal Ribonucleic Acids from Vegetative Hyphae and Spores of Streptomyces griseus��������������������������������������������������������������������������������������������������������������������������������������

	4. szám
	Galgóczy, J.: Observations Concerning the Staining Properties of the Macroconidia of Certain Dermatophyton Species�������������������������������������������������������������������������������������������������������������������������
	Czeglédy, J.–Gergely, L.–Váczi, L.–Szalka, A.: Demonstration of EBNA (Epstein-Barr Virus Nuclear Antigen) Antibodies of Different Immunoglobulin Classes���������������������������������������������������������������������������������������������������������������������������������������������������������������
	Csonka, É.–Fornádi-Koch, A. S.: Chromosome Changes in Subacute Sclerosing Panencephalitis������������������������������������������������������������������������������������������������
	Belák, S.–Pálfi, V.–Tuboly, S.: Replication of Ovine Adenoviruses������������������������������������������������������������������������
	Heszler, E.–Szabó, É.: Immonofluorescent Studies on Candida albicans���������������������������������������������������������������������������
	Boldogh, I.–Gönczöl, É.–Váczi, L.: Transformation of Hamster Embryonic Fibroblast Cells by UV-Irradiated Human Cytomegalovirs������������������������������������������������������������������������������������������������������������������������������������
	Bános, Zs.–Anderlik, P.–Szeri, I.–Radnai, B.: Course of Lymphocytic Choriomeningitis (LCM) Virus Infection in Suckling Mice Treated with Bordetella pertussis Vaccine����������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Szilágyi, I.–Vitális, S.: Inhibitory and Mutagenic Effects of Sodium Nitroprusside and its Adenine Complex on Escherichia coli�������������������������������������������������������������������������������������������������������������������������������������
	Molnár, J.–Schneider, B.: Plasmid Curing and Antibacterial Effects of Some Chlorpromazine Derivatives in Relation to their Molecule Orbitals���������������������������������������������������������������������������������������������������������������������������������������������������
	Vargha, Gy.–Vitális, S.–Szabó, G.: Defective Life Cycle and Low Antibiotic Production in Submerged Cultures of Streptomyces fradiae. I. Biochemical Characterization���������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Kétyi, I.–Emődy, L.–Kontrohr, T.–Vertényi, A.–Pácsa, S.–Avdeeva, T. A.–Safonova, N. V.–Golutova, N. K.: Mouse Lung Oedema Caused by a Toxic Substance of Escherichia coli Strains����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Kétyi, I.–Vertényi, A.–Pácsa, S.–Kocsis, B.: Enterotoxin Production by Shigella flexneri Type 2a, Strain No. M42-43��������������������������������������������������������������������������������������������������������������������������
	Galgóczy, J.: Note. Occurrence of Trichophyton vanbreuseghemii in Hungary��������������������������������������������������������������������������������
	Books Received���������������������

	Oldalszámok������������������
	_1���������
	_2���������
	_3���������
	_4���������
	_5���������
	_6���������
	1��������
	2��������
	3��������
	4��������
	5��������
	6��������
	7��������
	8��������
	9��������
	10���������
	11���������
	12���������
	13���������
	14���������
	15���������
	16���������
	17���������
	18���������
	19���������
	20���������
	21���������
	22���������
	23���������
	24���������
	25���������
	26���������
	27���������
	28���������
	29���������
	30���������
	31���������
	32���������
	33���������
	34���������
	35���������
	36���������
	37���������
	38���������
	39���������
	40���������
	41���������
	42���������
	43���������
	44���������
	45���������
	46���������
	47���������
	48���������
	49���������
	50���������
	51���������
	52���������
	53���������
	54���������
	55���������
	56���������
	57���������
	58���������
	59���������
	60���������
	61���������
	62���������
	63���������
	64���������
	65���������
	66���������
	67���������
	68���������
	69���������
	70���������
	71���������
	72���������
	73���������
	74���������
	75���������
	76���������
	77���������
	78���������
	79���������
	80���������
	81���������
	82���������
	83���������
	84���������
	85���������
	86���������
	86_1�����������
	86_2�����������
	86_3�����������
	86_4�����������
	86_5�����������
	86_6�����������
	87���������
	88���������
	89���������
	90���������
	91���������
	92���������
	93���������
	94���������
	95���������
	96���������
	97���������
	98���������
	99���������
	100����������
	101����������
	102����������
	103����������
	104����������
	105����������
	106����������
	107����������
	108����������
	109����������
	110����������
	111����������
	112����������
	113����������
	114����������
	115����������
	116����������
	117����������
	118����������
	119����������
	120����������
	121����������
	122����������
	123����������
	124����������
	125����������
	126����������
	127����������
	128����������
	129����������
	130����������
	131����������
	132����������
	133����������
	134����������
	135����������
	136����������
	137����������
	138����������
	139����������
	140����������
	141����������
	142����������
	143����������
	144����������
	145����������
	146����������
	147����������
	148����������
	149����������
	150����������
	151����������
	152����������
	153����������
	154����������
	155����������
	156����������
	157����������
	158����������
	158_1������������
	158_2������������
	158_3������������
	158_4������������
	158_5������������
	158_6������������
	158_7������������
	158_8������������
	159����������
	160����������
	161����������
	162����������
	163����������
	164����������
	165����������
	166����������
	167����������
	168����������
	169����������
	170����������
	171����������
	172����������
	173����������
	174����������
	175����������
	176����������
	177����������
	178����������
	179����������
	180����������
	181����������
	182����������
	183����������
	184����������
	185����������
	186����������
	187����������
	188����������
	189����������
	190����������
	191����������
	192����������
	193����������
	194����������
	195����������
	196����������
	197����������
	198����������
	199����������
	200����������
	201����������
	202����������
	203����������
	204����������
	205����������
	206����������
	207����������
	208����������
	209����������
	210����������
	211����������
	212����������
	213����������
	214����������
	215����������
	216����������
	217����������
	218����������
	219����������
	220����������
	221����������
	222����������
	223����������
	224����������
	225����������
	226����������
	227����������
	228����������
	229����������
	230����������
	231����������
	232����������
	232_1������������
	232_2������������
	232_3������������
	232_4������������
	232_5������������
	232_6������������
	232_7������������
	232_8������������
	232_9������������
	232_10�������������
	233����������
	234����������
	235����������
	236����������
	237����������
	238����������
	239����������
	240����������
	241����������
	242����������
	243����������
	244����������
	245����������
	246����������
	247����������
	248����������
	249����������
	250����������
	251����������
	252����������
	253����������
	254����������
	255����������
	256����������
	257����������
	258����������
	259����������
	260����������
	261����������
	262����������
	263����������
	264����������
	265����������
	266����������
	267����������
	268����������
	269����������
	270����������
	271����������
	272����������
	273����������
	274����������
	275����������
	276����������
	277����������
	278����������
	279����������
	280����������
	281����������
	282����������
	283����������
	284����������
	285����������
	286����������
	287����������
	288����������
	289����������
	290����������
	291����������
	292����������
	293����������
	294����������
	295����������
	296����������
	297����������
	298����������
	299����������
	300����������
	301����������
	302����������
	303����������
	304����������
	305����������
	306����������
	307����������
	308����������
	309����������
	310����������
	311����������
	312����������
	313����������
	314����������
	315����������
	316����������
	317����������
	318����������
	319����������
	320����������
	321����������
	322����������
	323����������
	324����������
	325����������
	326����������
	327����������
	328����������
	329����������
	330����������
	331����������
	332����������
	333����������
	334����������
	335����������
	336����������
	337����������
	338����������


