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EDITORIAL NOTE

T h e  nam e o f A cta  M icrohiologica A cadem iae S c ien tia ru m  H u n g a ric a e  
h as  been  changed  to  Acta M icrohiologica H ungarica .

A cta  M icrohiologica H ungarica  is a jo u rn a l o f  th e  H u n g a rian  A cad em y  
o f Sciences. T he change does n o t a ffe c t th e  s ta tu s  and  ed ito ria l p o licy  o f  th e  
jo u rn a l.
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D N А-M ETH Y LATIN G ACTIVITY OF 
MYCOBACTERIA

I . I . N i k o l s k a y a , P . A. S o m o g y i , I . F ö l d e s  and S. S. D e b o v

The U S S R  A cadem y o f  M edical Sciences, In stitu te  o f  M edical Enzym ology, M oscow, U S S R , and  
M icrobiological Research Group o f  the N ationa l Institu te  o f  H ygiene, Budapest, H u n g a ry

(R eceived  D ecem ber 23, 1981)

T he m e th y la tin g  a c tiv ity  o f th e  four m y co b acte riu m  stra in s  M ycobacterium  p h le i , 
M ycobacterium  sm egm atis s tra in  B u ty ric u m , M ycobacterium  sm egm atis s tra in  R a b in o w itz , 
lysogenic M ycobacterium  smegmatis s tra in  R ab in o w itz  w as s tu d ied  in v itro . All th e  fo u r s tra in s  
w ere found  to h av e  m eth y la tin g  a c t iv ity ;  enzym e co n ta in in g  e x tra c ts  of M . sm egm atis  s tra in  
B u ty ricu m  a n d  M . phlei show ed a s tro n g e r  a c tiv ity  th a n  those  of M . sm egm atis s t r a in  R a b i
now itz  and  th e  lysogenic R ab inow itz  s tra in . T he m ethy lases o f all the  four s tra in s  m e th y la te d  
th e  aden ine  a n d  cy tosine  residues o f th e  accep to r D N A -form ing  5 -m eth y l-cy to sin e  a n d  6- 
m eth y l-am in o p u rin e . The m y co b acte ria l D N A s were m e th y la te d  by  the  co rresp o n d in g  m yco
bac teria l m eth y lases in v itro  only to 2 5 -3 0 %  as co m p ared  to  th e  m éth y la tio n  on  p h ag e  Sd— 
D N A . T his is com parab le  w ith  th e  low  in  vivo m é th y la tio n  of m y co b acte ria l I)N A s. The 
k in etics o f m é th y la tio n  ind ica ted  a low  non-specific  nuclease  c o n ten t o f th e  m y co b a c te riu m  
cells.

P h en o m en a  o f m o d ifica tio n  an d  re s tr ic tio n  ensuring  h ost sp ec ific ity  of 
D N A  are o f  u tm o s t im p o rtan ce  fo r th e  fu n c tio n s  o f m icroorgan ism s. U p-to - 
now  a b o u t 40 genera o f m icroo rgan ism s h av e  been  s tu d ied  [1]. A n u m b e r  of 
b a c te ria , am ong  th em  the  m y c o b a c te ria  h av e  n o t been  in v e s tig a te d  in  th is  
respec t.

In  th is  p ap e r we described  o u r resu lts  re fe rrin g  to  th e  sp ec ific ity  an d  
som e ch a rac te ris tic s  of D N A -m e th y la tin g  enzym es of four m y c o b a c te riu m  
stra in s .

M ateria ls  and m ethods

M ycobacterium  strains. M . sm egm atis  s tra in  R a b in o w itz  (“ R ab in o w itz” ), M . sm egm atis 
s tra in  B u ty ricu m  (“ B u ty ricu m ” ) a n d  its  p h age  (“ B u ty ricu m  phage” ), M . ph lei a n d  its  phage 
(“ Phlei p h ag e” ) were used. These s tra in s  w ere o b ta in ed  from  D r. E d ith  V an d ra  o f th e  N a tio n a l 
In s t i tu te  o f T ubercu losis and  P u lm o n o lo g y  K o rá n y i, B u d ap es t. A lysogenic M . sm egm atis 
s tra in  R ab in o w itz  (“ lys. R ab in o w itz” ) was iso lated  in o u r lab o ra to ry  [2].

I. I. N ik o l s k a y a , S. S. D ebov

USSR Academy of Medical Sciences, Institute of Medical Enzymology, Moscow, USSR 

P  A So m o g y i, I stván  F ö ld es

Microbiological Research Group, National Institute of Hygiene 
11-1529 Rudapest, P.O.B. 124, Hungary
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(H 3) m ethy l-S -adenosy l-L -m eth ion ine  ( IP -S A M ) (R adiochem ica l C entre, A inershain) 
w ith  a specific a c tiv ity  o f  2.7 T B q /rn l was used  as m e th y l donor. T hym us D N A  (C albiochem ), 
D N A s p rep ared  from  p h ag es  b y  th e  phenol m eth o d  [3] a n d  m y co b acte ria l D N A s ex tra c te d  
as d escribed  earlier w ere u sed  as m eth y l-accep to rs [4].

B acteria  were g ro w n  a t  37 °C by  shak ing  in  S a u to n  m edium  (4 g a sp a rag in e , 0.5 g 
K I I 2P 0 4, 2 g citric acid , 0.5 g M g S 0 4, 0.05 g fe rr i-a m m o n iu m  c itra te , 6 %  glycerol per litre 
d is tilled  w ater, pH  a d ju s te d  to  7.4 w ith  10%  N H 4O H ) u n til  th e  early  s ta tio n a ry  phase  had 
b een  reached . Before h a rv e s tin g  th e  cu ltu re  w as t r e a te d  w ith  glycine (0.2 M, 2 h) to  have 
b a c te r ia l  spherop lasts. A fte r  c en trifu g a tio n , the  b a c te r ia l m asses were k e p t a t  20 °C for 
sev e ra l m onths.

For preparing crude extracts w ith  m ethy lase  a c t iv ity ,  b ac teria  were su sp en d ed  in 0.1 м 
K -p h o sp h a te  o fT ris -H C l, p H  7 .2 -7 .5 , d isru p ted  in an  M SE u ltra so n ic  d is in teg ra to r fo r 5-10 m in 
fo llow ed  by  cen trifu g a tio n  a t  105 000 g for 90 m in. F o r  rem o v in g  nucleic acids th e  su p e rn a ta n t 
w as t r e a te d  w ith  s tre p to m y c in  su lp h a te  and  th e n  w ith  am m o n iu m  su lp h a te . T h e  p ro te in  
fra c tio n s  ob ta ined  a fte r  a m m o n iu m  su lp h a te  p re c ip ita tio n  w ere te s te d  for enzym e a c t iv ity  [5].

M ethylating activ ity  o f th e  crude e x tra c ts  w as d e te rm in ed  in in cu b a tio n  m ix tu res 
c o n ta in in g  T ris-H C l or K -p h o sp h a te  buffer 0.1 м to  ach iev e  th e  req u ired  p H , 100 fig  o f accep to r 
D N A , am m onium  su lp h a te  p re c ip ita te d  crude e x tr a c t  co rresp o n d in g  to 3 -5  m g p ro te in  and 
100 k B q /m l of (H 3)-SA M . Sam ples were in cu b a ted  a t  37 °C. For m easu ring  ra d io a c tiv ity , 
sam p le s  w ere trea te d  as d esc rib ed  earlier [6].

N on-specific  nuclease a c tiv ity  was d e term ined  by  th e  change of re la tive  v isco sity  (q rel.). 
r] re l is given by  th e  ra tio  П :*о» w here tA is th e  t r a n s i t  tim e  for so lu tion  and  l0 is th e  tran s it 
tim e  fo r so lvent. D e te rm in a tio n s  w ere carried  o u t in  an  O stw ald  v iscosim eter. T he in cu b a tio n  
m ix tu re  (0.5 m l) c o n ta in ed  400 fig  o f DNA and  3 -5  m g o f p ro te in  o f th e  am m o n iu m  su lp h a te  
p re c ip ita te d  crude e x tra c ts .

Identifica tion  o f  m ethylated products was carried  o u t  b y  hydro lysis of the  accep to r DNA 
w ith  perch loric  acid (7 0 % ) fo llow ed  by  paper c h ro m a to g ra p h y  in a so lven t system  of n -b u ta n o l-  
w a te r -a m m o n ia  (60:10:0.1 v /v).

Results and discussion

D  N  A -m ethylase activ ity  o f  crude extracts o f  mycobacteria

T h e  DNA m e th y la se  level of m icroo rgan ism s in the  lo g arithm ic  or 
s ta t io n a ry  phases is k n o w n  n o t to  differ m a rk e d ly  [7, 8], and  cells from  the 
s ta t io n a ry  phase a re  g en era lly  used on ly  because of th e  la rger biom asses 
a v a ila b le  in  th is p h ase .

To prove w h e th e r  th e  sam e co rre la tio n  is tru e  for m y co b ac te ria , we 
co m p a re d  th e  m eth y lase  a c tiv ity  of crude e x tra c ts  o f s tra in  B u ty ricu m  from  
c u ltu re s  in  the  s ta t io n a ry  an d  logarithm ic  p h ases  o f g row th . T ab le  I  shows 
t h a t  no  difference cou ld  be observed  in th is  re sp e c t. T ab le  I also show s th a t  
th e  m a jo r i ty  (over 8 0 % ) o f th e  enzym e a c tiv i ty  could  be found  in  th e  0 .4-0 .8  
a m m o n iu m  su lpha te  f ra c tio n s  in  all th e  fo u r s tra in s . ( I t  is im p o r ta n t to  no te  
t h a t  th e  b ac te riu m  m asses d id  no t change th e ir  en zy m atic  a c tiv ity  during  
6—8 m o n th s , bu t th e  en zy m a tic  a c tiv ity  o f  am m onium  su lp h a te  tre a te d  
e x tr a c ts  decreased a f te r  10 -15  days). The h ig h es t m e thy lase  a c tiv ity  o f s tra in  
B u ty r ic u m  could be m easu red  using T ris -H C l b u ffe r, while p h o sp h a te  buffer 
p ro v e d  to  be o p tim a l fo r th e  o th e r s tra in s . O p tim a l p H  was 7.4; 7 .2; 7.5; 
a n d  7.5 for s tra in s B u ty r ic u m , M . p h le i, R ab in o w itz  and  lys. R ab in o w itz , 
re sp ec tiv e ly .
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T able  1

D N A -m ethyla ting  activity o f  mycobacterial extracts prepared fro m  cells in stationary and logarithmic  
phase; distribution o f  methylating activity in am m onium  sulphate precipitation frac tions

D N A -m eth y la tin g  activ ity*

o f e x tra c ts  p rep a re d  fro m  cells in o f ex trac ts  p rec ip ita te d  w ith
Bacterial strains

s ta tio n a ry
phase log. p hase

sa tu ra tio n o f am m o n iu m s u lp h a te

M . sm egm atis s tra in  B u ty ricu m 100 9 7 3 8 7 10

M . phlei N1) ND 7 8 5 8

M . sm egm atis s tra in  R ah inow itz ND N D 11 8 6 3

M . sm egm atis stra in  lys. R ahinow itz N1) N D 10 8 6 4

* in percen t of m e th y la tin g  activ ity  by  th e  e x tra c ts  p repared  from cells in  s ta tio n a ry
phase

N D  not done

T he op tim u m  p ro te in  co n ten t o f  th e  e x tra c ts  for m é th y la tio n  w as also 
d e te rm in ed . R esu lts  are  show n in F ig . 1. T h e  m in im um  p ro te in  c o n te n t cau s
ing th e  h ighest m é th y la tio n  of the  a c c e p to r  p ro v ed  to  be 3 m g fo r  s tra in s  
B u ty r ic u m  and  M . p h le i , and  abou t 5 m g  fo r lys. R ah inow itz  and  R ab in o w itz . 
I t  will be show n la te r  th a t  th is d ifference  is th e  consequence o f  th e  low er 
m e th y la tin g  a c tiv ity  o f  th e  R ab in o w itz  s tra in s .

F ig . 1. M éth y la tio n  of accep to r DN A  and  p ro te in  c o n te n t o f crude m yco b acte ria l e x tra c ts . 
0.5 m l in cu b a tio n  m ix tu re  co n ta ined  10 pg  th y m u s  D N A , 100 kB q/m l I I 3-SA M , a n d  d iffe ren t 
q u a n ti t ie s  o f p ro te ins o f th e  crude ex trac ts . T w o h o u rs  in cu b a tio n  a t  37 °C. a  =  s tr a in  B u ty 

ricum ; b — M . p h le i; c =  stra in  R a b in o w itz ; d  =  s tra in  lys. R ab in o w itz
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F ig u re  2 show s th e  k in e tic s  of th e  m e th y la se  a c tiv ity  of th e  fo u r m y co 
b a c te r iu m  stra in s. A fte r  2 h  in cu b a tio n , m a x im u m  m é th y la tio n  o f th e  a c c e p to r  
w as o b served . T he m é th y la tio n  levels u sing  B u ty ric u m  and  M . ph le i e x tra c ts  
(c u rv e s  a an d  b in F ig . 2) d id  n o t change d u rin g  22 h  of in cu b a tio n . T h is  ty p e  
o f  k in e tic s  o f e n zy m a tic  m é th y la tio n  is p rin c ip a lly  d ifferen t from  th a t  o f  
E scherich ia  coli SK  a n d  Shigella  sonnei 47843 [7, 8]. U sing these  la t te r  b a c te r ia  
a s h a rp  fall o f th e  cu rv es  could  be observed  a f te r  6 h of in cu b a tio n  a n d  a f te r  
18 h  th e  ra d io a c tiv ity  o f th e  acid inso lub le  fra c tio n  of th e  accep to r D N A  
w as o n ly  60 and  10%  o f ih e  m ax im um  levels , re spec tive ly . T h is p h en o m en o n  
p ro v e d  to  he in  c o rre la tio n  w ith  th e  nuc lease  c o n te n t o f th e  e x tra c ts  u sed , 
w h ich  w as show n b y  special experim en ts d e te rm in in g  the  v iscosity  o f  p h ag e  
S d—D N A  in cu b a tin g  i t  w ith  enzym e c o n ta in in g  e x tra c ts  p rep a red  from  E . 
coli S K , and S. sonnei 47843.

2 4 6 8 22
hours

F ig . 2. K in e tic s  of th y m u s  D N A  m é th y la tio n  by  e x tra c ts  o f  m ycobacterium  s tra in s . E x p e r 
im e n ta l  co nd itions and  sym bols a re  th e  sam e as in  F ig . 1. (B ro k en  line m eans t h a t  b e tw een  

0—2 h no  m easu rem en ts w ere p e rfo rm ed)

F ig u re  3 show s th e  re la tiv e  v iscosity  o f  p h ag e  S d-D N A  in c u b a te d  w ith  
e x tr a c ts  o f  d ifferen t m icroorgan ism s. The re la tiv e  v iscosity  o f p h ag e-D N A  
did  n o t  change during  60 m in  in cu b a tio n  w ith  B u ty ric u m  and M . ph le i e x tra c ts . 
O n th e  c o n tra ry  in c u b a tin g  th e  phage-D N A  w ith  E . coli S K -con ta in ing  e x tra c t ,  
th e  v isc o s ity  began  to  decrease a fte r  20 m in , a n d  in cu b a tin g  i t  w ith  S . sonnei 
47843 e x tra c t ,  a fte r 10 m in . These resu lts  p o in t to  a co rre la tion  b e tw een  th e  
m é th y la t io n  of th e  acc e p to r D N A  and th e  n u c lease  ac tiv ity  of th e  b a c te riu m  
e x tr a c ts  stu d ied . On th e  basis o f these  re su lts  th e  pecu lia r k inetics o f m e th y la -
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M ETHYLATING BY MYCOBACTERIA 9

t io n  by  B u ty ric u m  and  M . ph le i e x tra c ts  can  be ex p la ined  w ith  th e ir  v e ry  low 
nuclease a c tiv ity .

As it  is seen in  Fig. 2, th e  low er ra d io a c tiv ity  of accep to r D N A  in a la te r  
period  o f in c u b a tio n  w ith  R ab in o w itz  an d  lys. R ab in o w itz  ex trac ts  co rresp o n d s 
to  th a t  o bserved  w ith  E . coli an d  S . sonnei 47843 e x tra c ts , th u s  i t  can  be 
assum ed th a t  in  th e se  cases th e  nuclease  a c tiv ity , to o , in fluenced  th e  m e th y la t
ing  process.

On th e  basis o f our ex p e rim en ts  th e  o p tim a l conditions o f e n zy m a tic  
m é th y la tio n  in  v itro  are: 100 pg  acc e p to r D N A , crude  m y co b ac te riu m  e x tra c t  
co rrespond ing  to  3 or 5 mg p ro te in . 100 k B q /m l H 3-SA M  in  T ris—H Cl or 
p h o sp h a te  b u ffe r, p H  7 .2-7 .5 , an d  2 h in c u b a tio n .

F ig . 3. V iscosity  o f Sd phage DNA u n d e r  th e  effect o f  b a c te ria l ex trac ts , a =  s tra in  B u ty ric u m ;
b — E . coli; c =  S . sonnei 47843

Comparison o f  D N A -m ethylase  activ ity  o f  crude extracts o f  mycobacteria in  
homologous and  heterologous system s

To d e te rm in e  m ethy lase a c t iv i ty , severa l ty p es  of DNAs c a n  be used  as 
su b s tra te , am ong  these  DNAs h a v in g  no m e th y l g roups a t th e  s ite  o f recogn i
tio n  of th e  co rrespond ing  enzym es. I n  a d d itio n  to  D N A s p rep a red  from  m yco
b a c te ria  and  m ycobac te riophages we h av e  used  also th y m u s a n d  Sd phage- 
D N A s as accep to rs . T hym us D N A  b e ing  fa r  in  evo lu tion  from  b a c te r ia l D N A s, 
th u s  th e  p ro b a b ility  o f th e  p resence  o f  com m on recognizing sites o f  m eth y lases  
o f an im al an d  b ac te ria l origin is v e ry  low . P h ag e  S d -D N A  is n o t m e th y la te d
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in  v iv o  [9] b u t  c o n ta in s  suscep tib le  sites fo r b a c te r ia l enzym es an d  p ro v ed  to  
be su ita b le  for d e te rm in in g  th e  a c tiv ity  o f  d iffe ren t m ethylase p re p a ra tio n s .

Table II

C om parison o f  the D N A -m e th y la tin g  activity  in  homologous and heterologous systems

Bacterial strains
Radioactivity of acceptor DNA (cpm)

thymus Sd phage strain Butyricum 
Butyricum phage M . phlei Phlei phage

M . sm egm atis
s tra in  B u ty ric u m 6300 ± 2 0 0 8 1 0 0 ± 1 0 0 1800 ± 1 5 0  1800 ± 2 0 0 5250 ± 1 5 0 5800 ± 2 0 0

M . ph le i 5000 ± 1 5 0 630 0 ± 1 5 0 600 ± 1 0 0  650 ± 1 0 0 2000±200 1700 ± 1 0 0

M . sm egm atis
s tra in  R ab inow itz 2 9 0 0 ± 1 0 0 3700 ± 1 5 0 2850± 300  2 2 0 0 ± 1 5 0 2 700±  150 3000 ± 2 5 0

M . sm egm atis
s tra in  lys.

R ab in o w itz 3300 ± 1 0 0 4 0 0 0 ± 1 5 0 2750.; 150 2 9 0 0 ± 2 5 0 3000 ± 200 2500 j 200

O u r resu Its are su m m arized  in T able I I .  T h e  D N A of phage Sd p roved
to  be th e  m ost sensitive  su b s tra te  for the  m e th y la se s  of th e  b ac te riu m  s tra in s
s tu d ie d . T hus, m y co b ac te ria l m ethy lases are  d iffe ren t from  those o f E . coli
an d  S. sonnei 47843 fo r w h ich  th y m u s  D N A  is th e  m ost sensitive su b s tra te .
T ab le  I I  also shows th a t th e  m ethydating  a c tiv i ty  o f  s tra in  B u ty ricum  an d
M . p h le i  is m ore ex p ressed  th a n  th a t  of R ab in o w itz  and  lys. R ab in o w itz , 
w hen  th y m u s  and  ph ag e  Sd—D N A s are used  as su b s tra te s . As no d ifference 
cou ld  be  observed  b e tw een  th e  m é th y la tio n  o f  s u b s tra te s  by  th e  R ab in o w itz  
a n d  ly s . R ab inow itz  e x tra c ts , a p rophage in d u ced  m é th y la tio n  m ech an ism  
can  be re jec ted . The sam e conclusion  can be d ra w n  from  th e  fac t th a t  B u ty ri-  
cum  a n d  M . phlei D N A , as w ell as th e  D N A s o f B u ty ricu m  and  P h le i phages 
s im ila rly  accep t th e  m e th y l g roups by  the  effect o f  th e  enzym atic  a c t iv i ty  of 
all th e  fo u r m y co b ac te riu m  s tra in s  s tu d ied  b o th  in  hom ologous (self D N A - 
se lf en zy m e) and  he te ro logous (self D N A -non se lf enzym e) system s. T h is can  
be e x p la in e d  b y  assum ing  th a t  phage D N A  is m e th y la te d  du ring  rep lica tio n  
only b y  th e  en zy m atic  a c t iv i ty  of th e  host cell.

I t  w as an  in te re s tin g  a n d  u n ex p ec ted  o b se rv a tio n  th a t  M . ph le i e x tra c t  
show ed  a v e ry  low m e th y la tin g  a c tiv ity  w hen  B u ty ric u m  D N A  an d  B u ty ric u m  
p h ag e  D N A  were used  as su b s tra te s . This can  be ex p la in ed  by th e  low  n u m b e r 
o f  su scep tib le  sites on  th ese  su b s tra te s  for M . p h le i m ethy lase , th o u g h  these  
tw o  m y c o b a c te ria  be long  to  th e  sam e genus.

T h e  in tensive  m é th y la tio n  in  hom ologous sy stem s, i.e. w hen  self-D N A  
w as u se d  as su b s tra te , is w o rth  m en tion ing . T he m eth y lase  a c tiv ity  o f  M . ph le i 
an d  B u ty r ic u m  e x tra c ts  on  self-D N A  reach ed  2 5 -3 0 %  of th e  m e th y lase
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Fig. 4. C h ro m ato g rap h y  of h y d ro ly sa te s  o f th y m u s  DINA a fte r  in  v itro  m é th y la tio n  by  m yco
bac teria l e x tra c ts  for id en tifica tio n  of the m e th y la te d  bases. In c u b a tio n  m ix tu res  (as described  
in M aterial and M ethods) were tre a te d  w ith  2%  perch lo ric  acid a fte r d e p ro te in iz a tio n  and 
R N A  rem oval. T he acid-insoluble frac tio n  w as hy d ro ly sed  w ith  a carrier in 70%  perch lo ric  
acid. T he h y d ro ly sa te  was s tre ak e d  on  W h a tm a n  1 p a p e r  and  c h ro m a to g ra p h e d  in b u ta n o l-  
w a te r-a m m o n ia  (60:10:0.1 v/v). T he c h ro m a to g ram  was cu t in to  2 cm wide b a n d s , e lu ted  
w ith  0.1 M 11 Cl, th en  ra d io a c tiv ity  was d e te rm in ed . (A) M éthylation  by e x tra c ts  o f s tra in
B u ty ric u m  о ---- — о , and R ab in o w itz  •  • .  (B ) M éthy la tion  by  e x tra c ts  o f  M . phlei
A—  A and s tra in  lys. R ab inow itz  ▲ ----- A .  T  th y m in e ; A =  ad en in e ; C =  c y to 

sine; G - guan ine ; MAP - m e th y l-am in o p u rin e ; MC — m eth y l-cy tosine
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a c t iv i ty  m easu red  using  th e  m ost sen sitive  su b s tra te , w hich m eans th a t  
m y c o b a c te r ia l D N A s are  less m e th y la te d  in  v ivo  th a n  D N A s o f S . sonnei 
47843 , E . coli an d  B acillus brevis [5, 10, 11].

W e have also s tu d ie d  w hich  nucleic ac id  bases  becom e m e th y la te d  b y  th e  
e ffec t o f  th e  en zy m e-co n ta in in g  e x tra c ts  o f  m y co b ac te riu m  s tra in s . T h y m u s 
D N A  w as in cu b a ted  in  th e  presence o f H 3-SA M  w ith  our en zy m e-co n ta in in g  
p re p a ra t io n s  and  a f te r  perch lo ric  acid h y d ro ly s is  p ap er c h ro m a to g ra p h y  w as 
p e rfo rm e d  as described  in  M ateria ls and  m e th o d s . F igu re  4 show s th a t  6 -m eth y l- 
a m in o p u rin e  and  5 -m eth y l-cy to sin e  w ere d e te c te d  in  every  case.
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STIMULATION OF HUMAN PERIPHERAL  
LYMPHOCYTES WITH ENDOTOXIN AND 

RADIODETOXIFIED ENDOTOXIN

A l f r e d a  T e m e s i , L. B e u t ó k  and S. P e l l e t

Frédéric Joliot-C urie N ational Research Institu te  fo r  Radiobiology and Radiohygiene, B udapest

(R eceived  D ecem ber 23, 1981)

T he effects of p a re n t en d o to x in  and  rad io d e to x ified  e n d o to x in  on h u m an  p erip h era l 
ly m p h o cy tes  w ere co m pared  in  ex p erim en ts  in v itro . R ad io d e to x ified  end o to x in  is able to 
exceed th e  degree of th e  s tim u la tio n  in duced  b y  p a ren t en d o to x in  an d  its s tim u la to ry  effect. 
A t th e  sam e tim e, no change w as o bserved  in  th e  presence o f a u to lo g o u s serum . R ad io d e to x ified  
en d o to x in  did no t in h ib it th e  p h y to h aem ag g lu tin in -in d u ced  p ro life ra tiv e  response.

To our p resen t know ledge, a c tiv a tio n  of B -ly m p lio cy tes  an d  im m u n o 
g lobulin  syn th esis  is in d u ced  b y  polyclonal В -cell a c tiv a to rs  [1]. E n d o to x in s  
(L P S ) o f G ram -nega tive  b a c te ria  are know n to  h av e  various effects on th e  
im m u n e  system . T h ey  s tim u la te  th e  B -lym phocy tes, th e y  can  p lay  an  essen tia l 
role in  a d ju v a n c y , an d  m igh t elicit even a sm all sy n th es is  o f specific  a n t i 
body  [2 -4 ].

In  m ice b o th  spleen and  p e rip h era l ly m p h o cy tes  resp o n d  to  L P S  s tim u la 
tio n  b y  b lastogenesis an d  a n tib o d y  p rod u c tio n . I n  h u m a n s  th e  b es t s tim u la tio n  
b y  L P S  w as found in  lym p h o id  cells from  th e  sp leen , ly m p h  nodes, tonsils  
an d  th e  bone m arrow , b u t  it  w as ineffective in  s tim u la tin g  h u m a n  p e rip h era l 
ly m p h o cy tes  (H P L ) to  b la s t tra n sfo rm a tio n  [4 -7 ].

The fin d in g  th a t  L P S  tre a tm e n t m igh t in crease  th e  a n tib o d y  secre tion , 
in  sp ite  o f its  sligh t effect on  b la s t tra n sfo rm a tio n  in  lym p h o cy tes  from  h u m an  
tonsils  an d  in  H P L  po in ts  to  an  effect o f LPS on a su b p o p u la tio n  o f B -ly m p h o 
cy tes  p re sen t am ong th e  ly m p h o cy tes .

L P S  is know n to  be to x ic , a fac t g rea tly  in h ib itin g  its  p rac tica l use. 
P ro m isin g  are , how ever, th e  re su lts  o b ta ined  in e x p e rim e n ts  w ith  ra d io d e to x i
fied  en d o to x in  (rd L P S ), in  v ivo . A p a rt from  a s ig n ifican t a d ju v a n t a c tiv ity , 
en h an ced  reg en era tio n  o f th e  im m une system  cou ld  be observed  u n d e r th e  
in fluence  o f rad io d e to x ified  en d o to x in  follow ing ra d ia tio n  in ju ry  [8, 9]. 
T he com plem en t in a c tiv a tin g  effect of p a re n t en d o to x in  was m uch w eaker 
w hen  rd L P S  w as app lied ; its  hyp o ten siv e  effect w as also considerab ly  w eaker

A l f r e d a  T e m e s i , L ó rá nd  B e r t ó k , Sá n d o r  P e l l e t

Frédéric Joliot-Curie National Research Institute for Radiobiology and Radiohygiene 
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[10]. T h e  above m en tio n ed  ad v an tag eo u s  changes to g e th e r w ith  o th e r  favour- 
a id e  fe a tu re s  of rd L P S  h a v e  been  sum m arized  by  B ertó k  [11].

T h e  p resen t p a p e r describes the s tim u la tio n  o f  H P L  in v itro , b y  p a ren t 
L P S  a n d  rdL P S , d e to x if ie d  w ith  ionizing ra d ia tio n .

M aterials ainl methods

Cell suspension. V enous b lood  from  h e a lth y  donors was used  in th e  ex p erim e n ts . Sam ples 
w ere  co llected  in 500 m l s te rile  b lood transfusion  b o ttle s  co n ta in in g  10 000 U /litre  h ep arin  
(N a tio n a l  In s ti tu te  for H a e m a to lo g y  and  B lood T ransfusion ). The m o n o n u clear cells were 
o b ta in e d  from  blood d ilu ted  1:1 w ith  physiological saline an d  cen trifuged  in F ico ll-U rom iro  
g ra d ie n t.

Cell culture, m aintenance f l u i d  and reagents. L y m p h o cy tes  were w ashed  in  P B S  3 tim es 
a n d  c u ltu re d  in P a rk e r’s 199 m ed iu m  su p p lem en ted  w ith  penicillin  (100 000 U /litre ), 10%  
in a c t iv a te d  AB serum  or au to lo g o u s  serum , and  g lu tam in e  (100 m g/litre) in F a lco n  tu b es in 
a ir  c o n ta in in g  5%  C 0 2 fo r 3 -6  d a y s  a t  37 °C. E ach  cu ltu re  co n ta in ed  5 х Ю 6 cells in 5 ml 
v o lu m e .

T h e  sera were o b ta in ed  fro m  h e a lth y  h u m an s of blood group  AB. Follow ing in ac tiv a tio n  
a t  56 °C , th e y  were s to red  a t  - 20 °C.

E ndo tox in  preparation. W es tp h a l ex tra c tio n  [12] from  Escherichia coli 0 8 9  was used
(L P S ).

R adiodetoxified endotoxin. W es tp h a l e x tra c tio n  was ir rad ia te d  b y  a 50 k G y  °°Co gam m a 
dose  (rd L P S )  [10, 11].

Phytohaem agglulinin. ( P H A - P )  Difco B acto .
Stim ula tion . In  5 m l P a rk e r ’s 199 m ed ium  5X  10c ly m p h o cy tes  w ere in c u b a te d  togeth e r 

w i th  10—100 fig LPS and  rd L P S  in  th e  presence of 10%  AB or au to logous sera . F o u r hours 
b e fo re  conclud ing  th e  in c u b a tio n , th e  cells w ere labe lled  w ith  1 f i d  3H  th y m id in e /c u ltu re  
(P ra g u e , Czechoslovakia, 1 C i/m m ol). A fter labelling , th e  cells were w ashed  in  physio logical 
sa lin e , 5 %  TCA and 96%  e th a n o l, th e n  a f te r  e x tra c tio n  b y  h y a in in e -h y d ro x y d e  th e  ra d io 
a c t iv i ty  inco rpora ted  in  th e  ly m p h o c y te s  w as m easu red  in a  D ioto l co ck tail, u sin g  a liquid 
s c in ti l la t io n  spectrom eter. R e su lts  an d  th e  s ta n d a rd  erro r a re  given in  dpm .

Results

T h e  kinetics of L P S  s tim u la tio n  d id  n o t in d ica te  an y  s ig n ifican t increase 
in  D N A  synthesis before  th e  5 th  d ay . A fte r th e  5 th  day  th e  D N A  syn thesis 
e n h a n c in g  effect of th e  te s te d  L P S  increased (F ig . 1). S tim u la tio n  b y  b o th  
u n ir r a d ia te d  and ir ra d ia te d  L P S  m easu red  on  th e  basis of th e  in co rp o ra tio n  
o f  t r i t i a t e d  thym id ine  g iven  in  d pm , reach ed  its  m ax im um  a t a dose o f 10 /<g 
L P S /c u ltu re  and in th e  case o f  rd L P S  a t  a dose o f 50-100 p g /c u ltu re  on day  
6, e x a m in e d  in the  p resence  o f  AB serum  (F ig . 1).

A  s tu d y  of the s t im u la to ry  effect o f d e to x ified  and  n o n -d e to x ified  LPS 
in  th e  presence of AB a n d  au to lo g o u s sera (Table I) show ed th a t  it  w as highly  
d e p e n d e n t on the ty p e  o f  se ru m  in th e  case o f p a re n t L PS . T he s tim u la to ry  
v a lu e  o b ta in ed  w ith  A B  sera  w as h igher th a n  in  th e  presence o f au to logous 
se ru m  in  th e  case of p a re n t  L P S , wrhile th e  s tim u la tio n  by  rd L P S  seem ed to  
he in d e p e n d e n t of th e  ty p e  o f  serum . T h u s, in th e  presence o f au to logous 
se ru m , rd L P S  in a dose o f  100 /fg /cu lture  elicited  a s tro n g er response  th a n  LPS 
in  a dose o f 10 pg /cu ltu re .
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Fig. 1. K inetics o f th e  s tim u la to ry  effec t o f LPS. DN A  sy n th esis  b y  h u m an  peripheral ly m p h o 
cy tes in the  p resence of 10%  AB serum  was m easured b y  3H -th y m id in e  in co rp o ra tio n  w ith

d iffe ren t LPS doses

F ig. 2. C om bined effect o f P H A  an d  L P S  on the  s tim u la tio n  o f  h u m an  pei i i j M i u i i c n
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T h e  effect of L P S  on  th e  m itogen ic  response of ly m p h o c y te s  induced  
b y  P H A  in the  presence o f  v a rio u s  sera , show ed th a t  rd L P S  decreased  the  
t r i t i a t e d  thym id ine  in c o rp o ra tio n  n e ith e r  in  th e  presence o f A B  n o r  o f au to lo 
gous s e ra . LPS decreased  th e  P H A  in d u ced  s tim u la tio n  if  used w ith  AB or 
a u to lo g o u s  serum  (F ig . 2).

Table I

E ffect o f  sera on the stim ulatory characteristics o f  L P S

Serum
DPM ±  S.E.

LPS rdLPS Control

AB 22 .7 7 3 ± 5 .8 0 3 22.301 ± 4 .6 7 4 2 .5 0 0 ± 4 8 0

Autologous 14 .613± 2 .584 21 .239± 4 .145 2 .8 4 1 ± 7 0 0

D iscussion

S ev e ra l au thors h av e  re p o r te d  on  s tim u la tio n  induced  b y  L P S  an d  on 
th e  d e g re e  of tra n sfo rm a b ility  in  various ly m p h o c y te  cu ltu res [2 -6 ]. T he k in e t
ics o f  ly m p h o c y te  s tim u la tio n  d iffers accord ing  to  th e  origin o f th e  lym p h o cy tes  
(m o u se  o r  hum an). In  h u m a n s  i t  depends on th e ir  origin from  a ly m p h o id  organ, 
or p h e r ip h e ra l  blood, an d  on th e  e x p e rim e n ta l c ircum stances [13]. R esults 
sh o w ed  m ax im al s tim u la tio n  o f  H P L  on days 6—7, while no s tim u la to ry  effect 
cou ld  h e  m easured  before th e  5 th  day . T hese find ings agree w ith  sev era l d a ta  
in th e  l i te ra tu re  [9, 13, 14].

I n  th e  case of p a re n t e n d o to x in  (L P S ) th e  s tim u la tio n  m easu red  on the  
h as is  o f  t r i t ia te d  th y m id in e  in co rp o ra tio n  w as m ax im al in  th e  p resence of 
A B  se ru m . The s tim u la to ry  effect o f rd L P S , how ever, w as in d e p e n d e n t of 
th e  ty p e  o f  the  applied se ru m . T h is w as p ro b a b ly  due to  th e  d iffe ren t to x ic ity  
o f th e  tw o  substances.

I t  is im p o rtan t to  d e te rm in e  th e  o p tim a l cu ltu rin g  co n d itio n s, to  select 
a s u ita b le  serum . In  o rd e r to  o b ta in  m ax im u m  s tim u la tio n , h u m a n  se ru m  m ust 
be a d d e d  [9]. The s tim u la to ry  effect o f L P S  w as m ore in tensive  in  th e  presence 
o f in a c t iv a te d  deep fro zen  A B  serum  th a n  w ith  au to logous se ru m . Most 
a u th o rs  h a v e  used co m m erc ia lly  availab le  ca lf  or h u m an  sera  [1—9]. These 
se ra  c a n  p ro m o te  the  cell tra n s fo rm a tio n  in d u ced  b y  m itogens to  reach  the 
re q u ire d  level. Our e x p e rim e n ts  show ed th a t  m itogens exerted  th e ir  m axim al 
e ffec t in  th e  presence o f  in a c tiv a te d  fresh ly  frozen  AB serum . I t  is fav o u rab le  
th a t  r d L P S  showed a good s tim u la to ry  effect w ith  b o th  the  app lied  se ru m  types, 
a n d  th e y  d id  no t in h ib it th e  Р И А  induced  p ro lifera tive  response .
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I t  is n o t easy  to  ex p la in  th e  re su lts . I t  is possible th a t  th e  ly m p h o c y te  
s tim u la tio n  elic ited  b y  L P S  does n o t reach  a m easu rab le  degree in th e  p resence 
o f au to logous se rum , only  in  the p resence o f  A B  serum .

O ur resu lts  w ith  vario u s sera agree w ith  th e  observation  o f M iller et 
al. [9] in  th a t  a b e t te r  s tim u la tio n  can be reach ed  in  th e  presence o f  pooled  
in a c tiv a te d  h u m an  se ra . U sing L P S  in th e  presence of AB serum  u n d e r  the  
effect o f L P S  an in h ib ito ry  su b stan ce  m ig h t be released  by th e  m acro p h ag es 
w hich can p re v e n t even  th e  s tro n g  m itogen ic  effect o f the  P H A . I t  is considered  
a p ro s tag lan d in  like effect [15], an d  th e  re leased  substances in h ib it T -h e lp er 
cell a c tiv ity  [16].

P rev ious ex p e rim en ts  have show n th a t  th e  P H A -induced  m itogen ic  
response o f ly m p h o cy tes  o f p a tie n ts  su ffering  from  pseudom onas in fec tion  
depends on th e  co n d itio n  o f the  p a tie n t an d  on th e  applied  serum  o f p ro b a b ly  
d iffe ren t en d o to x in  c o n te n t [17, 18]. O ur m odel experim en ts on ly m p h o c y te s  
from  no rm al h e a lth y  hum ans w ere devised  to  fin d  th e  ex p la n a tio n  o f  these  
resu lts . W e have co m p ared  the effect o f  tox ic  en d o to x in  and d e to x if ie d  endo
to x in  on th e  P H A  in d u ced  tra n s fo im a tio n  of lym p h o cy tes  in  th e  p resence  of 
various sera. The a c tiv ity  of rad io d e to x ified  en d o to x in  show ed th a t  i t  reaches 
an d  m igh t even exceed  th e  ra te  o f s tim u la tio n  o f  H P L  induced  b y  L P S , w hile 
it does n o t in h ib it th e  P H A -in d u ced  s tim u la tio n  in th e  presence o f  au to lo g o u s  
sera.

These in v itro  re su lts  m igh t su p p o rt th e  in  vivo stud ies o f  S k arn es and  
H a r p e r  [1.5] w ho re p o rte d  on th e  p ro s ta g la n d in  release in d u ced  b y  L PS .
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THE COURSE OF LYMPHOCYTIC CHORIOMENINGITIS 
VIRUS INFECTION IN GERMFREE MICE TREATED WITH 

BORDETELLA PERTE SSI S VACCINE

P ir o s k a  A n d e r l i k , I l o n a  S z e r i , Z s u z s a n n a  B á n o s , M á r ia  W e s s e l y  and
B. H a d n a i

In stitu te  o f  Microbiology, Sem m elw eis U niversity  M edical School, and István H o sp ita l, Budapest

(R eceived  F e b ru a ry  3, 1982)

A single in jec tio n  of Bordetella pertussis vacc ine , app lied  in tra p e rito n e a lly  one  day 
before in trace reb ra l ly m p h o c y tic  choriom ening itis  v iru s infection depressed  th e  im m une 
response  b o th  in conv en tio n al a n d  germ free  a d u lt m ice, b u t  th e  ra te  of th e  im m u n o su p p ress iv e  
effect d iffered. In  a d u lt m ice w ith  a n o rm al im m u n e  system  the  vaccine o n ly  d e lay ed  the 
m an ifes ta tio n  of fa ta l ly m p h o cy tic  choriom en ing itis , while it p rev en ted  i ts  d ev elo p m en t 
in germ free m ice w ith  an  un d erd ev e lo p ed  lym pho id  sy s tem , i.e. it inh ib ited  th e  c e llu la r  im m une 
response to  th e  v irus in fection .

T he course o f in tra c e re b ra l ly m p h o cy tic  choriom ening itis (LCM ) virus 
in fec tion  depends on th e  ce llu 'a r  im m une responsiveness o f  th e  an im als. 
L y m p h o cy tic  cho rio m en in g itis  develops in  a d u lt m ice w ith  a m a tu re  in ta c t 
im m une  system , due  to  the  ce ll-m ed ia ted  im m u n e  response to  th e  v irus 
in fec tion . These an im als  die on  th e  6 th  to  8 th  d ay  a fte r  th e  in fe c tio n  [1]. 
T he m ening itis arises o f  a ce ll-m ed ia ted  im m une reac tio n  to  th e  lep to m en in g ea l 
cells w hich d isp lay , due to  v iru s  rep ro d u c tio n , changed  (v iral) a n tig e n s . C yto
to x ic  T  ly m p h o cy tes  p lay  a basic  role in  th e  disease [2, 3]. In  m ice w i th  in su ffi
c ien t T ly m p h o cy te  fu n c tio n  due  to  th e ir  im p a ired  or im m a tu re  ly m p h o id  
sy s tem , m en ing itis  does n o t develop a f te r  th e  v ira l in fection . T h e y  su rv ive 
th e  in fec tion  and becom e v iru s  carriers . O n th e  o th e r h an d , su b s ta n c e s  w hich 
ex e rt a s tim u la tin g  im m u n o m o d u la to ry  effect on th e  ce llu lar im m u n e  response, 
c o n tr ib u te  to  th e  d ev e lo p m en t o f ly m p h o cy tic  choriom en ing itis  [4, 5 ].

Bordetella pertussis  vaccine  is genera lly  know n to  have im m u n o m o d u la 
to ry  effects. These effects a re  n o t hom ogeneous. T hey  m ay  be s t im u la to ry  or 
suppressive  depend ing  on th e  given cond itio n s. P rev ious e x p e rim e n ts  have 
in d ica ted  th a t  th e  effect o f pertu ssis  vaccine on th e  course o f  LCM virus 
in fec tion  is age d e p e n d e n t, in  th a t  it  decreases th e  cellu lar im m u n e  response

Acta Microbiologica Hungarica 30 (1 ) , pp . 19 24 (1983)

P ir o sk a  An d e r l ik , I lona  Sz e r i , Z suz sa n n a  R á n o s , M aria  W e s s e l y

Institute of Microbiology, Semmelweis University Medical School 
Nagyvárat! tér, H-108'î Budapest, Hungary

B éla  R adn ai 

István Hospital
Nagyvárad tér 1, H-1096 Budapest, Hungary

2* Acta Microbiologica H ungarica 30, 1983



2 0 ANDEKLIK et al.

to  th e  infection, in  a d u lt  m ice  w ith  m atu re  im m u n e  sy stem  w hereas it enhances 
i t  in  suckling  mice w ith  u ndeve loped  ly m p h o id  system  [6, 7].

G erm free mice h a v e  a n  underdeveloped  ly m p h o id  system  even in  a d u l t 
h o o d  due  to  the sc a rc ity  o f  an tigen ic  s tim u li in  th e i r  en v iro n m en t [8]. A du lt 
g e rm free  mice did n o t d e v e lo p  m eningitis fo llow ing  in tra c e re b ra l LCM v iru s  in 
fe c tio n  [9], th e ir  im m u n e  response  Mras fo u n d  s im ila r  to  th a t  o f suckling  mice 
w ith  a likewise u n d e v e lo p e d  lym phoid  sy stem . I n  b o th  cases th e  absence of 
LCM  in d ica tes  an  in su ff ic ie n t T -lym phocy te  fu n c tio n  and  th e  red u c tio n  o f the  
c e llu la r  im m une re sp o n se .

T h e  presen t e x p e r im e n ts  in conven tional a n d  germ free mice aim ed a t 
th e  ex p lo ra tio n  of th e  im m u n o m o d u la to ry  e ffec t o f  B . pertussis  vaccine on 
th e  ce llu la r im m une re sp o n siv en ess  to  LCM v iru s  in fec tion  in ad u lt germ free 
m ice .

M ateria ls and m ethods

E xperim ental an im a ls. G erm free  and conv en tio n al 5 to  6-w eek-old C3H m ice of b o th  
sexes (L A T I, Gödöllő, H u n g a ry )  w ere used.

Germfree state w as m a in ta in e d  in plastic iso la to rs  (V E L A Z  PO -1, Czechoslovakia). 
T h ese  m ice  were fed g am m a s te r il iz e d  pellets and a u to c lav e d  w a te r  ad lib itu m . T he germ free 
s t a te  o f  th e  ou ter and in n er e n v iro n m e n t was con tro lled  b y  c u ltu re  m edia as suggested  in the  
l i te r a tu r e  [10].

B . pertussis vaccine trea tm en t. T he vaccine co n ta in ed  30 X 109/m l killed b ac te ria  suspended  
in  physio log ica l saline ( I n s t i tu te  fo r  Serobacteriological P ro d u c tio n  and R esearch  H u m an , 
B u d a p e s t) .  The mice rece ived  s in g le  in traperitonea l in je c tio n s  o f 0.3 m l vaccine co n ta in in g  
9 X l 0 9 bacteria /m ouse. C o n tro l m ice  were trea ted  w ith  physio log ica l saline ad m in iste red  in 
th e  sam e  w ay and q u a n tity .

L C M  virus infection. T h e  W E  stra in  was m a in ta in e d  in serial m ouse b ra in  passages. 
T h e  m ice  were infected b y  in tra c e re b ra l  inoculation w ith  100 L D 50 of the p re ti tra te d  v irus.

Recovery o f the v irus. T h e  b ra in  suspensions p re p a re d  from  the  surv iv ing  mice were 
in o c u la te d  in trace reb ra lly  to  m o u se  groups in a 1:10 d ilu tio n . Presence of LCM v iru s was 
c o n firm e d  b y  the  c h a ra c te ris tic  neurological sy m p to m s in  th e  in o cu la ted  mice.

A bsolu te  lymphocyte count a n d  lym phocyte-index  w ere  d e te rm in ed  from  blood ta k e n  
fro m  th e  caudal vein u n d e r s ta n d a rd iz e d  conditions. L y m p h o c y te  index:

m ean ab so lu te  ly m p h o cy te  count in  th e  te s t  group  
m ean a b so lu te  ly m p h o cy te  count in  th e  co n tro l group

R elative spleen weight a n d  spleen  index of th e  sac rificed  
fo llow s:

R elative spleen w e ig h t
spleen weight, m g 
body weight, g

anim als were de te rm in ed  as

„ . m e a n  re la tiv e  spleen w eigh t in  th e  tes t group
Spleen index =  . —  — . .

m e a n  re la tiv e  spleen w e ig h t in  th e  con tro l group

Histology. The b ra in s w ere  f ix e d  in form alin, e m b e d d ed  in  paraffin , and th e  sections 
w ere s ta in e d  w ith h a e m a to x y lin -e o s in .

S ta tistica l evaluation o f  da ta . E v alu a tio n  of th e  re su lts  w as carried  o u t by  S tu d e n t’s 
tw o  sa m p le  t test. The a cc ep te d  lev e l o f significance w as p = 0.05.
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Results

T h ir ty  germ free an d  30 co n v en tiona l m ice w ere tre a te d  w ith  p e rtu ss is  
vaccine a n d , s im u ltan eo u sly , 30 germ free an d  30 conven tiona l m ice rece iv ed  
physio log ical saline. T w o-th irds o f b o th  v a c c in a te d  an d  physio logical sa line  
tre a te d  m ice w ere in fec ted  w ith  LCM v iru s  one d ay  a fte r  the tr e a tm e n t .  T he 
re s t o f  th e  m ice received no rm al (virus-free) b ra in  suspension in  th e  sam e 
w ay.

T ab le  I  d em o n stra te s  the  ex p e rim en ta l g ro u p s, the  num ber o f  m ice in 
each , and  th e  app lied  tre a tm e n ts .

T he ex p e rim en ts  were concluded on th e  2 1 th  d ay  a fte r v iru s in fe c tio n . 
The neuro log ica l sy m p to m s c h a iac te ris tic  o f LCM  an d  th e  dea th  ra te  am o n g  
th e  an im als w ere reg istered  in  th e  v iru s in fec ted  g roups. R ecovery o f th e  v iru s  
was p erfo rm ed  using  one h a lf  of each  an im a l’s b ra in  th a t  had  su rv ived  th e  v iru s  
in fec tion  u n til  th e  21st d ay , w hen th e y  w ere sacrificed . The o ther b ra in  h a lv es  
w ere p rep a red  for h isto logy .

Table I

E xperim ental mouse groups a n d  treatments

Groups No.
of animals

Treatment

intraperitoneal intracerebral

G F -P -L C M 20 pertussis vaccine LCM virus
G F LCM 20 physiological saline LCM virus
G F -P 10 pertussis vaccine X
G F 10 physiological sa line X

P LCM 20 pertussis vaccine LCM virus

LCM 20 physiological saline LCM virus
P 10 pertussis vacc ine X
C 10 physiological sa line X

X — norm al (v irus free) b ra in  suspension

T he ra te  an d  tim e  curve o f d ea th  in th e  LCM virus in fec ted  g ro u p s 
dui ing th e  ex p e rim e n t are  p resen ted  in F ig . 1.

All v iru s  in fec ted  co n v en tio n a l mice d ied  w ith  cha rac teris tic  neu ro lo g ica l 
sy m p to m s on  th e  7 th  or 8 th  d ay  a fte r  in fec tion  (g roup  LCM). The m ice in  the  
g roups G F —LCM and P -L C M  died la te r , on th e  7 th  to  13th day. In  c o n tra s t ,  
in th e  g ro u p  G F -P  LCM 90%  o f the  m ice su rv iv e d  th e  infection. T h e  v iru s  
could he reco v ered  from  the  b ra in  o f each  su rv iv in g  anim al in  th is  g roup  
w hereas th e  ly m p h o cy tic  in filtra tio n  of the  le p to m e n in x  could no t he dem on-
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Fig. 1. R a te  a n d  tim e  of d ea th  in g ro u p s in fec ted  w ith LCM virus

s t r a te d  h isto log ically . I n  g roup  G F -P  LCM  th e  surv iv ing  m ice h a d , th u s , b e 
com e a sy m p to m a tic  v iru s  carriers.

T h e  effect of p e rtu ss is  vaccine on th e  ly m p h o id  system  w as ex am in ed  
in  th e  g ro u p s w hich h a d  n o t  been  infected  b y  LCM  v irus. F igure 2 d e m o n s tra te s  
th e  m e a n  abso lu te  ly m p h o c y te  counts a n d  re la tiv e  spleen w eigh ts as d e te r 
m in e d  on  th e  5 th  d a y  a f te r  vaccine tre a tm e n t .  T h e  m ean  abso lu te  ly m p h o c y te  
c o u n t  a n d  th e  m ean  re la tiv e  spleen w eig h t w ere  sign ifican tly  low er in  th e  
g e rm free  m ice (group  G F ) th a n  in th e  c o n v e n tio n a l anim als (g roup  C), w h ereas  
th e  m e a n  values o b ta in e d  in  th e  groups t r e a te d  w ith  pertussis vacc in e  (G F -  
P , C -P )  w ere s ig n ifican tly  h igher. We fo u n d  t h a t  pertussis vaccine h a d  caused  
a ly m p h o c y to s is  an d  sp leen  h y p e rtro p h y  b o th  in  th e  germ free an d  co n v en tio n a l 
m ice b y  th e  f if th  d ay  a f te r  t re a tm e n t, an d  th e  a lte ra tio n s  were of a p p ro x im a te ly  
th e  sam e  e x te n t ( ly m p h o cy te -in d ex : G f -P :  G f =  3.3; P:C  =  3 .2 ; spleen- 
in d e x : G f-P :G f  — 2 .5 ; P :C  =  2.6).

F ig. 2. A bso lu te  ly m p h o c y te  c o u n t and m ean  re la tiv e  sp leen  w eight on th e  5 th  d a y  a fte r
tre a tm e n t
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Discussion

In  o u r ea rlie r ex p erim en ts  [11] th e  re a c tio n  to  B . pertussis  vaccine o f  th e  
un d erd ev e lo p ed  lym p h o id  sy stem  o f gerinfree m ice was sim ilar as t h a t  o f 
co n v en tio n a l m ice, th u s  th e  ly m phocy tosis  in  p e rip h e ra l blood and  th e  sp leen  
h y p e r tro p h y  w ere o f th e  sam e degree.

S im u ltan eo u sly  w ith  th e  sp leen  h y p e r tro p h y  and  lym phocy tosis  due  to  
th e  p e rtu ss is  vaccine tre a tm e n t, th e  ce llu lar im m u n e  re a c tiv ity  to  LCM  v iru s  
in fec tion  w as suppressed  in  b o th  co n v en tio n a l an d  gerinfree mice. T h u s , an  
im m unosuppressive  effect w as observab le  due to  th e  im m u n o m o d u la to ry

Table II

lm m unm odula tory  effect o f  B . pertussis vaccine on the cellular im m une reaction to L C M  virus
infection in  mice

Mice
Immune

state

system

function
Immunomodulatory effect 

of pertussis vaccine

C onventional m ature norm al suppression
a d u lt (delay)

C onventional
suckling undeveloped insufficien t stim ulation

G erm -free underdeveloped insufficient suppression
ad u lt (inhibition)

p ertu ssis  vaccine in b o th  G F  an d  co n v en tio n a l m ice, b u t its ra te  d iffe red  in 
th e  tw o g roups. The vaccine delayed  th e  d ev e lo p m en t of fa ta l ly m p h o c y tic  
cho riom en ing itis  in co n v en tio n a l mice h av in g  a m a tu re  im m une sy s tem , w hile 
it p re v e n te d  th e  disease in germ free m ice w ith  underdeveloped  ly m p h o id  
sy stem , th a t  is. it in h ib ited  th e  cellu lar im m u n e  re a c tio n  to  th e  v iru s in fec tio n .

O ur p rev ious re su lts  [9] show ed th a t  th e  im m une  response o f  a d u lt  
germ free m ice to  LCM v iru s  in fec tio n  w as s im ila r to  th e  im m une response  of 
co n v en tio n a l suckling  mice w ith  likew ise und ev e lo p ed  lym pho id  sy s tem . 
In  b o th  cases th e  im m une response w as w eaker th a n  th a t  of c o n v en tio n a l a d u lt 
m ice. N everthe less, th e  im m u n o m o d u la to ry  effect o f B . pertussis  vaccine 
p roved  to  be th e  opposite  in m ice w ith  u n d ev e lo p ed  lym phoid  sy s tem  due to  
various reaso n s: the  vaccine h ad  a s tim u la to ry  effect in suckling  m ice [7], 
w hile i t  w as im m unosuppressive  in  geim free a d u lts  (Table II) .

T h u s, th e  effect of p e itu ss is  vaccine on  th e  ly m p h o id  system  w as s im ila r 
in its  m ode o f  ac tion  in  germ free an d  c o n v en tio n a l ad u lt mice b u t  it w as 
d iffe ren t in  degree. T he effect, how ever, d iffe red  in  th e  germ free a n d  in th e  
c o n v en tio n a l suckling  m ice. In  the germ free an im als  it  had  an  o p p o site  d irec 
tio n  as co m p ared  to  th e  sucklings.
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O u r resu lts  suggest t h a t  th e  presence o r absence o f th e  n o rm al m icrob ia l 
f lo ra  m a y  influence th e  reac tio n  o f the  im m u n e  sy stem  to im m u n o m o d u la to ry  
e ffec ts .
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THE EFFECT OF MICONAZOLE ON ERGOSTEROL
LESS METÁNT OF CANDIDA ALBICANS

M. P e s t i , D. B e c h e r  and G. B a r ts c h

D epartm ent o f  M icrobiology, A ttila  J ó zse f U niversity , Szeged, H ungary, and S ektio n  Biologie, 
E rn st-M oritz-A rnd t-U n iversitä t, Greifswald, GDR

(R eceived  F e b ru a ry  19, 1982)

T h e  effect of m iconazole in fu n g is ta tic  c o n cen tra tio n  on an  e rg o ste ro l-co m p e ten t 
C andida albicans s tra in  and  its  e rg o stero l-n o n p ro d u cin g  m u ta n t was in v es tig a te d  b y  scanning  
a n d  tran sm iss io n  electron  m icroscopy . T he ergostero l-less m u ta n t  show ed p ro n o u n c ed  a lte ra 
tio n s  b y  scanning electron  m icroscopy. T he increased  sen sitiv ity  to m iconazole o f th e  ergostero l- 
less m u ta n t  was a ttr ib u te d  to  an a lte re d  p lasm a m em b ran e  com position an d  r ig id ity .

D eta iled  investig a tio n s h av e  d e m o n s tra te d  th a t  m iconazole  (l-[2 ,4 - 
dichloro-/?-/2 ,4-dichlorobenzyl o x y /-p h en e th y l] im idazole n itra te )  is active 
a g a in s t m ost pa thogen ic  fungi an d  ag a in st G ram -positive b a c te ria  [1]. I t  has 
b een  show n th a t  the  p rim ary  s ites of action  o f  m iconazole a t low c o n c e n tra tio n  
arc  th e  p lasm a m em b ran e  and coll wall. In d u c e d  p e rm eab ility  ch an g es  re su lt 
in  a selective in h ib itio n  o f th e  u p ta k e  from  th e  m edium  o f som e essen tia l 
g ro w th  precursors an d  in th e  leakage o f th ese  in trace llu la r co m p o n e n ts , the 
effec ts depend  on th e  dose o f th e  d rug  a n d  th e  d u ra tio n  o f t r e a tm e n t  [2-4]. 
T he d ru g  has been show n to  be a p o te n t in h ib ito r  o f fungal e rg o ste ro l b io
sy n th es is , p rev en tin g  d é m é th y la tio n  a t C-14 and  reduc tion  o f th e  24 /28  double 
b o n d  [5].

W e describe th e  effects o f  m iconazole on an  e rg o ste ro l-p ro d u c in g  s tra in  
o f Candida albicans an d  its  e rgostero l-less progeny.

M ateria ls anil m ethods

Strains. The e rg o stero l-p roducing , n y sta tin -se n sitiv e  s tra in  o f C. albicans, designated  
33 erg+ (ATCC 44829), an d  its ergostero l-less, n y s ta tin -re s is ta n t m u ta n t ,  d e s ig n a ted  erg-16 
(ATCC 44830), were iso lated  and  ch arac te rized  as described earlier (6, 7].

Culture conditions. T he m in im al in h ib ito ry  con cen tra tio n s were d e te rm in e d  on the 
su rface  of m ed ia  co n ta in ing  a tw o-fo ld  d ilu tion  series of m iconazole n i tra te  (d o n a te d  by  I. 
K u ru tz ,  Chem ical W orks of Gedeon R ich te r  L td ., B u d ap est), as for n y s ta tin  [7]. I t  was also
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d e te rm in e d  using shaken c u ltu re s  [4] in com plete liqu id  m ed iu m  [7] con tain ing  5X  10° co lony
fo rm in g  u n its  per ml. T w e n ty  f iv e  hour cultures o f t r e a te d  an d  n o n -trea ted  s tra in s  grow n 
in  th e  p resence of 20 p g/m l m ico n azo le  a t  30 °C were su b je c te d  to  electron  m icroscopic e x am 
in a tio n .

Electron microscopy. S c a n n in g  electron m icroscopy  (SE M ) stud ies were carried  o u t 
a cc o rd in g  to Pugh and C aw son [8] .The objects w ere e x am in ed  in  a Tesla BS 300 scann ing  
e le c tro n  m icroscope a t  15 K V  a n d  a 45° specim en t i l t .  F o r  tran sm iss io n  electron  m icroscopy  
(Т Е М ), sam ples were p re p a re d  b y  th e  m ethod of M ay [9], u ltra th in -sec tio n e d  and s tu d ied  in 
a n  E M  3 -2  of V EB  W erk fü r  F ernseh elek tro n ic , B erlin , a t  60 KV.

Results and discussion

Fungista tic  concentration o f  miconazole. T he  m in im a l in h ib ito ry  c o n c e n tra 
t io n  o f  th e  n y s ta tin -se n s itiv e  33 erg+ s tra in  a n d  its  n y s ta tin -re s is ta n t erg-16 
m u ta n t  w as 20 /(g/m l; th is  re su lted  in com ple te  in h ib itio n  o f g row th  on  th e  
su rfa c e  o f  m edia and  in  s h a k e n  cultures. T h is  c o n c e n tra tio n  of m iconazole, 
h o w e v e r , did no t cause a d ec rease  of the co lony-fo rm ing  u n its  b u t only  b locked  
th e  m u ltip lic a tio n  of cells. T h u s , ho th  ty p es o f  cell w ere able to  su rv ive  th is  
d ru g  t r e a tm e n t b u t f u r th e r  cell p ropag a tio n  w as to ta lly  inh ib ited .

Electron microscopic observations. U n tre a te d  log -phase  cells of b o th  s tra in s  
w ere  spherica l to e lo n g a ted  in  shape and sm o o th -w a lled , show ing m u ltip o la r  
fo rm a tio n  of buds on SE M  (F igs 1, 3). The su rface  o f cells of the  33 erg + 
s t r a in  exposed  to  th e  fu n g is ta tic  dose of m iconazole  (20 /(g/ml) were s ligh tly  
w rin k le d  and  displayed ra n d o m ly  d is trib u ted  b u d  scars (F ig . 2), in ag reem en t

Fig. 1. U n trea ted  cells of C. albicans 33 erg+ strain. X 10 200
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2. M iconazole-treated  (20 ^g /m l. 30 °C, fo r 25 h) cells o f C. albicans 33 erg + s tra in . X 10 100

Fig. 3. U ntreated  cells of C. albicans erg-16 strain. X 10 000
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w ith  th e  find ings o f D e N ollin  and  B orgers [10]. D au g h te r cells seem ed to  lie 
s e p a ra te d  from  th e  m o th e rs  in  spite o f  th e  p resence of the  d rug . T he cells 
b e c a m e  m ore spherica l an d  in ag reem ent w ith  earlie r findings [11] ap p e a re d  
to  h a v e  grow n in size as a consequence o f  b lo ck ed  ergosterol sy n th es is . T he 
sam e  w as observed  in  s te ro l m u ta n ts  of C. albicans,  too  [12, 13]. T he h y p o th e s is  
t h a t  th e  absence o f  e rgoste ro l resu lts in  an  increased  cell vo lum e [12] w as 
p ro v e n  b y  P esti an d  F eren czy  [14] w ho p ro d u c e d  com plem enting  an d  n o n 
c o m p le m e n tin g  d ip lo id  h y b rid s  for e rg o ste ro l syn thesis of ergostero l-less 
m u ta n ts  o f C. albicans. I t  is w o rth  m e n tio n in g  th a t  an increased ion  leak ag e  
o f th e s e  stero l m u ta n ts  w as observed.

T h e  sam e t r e a tm e n t  o f  erg-16 cells re su lte d  in  p ronounced  a lte ra tio n s  
o f  th e  cell surface (F ig . 4) in  com parison  to  th e  24 h  contro l of u n tre a te d  erg-16 
cells (F ig . 3) and  o f t r e a te d  33 erg+ cells (F ig . 2 ): som e cells h ad  deep d ep re s
sions in  th e  cell w all, w hile m ost o f th em  w ere defo rm ed  and  th read -lik e  foi m a 
tio n s  w ere  visible am o n g  th e m . These fo rm a tio n s  resem ble the  o rn a m e n ta tio n s  
o f th e  cell surface o f n y s ta t in - tre a te d  33 erg+ cells revealed  by  freeze-frac tu re  
e le c tro n  m icroscopy [7].

N o such sign ifican t differences b e tw een  th e  tw o types of tr e a te d  cells 
w ere  o b se rv ed  by  Т Е М . T he a lte ra tio n s fo u n d  w ere sim ilar to  tho se  described  
b y  D e N ollin  and  B orgers [2] using a fu n g is ta tic  co n cen tra tio n  o f m iconazole 
fo r 24 h.

Fig. 4. M iconazole-treated (20 //g flll, 30 °C, for 25 h) cells of C. albicans erg-16 strain. X 10 000
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I t  h as been re p o rte d  th a t  the  erg-16  s te ro l m u ta n t has a 16-fold level o f 
le s is ta n c e  to  n y s ta t in  and  a s ig n if ic a n tly  h igher p lasm a m em b ran e  o rd e r 
p a ra m e te r  th a n  th a t  o f th e  p a ren ta l 33  erg+ s tra in  [6]. T h is an d  o th e r  s te ro l 
m u ta n ts  w ere tw ice as susceptib le to  ch lo ra l h y d ra te  as th e  e rg o ste ro l-p ro d u c- 
ing s tra in s  [14]. S terol m u ta n ts  o f Saccharomyces cerevisiae w ere m ore p e rm e
able to  cry sta l v io le t an d  m ono-, di- a n d  tr iv a le n t ca tions th a n  th e ir  e rgostero l- 
c< m p e te n t  p a re n ts  [15]. On the  basis  o f  th ese  resu lts  it is p resum ed  th a t  th e  
prenourjCi d a lte ra tio n s  o f  m ico n azo le -trea ted  cells o f  th e  erg-16 s tra in  re 
v ea led  h y  SEM w ere a consequence o f  its  ergosterol-Iess, a lte red , m ore  rig id  
p la sm a  m em b ran e  b e in g  m ere sen s itiv e  to  th e  drug.

T hese resu lts  show' th a t  (i) n y s ta t in - re s is ta n t  s te ro l m u ta n ts  h av e  th e  
sam e o r a som ew hat increased s e n s it iv i ty  to  m iconazole as th e  n y s ta t in -  
sen s itiv e , e rgostero l-p roducing  s tra in s . T im s, m iconazole an d  o th e r  c lin ica lly  
im p o r ta n t  im idazole ag en ts  m ay cu re  p a tie n ts  w ho h a rb o u r  n y s ta tin - re s is ta n t 
v a r ia n ts  o f C. albicans, (ii) To s tu d y  th e  stero l-b lock ing  effect o f  m iconazole  
s e p a ra te ly  from  o th e r  possible ones, o n e  should  no t look for s te ro l m u ta n ts  in  
w h ich  d é m é th y la tio n  o f th e  sterol r in g  is  b locked.

A c k n o w le d g e m e n ts . The authors thank Miss G. A l t o r d a i and Mr. E. F is c h e r  for skilful 
technical assistance.
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EFFECT OF BORDETELLA PERTUSSIS  VACCINE 
ON THE SENSITIVITY TO A LYMPHOTROPIC 

CYTOSTATIC AGENT IN GERMFREE MICE

P ir o s k a  A n d e r l i k , I l o n a  Sz e r i , Z s u z s a n n a  B á n o s  an d  Má r ia  W e s s e l y

Institute o f  M icrobiology, Sem m elw eis U niversity  M edical School, B udapest 

(R eceived F e b ru a ry  26, 1982)

A single in jec tion  o f 15 m g/kg d ian h y d ro d u lc ito l caused  d ea th  a t  a h igher p ro p o rtio n  
o f  germ free , specific p a th o g e n  free, and co n v en tio n al m ice w ith  lym phocy tosis a n d  sp leen  
h y p e r tro p h y  induced b y  Bordetella pertussis  vaccine  p re tre a tm e n t, th a n  of u n v a c c in a te d  
co n tro ls.

P rev ious s tu d ies  h av e  show n an increased  sen s itiv ity  to  the ly m p h o tro p ic  
c y to s ta tic  agent d ian h y d ro d u lc ito l (D A D ) in m ice w ith  im paired  ly m p h o id  
sy s tem  due to  v a rio u s  causes [1—3], in  n ew b o rn  an d  suckling mice [4], a n d  in  
aged  m ice w ith  th y m ic  invo lu tion  [5]. O th erw ise  th e  sensitiv ity  o f  g erm free  
m ice to  DAD was fo u n d  to  be d ecreased  [6].

In  mice tre a te d  w ith  Bordetella pertussis  vaccine, spleen h y p e r tro p h y  
anil lym phocy tosis  develop  under b o th  co n v en tio n a l and  germ free co n d itio n s  
[7, 8 ]. O ur prev ious ex p erim en ts  h a v e  rev ea led  an  increased se n s it iv ity  to  
D A D  in  conven tional m ice w ith th e ir  ly m p h o id  system  h y p e rtro p h ic  d u e  to  
vacc in e  tre a tm e n t [9].

T he p resen t ex p erim en t was u n d e r ta k e n  to  exam ine  the  effect o f  p e rtu ss is  
vacc in e  on the  D A D  sensitiv ity  o f germ free m ice.

Acta Microbiologica Hungarica 30 (1 ), pp. 31 - 35 (1983)

Materials and methods

E xperim ental an im a ls. The e x p erim en ts  w ere ca rried  ou t on 5-6-w eek o ld , germ free  
(G F ), specific pa th o g en  free  (S P F ), and co n v en tio n al (CV) C3H mice of b o th  sexes w eig h in g  20— 
25 g, pu rchased  from  th e  Zootechnical In s t i tu te  o f L a b o ra to ry  Anim als (L A T I, G ödöllő, 
H u n g a ry ). The germ free s ta te  was m a in ta in e d  w ith  p la s tic  iso lato rs (V E L A Z -P O -1 , C zecho
slov ak ia ). M icrobiological con tro l of th e  germ free  s ta te  w as perform ed as d escribed  in  th e  
l i te ra tu re  [10]. The g e rm free  mice were fed w ith  g am m a ra y  sterilized  pellets a n d  a u to c lav e d  
w a te r  ad libitum.

Treatment w ith dianhydrodulcitol ( N SC -132313) .  D ian h y d ro d u lc ito l is a ly m p h o tro p ic  
c y to s ta t ic  agen t of the  a lk y la tin g  group. T h e  su b s tan ce  (C hinoin  Chemical and P h a rm a c e u tic a l 
W o rk s L td .,  B u d ap est) w as dissolved in d is tilled  w a te r  a n d  th e n  used w ith in  30 m in . T h e  mice

P ir o sk a  A n d e r l ik , I lona Sz e r i , Z suzsanna  Bá n o s , M á r ia  W e s s e l y

Institute of Microbiology, Semmelweis University Medical School 
Nagyvárad tár 4, H-1089 Budapest, Hungary
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32 A N D ER L IK  e t al.

w ere  tre a te d  w ith  a 15 m g/kg  D A D  dose in tra p e rito n ea lly . T he contro l mice rece ived  sterilized  
p h y sio log ica l saline a d m in is te red  in th e  sam e w ay  a n d  q u a n tity .

Treatm ent with B . p ertussis vaccine. T he vacc in e  co n ta in ed  3 0 x l 0 9/m l k illed  b ac teria  
su sp en d e d  in physio logical sa line  ( In s ti tu te  for S erobacterio log ical P ro d u c tio n  a n d  R esearch  
H u m a n , B u d ap est). T he m ice received a single in tra p e r ito n e a l in jection  of 0.3 m l co n ta in in g  
9 X  109 b a c te ria . T he co n tro l m ice were trea te d  w ith  physiological saline a d m in is te red  in the  
sam e  w a y  and  q u a n tity .

E xa m in a tio n  o f  the lym pho id  system. A bso lu te  ly m p h o c y te  counts were d e te rm in e d  from  
b lo o d  ta k e n  from  th e  c au d a l ve in  un d er s ta n d a rd ize d  conditions.

T h e  re la tiv e  sp leen  w eigh t and spleen index  o f m ice w hich had  died or w ere sacrificed  
d u r in g  th e  exp erim en t, w ere d e term ined  as follow s:

R ela tive  sp leen  w eigh t
spleen w e ig h t, mg 
body  w eig h t, g

. m ean  re la tiv e  spleen w e igh t in th e  test group
Spleen in d ex  =  . —. , ——.— .------ .

m ean  re la tive  spleen w eigh t m the  contro l group

Statistica l evaluation o f  data. E v a lu a tio n  of th e  re su lts  was carried  ou t b y  S tu d e n t’s 
tw o -sam p le  t te s t. T he accep ted  level of significance w as p  0.05.

Results

M ouse groups w ere in o cu la ted  w ith  B . pertussis  vaccine or physio log ica l 
sa lin e . T h en  6 days la te r  p a r t  o f b o th  th e  v a c c in a ted  and  th e  physio log ica l 
sa lin e  t r e a te d  mice received  DAD in a dose o f  15 m g/kg. The re s t o f  th e  mice 
rec e iv e d  physio logical saline. Tahié I  d e m o n s tra te s  th e  ex p erim en ta l g roups, 
th e ir  size an d  th e  tre a tm e n ts .

T h e  m ouse g roups w ere observed till th e  2 1st d ay  a fte r D A D  tre a tm e n t .
F ig u re  1 show s th e  ra te  and  tim e cu rv e  o f  m o rta lity  due to  D A D  t r e a t 

m en t .
I n  accordance w ith  o u r p rev ious re su lts , a 15 m g/kg DAD dose caused  

no  d e a th  am ong G F  m ice, while i t  in d u ced  a m o rta lity  ra te  o f 4 5 %  in  S P F  
m ice , a n d  70%  in СУ m ice (DAD groups). T h e  sam e dose o f D A D  caused 
a 2 0 %  m o rta lity  in  G F  m ice p re tre a te d  w ith  p e rtu ssis  vaccine, a n d  100%  
m o r ta l i ty  in  th e  v a c c in a ted  S P F  and  CV m ice. T here  was no d ifference in  th e  
t 'm e  o f  d e a th  o f th e  d iffe ren t m ouse g roups.

Table I

M ouse groups and  treatm ents

Group
Type and num ber of mice Treatments

GF SPF CV 0 day 6th day

P -D A D 20 20 20 B . pertussis  vaccine DAD

D A I) 30 20 20 Physiological saline DAD

P 12 12 12 B . pertussis  vaccine Physiological saline

C 12 12 12 Physiological saline Physiological saline

A c ta  M icrobiologica H ungarica  30, 1083
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Fig. 1. R a te  a n d  tim e  of death  a fte r Bordetella pertussis  vaccine an d  DA D  tre a tm e n t

T able  II

Data concerning the lymphoid system on the 6th day after D A D treatment

Mean absolute lymphocyte 
count X10*

Mean relative spleen 
weight

Spleen index
Groups DAD P-DAD

C P

G F

P -D A D
DAD
P
C

2 .2 ± 0 .7  p >  0.5 
1 .8 ± 0 .6

1 .8 ± 0 .1
1 .5 ± 0 .6  0.1 >  p >  0.05 
8 .5 ± 1 .8  p <  0.001 
3 .0 ± 0 .2

0.49 0.23

S P F

P -D A D
DAD
P
C

1 .9 ± 0 .5  p >  0.3 
2 .9 ± 1 .2

2.3±0.4 . 0 .0 5 > p > 0 .0 2  
1 .8 ± 0 .5

1 2 .0 ± 2 .7  p <  0.001 
3 .5 ± 1 .6

0.51 0.18

c v

P -D A D
DAD
P
C

1 1 .8 ± 3 .5  p <  0.001 
2 .5 ± 0 .5

2 .0 ± 0 .5  0 .0 5 > p > 0.02  
1 .4 ± 0 .1

1 2 .8 ± 3 .8  p  <  0.001 
3 .7 ± 0 .7

0.40 0.15
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In  o rder to  ex am in e  th e  effect o f p e rtu ss is  vaccine on th e  lym p h o id  
sy s te m , h a lf of th e  m ice in  groups P  and C, and  one th ird  of th e  germ free m ice 
(10 m ice) in  th e  D A D  group  were sacrificed  a fte r  b lood sam pling . R e la tiv e  
sp leen  w eight an d  sp leen  index  were d e te rm in e d  in  th e  mice w hich h ad  died  
sp o tan eo u sly  or h ad  been sacrificed . T he o b ta in e d  d a ta  are  show n in T ab le  I I .  
T h e  d a ta  in  T ab le  I I  show  th a t  th e  effect o f pertu ssis  vaccine is s till v e ry  
ex p ressed  on th e  re la tiv e  spleen w eight in  g roups P  an d  C a t th e  tim e  o f d e a th  
due  to  DAD tr e a tm e n t .  T he abso lu te  ly m p h o c y te  coun t w as sig n ifican tly  
h ig h er only  in co n v e n tio n a l mice (groups P  an d  C). DAD tre a tm e n t caused  
g rav e  ly m pho id  a tro p h y  in  th e  DAD an d  P —D A D  groups, b u t  th e  h y p e rtro p h ic  
sp leen  of p e rtu ssis  v acc in e  tre a te d  mice w as m ore sensitive to  th e  a tro p h y - 
in d u c in g  effect o f D A D  th a n  th e  sp leen  o f  u n tre a te d  m ice, as in d ica ted  by  
th e ir  respective  sp leen  index  values.

Discussion

In  accordance  w ith  our previous re su lts  [6, 9] in  th e  p resen t ex p erim en t 
we could  find  a dec reased  sen s itiv ity  to  D A D  in  germ free mice as com pared  to  
co n v en tio n a l m ice (F ig . 1, DAD groups), an d  a h ig h er sen s itiv ity  to  D A D  in 
p e rtu ss is  vaccine t r e a te d  conven tional m ice th a n  in u n tre a te d  mice (F ig. 1). 
P e rtu ss is  vaccine t r e a tm e n t  increased  th e  se n s itiv ity  to  DAD of bo th  germ free 
a n d  co n v en tio n a l m ice. T h e  d a ta  o b ta in e d  led  to  th e  a ssu m p tio n  th a t  D A D  
cau sed  le th a l ly m p h o id  a tro p h y  in  m ore an im als  t r e a te d  w ith  pertu ssis  v a c 
cine th a n  in u n v a c c in a te d  an im als, in d e p e n d e n tly  o f th e  presence or absence 
o f a norm al b a c te ria l flo ra .

Spleen a tro p h y  due to  DAD tr e a tm e n t  w as a p p ro x im a te ly  as g rave  in 
germ free  mice as in  th e  S P F  and CV m ice, b u t  no d e a th  o ccu rred  am ong the  
germ free  an im als ow ing  to  th e  absence o f  a b a c te r ia l flo ra . The absence o f 
a b a c te r ia l flo ra  w as responsib le  also for th e  low er m o rta lity  ra te  o f germ free 
m ice due to  p e rtu ss is  vaccine and D A D  tre a tm e n t .

T hus, in G F , S P F  an d  CV mice w ith  d iffe ren t sen s itiv ity  to  D A D . the 
s e n s itiv ity  to  D A D  h a d  changed  in  th e  sam e d irec tio n , th e  change being an  
increase  in se n s itiv ity  if  spleen h y p e r tro p h y  an d  lym phocy tosis  h ad  been  
cau sed  by th e  p e rtu ss is  vaccine. The a lte re d  D A D  sen sitiv ity  of th e  various 
m ouse groups d iffered  from  th e  se n s itiv ity  of u n v a c c in a ted  m ice.

T his o b se rv a tio n  is in accordance w ith  o u r prev ious resu lts  concern ing  
th e  effect of B. per tussis  vaccine on the  d iffe re n t s tress sen s itiv ity  o f germ free 
a n d  co n v en tiona l m ice. T h is sensitiv ity  changes in  a sim ilar d irec tion  if  th e  
m ice receive p e rtu ss is  v acc ine  and , co n seq u en tly , develop lym p h o id  h y p e r
t ro p h y  and  ly m p h o cy to s is  [8].
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EFFECT OF GLUTAURINE ON LIVER TUMOUR 
DEVELOPMENT AND ACUTE LEUKAEMIA INDUCED 

BY MC29 VIRUS IN TURKEY POULTS

K. N a g y , L. B á t k a i , M a r g a r it a  T á l a s  and L. F e u e r

M icrobiological Research Group o f  the N ational Institu te  o f  H ygiene, and C hinoin Pharm aceutical
and Chemical W orks, B udapest

(R eceived  M arch 10, 1982)

The effect of g lu ta m in e  (g am m a-L -g lu tam yl-tau rine , L ito ra lo n ® ) on th e  tak e  a n d  
d ev elopm en t of h e p a to m a  a n d  acu te  leukaem ia induced  b y  M C29/L av ian  oncorn a-v iru s 
has been  inv estig a ted  in tu rk e y  p o u lts . G lu tau rine  s ig n ifican tly  decreased  the incidence of 
h ep a to m a, b u t h ad  no s ig n ifican t effect on the  le th a lity  o f M C29/L in fec ted  birds. T he n u m b e r 
of p rim itiv e  m yeloid  cells w as low er in th e  peripheral b lood of g lu ta u rin e  trea te d  b ird s th a n  
in th e  u n tre a te d  contro ls. R everse  tran sc rip ta se  d e te rm in a tio n s  in  tu rk e y  fib ro b last cell cu ltu res  
in d ica ted  th a t  g lu tau rin e  d e lay s MC29/L virus expression .

G lu tau rin e  (g am m a-L -g lu tam y l-tau rin e , L ito ra lo n ®  ), a recen tly  iso la ted  
ho rm one  of p a ra th y ro id  g lands, has a w ide ran g e  o f  physio logic effects [1, 2]. 
I t  a c ts  synerg ist ically w ith  v ita m in  A [3, 4], an tag o n izes  th e  effect of co rtiso n e , 
an d  a c tiv a te s  m esenchym al and  m acrophage cells [5, 6]. G lu tau rin e  h a s  
a rad io p ro tec tiv e  effec t, increasing  the su rv iv a l an d  m ito tic  a c tiv ity  o f  bone 
m arrow  cells o f ir ra d ia te d  ra ts  [7].

V itam in  A is k n o w n  to s tim u la te  th e  im m u n e  sy s tem , to  increase th e  
resis tan ce  to  in fec tion , to  have an tiv ira l p ro p e rtie s  [8] and  to  in h ib it th e  
m an ifes ta tio n  o f som e ep ith e lia l tu m o u rs  [9]. As g lu ta u rin e  ac ts  like v i ta m in  
A it seem ed in te re s tin g  to  s tu d y  its  effects on v iru s  induced  tu m o u rs .

The av ian  R N A  tu m o u r  v iru s  MC29 in d u ces p r im a ry  h ep a to m a  [10, 
11] and  acu te  leukaem ia  [12] in ch icken  an d  tu rk e y  [13, 14]. The liver v a r ia n t  
o f th e  v irus (MC29/L) se p a ra te d  in  our la b o ra to ry  [15] h as  an  increased  h e p a 
to m a  inducing  a c tiv ity  [16] an d  th u s  ap p ea red  to  be a su itab le  m odel for 
s tu d y in g  th e  effect o f  g lu ta u rin e  in ex p erim en ta l tu m o u r  and  leukaem ia .

K á r o l y  N a gy , L á szló  B á t k a i, M a r g a r it a  T alas

Microbiological Research Group of the National Institute of Hygiene 
Pihenő út 1, H-1529 Budapest, llungury

L ászló  F e u e r

Chinoin Pharmaceutical and Chemical Works, Ltd. 
Tó u. 1/5, H-1045 Budapest, Hungary
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M aterials an d  m ethods

E xperim ental birds. Tw o w eeks old B ritish  b ro n ze-tu rk ey s (Szen tes, H u n g a ry ) o f bo th  
sex es w eighing 180-200 g w ere used . T hey  w ere k e p t  a t  30 °C and th e ir food was com plem ented  
w ith  v ita m in s  and ch am om ile-tea .

Cell culture. P r im a ry  tu rk e y  em bryon ic  f ib ro b la s t  cu ltu res were p re p a re d  according 
to  s ta n d a rd  m ethods. Cells w ere p la ted  in to  F a lco n  flasks (75 cm 2) using  P a rk e r’s 199 m edium  
su p p le m e n te d  w ith 10%  fe ta l ca lf serum .

Viruses. The liver v a r ia n t  o f m y elo cy to m ato sis  v iru s 29 (MC29/L) w as u sed  th ro u g h o u t 
th e  in  vivo  and  in  vitro ex p erim e n ts  [15]. I t  w as in o cu la ted  in trav en o u s ly  (i.v .)  in to  one to 
tw o -d a y -o ld  tu rk ey  p o u lts . P lasm a  from  h e p a to m a-b e a rin g  birds was co llected , pooled , stored  
a t  — 70 °C and used as th e  s tock  of MC29/L v iru s.

In  the  ex p erim en ts  tu rk e y s  were in o cu la ted  i.v . w ith  the  0.2 ml o f  th e  d ilu te d  plasm a 
poo l co n ta in in g  105 L D 30 v iru s.

T u rk ey  fib ro b la s t cu ltu res  were in fected  w ith  th e  sam e stock of M C29/L v iru s (m .o.i.
=  100 v iru s partic les pe r cell).

G lutaurine treatment. G lu tau rin e  (sy n th e tic  p re p a ra tio n  of 99%  p u rity )  was provided 
b y  C hino in  P h a rm aceu tica l an d  Chem ical W orks (B u d ap est).

T u rk ey  poults w ere ino cu la ted  in tra m u sc u la r ly  (i.m .) w ith  100 //-g/kg b o d y  w eigh t of 
g lu ta u r in e  dissolved in 0 .9%  N aCl so lu tion  24 h befo re  v irus infection . A fter in fec tion  400 pg/ 
k g /2 4  h  g lu tau rin e  was ad m in is te re d  in th e  d r in k in g  w a te r  up to the  end of th e  ex p erim en t. 
C o n su m p tio n  of d rin k in g  w a te r  was checked.

C ontrol groups of tu rk e y s  were in o cu la ted  o n ly  w ith  MC29/L v iru s and  no g lu tau rin e  
w as ad d ed  to  the  d rin k in g  w ater.

P r im a ry  tu rk e y  f ib ro b la s t  cu ltu res w ere tre a te d  w ith 100 /ig/m l o f g lu ta u rin e  24 h 
b e fo re  an d  for six days a f te r  v iru s in fection . A t d iffe ren t in te rvals cell cu ltu re  m edia  were 
c o lle c ted  and  changed for fresh  m edia  co n ta in in g  th e  sam e q u a n tity  o f g lu ta u rin e .

C ontro l cu ltu res o f tu rk e y  f ib ro b la sts  w ere in fec ted  w ith  MC29/L v iru s b u t  no g lu tau rin e  
w as a d d ed .

Reverse transcriptase assay. In  the  m edia o f tu rk ey  fib ro b last cu ltu res  th e  presence 
a n d  re la tiv e  t itre  o f M C29/L v iru s were e s tim a te d  by  reverse  tran sc rip ta se  assay . M edia were 
c la r if ie d  a t  10 000 g for 30 m in  an d  v irus p a rtic le s  w ere sed im ented  a t  100 000 g  a t  4 °C for 
90 m in . T he pellet was re su sp en d ed  in  a buffer c o n ta in in g  0.01 м T ris-H C l p H  7.5, 0.1 м NaCl 
a n d  0.001 M ED TA . T he s ta n d a rd  exogenous re ac tio n  was perform ed as d escribed  earlie r [17].

Blood cell analysis. To follow  th e  d ev e lo p m en t o f leukaem ia, blood sm ears w ere p rep ared  
a t  d if fe re n t in te rv a ls  a f te r  in fec tion , fixed  w ith  m eth a n o l and  s ta ined  w ith  G iernsa solu tion . 
T h e  p e rcen tag e  of p rim itiv e  m yeloid  cells c h a ra c te ris tic  of MC29 v iru s in fec tio n  [15] was 
d e te rm in e d  by  co un ting  400 w h ite  blood cells pe r sm ear. M ean values for six  b ird s w ere calcu
la te d .

S ta tis tic a l analysis w as perform ed b y  th e  v a ria tio n  analysis te s t  (r3).

R esu lts

T u m o u r  incidence. T he  effect o f  g lu ta u rin e  on th e  inc idence  o f  liver 
tu m o u r  and  le th a lity  o f  tu rk e y s  in fec ted  w ith  MC29/L v irus w as in v es tig a ted . 
T a b le  I  shows th a t  g lu ta u rin e  ap p lied  in  a single i.m . in jec tion  before and 
o ra lly  a fte r  v irus in fec tion  s ig n ifican tly  decreased  the  incidence o f  h ep a to m a .

In  E x p e rim en t 1 (49 day s o f o b se rv a tio n ) and  in E x p e rim e n t 2 (56 days 
o f  o b se rv a tio n ), liver tu m o u r  developed  in less th a n  h a lf  o f  th e  b ird s  in the 
g lu ta u r in e - tre a te d  g ro u p s th a n  in th e  n o n -tre a te d  groups. T he d ifference 
p ro v e d  to  be s ig n ifican t (b >> 3). B esides, in  tin* g lu ta u rin e - tre a te d  b ird s only 
sin g le  hepa tom as 1—2 m m  in d iam e te r  d eve loped , while n u m ero u s  tu m o u rs  
8—12 m m  in d iam e te r w ere found  in th e  liv e r  o f the  con tro l tu rk e y s .
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Table 1

The effect o f  glu t a urine on the incidence o f  hepatom a induced by M C 29/L  virus in turkey p o u lts

Exper Treatment of turkey 
poults No. of birds Period of Birds with liver turnons'

iment (days) No. %

1 G lutaurine* 25 49 7 28
* * 22 49 16 78

2 G lutaurine 20 56 5 25

26 56 12 46

* G lu taurine  (100 //g/kg) was in jec ted  i.m . into tu rk ey  p o u lts ; 24 li la te r b ird s were 
infected  i.v. w ith MC29/L virus (105 L D 50 per 0.2 ml), then  400 ^g/kg/24 h  g lu tau rine  w as a d 
m inistered  in the d rinking w a ter up  to  the  end of the experim ent.

** T urkeys were infected i.v. w ith  th e  sam e dose of MC29/L virus as in the  g lu tau rin e  
trea ted  group.

*** In  varia tion  analysis test ô >  3 in bo th  experim ents.

Table II

Percentage o f  prim itive  myeloid cells in peripheral blood o f  turkeys infected with M C 29/L  virus

Treatment of turkey 
poults*

Per rent of primitive myeloid cells

14 ’ 24 34 44

days after infection

G lu tau rine 31.1 6.2** 21.8 ! 6.0 20.6 ± 4 .0 27.5 1 9.5

— 34.4 ! 7.8 34.0 ± 4 .7 39.8 5.1 43.7 6.3

* For virus infection and  g lu tau rin e  trea tm e n t see the  notice under Table I 
** Mean values ±si>  for 6 birds

F igure  1 shows th e  d y n am ics o f  tu m o u r incidence in E x p e rim e n t 1. 
A t an y  in te rv a l a f te r  v iru s  in fec tio n  th e  n u m b er o f tu m o u r  bearing  b ird s  in  
th e  g lu ta u rin e - tre a te d  g roup  w as ab o u t one h a lf  o f those  in th e  c o n tro l 
g roup . F igure  1 also show s th e  le th a li ty  o f th e  b ird s  o f th e  tw o g roups. I t  is 
obv ious th a t  le th a lity  w as h ig h er th a n  th e  incidence o f tu m o u r  as a n u m b e r  
o f b ird s succum bed  to  acu te  leu k aem ia , so p ra c tic a lly  th e re  was no d ifference  
in le th a lity  in th e  tw o groups.

Development o f  leukaemia.  As to  leukaem ia  a fte r  M C29/L v iru s in fect ion, 
T ab le  I I  shows th e  p ercen tag e  o f p rim itiv e  a ty p ica l m ononuclear m yelo id  
cells in th e  p e riphera l b lood  o f in fec ted  tu rk ey s . W ith in  14 days acu te  le u k a e 
m ia developed in all th e  in fec ted  b ird s  w ith  th e  ap p ea ran ce  o f  p rim itiv e  m yelo id  
cells ch a rac te ris tic  of MC29 in fec tion . In  th e  u n tre a te d  con tro l g roup  th e  n u m -
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4 5 6 7 E
w eeks a fte r infection

F ig . 1. Incidence of h e p a to m a  a n d  le th a lity  of tu rk e y s  in fec ted  w ith  M C29/L v iru s (a) g lu tau - 
r in e  t re a te d ;  (b) w ith o u t t r e a tm e n t.  E  =  h e p a to m a  incidence a t  th e  end  of th e  ex p erim en t. 
O p e n  colum ns: le th a lity ;  sh a d e d  colum ns: h e p a to m a . F o r  g lu tau rin e  tre a tm e n t a n d  v iru s in 

fec tio n  see th e  n o tice  u n d e r  Table I

b e r  o f  p rim itiv e  m y e lo id  cells (m yeloblasts h a v e  n o t been fo u n d  am ong  them ) 
in c re a se d  co n tin u o u sly  u p  to  the  end o f  th e  ex p erim en t, in d ica tin g  a serious 
le u k a e m ia . In  th e  p e r ip h e ra l blood of tu rk e y  po u lts  t re a te d  w ith  g lu tau rin e  
th e  n u m b e r of p r im itiv e  m yeloid cells re m a in e d  low er th ro u g h o u t th e  ex 
p e r im e n t.

V irus expression in  vitro. V irus ex p ressio n  in M C29/L in fec ted  tu rk e y  
f ib ro b la s t  cu ltu res w as co n tro lled  by  rev erse  tra n sc r ip ta se  assay . T he reverse 
tra n s c r ip ta s e  a c tiv ity  d e te c te d  in th e  m ed ia  o f g lu ta u rin e - tre a te d  an d  u n 
t r e a te d  cells is show n in  F ig . 2. In  th e  f ir s t  six  days th e  a c tiv ity  w as low in 
b o th  m edia. A t 10 a n d  13 days after v iru s  in fec tio n  in  th e  m edia  con ta in in g  
no  g lu ta u rin e  th e  a c t iv i ty  was m ark ed ly  h ig h er th a n  in  th e  m edia  o f cells 
t r e a te d  w ith  g lu ta u rin e  fo r six days. T he d ifference was m ost expressed  a t 13 
d a y s  a f te r  in fection .

O n th e  16th d a y  a f te r  v irus in fec tion  p ra c tic a lly  th e  sam e a c tiv ity  was 
m e a su re d  in  th e  m ed ia  w ith  g lu tau rine  as in  th e  m edia w ith o u t g lu tau rin e  
o n  th e  13th  day . A ll th e se  ind icate  th a t  g lu ta u rin e  delayed  M C29/L v irus 
ex p ress io n  in  th e  tu r k e y  fib ro b las t cu ltu re s .

Discussion

G lu tau rine  t r e a tm e n t  sign ifican tly  d ecreased  th e  incidence of MC29/L 
v iru s  induced  h e p a to m a s . T h is effect was o b se rv ed  a t any  in te rv a l a f te r  infec
t io n  in d ica tin g  th e  in h ib ito ry  effect of g lu ta u r in e  on h ep a to m a  developm en t.
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days after infection
Fig. 2. V irus expression  o f tu rk e y  f ib ro b la s t cell cu ltu res  in fec ted  w ith  MC29/L v iru s d e te r 
m ined by reverse  tran sc r ip ta se  assay . Cells were in  c o n ta c t w ith  g lu tau rin e  (100 /ig /m l) fo r six  

d ay s a f te r  v irus in fection . • ----------•  MC 29/1,, О - -О  MC 29/L  +  g lu tau rin e .

The sam e g lu tau rin e  doses did n o t p re v e n t the  developm ent o f  a c u te  
leukaem ia , w hile due to  th e  leukaem ia  th e re  w as no difference in le th a l i ty  
be tw een  th e  t r e a te d  an d  u n tre a te d  groups. S till, som e re s tric tin g  effect m a n i
festing  w ith  a low er p ercen tage  of p rim itiv e  m yelo id  cells in  the  g lu ta u rin e  
tre a te d  b ird s  could  be observed .

T he m echan ism  of th e  g lu tau rin e  effect on v iru s-induced  m a lig n a n t 
processes h as  n o t been clarified . The know n p ro p e rtie s  of g lu tau rin e  such  as 
its  v ita m in  A like ac tio n  [3, 4 ], m acrophage a c tiv a tio n  and  g lucoco rtico id - 
an tag o n is tic  effect [5], p ro lo n g a tio n  o f th e  su rv iv a l o f irrad ia ted  r a ts  b y  
s tim u la tio n  o f  m ito tic  a c tiv ity  o f bone m arro w  cells [7, 18], its  in flu en ce  on 
the  p e rm e a b ility  o f b iom em branes [1], m ig h t jo in t ly  be responsib le fo r  its  
in h ib ito ry  effect.

T he re su lts  o f  the  reverse  tra n sc rip ta se  a ssay  clearly  proved  th e  a b ility  
of g lu ta u rin e  to  d elay  v iru s  expression  in  M C29/L in fec ted  tu rk e y  f ib ro b la s t  
cell cu ltu res . As v iru s  induced  leukaem ias are v irus-dose  d ep en d en t a n d  th e  
in h ib ito ry  effect o f g lu tau rin e  on v iru s  exp ression  d e tec ted  in cell c u ltu re  m ig h t 
p lay  a role in v iru s  in fec ted  b ird s, it is assu m ed  th a t  th e  redu c tio n  o f  v iru s  
expression  w as also responsib le  for the  p h en o m en a  observed. In  th is  re sp ec t 
th e  im m u n o reg u la tin g  an d  im m u n o stim u la tin g  effects o f  g lu tau rine  h a v e  also 
to  be ta k e n  in to  considera tion .

Acknowledgem ent. W e are  in d eb ted  to P rofessor I. F ö ld es  for reading th e  m a n u sc rip t,  
and  to  Z. P e r e d y  for v a luab le  techn ica l assistance.
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THE LYMPHOID SYSTEM OF TOXOPLASMA 
INFECTED MICE
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A cu te  toxoplasm osis was induced  in C F L P  mice by  in tra p erito n ea l in fec tion  w ith  the  
v iru le n t R H  s tra in  of Toxoplasm a gondii. T he re la tiv e  lym pho id  organ  w eights a n d  ab so lu te  
ly m p h o c y te  co u n ts  were d e term ined  in m ice killed in reg u la r in te rvals a fte r the in fec tion . 
C h a rac te ris tic  changes of th e  lym pho id  sy s tem  were found  in th e  course o f acu te  to x o p la sm a  
in fec tio n ; spleen h y p e rtro p h y  began  a t  6 h  a fte r  infection  an d  its  ra te  increased  c o n tin u o u sly  
till d e a th . T he th y m u s show ed firs t h y p e rtro p h y , th en  it g rad u a lly  decreased  w ith  g rave  
a tro p h y  a t the tim e of d ea th . T he ab so lu te  ly m p h o cy te  co u n t had decreased b y  th e  6 th  h 
to reach  a sign ifican tly  low value by th e  tim e  of death .

In  the last decade severa l a u th o rs  rep o rted  on  th e  im m unosuppressive  
e ffec t o f  som e p ro tozoa  (p lasm o d iu m , try p an o so m a) [1—3], th en  im m u n o 
sup p ressio n  w as observed also in  m ice w ith  ex p e rim en ta l toxop lasm osis [4—6]. 
R e p o rts  pub lished  la te r  sugg ested  th a t  th e  to x op lasm a in fec tion  a lte re d  th e  
m orph o lo g y  and  fu n c tio n  o f th e  ly m p h o id  system  [7 -9 ]. O ur p rev ious e x p e ri
m en ts  d e m o n s tra te d  th a t  in m ice w ith  acu te  toxop lasm osis s ig n ifican t sp leen  
h y p e r tro p h y  an d  grave th y m u s  a tro p h y  developed  by th e  tim e o f th e ir  d e a th  
[10]. T he p resen t ex p erim en t w as u n d e r ta k e n  to  exam ine tin* lym phoid  sy s tem  
in m ice in fec ted  w ith  th e  R H  s tra in  o f Toxoplasma gondii.

Materials and methods

E xperim enta l anim als. S ix-w eek-old  C F L P  mice of b o th  sexes were used (L A T I, G ödöllő, 
H u n g a ry ). T hey  were fed conv en tio n al pellets.

Toxoplasm a strain. The s ta n d a rd  in te rn a tio n a l T. gondii R H  v iru le n t s tra in  was used. 
T he s tra in  was m ain ta in ed  in serial m ouse passages by  w eekly  in trap erito n ea l inocu la tio n s. 
E x p e rim e n ta l in fection  was done w ith  a to x o p la sm a  suspension p rep ared  from  th e  ab d o m in a l 
e x u d a te  of m ice w hich had show n th e  sy m p to m s of acu te  toxoplasm osis. T h e  e x u d a te  was 
su b je c ted  to  bacterio logical s te rility  ex am in a tio n  for 24 h.

L ym p h o id  system . A bsolute ly m p h o c y te  co u n t was d e te rm in ed  u n d e r s ta n d a rd ize d  
c o n d itio n s in blood sam ples from  th e  cau d a l vein of 10 in fected  and 5 con tro l m ice in d iffe ren t 
in te rv a ls  follow ing the infection . A fter blood sam pling , th e  an im als were w eighed a n d  sac ri
ficed in o rder to de te rm in e  th e ir re la tiv e  lym pho id  organ  w eights:

R ózsa  Csó k a , S á nd or  Császár

“ Frédéric Joliot-Curie” National Research Institute for Radiobiology and Radiohygiene 
Pent/. Károly u. 5, 1775 Budapest, Hungary
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re la tiv e  organ w eight
o rg an  w eigh t, mg 
b o d y  w eigh t, g

T h e  sp leen  and  th y m u s  ind ices were d e te rm in ed  on  th e  basis o f th e  re la tiv e  o rg an  w eight.

R esults

N in e ty  mice w ere  in fec ted  w ith  25 X Ю3 germ s o f to x o p la sm a . T his 
n u m b e r  of germ s causes acu te  tox o p lasm o sis  w ith  fa ta l ou tcom e on th e  6 th  
to  9 th  d ay  a fte r in fe c tio n  as observed  in  p rev io u s ex p erim en ts.

A fte r blood sam p lin g , 1(1 in fec ted  and  5 con tro l m ice w ere sacrificed  a t 
6, 12 an d  24 h  a n d  on  th e  follow ing days a f te r  in fec tion  an d  a t  th e  tim e  of 
th e  f i r s t  sp o n tan eo u s d e a th  am ong th e  an im als . In  o rder to  d e te rm in e  th e  
ly m p h o id  organ  w e ig h t, th e  spleen an d  th y m u s  w ere rem oved  an d  w eighed. 
D a ta  on  th e  ly m p h o id  sy s tem  o f in fec ted  an d  co n tro l m ouse g roups a re  p re se n t
ed  in  th e  Tables a n d  F ig u re s  ind ica tin g  th e  m ean  re la tiv e  o rg an  w eigh ts and 
a b so lu te  ly m p h o cy te  co u n ts .

F ig u re  1 show s th a t  th e  re la tiv e  sp leen  w eig h t did n o t change sign ifi
c a n tly  in  th e  firs t 24 h  a f te r  th e  in fection , th o u g h  som e increase could  be observed 
a f te r  12 h . F rom  th e  second day , sp leen w eig h ts  w ere g rad u a lly  increasing  
u n ti l  d e a th .

A s in d ica ted  in  F ig . 2, re la tiv e  th y m u s  w eigh t increased  till th e  12th  
h  a f te r  in fection  an d  from  th e  2 4 th  h i t  g ra d u a lly  decreased to  a low value 
a t  d e a th .

T h e  m ean  a b so lu te  ly m p h o cy te  co u n ts  are  p resen ted  in  Fig. 3. I t  is seen 
th a t  w hile  th e  ab so lu te  ly m p h o cy te  co u n t decreased  a lread y  b y  th e  6 th  h 
a f te r  in fec tion , th e  v a lu es  w ere v a ry in g  ti l l  th e  4 th  day . S u b seq u en tly  th e  
c o u n t g rad u a lly  d ec reased ; one day  before sp o n tan eo u s  d ea th  its  v a lue  a m o u n t
ed  to  8 5 %  of th e  co n tro ls .

Time a fte r  infection, days

F ig. 1. M ean re la tiv e  spleen w eights a t  d iffe ren t tim es a fte r in fection
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Time after infection, days

Fig. 2. M ean re la tiv e  th y m u s  w eights a t  d iffe re n t tim es a fte r  infection

Table I

M ean spleen and th ym u s indices at different lim es after infection

n Tim e  (days)

3 ■/4 1/ 1 2 3 4 5 6 7

Spleen index 1 . 0 0 1 . 0 0 1 . 1 4 1 . 0 9 1 . 2 1 1 . 4 2 1 . 7 7 1 . 8 1 1 . 6 0 1 . 6 3

T hym us index 1 . 0 0 1 . 3 9 1 . 7 8 1 . 6 5 1 . 0 0 1 . 0 9 1 . 0 0 0 . 5 2 0 . 3 0 0 . 2 6

x 103/ml

Time after infection, days

F ig. 3. M ean ab so lu te  ly m p h o cy te  coun t a t  d iffe ren t tim es a fte r infection
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Discussion

T h e  resu lts show ed t h a t  th e  p a th o lo g ica l processes develop v e ry  early  
in. m ice  a fte r  infection  w ith  a v iru le n t s tra in  o f T. gondii, w h ich  lead s  to  a 
c o n s id e ra b le  spleen h y p e r tro p h y  and  g rav e  th y m u s  a tro p h y .

T h e  resu lts m ig h t ex p la in  th e  n o t u n fre q u e n t o b se rv a tio n  in  h u m an s 
su ffe r in g  from  a tu m o u ro u s  disease an d  a f te r  being  tre a te d  w ith  c y to s ta tic s  
an d  ir ra d ia tio n , die w ith  a c u te  toxop lasm osis [11, 12]. Im m u n o su p p ress io n , 
an  u n w a n te d  side e ffec t o f  these  t re a tm e n ts , to g e th e r w ith  th e  im m u n o 
su p p re ss iv e  effect of th e  a c t iv a te d  to x o p la sm as, p ro b ab ly  lead  to  a ra p id  and  
to t a l  p ro s tra tio n  of th e  im m u n e  system . T he s itu a tio n  m igh t he th e  sam e in 
th e  case  o f  im m unosuppressive  t re a tm e n t ap p lied  during  tr a n s p la n ta t io n  [13— 
16].

O u r  d a ta  on th e  a b so lu te  ly m p h o cy te  co u n ts  confirm  th a t  in  h u m an  
to x o p la sm o sis  a 50—7 5%  decrease  of th e  ly m p h o cy te  coun t m ay  ta k e  place 
in  th e  f i r s t  stage of th e  d isease [17].
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CELLMEDIATED IMMUNOREACTIVITY IN ACUTE 
HUMAN TRICHINELLOSIS

A d r i e n n e  F e r e n c z , G. N y e r g e s  a n d  M a r g it  M is l ó c z k y

Central M unicipa l H ospital fo r  In fectious Diseases, and Public Health Station, B udapest

R eceived  April 1, 1982)

T w en ty  p a tie n ts  w ere ex am in ed  for stu d y in g  specific  cellu la r im m u n o re ac tiv ity  in 
h u m an  trichinellosis. Serial leu k o cy te  m ig ra tio n  inh ib ition  te s ts  w ere carried  o u t u sin g  trich i- 
nella  larvae  as an tigen . T he m ean  m ig ra tio n  indices of th e  p a tie n ts  differed sig n ifican tly  from  
th a t  of th e  h e a lth y  con tro ls. As th e  m o st d is tin c t im m u n o re ac tiv ity  was found  d u rin g  the  
acu te  phase  of th e  disease, it is suggested  th a t  the  cellu lar im m u n e  response m ay  be of som e 
im p o rtan ce  in the  developm en t o f sy m p to m s. I t  is, how ever, s tressed  th a t  the  d iag n o stic  value  
of th e  LM I m ethod  is less th a n  th a t  o f the  serological te s ts  in in d iv id u a l cases.

As show n p rev io u sly , d e te rm in a tio n  o f  tin* serum  im m u nog lobu lin  
levels p rov ides v a lu ab le  d a ta  for s tu d y in g  tin* p a th o g en esis  of h u m a n  tr ic h i
nellosis [1]. On th e  o th e r h a n d , some an im al ex p e rim en ts  in d ica ted  th a t  
in v e s tig a tio n  of the  ce llu la r im m une  response m igh t c o n tr ib u te  to  o u r k n ow l
edge o f th is  sub jec t 12, 3]. T he p resen t s tu d y  w as u n d e rta k e n  to ex am in e  th e  
specific cellu lar im m u n o re a c tiv ity  and  its possible re la tio n  to  th e  dev e lo p m en t 
o f tin* clinical p ic tu re  in h u m a n  tiich ineliosis.

Materials and methods

Patients. T w en ty  trich inello sis p a tie n ts  who fell ill d u rin g  an  epidem ic w ere exam in ed . 
C ontro ls w ere 10 h ea lth y  persons h av in g  negative  trich in ella  sero logical test resu lts . On h osp ita l 
adm ission  p a tie n ts  were tre a te d  w ith  50 m g/kg/day  of tiab en d azo l for 5 to 14 days. In ad d itio n  
8 o f th em  were also given predn iso lone  for 3 to 14 days.

Tests. Cellular im m une response  was tested  by  th e  leu k o cy te  m ig ra tion  in h ib itio n  
(L M I) te s t  as described by Soborg  an d  B endixen  [4 1. T he a n tig en  was a suspension  of live 
trich in e lla  larvae in H a n k s’ so lu tio n  a t  a co n cen tra tio n  of 2 x l O :J la rv ac /m l. M ig ra tio n  indices 
(M I) were calcu la ted  by  co m p arin g  th e  m ean  m ig ra tion  a rea  in 3 ch am bers w ith  a n tig e n  w ith 
th a t  in 3 cham bers w ith o u t a n tig en . MI values less th a n  0.8 w ere considered s ig n ifican t.

P a tie n ts  were tes ted  on 3 occasions, (i) during  th e  acu te  phase  of th e  disease  (i.e. 20 
to 38 d ay s a fte r  in fection), (ii) 40 to  60 d ays, (iii) 70 to 80 d ay s  a f te r  infection. C on tro ls were 
tes ted  only once.

A long w ith the LM I te s ts  serological tes ts were carried  o u t. L arva  m ic ro p rec ip ita 
tio n  [5] and  CF tests |6 | were app lied .

A d r ie n n e  F e r e n c z , Gábor  N y e r g e s

Central Municipal Hospital for Infectious Diseases 
Gyűli lit 5 7, H-1097 Budapest, Hungary

Ma r g it  M islő czk y

Public Health Station
Váci út 174, H-1138 Budapest, Hungary
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Table I

Laboratory data o f  patients w ith trichinellosis

Patient Days after the 
infection

Trichinella
microprecipitation CF MI

28-38 neg. 1:64 0.65

1. K.G. 40 -6 0 pos. 1:256 0.80

70-80 pos. 1:128 0.71

2 8 -38 neg. 1:64 0.67

2. S.K . 4 0 -6 0 pos. 1:32 0.62

70-80 pos. 1:16 0.81

28 -3 8 neg. 1:1024 0.82

3. M.Á. 4 0 -6 0 pos. 1:512 0.86

70 -8 0 pos. 1:512 0.73

28-38 neg. 1:16 0.63

4. B .J . 4 0 -6 0 pos. 1:64 0.66

70-80 pos. 1:128 0.63

28-38 neg. 1:8 0.81

5. K .S . + 4 0 -6 0 pos. 1:128 0.70

70 80 pos. 1:128 0.88

28 -3 8 neg. 1:8 0.77

6. T.Gy. 40 -6 0 neg. 1:64 0.85

70-80 pos. 1:128 0.70

28 -3 8 neg. 1:256 0.86

7. K .I . 4 0 -6 0 neg. 1:2048 0.90

70-80 pos. 1:1024 0.85

28-38 pos. 1 :512 0.68

8. H .J . + 4 0 -6 0 pos. 1:1024 0.79

70-80 pos. 1:1024 0.73

28-38 pos. 1:128 0.65

9. Sz.F. 4 0 -6 0 pos. 1:512 0.69

70-80 pos. 1:512 0.69

28 -3 8 pos. 1:256 0.59

10. K .L . + 4 0 -6 0 pos. 1:512 0.68

70 -8 0 pos. 1:256 0.82

г  tiabendazole and  s te ro id  tre a tm e n t
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Patient Days after the 
infection

Trichinella
microprecipitation CF MI

28-38 pOS. 1:32 0.70

11. K.S. I I .  + 40-60 pos. 1:128 0.72

70-80 pos. 1:256 0.70

28-38 pos. 1:64 0.58

12. K.G. I I . 40-60 pos. 1:1024 0.74

70-80 pos. 1:1024 0.73

28-38 neg. 1:256

cc

13. K .L . + 40-60 pos. 1:128 0.84

70-80 pos. 1:256 0.87

28-38 pos. 1:64 0.76

14. D .I. 40-60 pos. 1:512 0.84

70-80 pos. 1:512 0.72

28-38 neg. 1:16 0.64

15. H .J . 40-60 pos. 1:128 0.84

70-80 pos. 1:256 0.71

28 38 pos. 1:256 0.84

16. M .J. -f 40-60 pos. 1:256 0.93

70-80 pos. 1:1024 0.79

28-38 neg. 1:4 0.82

17. E .J . 40-60 pos. 1:1024 0.94

70-80 pos. 1:2048 0.88

28-38 neg. 1:512 0.81

18. E .J .  II. 40-60 pos. 1:256 0.85

70-80 pos. 1:1024 0.85

to CO cc neg. 1:256 0.70

19. Sz.F . + 40-60 pos. 1:256 0.92

70-80 pos. 1:256 0.83

28 38 pos. 1:64 0.66

20. K .L . I I . + 40-60 pos. 1:2048 0.92

70-80 pos. 1:512 0.70
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Results

D a t a are p re sen ted  in  F ig . 1 an d  in  T ab le  I . As seen in  F ig . 1, th e  m ean 
M I v a lu e s  observed  in  each  o f th e  th ree  ex a m in a tio n s  were in v a ria b ly  low er 
in  th e  p a tie n t  group th a n  in the  con tro ls . T h e  differences p ro v ed  s ign ifican t 
in  S tu d e n t ’s г-test (p  <  0 .001). The low est m ean  w as found  in  th e  acu te  phase 
o f  th e  d isease while a f te r  a rise it decreased  once m ore.

MI Patients

1.0 -  

0 . 9 -
• • • • •

0.5*-- S am ple! Sample 2 Sample 3
p <0.001

Controls

F ig . 1. L eu k o cy te  m ig ra tio n  ind ices of p a tie n ts  w ith  trich inellosis and of co n tro l sub jec ts

I n  T ab le  I  the  in d iv id u a l MI values a ie  co m p ared  w ith  th e  serologica 
re s u lts .  D uring  th e  period  o f  clinical sy m p to m s, th e  m ic ro p rec ip ita tio n  te s t 
w as p o s itiv e  in 8 cases an d  th e  CF te s t  in  14 cases. L a te r, positive  serological 
re s u lts  w ere found  w ith  b o th  m eth o d s in  all th e  cases. The LM I w as co n sis t
e n t ly  n e g a tiv e  in  4 p a tie n ts . F o u r p a tie n ts  w ere positive only  once an d  7 
p a t ie n ts  o n ly  tw ice. F iv e  p a tie n ts  w ere fo u n d  positive  w ith  all th e  3 te s ts .

N o co rre la tio n  b e tw een  th e  re su lts  o f  th e  serological te s ts  an d  LM I 
cou ld  be  observed.

Discussion

T a k in g  in to  acco u n t th e  LM I resu lts  as a w hole it  can  be s ta te d  th a t  
a c e llu la r  re a c tiv ity  a g a in s t tr ich in e lla  la rv ae  develops in  p a tie n ts  w ith  tr ic h i
nello sis . S im ilar o b se rv a tio n s  w ere m ade in  e x p e rim e n ta l tr ich ine llo sis  o f  the  
g u in e a -p ig  [3] and  th e  r a t  [2]. R e a c tiv ity  w as m o st d is tin c t d u rin g  th e  acu te  
p e r io d  o f  th e  disease; la te r  th e  re a c tiv ity  dec reased  th e n  it rose ag a in . Since, 
h o w e v e r , th e  LM I te s ts  w ere done in  tr e a te d  p a tie n ts , th e  t r e a tm e n t  m ig h t 
h a v e  a ro le  in  the  t r a n s i to ry  decrease of im m u n e  reac tiv ity .

A lth o u g h  the  s im u ltan eo u s  occurrence o f  d iffe ren t phenom enas p e rm its  
no co n c lu s io n  as to  th e ir  cau su a l re la tio n sh ip , b o th  th e  p resen t a n d  p rev ious 
o b se rv a tio n s  [1] suggest t h a t  th e  cellu lar im m u n e  response m u st be o f som e 
im p o r ta n c e  in  th e  d e v e lo p m en t of h u m an  trich inello sis .

Acta Microbiologica Hungarica 30, 1983



I MM U N 0 К КАСТ I \  ITV IN TR1CH IN ELLO SIS 51

R E F E R E N C E S

1. Sz. MisLÓczKY, M., F e r e n c z , A.: M agy. Belorv. A rch. 26, 323 (1973).
2. Bá n k i, G y., A lpö l d y , P .: P a ra s it H ung . 8, 41 (1975).
3. Cy p e s s , R. H ., L a rsii , J .  E . J r . ,  P ea rg am , C.: .1. P a ra s it. 57, 103 (1971).
4. S0BOHG, M., B e n d ix e n , G.: A cta Med. Scand. 181, 246 (1967).
5. R o th , H .: A c ta  P a th o l. M icrobiol. Scand. 18, 160 (1941).
6. L ab o ra to ry  B ran ch  T ask  Force: P u h l. H lth  M onogr. No. 74. (1965).

4* Ida  Microbiologica Hungarica 30, 1983





Acta Microbiologica Hungarica 30 ( l ) , p p .  53- 61 (9183)

RESULTS OF SPACE EXPERIMENT PROGRAM 
“INTERFERON”

I. PR O D U C T IO N  O F  IN T E R F E R O N  IN  V IT R O  BY H U M A N  L Y M PH O C Y TE S A B O A R D  
SP A C E  LA B O R A TO R Y  SO LY U T-6 (“ IN T E R F E R O N  I ” ) A N D  IN F L U E N C E  O F  S P A C E  
F L IG H T  ON L Y M PH O C Y T E  FU N C T IO N S O F C OSM ON AUTS (“ IN T E R F E R O N  I I I ” )

Ma r g a r it a  T á l a s , L. B á t r a i , I v a n a  St ö g e r , К . N a g y , L. H i r o s , 
I r in a  K o n s t a n t i n o v a , M a r i n a  R y k o v a , I r i n a  M o z g o v a y a , O lg a  G u s e v a

and V. KoZIIARINOV

Microbiological Research Group o f  the N ational In stitu te  o f  H ygiene, Budapest, H ungary, 
M edicor Works, B udapest, H ungary, and Institu te o f  M edico-Biological Problems, M oscow,

U S S R

(R eceived Ju n e  4, 1982)

The resu lts  of th e  b iological space ex p erim en t “ In te r fe ro n ”  perform ed by tw o in te rn a 
tio n a l cosm onau t crew s a b o ard  th e  space lab o ra to ry  S o lyu t-6  a re  rep o rted . H u m an  ly m p h o 
cy tes sep ara ted  from  th e  blood of h e a lth y  donors and  p laced  in to  “ In te rfe ro n  I ”  e q u ip m e n t 
could be k e p t for 7 d ay s in suspension cu ltu re  un d er sp a c eflig h t conditions. In te rfe ro n  p ro d u c 
tion  could be induced  in  h u m an  lym p h o cy tes b y  p re p a ra tio n s  o f d iffe ren t orig in , such as v iru s, 
sy n th e tic  p o ly rib onucleo tides, b ac teria l p ro te in  an d  p la n t  p ig m en t.

An increased  ly m p h o cy te  in te rfero n  p ro d u c tio n  w as obse rv ed  in th e  space la b o ra to ry  as 
com pared  to the  g round  co n tro l. A decrease of induced in te rfe ro n  p ro d u c tio n  and  n a tu ra l  k iller 
cell a c tiv ity  was observed  in th e  co sm o n au ts’ ly m p h o cy tes  on th e  1st d a y  on E a r th  a f te r  7 days 
spacefligh t.

A space ex p e rim e n t p ro g ram  nam ed  “ In te r fe ro n ”  w as e lab o ra ted  w ith in  
th e  fram es of th e  in te rn a tio n a l scien tific  c o o p e ra tio n  “ In te rco sm o s” . T he 
p ro g ram  was ca rried  o u t d u rin g  th e  flig h t o f th e  H u n g a r ia n —Soviet co sm o n au t 
te a m  (E x p e rim en t 1, M ay 2 6 -J u n e  3, 1980) a n d  re p e a te d  d u ring  th e  speace- 
f lig h t o f th e  R o m an ian —Soviet crew  (E x p e rim en t 2, M ay 16-22, 1981).

The e x p e rim e n t h ad  th e  follow ing aim s.
In  ex p e rim en t “ In te rfe ro n  I ”  the  e ffec t o f  th e  com plex spacefligh t 

cond itions on in te rfe ro n  p ro d u c tio n  in v itro  b y  h u m a n  lym phocy tes iso la ted  
from  h ea lth y  donors w as in v estig a ted .
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T h e s tu d y  w as b ased  on  th e  h y p o th e s is  th a t  spaceflig h t co n d itio n s, i.e. 
z e ro -g ra v ity , m ay  change th e  fu n c tio n s o f cell m em branes an d  th u s  m o d u la te  
in te r fe ro n  p ro d u c tio n .

in  ex p erim en t “ In te rfe ro n  I I "  th e  in fluence  o f  spacefligh t on  th e  bio log
ica l a c t iv i ty  of h u m an  in te rfe ro n  p re p a ra tio n s  and  in te rfe ro n  in d u cers  was 
s tu d ie d . T he resu lts  o f th is  in v es tig a tio n  cou ld  be essen tia l fo r re c o m m en d a 
t io n  o f  th ese  p re p a ra tio n s  in  m ed ica tio n  o f  co sm onau ts during  lo n g -te rm  o rb ita l 
f lig h ts .

I n  exp erim en t “ In te rfe ro n  I I I ”  we in v es tig a ted  th e  effects o f ex trem e  
c irc u m sta n c es  of sp ace flig h t on th e  in te rfe ro n  producing  c a p ac ity  a n d  n a tu ra l 
k ille r a c tiv ity  of blood ly m p h o cy tes  of co sm o n au ts  during  sp ace flig h t. These 
e x a m in a tio n s  ren d e r a basis fo r th e  e s tim a tio n  of th e  cond itio n  of non-specific  
re s is ta n c e  of th e  o rgan ism , especially  o f  p ro te c tio n  from  v ira l in fec tions.

In  th is  p ap er th e  re su lts  of ex p e rim en ts  “ In te rfe ro n  I ”  and  “ In te rfe ro n  
I I I ”  are  p resen ted .

Materials ami methods

D escription o f the ‘’‘'In terferon Î ” equipm ent. T he sm all and ligh t eq u ip m e n t c o n stru c ted  
b y  M edicor W orks, B u d ap es t, for th e  space e x p e rim e n t “ In te rfe ro n ”  was a m eta l box w ith 
a m e ta l ra ck  keeping 10 p lastic  tu b es . E ig h t tu b e s  w ere p rov ided  w ith  h ead -recep tac les  and 
p lu n g ers , tw o tu b es were closed b y  screw caps. T he head-recep tac le  was se p a ra te d  from  the 
tu b e  b y  a one-w ay va lve  opening  in to  th e  d irec tio n  of th e  tu b e  on ro ta tin g  th e  p lu n g er head.

A p p lica tio n  o f  “Interferon  J ”  equipm ent. T h e  ex p erim en ts  were perfo rm ed  u n d e r  space- 
f l ig h t  con d itio n s and on th e  E a r th  sim u ltan eo u sly  (g round-con tro l) using  m ate ria ls  o f iden tica l 
o rig in .

Seven hours before lau n ch in g , th e  tu b es w ere filled  w ith  hum an  ly m p h o cy te  suspension , 
a n d  th e  head-recep tac les w ith  in te rfe ro n  inducers. T h e  f lig h t eq u ip m en t was tra n s p o r te d  to 
sp ace  la b o ra to ry  Solyut-6  by  th e  cosm onau ts. In te rfe ro n  in d uction  was carried  o u t b y  the 
c o sm o n au t in th e  f irs t h o u r follow ing a rriv a l to  the  space lab o ra to ry , an d  sy n ch ro n o u sly  on 
th e  g ro u n d . In terfe ro n  inducers w ere ad m in iste red  to  th e  ly m p hocy te  suspensions b y  ro ta tin g  
th e  p lu n g e r  heads. T hen  th e  “ In te rfe ro n  I ”  e q u ip m e n ts  were k ep t in th e rm o s ta ts  a t  37 °C. 
in e x p e rim e n t 1 for 6 d ay s, in ex p erim en t 2 for 4 d ays. As th e  fligh t th e rm o s ta t  w as sw itched 
o ff fo r 8 h  daily  (period of re s t of co sm o n au ts) th e  g ro u n d  device was sw itched  off a t  th e  sam e 
tim e . A fte r  6 days ab o ard  Solyu t-6  th e  f lig h t eq u ip m e n t was b ro u g h t hack  to  E a r th .

Lym phocyte  separation fo r  experim ent '’‘‘In terferon  / ” . F resh  hep arin ized  blood from  
h e a lth y  donors was cen trifuged  on  a Ficoll (P h arm ac ia )-U ro m iro (B racco ) g ra d ie n t [1] and 
a ly m p h o c y te  suspension of 5 .1 Х Ю 7 cells/3 m l P a rk e r’s m edium  su p p lem en ted  w ith  2%  
fe ta l  c a lf  serum  (Difco) w as p re p are d  and  filled in to  ev ery  tu b e  of th e  e q u ip m en ts . Cell v iab il
i ty  w as co n tro lled  by  rap id  co u n tin g  of ly m p h o cy tes  s ta in ed  w ith  0.2%  try p a n  b lue  in a haeino- 
c y to m e te r .

In terferon  inducers. In  E x p e rim en t 1, th e  follow ing drugs were app lied  in 0.3 ml vo lum e: 
P o ly rib o in o sin ic -p o ly rib o cy tid y lic  acid (poly  I:C ) (C albiochem ), 600 //g ; p o ly riboguany lic - 
p o ly rib o c y tid y lic  acid (poly  G:C) ( In s t i tu te  o f m acrom olecu lar com pounds, U S S R  A cadem y 
o f Sciences, L en ingrad), 600 / i g ;  gossipol (co tto n  p la n t, Gossipium  herbaceum, p ig m en t) ( In s t i 
tu te  o f B ioorganic C hem istry , T ash k en t, U S SR ), 500 ^ g ; purified  p ro te in  d e riv a tiv e  (P P D ) 
of tu b e rc u lin  ( In s ti tu te  o f V accines and  Serum  C ontro l, Moscow), 500 ^g .

In  E x p erim en t 2, tw o in d u cers were used : po ly  I:C  (C albiochem ), 600 //g ; an d  N ew 
c as tle  D isease V irus, U V -in ac tiv a ted  (N D V -U V ), 10' 3 LD 50/m l. ND V, H e rtfo rd sh ire  s tra in , 
w as in a c tiv a te d  by U V -rays o f a G erm icid  hull) (100 W , 32 cm  d istance) for 4 m in.

Interferon induction in cosmonauts'’ lym phocytes in  vitro (experim ent “ Interferon I I I ”) .  
V en o u s blood from  the cu b ita l vein  of th e  c o sm o n au ts  was tak e n  in E x p e rim e n t 1, tw elve 
d a y s  befo re  spaceflight, and  1 a n d  6 days a fte r  re tu rn in g  to E a rth . In  E x p e rim e n t 2, blood 
w as ta k e n  1 m o n th  before and  1 d a y  a fte r  th e  sp aceflig h t.
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l  lie blood was cen trifuged  on a F icoll-U rom iro  g ra d ie n t and a suspension of 5X  106/m l 
ly m p h o cy tes  in P a rk e r’s m ed ium  co n ta in in g  2%  fe ta l ca lf serum  was p rep ared . N D V -U V  
was used as inducer in a dose of 10e"J L D -o/100 /Л. T he tu b es  were k e p t a t  37 °C; su p e rn a ta n ts  
were ta k e n  a t  d ifferen t in te rv a ls  an d  k e p t a t — 20 °C till assay.

A ssa y  o f interferon. In  “ In te rfe ro n  I ”  e x p erim e n t th e  tu b es  from  b o th  e q u ip m en ts  
(flig h t an d  ground) were cen trifu g ed  im m ed ia te ly  a f te r  sp aceflig h t; cell v iab ility  of th e  pelle t 
was con tro lled . S u p e rn a ta n ts  o f ly m p h o cy te  suspensions were k e p t a t  4 °C till assay .

A n tiv ira l a c tiv ity  o f ly m p h o cy te  su p e rn a ta n ts  from  “ In te rfe ro n  I”  e x p erim en ts  as well 
as t i t r a t io n  of the  sam ples o f ly m p h o cy te  su p e rn a ta n ts  from  th e  cosm onau ts (“ In te rfe ro n  
I I I ”  experim en ts) was carried  o u t by  th e  ad ap ted  c y to p a th ic  e ffec t-inh ib ition  te s t described 
in d e ta il earlier [2], using  p e rm a n e n t h u m an  lung fib ro b la s t  cu ltu res  W i-38. We in c lu d ed  in 
each assay  a s ta n d a rd  in te rfero n  p rep ara tio n  (M RC R esearch  S ta n d a rd , В 69/19 for h u m an  
in te rfero n , t itre  5000 un its ). In te rfe ro n  titre s  were expressed  in in te rn a tio n a l u n its  ( I I I ) .

T he id e n tity  of th e  a n tiv ira l a c tiv ity  of the  su b s tan ce  p roduced  by ly m p h o c y tes  w ith 
IFN-0C a c tiv ity  was con tro lled  acco rd ing  to T álas et al. [3J.

N atura l killer cytotoxicity assay. N a tu ra l k iller (N K ) a c tiv ity  of ly m p h o cy tes  was 
d e te rm in ed  by the  m eth o d  of R y k o v a  e t al. [4]. L y m p h o cy tes  were se p a ra ted  fro m  venous 
blood of th e  cosm onau ts by  c en trifu g a tio n  on a F ico ll-U ro m iro  g rad ien t. K-562 h u m an  m yeloid 
cells labelled  w ith  :jH -u rid ine  (3// Ci/m l, specific a c t iv ity  24 Ci/mM) were used  as targ e ts . 
T he c y to to x ic ity  te s t was carried  o u t  in p lastic  tra y s  (F low  L ab o ra to ries) in 0.2 ml volum es. 
In  every  well l X l O 1 ta rg e t cells an d  2 x  105 ly m p h o cy tes  were placed. T arg e t cells w ere resu s
pended  before assay in R P M I 1640 m edium  su p p lem en ted  w ith  pan crea tic  ribonucléase  
(c o n cen tra tio n  20 /j,g/m l), ly m p h o cy tes  w ere resuspended  in the  sam e m edium  com plem en ted  
w ith  10%  fe ta l calf serum . In c u b a tio n  tim e was 14 h a t  37 °C. A fter in cu b a tio n  th e  co n ten ts  
o f th e  wells were rinsed  on M illipore f ilte r (pore d iam e te r 2.5 //.) w ith  P a rk e r’s m ed iu m , then  
tre a te d  w ith  cold 5%  trich lo ro ace tic  acid and 80%  e th an o l. The ra d io a c tiv ity  o f cells was 
d e te rm in ed  in a P ack ard  3320 sc in tilla tio n  counter.

T he cv to to x ic itv  index  (C .I.) was calcu la ted  as follow s:

cpm  of te s t  sam ple'! ,
, и X100cpm  ot ta rg e t  cells /

Results

T ab le  I  show s th e  re su lts  o b ta in ed  in  E x p e rim e n t 1. As in te r fe ro n  in 
ducers po ly  I:C , poly G:C, gossipol and  P P D  (in tw o para lle ls  each) w ere used 
in  doses m arked  in  T ab le  I .  A ssay of a n tiv ira l  a c tiv ity  of flig h t and  ground- 
co n tro l sam ples show ed th a t  in  every  tu b e  w here in d u cer had  b een  a d d ' 1, 
in te rfe ro n  p ro d u c tio n  could be d e m o n s tra te d . In  tu b es w here ly m p h o cy tes  
h ad  been in cu b a ted  w ith o u t in d u cer no in te rfe ro n  w as found . C om p arin g  the 
a n tiv ira l a c tiv ity  o f  f lig h t sam ples to  th a t  o f  th e ir  co rrespond ing  g io u n d  
con tro ls , an  increased  in te rfe ro n  p ro d u c tio n  could  be observed . In te rfe ro n  
ti t re s  o f th e  fligh t sam ples w ere 4 -8  tim es  h igher th a n  those  o f  c o n t iols, 
in d ep en d en tly  of the  in d u ce r used.

V iab ility  of ly m p h o cy tes  in  fligh t specim ens on th e  1st d ay  a f te r  landing  
w as 5 0 % , in  th e  sy n ch ro n o u s g round co n tro ls  70%  (m ean  of 10 sam ples), in 
com parison  to  the  98%  v ia b ility  of cells in  suspension  before filling  th e  tubes.

T he resu lts  o f E x p e rim e n t 2 are p re sen ted  in  T able I I .  As in te rfe ro n  
in d u cers  poly I:C  (000 pg/0 .3  m l) and  N D V -IJV  (1073 LD-0/m l, 0.3 m l), each 
in  4 para lle ls, w ere ap p lied . T he tu b es  w ere in c u b a te d  a t 37 °C for 4 days.

S im ilarly  as in  E x p e rim e n t 1, in te rfe ro n  p ro d u c tio n  w as found  in  every  
sam ple  (fligh t and  g round-con tro ls) w here in d u cer was a d m in is te red . En-

A cta  Microbinlogiea H u n g á riá i 3 0 , 1983



5 6 TÁLAS et al.

lia n c e m e n t of in te rfe ro n  sy n th e s is  in f lig h t sam p les  com pared  to  th a t  o f  con tro ls  
co u ld  be  seen. A n tiv ira l a c t iv i ty  m easured  in  f lig h t specim ens w as fo u n d  to  
be  4 tim e s  h igher th a n  in  g ro u n d  contro ls.

L y m p h o cy te  v ia b ili ty  (m ean of 10 sam ples) a fte r lan d in g  w as 6 4 % , 
in  sy n ch ro n o u s  g ro u n d  sam p les  70% ; v ia b ility  o f ly m p h o cy tes  before  space- 
f l ig h t w as 98% .

In te rfe ro n  p ro d u c tio n  in  v itro  by  ly m p o c y te s  o f co sm o n au ts  in v e s t ig a t
ed  b efo re  and  a fte r sp a c e f lig h t (E x p e rim en t 1) is p resen ted  in  T ab le  I I I .  
I n te r fe ro n  could be d e te c te d  in  sam ples ta k e n  48 h a fte r  in d u c tio n .

T w elve days before  sp ace flig h t 250-500  IU  o f in te rfe ro n  w ere fo u n d  in 
th e  sam ples of b o th  c o sm o n a u ts . One d ay  a f te r  lan d in g  a decrease o f in te r 
fe ro n  p ro d u c tio n  w as seen ; in  sam ples o f  b o th  cosm onau ts IF N  levels w ere 
fo u n d  to  be considerab ly  lo w er th a n  before f lig h t. Six day s a f te r  r e tu rn  to  
E a r th  in  lym phocy tes o f  one cosm onau t (B .F .)  a ten d en cy  to  n o rm a liza tio n  
o f  in te r fe ro n  p ro d u c tio n  w as observed  as th e  in te rfe ro n  level w as a lm o st th e  
sam e  as 12 days before  f l ig h t. L ym phocy tes o f  th e  second co sm o n au t (V .K .) 
p ro d u c e d  low q u a n titie s  o f  in te rfe ro n  6 d ay s  a f te r  flig h t; th e  level w as th e  
sam e  as 1 day  a fte r la n d in g .

Table I

In terferon  production by hum an  lym phocytes placed in  “ Interferon  J ”  equipment under spaceflight 
and ground conditions. Experim ent 1. ( M a y—June, 1980)

Tube
number

IFN
inducer

Dose 
,<g/0.3 ml

IFN-a litre (IU)

Flight sample Ground control

l poly I:C 600 2500 312
2 poly I:C 600 2500 312

3 poly  G:C 600 2500 312

4 poly  G:C 600 2500 312

5 gossipol 500 624 156

6 gossipol 500 624 156

7 P P D 500 2500 312

8 P P D 500 2500 312

9 — < 8 < 8

10 — < 8 < 8

E a c h  tube  was filled w ith  5 .1 x 1 0 "  lym phocytes in  3 ml P a rk e r’s m edium  199 w ith  2%  
fe ta l  c a lf  serum

p o ly  I:C  =  polyriboinosin ic-polyribocytid ilic  acid 
p o ly  G:C =  po lyriboguanilic-polyribocytid ilic  acid 
gossipol =  pigm ent o f c o tto n  p la n t Gossipium herbaceum  
P P D  =  purified p ro te in  deriv a tiv e  (tubercu lin )
In te rfe ro n  inducers app lied  in  the  doses ind icated  d id  n o t induce detectab le  in te rferon  

leve ls in  cells of the  in terferon  assay  system  used
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Table II
Interferon production by hum an lymphocytes placed in “ Interferon  / ”  equipment under spaceflight 

and ground conditions. E xperim ent 2. (M a y , 1981)

IFN-a titre (IU)
1 ube 

number
1FN
ind ucer

Dose 
0.3 ml Flight sample Ground

control

i po ly  1 :C 600 /ig 312 80
2 poly 1 :G 600 /<g 312 80

3 poly I:C 600 ft g 312 80

4 poly  T:C 600 //g 312 80

5 N D V -U V 10e ’ l d 50 1248 312

6 N D V -U V 106 7 L D 60 1248 312

7 N D V -U V 10e 7 UD.,0 624 312

8 N D V -U V 10" 7 l d 50 624 312

9 < 8 < 8

10 < 8 < 8

E ach  tube  was filled w ith 5 x 1 0 "  lym phocytes in 3 ml P a rk e r’s m edium  199 w ith  2%  
fe ta l calf serum

poly I:C  = polyriboinosinic-polyribocytidilic acid
N D V -U V  =  N ew castle Disease V irus, H ertfo rd sh ire  s tra in , inac tiva ted  b y  U V -rays 

for 4 m in
In terfe ro n  inducers applied  in the  doses ind ica ted  d id  n o t induce de tectab le  in te rferon  

levels in cells o f the  in te rferon  assay system  used

Table III

Interferon production in vitro by lymphocytes o f  cosmonauts before and after spaceflight.
Experim ent 1

Time of  blood samplin g
Time  after 
induct ion 

h

I F N - a  t i tr e  ( IU)

B.F.* V.K.

12 days before 4 < 8 ,  < 8 * * *

COV

< 8

spacefligh t 10 < 8 ,  < 8 < 8 , < 8

4 8 250, 250 250, 500

1 day  a fte r 4 < 8 ,  < 8 < 8 , < 8

spacefligh t 10 A C
O A C
C < 8 , < 8

4 8 62, 62 62, 31

6 day  a fte r 4 < 8 ,  < 8 < 8 , < 8

spacefligh t 10 < 8 ,  < 8 < 8 , < 8

4 8 250, 125 62, 62

As in terferon  inducer, N D V -U V  (107 L D 6o/0.1 m l) was used. 
E ach  sam ple con ta ined  5 X l0 6/m l lym pocytes 

* B .F ., H u ngarian  cosm onaut 
** V .K ., Soviet cosm onaut 

*** I F N - a  titre s  o f two parallel sam ples
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Table TV

In terferon production in  vitro by lymphocytes o f  cosmonauts before and after spaceflight.
Experim ent 2

Time after IFN-a titre (IU)
Time of blood sampling induction

h L.P.* D.P.** N.D.**'

1 m on th  before 48 31 31 250

spaceflight 31 62 250

1 day  afte r 48 31 31 250

spaceflight 31 31 250

A s in terferon  inducer N D V —UV (107 L D 50/O .l m l) w as used. 
E a c h  sam ple con ta ined  5 x l 0 (l/m l lym phocy tes 

* L .P ., Soviet cosm onau t 
** D .P ., R om anian  cosm onau t 

*** N .D ., doubler p ilo t

In te r fe ro n  p ro d u c tio n  by  ly m p h o cy tes  o f cosm onau ts ex am in ed  in  
E x p e r im e n t 2 is show n in T ab le  IV . L y m p h o c y te s  o f th e  twro co sm o n au ts  L .P . 
an d  D .P . se p a ra te d  1 m o n th  before  sp ace flig h t p ro d u ced  low in te rfe ro n  levels. 
N o a l te ra t io n  in th e  in te rfe ro n  p ro d u c in g  c a p a c ity  of ly m p h o cy tes  cou ld  be 
o b se rv e d  1 d ay  a f te r  o rb ita l f lig h t. As a c o n tro l to  th e  fligh t e x p e rim e n t ly m 
p h o c y te s  o f  th e  doub le t p d o t  N .D . were in v e s tig a te d  s im u ltan eo u sly . H igh  
in te r fe ro n  titre s  — 250 IU  — w ere m easured  in  b o th  assays.

N a tu ra l  k iller a c tiv ity  o f  th e  c o sm o n a u ts ’ ly m p h o cy tes  iso la ted  before 
an d  a f te r  spaceflig h t is show n in  T ab le  V. In  E x p e rim e n t 1, m ark ed  in d iv id u a l 
d iffe ren ces  could be seen in th e  c y to to x ic ity  in d ex  (C .I.). C om paring  th e  C .I. 
m e a su re d  1 m o n th  befoie o rb ita l  f lig h t to  t h a t  o f  1 d ay  afte i lan d in g , a n  a b o u t

Table V

N atura l killer activity o f  cosmonauts' lym phocytes before and after spaceflight

Time of blood sampling

Cytotoxicity index, (/0

Experiment 1 (May-June 1980) Experiment 2 (May 1981)

V.K.* B.F.* L.P.* D.P.* N.D.**

30 d a y s  before

lau n c h in g 84.1 22.3 30.5 27.7 49.2

1 d a y  a f te r

la n d in g 19.0 5.5 17.9 32.6 46.2

* C osm onauts 
** D oub ler pilot

A cta  Microbiologica Hungarica 30, 1983



SPACE IN T E R F E R O N  PROGRAM I 5 9

4 tim e s  low er value was o bserved  in  b o th  p ilo t’s sam ples in d e p e n d e n tly  o f  th e  
levels before fligh t.

In  E x p e rim en t 2, N K  a c tiv i ty  o f lym phocy tes o f  tw o  co sm o n au ts  and 
a d oub ler p ilo t w as d e te rm in ed . T h e  cy to to x ic ity  o f  ly m p h o cy te s  o f cosm o
n a u t L .P . w as ab o u t 2 tim es  low er 1 d ay  a fte r sp ace flig h t th a n  1 m o n th  before 
lau n ch in g .

C .I. va lues o f pilot D .P . show ed no difference before  an d  a fte r  o rb ita l 
f lig h t. C .I. o f th e  doub ler p ilo t N .D . was alm ost th e  sam e on the  tw o occasions 
w hen  blood sam ples w ere ta k e n .

D iscussion

In  earlier spaceflig h t ex p e rim en ts , ab o ard  b io sa te llite s  o f th e  Cosmos 
series [5], in  Skylab-3  m ission |6 ] and  in biological ex p e rim en ts  ca rried  ou t 
on  th e  Soviet space s ta tio n  S o lyu t-6  [7 -9 ], the  effects o f  spaceflig h t cond itions 
on liv ing  cells were s tu d ied .

M ontgom ery  e t al. [6] re p o rte d  th e  ie su lts  o f a d e ta iled  s tu d y  on W i-38 
dip lo id  h u m an  em bryon ic  lung  m ono layer cu ltu res  exposed  to  w eightlessness 
fo r 1 to  59 days. Cell g ro w th  an d  m orphological c h a ra c te ris tic s , chrom osom e 
analy sis  and  chem ical analysis  o f  th e  n u tr ie n t m edia  w ere s tu d ied . E xposu re  
to  ze ro -g rav ity  did n o t in fluence  th e  d u ra tio n  o f  th e  cell cycle and  m itoses. 
N o differences were observed  in vacuole  fo rm atio n , cell m o v em en t, in  th e  size 
o f  cells an d  cell o rganelles, in  confluence o f cells w hen  flig h t an d  contro l 
sam ples w ere com pared . S im ila rly , no d ifferences could  be observed  w hen the  
n u tr ie n t m edium  w as an a ly sed  a fte r  fligh t and  co m p ared  w ith  th e  ground 
co n tro l.

T ix ad o r e t al. [7 J s tu d ie d  th e  m u ltip lica tio n  o f  P aram ecium  aurelia  in 
suspension  ab o ard  th e  o rb ita l la b o ra to ry  Solyut-6 . T h ey  rep o rted  th a t  space- 
f lig h t resu lted  in  a s tim u la tio n  o f  cell p ro life ra tion . F u r th e r , an  au g m en ta tio n  
o f  cell volum e o f Param ecium  tetraaurelia  a t d iffe ren t tim es o f th e  ex p erim en t 
(12-96  h) was described . T he phenom enon  was c learly  seen in  pa ram ec ia  in 
d iv ision  [8]. In  con n ec tio n  w ith  th is  observ a tio n  th e  a u th o rs  p resum ed  a m odi
fic a tio n  in  cell m em brane fu n c tio n s. I t  was show n [9] th a t  th e  increase o f cell 
vo lum e is a consequence o f th e  changed  m em b ran e  p e rm eab ility  associa ted  
w ith  cellu lar h y p e rh y d ra ta tio n  an d  loss of K, P , Ca a n d  Mg ions. In  ex p erim en t 
“ In te rfe ro n  I ”  it was show n th a t  h u m an  ly m p h o cy tes  could be k e p t in sus
pension cu ltu re  u n d er co n d itio n s o f spacefligh t for sev en  days. T h e ir v iab ility  
a fte r  exposure to  ex trem e  co n d itions of o rb ita l f lig h t (acce lera tion , zero- 
g rav ity ) did no t decrease co n sid e rab ly  in  com parison  w ith  synch ro n o u s g round  
con tro ls . M oreovei, in  th ese  cu ltu re s  in terferon  p ro d u c tio n  could  be induced , 
and  in d ep en d en tly  o f th e  in d u cer used (v irus, po ly rib o n u c leo tid es , b ac te ria l
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p ro te in  or p lan t p ig m en t)  h igher levels o f in te rfe ro n  w ere observed  th a n  in 
g ro u n d  controls.

O u r resu lts co n cern in g  th e  possib ility  of keep ing  liv in g  cells in  cu ltu re  
u n d e r  spacefligh t co n d itio n s  are in  ag reem en t w ith  th e  re su lts  o f  M ontgom ery 
e t  a l. [6], G urovsky  a n d  I ly in  [5] and T ix ad o r e t al. [7]. T he fa c t th a t  in te r 
feron  p ro d u c tio n  coidd he induced  in  h u m a n  ly m p h o cy tes  d u rin g  o rb ita l 
f l ig h t  m a y  be considered  a new  co n trib u tio n . T he a u g m e n ta tio n  o f  in te r 
fe ro n  p ro d u c tio n  in  o rb ita l  sam ples could he in re la tio n sh ip  w ith  th e  p re 
su m e d  a lte ra tio n s  in  th e  ly m p h o c y te  m em b ran e  fu n c tio n s, s im ila rly  to  those 
sh o w n  in  suspension c u ltu re s  o f param ecia  [9]. T his q u es tio n  needs fu rth e r  
s tu d ie s .

In v e s tig a tio n  o f  in te rfe ro n  p ro d u c tio n  b y  ly m p h o cy tes  o f cosm onauts 
a f te r  spacefligh t (ex p e rim en t “ In te rfe ro n  I I I ” ) ren d e red  som e new  d a ta  abou t 
th e  nonspecific  defence re a c tio n s  o f the  o rgan ism .

G useva and T a sh p u la to v a  [10] described  a m ark ed  in h ib itio n  of the  
im m u n o lo g ica l re a c tiv ity  o f  th e  crew  o f So lyu t-6  spacesh ip  a f te r  a 49 day  
f l ig h t :  a decrease in th e  im m unog lobu lin  co n ten t o f sa liva  an d  tonsilla ry  
la c u n a e , a decline of th e  b a c te r ic id a l a c tiv ity  o f th e  serum  a n d  a decrease of 
th e  a lb u m in  co n ten t o f  b lood  w ere obseived .

I n  experim en t “ In te r fe ro n  I I I ”  (E x p e rim en t 1) a m a rk e d  decrease of 
in te r fe ro n  p ro duc tion  b y  ly m p h o c y te s  of b o th  p ilo ts  (B .F . an d  Y .K .) was 
show n 1 d ay  a fte r lan d in g . S ix days a fte r lan d in g  in te rfe ro n  in d u c tio n  in 
p i lo ts ’ lym p h o cy tes  w as re p e a te d . A ten d en cy  to  n o rm a liz a tio n  w as seen in 
th e  sam p les  of one c o sm o n au t.

I n  E x p erim en t 2, su ch  a decrease of ly m p h o cy te  in te rfe ro n  p ro d u c tio n  
w as n o t  expressed 1 d a y  a f te r  f lig h t, since before f lig h t th e  in te rfe ro n  levels 
w ere  v e ry  low. The cause  o f  th is  phenom enon  rem ain s u n ex p la in ed . I t  is 
w o r th  m en tion ing  th a t  su ch  low  in te rfe ro n  p ro d u c tio n  can  he observed  in 
n o rm a l b lood donors, to o .

T h e  n a tu ra l k iller a c t iv i ty  o f lym p h o cy tes  se p a ra te d  from  co sm o n au ts’ 
hi ood  w as also in v es tig a ted .

A s rep o rted  earlie r [11], th e  a c tiv ity  of n a tu ra l  k iller cells can  be m odu
la te d  b y  in te rfe ron . G id lung  e t  al. [12] an d  D jeu  e t al. [3] show ed th a t  in te r 
fe ro n  a n d  in terferon  in d u c e rs  au g m en ted  th e  n a tu ra l  k iller cell a c tiv ity  of 
e x p e r im e n ta l anim als. S an to li an d  K oprow ski [11] a n d  B en czú r e t al. [2] 
r e p o r te d  th a t  a d m in is tra tio n  o f  h u m a n  in te rfe ro n  an d  in te rfe ro n  inducers 
en h a n c e  th e  N K  a c tiv ity  o f  h u m a n  ly m p h o cy tes . I n  c e r ta in  patho log ica l 
c o n d itio n s  such as m u ltip le  sclerosis an d  system ic  lu p u s e ry th e m a to su s  a 
d ec rease  o f  N K  cell a c tiv ity  a n d  synch ronously  a defic ien t in te rfe ro n  p ro d u c
in g  c a p a c ity  of ly m p h o cy tes  w as described [2, 14—16].

N K  a c tiv ity  and  IF N  p ro d u c in g  cap ac ity  o f h u m a n  ly m p h o cy te s  a fte r 
cosm ic f l ig h t have n o t been  in v es tig a ted  up-to -now .

Acta Microbiologica Hungarica 30, 1983



SPACE IN T E  НЕЕ KON' PROGRAM  I 61

In  tw o ex p erim en ts  1 d ay  a fte r  lan d in g , a depression o f INK cell a c tiv ity  
in  th re e  ou t o f  four co sm o n au ts  was observed . In  tw o co sm onau ts (B .F . and  
Y .K .) th is  phenom enon  ran  p a ra lle l w ith  th e  decrease o f in te rfe ro n  p ro d u c in g  
c a p a c ity  o f  lym phocy tes.

I t  w ould  be o f im p o rtan ce  to  e lu c id a te  th e  role o f d iffe ren t fa c to rs  of 
cosm ic flig h t (stress, ex trem e  acce lera tion , w eightlessness) in flu en c in g  the  
re g u la to ry  m echanism s o f  th e  im m une sy s tem .
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RESULTS OF SPACE EXPERIMENT PROGRAM 
“INTERFERON”

II. IN F L U E N C E  O F  S P A C E F L IG H T  C O N D IT IO N S ON T H E  A C TIV ITY  O F 
IN T E R F E R O N  P R E P A R A T IO N S  A N D  IN T E R F E R O N  IN D U C E R S  (“ IN T E R F E R O N  I I ” )

M a r g a r it a  T á l a s , L. B á t r a i , I v a n a  St ö g e r , К . N a g y , L. H i r o s ,
I. K o n s t a n t in o v a  and V. K o z h a r in o v

Microbiological Research Group o f  the N ational In stitu te  o f  Hygiene, Budapest, H ungary, 
Medicor II oiks. B udapest, H ungary, and Institu te  o f  M edico-Biological Problems, Moscow,

U S S R

(R eceived Ju n e  4, 1982)

T he influence of sp aceflig h t cond itions on th e  b iological a c tiv ity  of H u lF N -a  p re p a ra 
tio n s (lyophilized , in so lu tion  an d  in o in tm e n t)  and  in te rfe ro n  inducers was stu d ied . In  a n tiv ira l 
a c tiv ity  no difference was observed  betw een  the  sam ples k e p t a b o ard  th e  spacesh ip  an d  the  
con tro ls k e p t un d er g round  cond itions. The in te rfero n  in d u cers  poly I:C , poly G:C and  gossipol 
p laced  in th e  space lab o ra to ry  for 7 d ay s m ain ta in ed  th e ir  in te rfero n -in d u c in g  cap ac ity . The 
c ircu la tin g  in te rferon  level in m ice was the  sam e irresp ec tiv e  o f th e  ind u ctio n  being  perform ed 
w ith  flig h t or g round-con tro l sam ples of inducers.

In  F a r t I of th is  p a p e r  th e  p ro d u c tio n  o f  in te rfe ro n  in v itro  by  h u m an  
ly m p h o cy te s  ab o ard  th e  space la b o ra to ry  S o lyu t-6  an d  th e  effect o f spacefligh t 
on co sm o n au ts’ ly m p h o cy te  func tions w ere re p o rte d  (“ In te rfe ro n  I ”  and  
“ In te rfe ro n  H I ” ).

The aim  o f th e  “ In te rfe ro n  I I ”  ex p e rim en t w as to  in v es tig a te  th e  in flu 
ence of o rb ita l flig h t on  th e  biological a c tiv ity  o f d iffe ren t h u m a n  in te rfe ro n  
p re p a ra tio n s  and  in te rfe ro n  inducers. T ak in g  in to  considera tion  th e  a n tiv ira l 
a c tio n  o f in te rfe ro n  an d  in te rfe ro n  inducers, th e  resu lts  o f these in v estig a tio n s 
m ig h t p rom ote  th e  ap p lica tio n  o f these  p re p a ra tio n s  d u rin g  lo n g -te rm  space- 
flig h ts .

In  th is  p ap e r th e  re su lts  o b ta in ed  in e x p e rim en t “ In te rfe ro n  I I ”  are 
p resen ted .
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M aterials and methods

“ Interferon  J J ”  equipm ent. T he “ In te rfe ro n  I I ” e q u ip m en t co n stru c ted  b y  M edicor 
W o rk s , B u d ap es t, consists o f a sm all and  lig h t m eta l box w ith  a lid , co n ta in in g  a m eta l rack  
w ith  16 p las tic  am poules. E x p e rim e n ts  perfo rm ed  using  th is  eq u ip m en t were carried  ou t 
sy n c h ro n o u s ly  in the  g round  la b o ra to ry  an d  in th e  space lab o ra to ry  So lyu t-6  (M a y -Ju n e , 
1980).

T w o weeks before lau n ch in g  of spacesh ip  Soyuz-36, th e  p lastic  am poules o f th e  eq u ip 
m e n t “ In te rfe ro n  I I ” were filled  w ith  th e  p re p a ra tio n s  to  he in v estig a ted  and  k e p t  a t  4 °C. 
T h e  fo llow ing  p rep ara tio n s w ere u sed : lyophilized  H u IF N -a , H u IF N -a  in o cu lar o in tm en t 
(w h ite  p e tro la tu m ) and H u IF N -a  in  physiological (0 .8 5 % ) saline so lu tion ; po ly  I:C  pure 
su b s ta n c e ,  po ly  I:C  in physio logical saline so lu tion , po ly  G:C in physiological sa line  so lu tion , 
gossipo l in  physiological saline so lu tio n  a n d  po ly  (rA ) • d (p T )I0 in physiological sa line  so lu tion . 
T h e ir  doses are given in th e  T ab les .

H u IF N -a  p rep ara tio n s  w ere p ro v id ed  by  th e  L a b o ra to ry  of In te rfe ro n  B iosyn thesis 
o f th e  G am aley a  In s ti tu te  o f M icrobiology, Moscow. Po ly rib o in o sin ic -p o ly rib o cy tid y lic  acid 
(p o ly  I :C) a n d  p o ly rih o ad en y lic-o ligodeoxy thym idy lic  acid (poly(rA ) • d (p T )l0) were pu rchased  
fro m  C albiochem . P o ly rib o g u an y lic -p o ly rib o cy tid y lic  acid  (po ly  G:C) w as p ro v id ed  by  the  
I n s t i tu te  o f  M acrom olecular C om pounds, U SSR  A cadem y of Sciences, L en in g rad . Gossipol 
(c o tto n  p la n t  p igm ent) w as a p ro d u c t of th e  In s t i tu te  o f B ioorganic C hem istry , T ash k en t, 
U S S R .

T h e  flig h t eq u ip m en t w as ta k e n  by  th e  crew  of spacesh ip  Soyuz-36 to  th e  space lab o ra 
to ry  S o ly u t-6 , where i t  w as k e p t a t  room  te m p e ra tu re  (20 °C) for seven days. D uring  th e  space- 
f l ig h t th e  g round-contro l eq u ip m e n t was also k e p t a t  20 °C. A fter lan d in g  of the  spacesh ip , 
b o th  e q u ip m e n ts  were sto red  a t  4 °C u n til assay  of th e  b iological a c tiv ity  o f the p rep ara tio n s .

A ssa y  o f antiviral activity  o f  H u l  FN-cc preparations. L yophilized  sam ples were dissolved 
in P a r k e r ’s m edium  199 before assay . H u  IF N  -a in ocu lar o in tm e n t was tre a te d  as follows: 
to e v e ry  tu b e  1.2 ml P a rk e r’s m ed iu m  was ad d ed , s tirred  w ith  a glass rod  and  k e p t a t  4 °C 
for 24 h. N ex t day  the flu id  phase  w as assayed  for a n tiv ira l a c tiv ity . All H u IF N -a  p re p a ra 
tio n s  w ere  assayed according to th e  m eth o d  described b y  B enczúr e t al. [1], using  p e rm a n e n t 
h u m a n  lung  fib ro b last cu ltu res  W i-38.

In terferon induction in  vivo and  assay. In te rfe ro n  in d ucers poly J :C (100 //g), po ly  G:C 
(100 //g) an d  gossipol (200 //g) w ere a d m in is te red  a fte r sp aceflig h t to inb red  B A L B /c m ice of 
20 g w e ig h t in trap erito n ea lly . E ac h  in d u cer was in jec ted  to  10 mice. T hey  were e x san g u in a ted  
b y  p u n c tio n  of the o rb ita l p lexus a t  th e  tim e of th e  peak  c ircu la tin g  in te rfero n  level d e te rm in ed  
in e a r lie r  ex p erim en ts: 2 h  a fte r  in je c tio n  of poly I:C , 18 h a f te r  poly G:C, an d  24 h  a fte r 
in d u c tio n  w ith  gossipol. Mouse se ru m  in te rfe ro n  was assay ed  ind iv id u a lly  in m ic ro tes t using  
L -929 p e rm a n e n t m ouse f ib ro b la s t  cu ltu res  by  m eans of th e  C P E -in h ib itio n  m eth o d  [2]. 
E n ce p h a lo -in y o ca rd itis  v irus (EM C ) w as used  as challenge. T he lab o ra to ry  m ouse in te rfero n  
s ta n d a rd  w as com pared to W H O  In te rn a tio n a l R eference P re p a ra tio n , M ouse IF N , 12 000 IU / 
m l, p re p a re d  and  d is tr ib u ted  b y  N IA ID -N IH , B ethesda , USA. In te rfe ro n  titre s  were expressed  
in in te rn a tio n a l  u n its  (IU ).

Reverse transcriptase assay. A c tiv ity  o f th e  exogenous te m p la te  poly (rA ) • d (p T )10 
p lac ed  in  th e  fligh t and g round  e q u ip m e n ts  “ In te rfe ro n  I I ”  w as de te rm in ed  by  th e  s ta n d a rd  
rev erse  tra n sc r ip ta se  te s t  using  MC29 a v ian  m y elo cy to m ato sis v iru s as described  earlie r [3].

R esults and discussion

L y oph ilized  H u IF N -a ,  H u I F N - a  in  physio logical saline so lu tio n  and  
H u I F N - a  in  w hite p e tro la tu m  k e p t a t  room  te m p e ra tu re  (20 °C) a b o a rd  th e  
space  la b o ra to ry  S o lyut-6  an d  on E a r th  (contro ls) w ere t i t r a te d  s im u la ten eo u sly  
a f te r  th e  re tu rn  of f lig h t sam ples. E ach  m a te ria l w as assayed in  d u p lica te .

T h e  a n tiv ira l a c tiv ity  o f  th e  d iffe ren t H u I F N - a  p rep a ra tio n s  is p re sen ted  
in  T a b le  I .  C om paring th e  in te rfe ro n  levels o f f lig h t specim ens w ith  th o se  of 
th e  c o n tro ls , no difference w as observed .
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In te rfe ro n  inducers po ly  I:C , po ly  G:C an d  gossiped p laced in  th e  “ I n te r 
feron  I I ”  eq u ip m en ts  w ere in jec ted  in tra p e rito n e a lly  in to  B A L B /c  m ice 7 
day s a f te r  th e  r e tu rn  o f Soyuz-35. In te r fe ro n  p ro d u c tio n  in  v ivo  in d u ced  
b y  p re p a ra tio n s  exposed to  cond itions o f  sp ace flig h t and  b y  co n tro l sam ples 
is p re se n te d  in  T ab le  I I .

T itre s  o f c ircu la tin g  in te rfe ro n  o f  m ice in jec ted  w ith  f lig h t sam p les  of 
in d u cers  d id  n o t differ from  those o f m ice in jec ted  w ith  th e  co n tro l in d u cers . 
Talile  I I I  show s th e  re su lts  o f th e  R N A -d irec ted  D N A -po lym erase  assay  
using  MC29 v iru s  as enzym e source an d  f lig h t an d  g round sam ples o f  poly  
(rA) • d (pT )ln tem p la te s . P ra c tic a lly  no d ifference in  a c tiv ity  w as found  
b e tw een  th e  tw o sam ples o f  te m p la te .

T he resu lts  o b ta in ed  by  th e  assay  o f  a n tiv ira l  a c tiv ity  of v a rio u s  H uII^N -a  
p re p a ra tio n s  show ed th a t  th e  co n d itio n s o f spacefligh t did n o t in flu en ce  th e ir  
a n tiv ira l p ro p erties .

T ak in g  in to  con sid era tio n  th e  p ro p h y la c tic  a c tiv ity  of h u m a n  in te rfe ro n  
in  acu te  v ira l re sp ira to ry  in fections [4 -6 ] an d  th e  th e ra p e u tic a l e ffec t of 
H u IF N  p re p a ra tio n s  in  localized v ira l eye in fec tions [7, 8], it  w ou ld  he useful 
to  recom m end  these  p rep a ra tio n s  for th e  m ed ication  of co sm o n au ts  d u ring  
lo n g -te rm  fligh ts .

T here  are rep o rts  re fe rring  to  ap p lic a tio n  o f in te rfe ro n  in d u cers  in  the  
th e ra p y  o f localized  v ira l in fec tions. P o ly  I:C  [9] and  b ac te rio p h ag e  double- 
-s tra n d e d  R N A  [10] were re p o rte d  to  he effective in  th e  th e ra p y  o f  acu te

Table I

A ntiv ira l activity o f  H u I F N - a  preparations placed in  flig h t and ground equipm ent
“Interferon I I ”

C o n ten t o f  am poule
N o. o f 

am poules
In te rfe ro n t i t r e  (IU )

F ligh t sam ple G ro u n d  con tro l

H u IF N - а  in physiological saline so lu tion l 1600 1600

2 800 800

H u IF N -ое in physiological saline so lu tion 3 25600 25600

5 12800 12800

H u IF N - а  in  w hite  p e tro la tu m 4 6400 6400

8 1600 1600

12 1600 .1600

16 3200 3200

H u IF N -o t lyophilized 9 12800 12800

H u IF N -a  lyophilized 11 400 800
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h e rp e s  sim plex  in fec tio n s o f  th e  eye. O ur d a ta  show ing  th e  u n changed  in te r 
fe ro n -in d u c in g  c a p a c ity  o f  ind u cers  a fte r ex p o su re  to  o rb ita l f lig h t fo r 7 days 
a llow  to  presum e th a t  p o ly  I:C  could also be ap p lied  in  form  o f eye-d rops in  
a c u te  eye  in fections o f  co sm o n au ts  i f  v irus in fe c tio n  w ere in tro d u ced  b y  cargo- 
-sp acesh ip s , ex p ed itio n s v is itin g  th e  space la b o ra to ry , or in  th e  case o f  a c t iv a 
t io n  o f  p ilo ts ’ p e rs is te n t v iruses.

Table II

In terferon  production in  mice induced by preparations placed in  “ Interferon I V  equipm ents

N o . o f  
a m 

p o u les

S eru m  IF N titre  (IU )

In d u c e r
In d u ce r dose 
(„g /0 .2  ml) F lig h t sam ple G round con tro l

M ean s.e. M ean s.e.

6 po ly  I:C in physiological 
solution (pool 1)

saline
100 280 27.3 272 24.4

7 po ly  I:C  in physiological 
solution (pool 2)

saline
100 432 58.7 368 48.0

1 0 poly  G:C in physiological 
solution

saline
100 288 21.3 304 16.0

13 p o ly  I:C  pure sub stan ce 100 160 20.6 148 23.9

1 4 gossipol in physiological 
solution

saline
200 8 l . l 8 1.3

In d u cers  were app lied  in trap erito n ea lly  to 10 m ice each ; blood was taken  2 h a fte r poly 
I:C , 18 h  a f te r  poly G:C a n d  24 h  a f te r  gossipol in jec tion

Table III

Biological activity o f  tem plate p o ly  ( r A )  ■ d ( p T ) l0* placed in  “ Interferon I V  equipment
(ampoule No. 15)

Source o f te m p la te O rigin of MC29 v iru s cpm m ean

Ground contro l T urkey  em bryo 
tissue culture 
su p ern a tan t

2342
1986

2164

Fligh t sam ple d itto 2101
2295

2198

— ditto 276

Ground contro l P lasm a of infected 
tu rk ey  poults

1491
1027

1259

F ligh t sam ple d itto 1037
836

937

d itto 437

* po ly riboadenylic-o ligodeoxythym idylic  acid
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SURVIVAL OF CAMPYLOBACTER JEJUNI  IN 
DIFFERENT MEDIA AND FAECES AT DIFFERENT 
TEMPERATURES AND TIMES OF PRESERVATION

M a r ia  M a r g a r it a  V a l d é s - D a p e n a  V iv a n c o  a n d  Ma r ia  M. A dam

N ational In stitu te  o f  H ygiene , B udapest 

(R eceived  Ju ly  14, 1982)

N ineteen  Campylobacter je ju n i  s tra in s  surv ived  best in suspensions w ith  a p p ro x im a te ly  
109 b ac te ria  in 4%  a lbum in  so lu tion  a t  —-60°C  for 17 m o n th s  (18 ou t of 19). A t th e  sam e 
te m p e ra tu re  and  du ring  th e  sam e period  th ey  surv ived  less well in m ilk (11 ou t of 19). R ecovery  
of C am pylobacters a fte r 7 weeks was a b u n d a n t in a lb u m in , a n d  som ew hat less in m ilk . A t 
— 20 °C su rv iv a l in m ilk was w orse; 17 o u t o f 19 cu ltu res  did n o t survive 5 weeks in  m ilk  and  
7 d ied  in  a lb u m in . A t 4 °C all bu t one s tra in  surv ived  tw o weeks in m ilk and none d ied  in  a lb u 
m in , b u t  a f te r  3 weeks on ly  7 surv ived  in  m ilk  and 2 in a lb u m in . A t room  tem p e ra tu re  C am pylo
b ac ters  d id  n o t survive 10 d ay s in a n y  of th e  m edia used . P e p to n e  w ater (4 % ) a n d  p ep to n e - 
saline p roved  u n su itab le  fo r p re serv a tio n . F rom  20 p ositive  stool sam ples k ep t a t  4 °C, on  the  
d a y  a fte r  th e  f irs t sam pling  C. je ju n i  could n o t be recovered  from  10 sam ples; b a c te r ia  su rv iv ed  
for 2-7  d ay s  in 8 sam ples, for 12-20 d ay s in 2 sam ples.

I t  is only  since 10 years th a t  Campylobacter je ju n i  has been  s tu d ie d  
an d  fo u n d  to  rep re sen t an  im p o r ta n t en te ric  p a th o g e n  [1 -5 ]. T h is fa c t has 
aro u sed  in te re s t in  th e  m icroorgan ism  an d  som e o f its  p rinc ipa l p ro p e rtie s  
such  as its  su rv iv a l in  d iffe ren t m edia. M any  m eth o d s  have b een  used  to  
m a in ta in  an d  ensure th e  su rv iv a l o f th is  o rgan ism  [6-9].

T he purpose of th e  p resen t s tu d y  w as to  com pare 4 d iffe ren t m ed ia : 
m ilk  [10], 4 %  a lb u m in  so lu tion , pep tone  w a te r , an d  p ep to n e—saline a t  22 °C, 
4°, —20° and  —60 °C, d u ring  d iffe ren t periods o f  tim e  to  fin d  su ita b le  w ay  
to  p reserv e  C. je ju n i  for fu r th e r  in v estig a tio n s. A s tu d y  of th e  su rv iv a l o f  C. 
je ju n i  in stoo l sam ples has also been  carried  o u t in  o rd e r to  d e te rm in e  th e  tim e  
o f su rv iv a l o f C am pylobacter in faeces an d  to  o b ta in  in fo rm ation  concern ing  
th e  possib ilities of its  tra n sp o r t.

M a r ia  M. Á d Xm

N a tio n a l  I n s t i tu te  o f  H ygiene
G yáli ú t  2 6 , H -1966 B u d a p e s t, P .O .B . 64, H u n g a ry

M a r ia  M a r g a r it a  V a ld é s -D a p e n a  V ivanco

C en tro  P ro v in c ia l de H igiéné y  E p idem io lóg ia  
A v en id a  31 7617 e/76 y  84, C iu d ad  H a b a n a , C uba
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M aterials and  m ethods

B acterial strains. N in e teen  C. je ju n i  s tra in s  w ere used from  th e  ly o ph ilized  collection 
of o n e  o f th e  au th o rs .

C ultivation  was pe rfo rm ed  on C am pylobacter ag ar (C a0) consisting  of ag ar base  [10] 
fo r ch o co la te  agar w ith  5 %  lysed  ox-blood w ith o u t a n tib io tic s  [11, 12] in a d e q u a te  a tm o sp h ere  
a n d  te m p e ra tu re  for 48 h  [3, 11].

C ultivation  o f  faeca l sam ples. T w en ty  C. je ju n i  p ositive  stool sam ples rece ived  from  
in fa n ts  u n d e r  1 y ear w ith  e n te r it is  [12] were c u ltu red  on  Skirrow ’s m odified se lective Cam pylo
b a c te r  a g a r (Ca) m ade up  of a g a r base [10] w ith  5 %  lysed  ox-blood and S k irrow ’s an tib io tic s  
[11], b y  s treak in g  o u t d irec tly  on  the  d ay  of sam pling . S u b seq u en tly  th e  sam ples w ere k ep t 
a t  4 °C a n d  cu ltu res w ere se t up  succesively ev ery  d a y  u n til  th ey  had becom e n eg ativ e .

B acterial suspensions fo r  survival. The g row th  of tw o p lates of each s tra in  was recollected  
a n d  su sp en d ed  in 1 ml o f n u tr ie n t  b ro th  [10] (40 m g of b ac teria , w et w eigh t/m l). F ro m  the 
su sp en s io n s  0.2 ml w as ad d ed  to  1.2 ml of each m ed iu m  used for survival.

M edia  fo r  survival. Peptone water w ith 4 %  B ac to -p ep to n e ; peptone w ater-saline  w ith  
4 %  B a c to -p ep to n e  and  0 .85%  N aC l; m ilk  from  sk im m ed  m ilk  for anaerobic  d iag n o stic s  [10]; 
a lb u m in  so lu tion  w ith  4%  B ovine a lbum in  (B ovine P la sm a  A lbum in, FA  V ; B row ning  Chem. 
C orp ., N ew  Y ork).

T h e  bac teria l suspensions w ere d is tr ib u te d  in 0.1 m l a liquo ts in 4 .5 x 5  m m  tu b es , th en  
th e  tu b e s  sealed by  c o tto n  p lug  w ere sto red  a t  22 °C, 4 °C, — 20 °C and 60 °C. S ub cu ltu res 
w ere  m ad e  un d er a d e q u a te  co n d itions o f a tm o sp h e re  an d  tem p e ra tu re  (42 °C) on Ca0-ag ar a t 
th e  fo llow ing  po in ts o f tim e : 22 °C: a fte r 10 d ay s; 4 °C: 2, 3 and  4 weeks; - 2 0  °C: 3, 4 and  5 
w eek s ; — 60 °C: 5, 7 w eeks an d  17 m onths.

R esults

N one o f th e  19 s tra in s  te s ted  in  th e  fo u r m edia and  s to red  a t  room  
te m p e ra tu re  for 10 d ay s w as able to  grow .

A s show n in T ab le  I ,  in  pep tone  w a te r  a fte r  2 weeks s to rag e  a t  4 °C 
11 s t r a in s  could be reco v e red ; a t  —20 °C o n ly  one su rv ived . A fte r 3 weeks 
s to ra g e  in  th e  sam e m ed iu m  none was reco v e red  a t  4 °C, and  on ly  7 su rv iv ed  
a t  — 20 °C. In  p e p to n e -sa lin e  a t —20 °C su rv iv a l was poor, as on ly  4 and  3 
s tra in s  w ere recovered  in  th e  2nd and  3 rd  w eek , respective ly . A t 4 °C for 2 
w eeks 15 s tra in s  su rv iv e d , h u t a f te r  3 w eeks on ly  one could lie recovered . 
A t — 60 °C for 7 w eeks, 15 s tra in s  were ab le  to  grow  from  p ep to n e  w a te r , h u t 
th e  n u m b e r  o f colonies w as poor. In  p e p to n e —saline only 9 s tra in s  su rv iv ed  
fo r 7 w eeks. A t —60 °C for 17 m o n th s th e  su rv iv a l was v e ry  poor in  b o th  
m ed ia .

F ro m  T able I I  it  is seen th a t  in b o th  m ilk  and  a lbum in  a t  4 °C good 
g ro w th  could  be o b ta in e d  a f te r  2 weeks. I n  th e  sam e m edia a t  —20 °C (Table 
I I )  s t r a in s  could easily  be m a in ta in e d  for 3 w eeks, b u t  a fte r 4 w eeks th e  g row th  
b ecam e  poor, especially  in  m ilk.

S u rv iv a l w as b e s t a t  —60 °C in  b o th  m ilk  an d  a lb u m in  (T able I I ) . 
A f te r  17 m o n th s one s tra in  fa iled  to  su rv ive  in  a lb u m in  and  8 in m ilk. T he ont; 
s tr a in  t h a t  failed to  su rv iv e  in  a lbum in  as w ell as in  m ilk, h ad  in  th e  in itia l 
n u t r ie n t  b ro w th  susp en sio n  th e  low est d e n s ity  i.e. its  tra n sm itta n c e  in  1:50 
d ilu tio n  w as 99%  in  c o n tra s t  to  th e  82%  av erag e  tra n sm itta n c e  o f  th e  o th e r 
18 su spensions.
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Table
S u r v i v a l  o f  C . j e j u n i in  p e p to n e w a te r  a n d  p e p to n e - s a l i n e , N u m b e r  o f  s t r a i n s , 19

Weeks Growth*
Pe p to n e  water Peptone-sa line

4 °C — 20 °C — 60 ° c 4 °C — 20 °C — 60 °c

4  + 3 0 3 0

3  + 3 0 4 0

2 * * 2 + 3 1 2 0

i + 2 0 6 4

± 0 0 0 0

— 3 1 8 4 1 5

4  + 0 0 0 0

3  + 0 2 0 0

3 2  + 0 1 0 0

1 + 0 3 0 3

± 0 1 1 0

1 9 1 2 1 8 1 6

4  + « 0 0 и

3  + 0 0 0 0

2 + 0 0 0 0

1 + 0 0 0 0

± () 0 0 0

1 9 1 9 1 9 1 9

4  + 0 9 0 3

3  + 0 1 0 2

5 2  + 0 3 0 6

1 + 0 0 0 3

± 0 2 0 3

— 19 4 19 2

4 + 0 0

3  + 1 0
7 2  + 2 2

1 + 7 0

± 5 7

— 4 10

4 + 0 0
75 3  + () 1

(17 m onths) 2  + 1 0

1 + 3 0

± 1 0

— 14 18

to 1 re la tive  n u m b er o f  colonies; ±  few colonies; —  no grow th 
** Survival of 5 stra ins in p ep tone  w ater a t 4 °C could n o t he eva lu a ted  because of 

con tam in a tio n
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Table II
Surv ival o f  C. je ju n i in  m ilk  and album in solution. N o. o f  stra ins, 19

W e ek s Growth*
4 °C — 20 °c -60 °c

Milk Album in Milk A lbum in Milk Albumin

4 + 9 1 3

3 + 2 2

2 2  + 3 3

1 + 4 1

± 0 0

— 1 0

4  + 0 0 1 2 1 7

3  + 0 0 1 0

3 2  + 0 0 2 2

1 + 6 2 1 0

± 1 0 0 0

— 1 2 1 7 3 0

4  + 0 0 0 9

3  + 0 0 0 3

4 2 + 0 0 3 2

1 + 0 0 3 2

0 0 3 1

— 1 9 1 9 1 0 2

4 + 0 0 1 3 1 5

3  + 0 0 0 0

5 * * 2 + 0 4 0 1

1 + 1 6 0 2

± 1 2 2 1

— 17 7 0 0

4 + 9 12

3 + 4 0
7 2 + 2 4

1 + 2 3

2 0
0 0

4 + 5 8
75 3 + 2 0

(17 m o n th s) 2 + 2 3
1 + 0 3

± 2 4

— 8 1

* 4-f- to 1 +  re la tiv e  n u m b e r  of colonies; few  colonies; —  no g row th  
** S urv ival of 4 s tra in s  in  m ilk  a t  — 60 °C could n o t be  ev a lu a ted  because of co n tam ination
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As i t  can  be seen in  T ab le  I I I ,  C. je ju n i  cou ld  n o t be cu ltu re d  ag a in  from  
th e  faeces o f p a tie n ts  on th e  d ay  a fte r  sam p lin g  in  te n  cases. L o n g er th a n  3 
day s su rv iv a l w as found  in 7 cases.

Table III

Campylobacter je ju n i:  recovery in  20 positive  faecal samples kept at 4 °C

D ays a fte r  sto rage
a t  4 °C

N o. of sam ples

p o sitiv e nega tive

0 2 0 0

l 1 0 1 0

2 8 1 2

3 7 1 3

5 6 И

7 2 1 8

1 2 1 1 9

2 0 0 2 0

Discussion

As th e  p resen t resu lts  show ed, room  te m p e ra tu re  is n o t su ita b le  fo r th e  
reco v ery  o f C. je ju n i  a f te r  te n  days s to rag e , a lth o u g h  Amos [13] re p o r te d  good 
reco v ery  a t  th a t  te m p e ra tu re  using  A m ies m ed iu m  [14], and  Lecce [8] re p o rte d  
s im ila r re su lts  using  th io g ly co la te  w ith  0 .3 %  agar. O th er a u th o rs , such  as 
B laser e t al. [6] failed  to  o b ta in  a good su rv iv a l in  h u m an  bile, u rin e  an d  
bov ine  m ilk  a t  room  te m p e ra tu re . N e ith e r  seem s pep to n e  w a te r (4% ) or pep tone- 
saline su itab le  for th e  pu rpose  a t  an y  o f  th e  te m p e ra tu re s  s tu d ied . M ilk an d  
4 %  a lb u m in  so lu tion  gave th e  b es t re su lts , a lth o u g h  we have to  con sid er th e  
differences in  sto rage  te m p e ra tu re . W hile  a t  4 °C recovery  w as a d e q u a te  
on ly  fo r 2 w eeks, a t —20 °C it w as sa tis fa c to ry  fo r 3 weeks. O ur re su lts  show 
ing th e  b es t recovery  a t  —60 °C are  in  a g reem en t w ith  th e  re su lts  o f  W ä ld e r [ 15] 
an d  K in g  [5] w ho used d e fib rin a ted  ra b b i t  b lood  a t —40 °C and  Chow  [16] 
w ho used  m ilk a t  —75 °C w ith  success. W e fo u n d  a lb u m in  so lu tion  as th e  best 
m ed ium  for th e  p re se rv a tio n  o f C. je ju n i  ; its  use in  sm all q u a n titie s  w ith  dense 
suspensions can be recom m ended  in  c o m b in a tio n  w ith  cooling for la b o ra to rie s  
w here ly o p h ilisa tio n  is n o t av ailab le .

C am py lobac te rs differ in  su rv iv a l n o t only  in  pure cu ltu res  a n d  u n d e r 
know n  c ircu m stan ces , b u t p a rtic u la r ly  u n d e r  u nknow n  co n d itio n s, like in  
stoo l sam ples. I t  is know n th a t  su rv iv a l o f  C. je ju n i  is b e tte r  a t  4 °C th a n  a t 
room  te m p e ra tu re  [6]. T h is is a w arn in g  a g a in s t th e  tra n sp o r t  o f s too ls la s tin g
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lo n g e r th a n  one d ay , since C am pylobacter could  n o t  be recovered  on th e  d ay  
a f te r  th e  f irs t c u ltu rin g  from  h a lf  o f the  sam p les  k e p t a t 4 °C.

A c k n o w l e d g e m e n t . T h e  a u th o rs  are in deb ted  to  Miss Ma r ia  L u d á n y i for skilled tech n ica l 
a ssis tan ce .
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NOT К

ISOLATION AND IN VITRO ANTIMICROBIAL 
EFFICIENCY OF BUTE A MONOSPERMA  SEED 
OTL ON HUMAN PATHOGENIC BACTERIA AND 

PHYTOPATHOGENIC FUNGI

В. K . M e h t a , A v i n a s h  D u b e y , M. M. B o k a d ia  and S. C. M e h t a

School o f  Studies in Chemistry, V ikra m  U niversity, U jja in  and Gajra R aje M edical College,
Gwalior, India

(R eceived .Inly 2, 1981)

T he in v itro  a n tim ic ro b ia l effic iency  of seed oil o f B utea  monosperma  was s tu d ie d  by  
th e  filte r  p ap er d isk  m eth o d  ag a in st several h u m an  p a th o g en ic  b a c te ria  and fungi. T h e  oil 
show ed a s ign ifican t b ac teric id a l an d  fungicidal effect.

M edicinal p la n ts  have  been found  to  possess d iffe ren t chem ical c o n s titu 
en ts  ac tiv e  ag a in st a n u m b e r o f  b a c te ria  and  v iru ses. T he a n tim ic ro b ia l ac tiv - 
ity  o f m an y  p la n t e x tra c ts  [1] an d  fa t ty  oils o f d iffe ren t seeds [2—5] has been  
re p o rte d . The seeds o f  d iffe ren t m edicinal p la n ts  are  rich  in  fa t ty  oils h av in g  
good a n tib a c te r ia l a c tiv ity  [3 -7 ]. The p resen t in v es tig a tio n  deals xvitli th e  
iso la tio n  and  te s tin g  o f  in  v itro  an tim ic ro b ia l a c t iv i ty  o f th e  fa t ty  oil of Butea  
m onosperm a  seeds on h u m a n  path o g en ic  b a c te ria  an d  p h y to p a th o g en ic  fungi.

T he seeds o f B . m onosperm a  (palas) belonging  to  th e  fam ily  Legum inaceae  
are used  in th e  t r e a tm e n t o f v a rio u s diseases [8, 9] as th e y  possess a n th e lm 
in th ic  an d  a n tife r tility  p ro p e rtie s  [10-12]. T he oil e x tra c te d  from  th e  seeds 
was found  to  co n ta in  d iffe ren t s a tu ra te d  and  u n s a tu ra te d  fa t ty  acids su ch  as 
p a lm itic , s tea ric , linoleic, linolic , oleic, behen ic , a rach id ic , crucic an d  cero tic  
acids [6, 7]. In  a d d itio n  to  f a t ty  acids, th e  oil co n ta in ed  glycosidic s te ro ls  
nam ely  ceryl alcohol, /5 -sitostero l-a-am yrin , /?-sitosterol-a-i)-g lycosides, and  
sucrose [13].

В. K . M e h t a , A v in a sh  D u b e y , M. M. B o k a d ia

School o f  S tu d ie s  in C h em istry , V ik ram  U n iv e rs ity  
U jja in  456 010, In d ia

S. C. Meh ta

G ajra  R a je  M edical College 
G w alior, In d ia
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M aterials and m ethods

T h e  dried and  p o w d ered  seeds w ere e x tra c te d  w ith  l ig h t p e tro l; a f te r  rem o v a l of the  
so lv e n t b y  suction , a  yellow  oil (3 4 % ) was o b ta ined .

F o r  th e  s tu d y  of a n tib a c te r ia l  and an tifu n g al a c t iv ity  in  v itro  we used  O xoid  n u tr ie n t 
b r o th  a n d  Sabouraud  b ro th  so lid ified  w ith  2.5%  agar. T he ag ar d iffusion tech n iq u e  [14, 15] 
w as fo llow ed  b y  using spec ia l m ic ro b ia l filte r  p a p e r d isks [16].

T h e  p la tes were f lo o d  w ith  b ro th  cu ltu res g row n a t  37 °C for 18 h  (b a c te ria )  or a t  26 °C 
fo r 72 h  (fungi). A fter rem o v in g  th e  excess liqu id , th e  f i lte r  p ap er d isks 4 m m  in  d iam ete r 
w ere  m o is ten ed  w ith  th e  oil (0.15 fig) an d  placed o v er th e  seeded m ed ium . C ontro l m icrobial 
s u s c e p tib il ity  tes tin g  w as p e rfo rm e d  w ith  biodisks [17] o f pen ic illin , s tre p to m y c in  an d  t e t r a 
cy c lin e  fo r  an tib ac te ria l, a n d  w ith  H am y cin  for an tifu n g a l a c tiv ity . T he p la te s  w ere in cu b a ted  
a t  37 °C fo r 24 h, an d  a t  26 °C fo r 72 h  in  case o f fungi. T h e  experim en ts  w ere pe rfo rm ed  in  
tr ip l ic a te  an d  th e  average  d ia m e te r  of th e  in h ib itio n  zone w as recorded .

Results

A s seen in T ab le  I ,  th e  m ost suscep tib le  te s t  o rganism s w ere S ta p h y lo 
coccus aureus, Escherichia coli, Klebsiella  sp ., B acillu s subtilis, B acillus anthra- 
cis, Salm onella  p u llo ru m , Pseudom onas aeruginosa, Proteus vulgaris, A sp er
g illu s  sydoivi, A . luchuensis, A . flavus, F u sa r iu m  solani, F . sem itectum , F. 
o xysp o ru m , F . m oniliform e  an ti Cladosporium .

Acknowledgements. T he sen io r a u th o r  (B K M ) is in d eb te d  to IC M R , N ew  D elhi and 
to  C S IR , N ew  D elhi, for th e  a w a rd  of a R esearch  Fellow ship .
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Table I

Antim icrobial activity  o f  the seed oil o f  B utea  monosperma

M icroorganism s*
D ia m e te r  o f zone of 

in h ib itio n  
(in  m m )

Staphylococcus aureus 7

Staphylococcus epiderm idis 7

Bacillus subtilis 1 2

Bacillus anthracis 8

Klebsiella sp. 8

Salmonella newporl

Salmonella pu llorum 10

Proteus vulgaris 10

Escherichia coli 9

Pseudomonas aeruginosa 8

Aspergillus niger 9

Aspergillus ustrus 9

Aspergillus sydoui 14

A spergillus luchuensis 13

Aspergillus f la v u s 10.5

Fusarium  solani 10.5

Fusarium  sem itectum 13

F  usa ri um oxy sporn m 7

Fusa r i и m m оn i l i f  orme 1 2

Cladosporium 6

Cladospor i о i d e s 4

Periconia  spp. 16

' Not done
* Test organism s were o b ta ined  from  the  College of V eterinary Sciences a n d  A nim al 

H u sb an d ry , .Jabalpur (bacteria ) and from  the  School o f S tudies in B otany, U jja in
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NOTE

PURIFICATION AND ELECTRON MICROSCOPY OF 
A LARGE PLASMID OF RHIZOBIUM MELILOTI  41

M . M i n k  a n d  T .  S i  к

Institu te o f  Genetics, Biological Research Center,
H ungarian Academ y o f  Sciences, Szeged

(R eceived  Ju n e  14, 1982)

A large  p lasm id  DNA m olecule was purified  from  R hizobium  meliloti 41 by CsCl- 
e th id iu m  brom ide d en sity  g rad ien t cen trifu g a tio n . E le c tro n  m icroscopic and  agarose  gel 
e lectro p h o re tic  d a ta  suggest th a t  a d d itio n  of alkali e ffec tiv e ly  rem oves th e  ch rom osom al 
DINA, th e  p lasm id  DN A  can  he p re c ip ita te d  from  th e  c leared  ly sa te  an d  no g ra d ie n t c e n tr i
fugation  is needed  for plasm id p u rification .

M ateria l and methods. D N A  was p u rified  for d e n s ity  g rad ien t c en trifu g a tio n  by  the 
sligh tly  m odified  m eth o d  of C urrier and  N ester [1 ]. One an d  h a lf  l itre  exponen tia l phase  c u ltu re  
of R hizobium  meliloti 41 was pelleted  an d  resuspended  in 0.5 litre  Т Е  buffer (0.05 M T ris -H C l, 
0.02 m  E D T A , p H  8).

L y s is  o f  cells was achieved b y  add ing  30 ml 20%  sodium  d odecy lsu lphate  so lu tion . 
S ix ty  ml P ro te in ase  К (5 m g/m l) was added  to the ly sa te  an d  in cu b a ted  a t  37 °C for 30 m in. 
T he clear, v e ry  viscous ly sa te  w as sheared  a t  500 rp m  for 10 s, th en  stirred  at 150 rp m  for 
10 m in w ith  a m ag n e tic  s tir re r .

Jjinear D N A  was rem oved  by  a d d in g  3 n N aO H  so lu tio n  d rop  by drop to th e  cell 
lysate  u n til th e  p H  reached  th e  v a lu e  of 12.3. Solid NaCl was th en  dissolved in th e  ly sa te  
by  s tirrin g  up  to  3%  co n cen tra tio n . An equal volum e of fresh ly  d istilled  phenol s a tu ra te d  
w ith  3%  N aCl so lu tion  was m ixed by  s tirrin g  for fu r th e r  10 m in. T he DNA c o n te n t o f the 
aqueous ph ase  was p rec ip ita ted  by  0.7 vol. e th an o l a t 20 °C ov ern ig h t. The p re c ip ita te d  
DN A  was pelle ted  in a bench-top  cen trifuge , v acuum  d ried  a n d  d issolved in T E S  buffer (0.05 м 
T ris -H C l, 5 m m  E D T A , 0.05 м NaCl, p H  8.5).

Solid  CsCl to  a re frac tiv e  index  of 1.39 (q 1.598 g /c in :{) and e th id iu m  b ro m id e  up 
to 0.5 m g/m l co n cen tra tio n  were dissolved. C en trifu g atio n  w as carried  o u t in a B eckm an L2 
65B ty p e  u ltracen trifu g e  in an  SW41 ro to r a t 35 000 rp m  for 50 hr. A fter c en trifu g a tio n  two 
DNA h an d s were found  under UY light.

The aqueous method was ap p lied  |2 | for sp read in g  D N A  for e lectron  m icroscopy. T he 
specim en grids w ere shadow ed w ith  p la tin u m .

Agarose gel electrophoresis [3 1 of the  H in d l l l  d igested  D N A  [4] was carried  o u t in a 
v e rtica l slab  gel e lectro p h o re tic  a p p a ra tu s . E th id iu m  brom ide  (0.5 [ig/m \) was d isso lved  in 
th e  hot gel. T he D N A  hands w ere visualized  by  366 um  UV lig h t illum ination .

R esults and  d iscussion . Tw o D N A  b an d s  ap p e a re d  a fte r C sC l-e th id iu m  
brom ide d e n s ity  g rad ien t c e n trifu g a tio n  sug g estin g  th e  presence o f lin ear 
and  c ircu la r b ac te ria l D N A . T he b an d s w ere se p a ra te d  and  e x tra c te d  th ree

M á t y á s  M i n k

D e p a r tm e n t o f  M icrobio logy, A ttila  Jó z se f  U n iv e rs ity  
H-6701 Szeged, P .O .B . 533, H u n g ary

T i b o r  S í k

In s t i tu te  o f  G enetics , B io logical R esea rch  C en te r, H u n g arian  A cadem y o f  Sciences 
H-6701 Szeged, P .O .B . 521, H u n g ary
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t im e s  w ith  CsCl s a tu ra te d  i-p ro p an o l to  rem o v e  th e  dye an d  d ia ly sed  in  sterile  
d ia ly s is  tu b e s  ag a in st T E S  buffer. The D N A  w as p rec ip ita ted  w ith  e th an o l, 
p e lle te d  an d  v acu u m  d ried , dissolved in  50 [A sterile  T E S  b u ffe t an d  k ep t 
re f r ig e ra te d  a t  4 °C in  s te rile  E p p e n d o rf  tu b e s .

T h e  e lec tron  m icroscopy  of D N A  show ed th a t  th e  lig h te r  b a n d  co n ta in ed  
lin e a r  D N A  o f 60 to  120 k ilobasepa irs  (k b p ) in leng th . T he second , denser 
b a n d  co n sis ted  of c ircu la r D N A . B o th  re lax ed  and  “ superco iled”  fo rm s were 
fo u n d  (F igs 1 and  2). W e use th e  te rm  “ su p erco iled ”  for th e  ca teg o ry  o f  p lasm id  
D N A  m olecules show n in F ig . 2 w hich p re su m a b ly  con ta ined  less single s tra n d 
ed b re a k s  th a n  d id  th e  o pen  circle form  p re se n te d  in  Fig. 1. T he presence of 
a fewr lin e a r  m olecules w as due  to  m echan ica l b reakage d u rin g  p re p a ra tio n  of 
th e  spec im en  grids.

■ 4

F ig . 1. R e lax ed  (OC) form  of R m  41 p lasm id  D N A  m olecule. X 6700; p la tin u m  shadow ed

A cta  Microbiologica Hungarica 30, 1983



LAUGE PLASM ID OF RH IZO BIU M 81

T he m olecular w eigh t o f th e  p lasm id  D N A  w as ca lcu la ted  b y  m easu rin g  
th e  co n to u r len g th s  o f e ig h t m olecules using a conversion  factor o f  3.2 k b p  =  
=  1 pm , since we d id  n o t sp read  m ark e r D N A  as in te rn a l s ta n d a rd . This 
ca lcu la tio n  resu lted  in  a va lue  o f  210 k b p  w hich  w as in  good a g re e m e n t w ith  
th a t  found  by  Casse e t al. [5].

H in d lI I  d igestion  o f th e  D N A s from  th e  tw o  b an d s  resu lted  in  a n  iden t- 
ical p a t te rn  (no t show n). T he gel p a tte rn  o f  th e  D N A  o rig in a tin g  fro m  th e  
lin e a r  h a n d  h ad , how ever, a m ed ia te  b a ck g ro u n d  sm ear because o f  th e  ran d o m  
b reak ag e  o f th e  u n d ig es ted  p lasm id  D N A  an d  th e  presence of som e ch ro m o so 
m al D N A  c o n ta m in a tio n  w hich was n o t to ta l ly  rem oved  by th e  a lk a li t r e a t 
m e n t. T he m olecular w eigh t o f th e  p lasm id  D N A  w as n o t ca lc u la ted  b y  gel 
e lectrophoresis.

T he resu lts  in d ica te  th a t  th e  b u lk  of th e  D N A  p e lle ted  b efo re  CsCl- 
e th id iu m  brom ide c e n tr ifu g a tio n  m ain ly  consisted  o f  p lasm id  m olecules. 
W e could  no t exclude  th e  presence in  th e  p e lle t o f single s tra n d e d  D N A  oi 
R N A  as co n tam in a tin g  nucleic acids. S till, th e re  w as no sign o f  th e m  e ith e r 
in  th e  b o tto m  o f th e  g ia d ie n t o r as a p re c ip ita te  a fte r  UY illu m in a tio n  o f  the  
g rad ien ts . The p u rif ic a tio n  m eth o d  itse lf  g u a ra n te e s  a good q u a lity  a n d  yield 
of th is  large p lasm id  an d  the  tim e-consum ing  a n d  expensive CsCl g ia d ie n t 
cen trifu g a tio n  can  lie o m itted .

Fig. 2. “ Supercoiled” form of Rm  41 plasmid DNA molecule. X  10 000; p la tinum  shadowed

6 Acta Microbiologica Hungarica 30, 1983
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T h e re  are in d ic a tio n s  t h a t  R . meliloti 41 h as  a n o th e r, b igger p lasm id , 
to o  [6 ]. D ue to  its  la rge  size (m ore th a n  400 k b p ) i t  could  only  be d e te c te d  by  
gel e lec trophoresis  [7].
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Introduction

N early  30 y ea rs  h av e  passed  since th e  d iscovery  o f adenoviruses [1] a n d  
since th e n  m ore th a n  100 adenov irus ty p e s  (species) o f h u m a n  and  an im al o ri
g in  w ere recognized  [2 -8 ]. T he a m o u n t o f 5000-20  000 v iru s  partic les p ro d u ced  
p e r  cell [9] d u rin g  m u ltip lica tio n  in  in fec ted  cells is o f g rea t a d v a n ta g e  in  
th e ir  s tu d y . The fa c t t h a t  only  a sm all q u a n t i ty  o f th e  v iru s  specific p ro te in s  
is used  for th e  fo rm a tio n  o f th e  com plete  v irio n  an d  8 0 -9 5 %  of th em  m a y  be 
recovered  in  so luble  fo rm  from  th e  in fec ted  cells an d  th e  m edium  [10] a n d  
th e n  pu rified , p ro v id es  m eans for phy sica l, chem ical, im m unological and  
m orphological s tu d ies .

T he cohesive force am ong th e  p o ly p ep tid e  su b u n its  c o n s titu tin g  th e  
h ex o n  capsom er o f  th e  p ro te in  coa t is in  th e  case o f adenov iruses such a s tro n g  
th o u g h  n o t co v a len t bo n d  th a t  th e  hexons m a y  be  recovered  in in ta c t  fo rm  
from  th e  in fec ted  cells an d  each o f th e ir  ch a ra c te ris tic s  co rrespond  to  th e  hex o n s 
o b ta in ed  by  d e s tru c tio n  o f th e  v irion  [11].

É va  Á d Am , I stvAn NAsz
Institute of Microbiology, Semmelweis University Medical School 
Nagyvárad tér 4, 11-1089 Iludapest, Hungary
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H ex o n  capsom ers are p resen t in  th e  la rg est am o u n t in  th e  ad en o v iru s  
c a p s id . O f th e  252 capsom ers (m orpho log ica l un its) bu ild ing  u p  th e  capsid  o f  
ic o sa h e d ra l sy m m etry , 240 a re  th e  h ex o n s [12] rep resen tin g  a p p ro x im a te ly  
5 3 %  o f  th e  to ta l  b u lk  o f th e  v irio n . O n ly  ab o u t 10%  of th e  h ex o n  p ro te in s  
p ro d u c e d  in  th e  course o f v iru s  m u ltip lic a tio n  are bu ilt in to  th e  v irio n . T his 
h igh  r a te  o f  excess p ro d u c tio n  an d  th e  p o ss ib ility  of e x tra c tio n  an d  p u rif ic a 
t io n  m ig h t be th e  cause o f th e  fa c t t h a t  th e  adenovirus h ex o n  is p ro b a b ly  
o n e  o f  th e  m ost in ten s iv e ly  s tu d ied  an d  b e s t know n v irus specific  p ro te in .

M orphology o f th e  hexon

T h e  f ir s t  e lec tron  m icroscopic e x a m in a tio n s  of th e  ad en o v iru s  h ex o n  de
sc r ib e d  th e  capsom er as a g lo b u la r fo rm a tio n  [12]. S tudy ing  th e  hex o n s o b ta in ed  
b y  th e  d e s tru c tio n  of aden o v iru s  ty p e  5 th e y  w ere found  to  he po lygonal ro d 
like  fo rm a tio n s  w ith  a m ax im u m  size o f 8.0 n m  an d  a hole of 2.5 n m  in  d ia m e te r  
in  th e i r  c en tre  [13]. T he increased  reso lu tio n  pow er of elec tron  m icroscopes and  
th e  in tro d u c tio n  of freeze-e tch ing  an d  freeze-d ry ing  tech n iq u es  [14] re su lted  
in  a m o re  deta iled  reco g n itio n  o f th e  h ex o n  s tru c tu re . T h u s, th e  s tru c tu re  
re sem b le s  a tr ia n g u la r  p rism  w ith  a base  o f  8.5 X 9.9 nm , w ith  a sm alle r end 
o f  7.5 n m  an d  a hole o f 2.5—3.5 n m  in  d ia m e te r  a t  th e  to p  o f th e  hexon .

U p o n  h ea t t re a tm e n t th e  a d en o v iru s  capsid  d isru p ts  ra p id ly  to  nona- 
m ers  [15]. These fo rm atio n s w hich  co nsist o f n ine hexons (G O N  =  g ro u p  of 
n in e ) s ta y in g  to g e th e r in  a defined  fo rm a tio n , decom pose in to  m onom ers 
u p o n  m ore  d rastic  t r e a tm e n t. R e c o n s tru c tio n  o f the  capsid  in  v itro  show ed 
t h a t  th e  nonam ers w ere ad so rb ed  to  th e  g rid  in  tw o positions, in  r ig h t-h a n d e d  
o r  le f t-h a n d e d  form  [16]. A ccord ing  to  th e  ex am in a tio n s o f N e rm u t a n d  P e r
k in s  [17] th e  hexons are  s ta in ed  on th e  e lec tro n  m icroscopic g rid  fro m  below  
in  a w id th  of 2-3  n m , th u s  in  e lec tro n  m icroscopic e x am in a tio n s  o n ly  tho se  
h e x o n -e n d  profiles can  he s tu d ie d  w h ich  are  adsorbed  to  th e  g rid  a n d  th e  
im a g e  is ac tu a lly  in d e p e n d e n t o f th e  p a rtic le  “ h e ig h t” . N in e ty  p e rc e n t o f  th e  
n o n a m e rs  adsorb  in  le ft-h an d ed  positio n  to  th e  hydrophob ic  c a rb o n -fo rm v ar- 
c o a te d  g rid s , nonam ers o f r ig h t-h a n d e d  a r ra y  are d e m o n s tra te d  on ly  i f  h y d ro 
p h ilic  o r  p ositive ly  charged  g rid s are  used .

A  new  th ree-d im en sio n a l m odel o f th e  hexon  has been e la b o ra te d  on  th e  
b as is  o f  e lec tron  m icrog raphs w ith  co m p u te r  m odelling [17]. A ccord ing  to  th e  
m o d e l th e  in te rn a l en d  o f th e  h ex o n  fac in g  o rig inally  th e  v irio n  core in  th e  
v iru s  c a p s id  m easures 7 .5 -8 .0  n m  an d  th a t  o f th e  n early  ro u n d  hole in  i ts  c en tre , 
2.5 — 3.0 n m  in d iam eter. T he d ia m e te r  o f  its  e x te rn a l end  m easu res  8.5—9 t0 'nm  
a n d  th e re  is a Y -shaped  s lit b e tw een  th e  th re e  po lypep tide  su b u n its . O w ing to  
th is ,  th e  tw o  ends o f th e  hexons are  d iffe ren t in  profile. A v e ry  th in  ch an n e l
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ru n s  th ro u g h  th e  h ex o n  an d  w idens s lig h tly  to w a rd s  th e  hasis. T he m id d le  p a rt 
(w aist) of th e  h ex o n  betw een  th e  ro u n d ish  in te rn a l  end and th e  a p p ro x im a te ly  
tr ia n g u la r  e x te rn a l end is hexagonal [17—20], w ith  a d iam ete r o f  8 .5 -9 .6  nm . 
T he to p  of th e  h ex o n  is tw isted  b y  30° w ith  respect to  th e  h ex ag o n a l m iddle 
an d  in te rn a l p a r t .  B u rn e tt  e t al. [20] d e m o n s tra te d  b y  a 6 A reso lu tio n  e lec tro n  
d en sity  m ap th a t  th e  hexon  has a p seu d o h ex ag o n a l base and  a tr ia n g u la r  to p . 
T he to p  is a b o u t 10° offset in  th e  an ti-c lockw ise  sense from  th e  m id -p o in ts  of 
th re e  basa l edges. T he hexon  is a b o u t 11 n m  in h e igh t [8].

The s tru c tu re  o f th e  capsid as d e te rm in e d  from  th e  hexon m odel c o n s tru c t
ed b y  th e  X -ra y  d iffrac tio n  stud ies o f  B u rn e t t  e t al. [18,19] and  b y  c o m p u te r  
m odelling  [17] w as m ore close an d  s ta b le  th a n  th a t  assum ed on th e  b as is  of 
th e  earlie r h ex o n  m odel [14]. A ccord ing  to  earlie r considera tions th e  capsid  
w as m ore porous, th e  space am ong th e  h ex o n s w as perm eable  for la rg e r  m ole
cules and  th e  lin k ag e  was considerab ly  looser th a n  in th e  s tru c tu re  w ith  hex o n s 
h av in g  a hex ag o n al m iddle p a r t  w id e r th a n  th e  tw o  ends. This s tru c tu re  on ly  
assu m ab ly  allow s io n  m igra tion  be tw een  th e  core o f th e  v irion  and  th e  e n v iro n 
m en t [21].

D ifferen t p h y sica l and  chem ical m e th o d s  revealed  th a t  th e  th re e  p o ly 
p ep tid e  su b u n its  c o n s titu tin g  th e  h ex o n  w ere iden tica l [22] an d  th a t  th e  
hexon  po ly p ep tid es  d isp layed  a 3-fold sy m m e try  in  th e  com plete h ex o n  [23]. 
F o r adenov irus ty p e  5, tw o  hexon p ro files w ere described in th e  n o n am ers  [17]. 
in  ou r s tud ies u n d e rta k e n  for th e  d e te rm in a tio n  o f th e  s tru c tu re  o f th e  tw o- 
d im ensional hexon  c rysta lline  a rra y  (see la te r )  th e  existence of tw o h ex o n  p ro 
files was show n w ith  th e  adenov irus ty p e  1 h ex o n  [24, 25]. T hough  th e  th re e  
chem ical su b u n its  b u ild ing  up th e  h ex o n , i.e. th e  th ree  po lypep tides, a re  seldom  
clearly  visible on neg a tiv e  s ta in ing  ow ing e i th e r  to  th e  d is trib u tio n  o f  th e  neg
a tiv e  s ta in  or to  th e  d ev ia tion  or d is lo ca tio n  o f one of th e  p o ly p ep tid e  en d s in 
consequence o f th e  flex ib ility  of th e  p o ly p e p tid e s , we could often  o b se rv e  h e x 
ons w ith  rin g -sh ap ed  w alls d isp lay ing  th re e  e lec tro n  dense spots c o rre sp o n d 
ing to  th e  p o ly p ep tid es . B y d irec t e x a m in a tio n  of tw o-d im ensional h ex o n  
cry sta llin e  a r ra y  we found  also capsom ers w ith  clearly  visible th re e  p o ly p e p 
tid es . The tw o d iffe ren t hexon profiles becam e  expressed  using M a rk h a m ’s ro 
ta tio n a l in te g ra tio n  tech n iq u e  [26] fo r th e  s tu d y  o f th e  sy m m etry  o f  th e  p o ly 
p ep tid e  su b u n its  b u ild in g  up  th e  com p le te  h ex o n . In  one of th e  h ex o n  p ro files 
d em o n stra ted  in  th e  tw o-d im ensional h ex o n  c ry sta llin e  a rray , th e  p o ly p e p tid e  
ends show ed s lig h tly  b e n t oblong fo rm s enclosing  an ap p ro x im ate ly  ro u n d  hole 
(F ig . la )  and in  th e  o th e r hexon p ro file  a Y -sh ap ed  s lit w as d iscovered  am o n g  
th e  po ly p ep tid es  (F ig . lb ) . This w as a d ire c t e lec tro n  m icroscopic p ro o f  o f  th e  
correctness of th e  co m p u te r m ade h ex o n  m odel. T he second hexon  p ro file  
m en tio n ed  w^as seldom  seen in the  c ry s ta llin e  a r ra y . C orresponding to  th e  charge  
w ith in  th e  hexon , th e y  adsorb  to  th e  g rid  b y  th e ir  in te rn a l end in  th e  tw o- 
d im ensional c ry s ta llin e  a rray . T his end  o f th e  hexon  can be s ta in e d  a n d  is
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F ig . 1 . E le c tro n  m icrograph  (a) show ing a sm all p a r t  o f  a tw o-d im ensional h exon  c ry s ta llin e  
a r ra y  processed w ith  M ark h am ’s ro ta tio n a l in te g ra tio n  te c h n iq u e  (a’). N ote th e  th re e  s lig h tly  
rounded, oblong  p o ly p ep tid e  su b u n its  c o n stitu tin g  th e  cen tra l hexon, w ith  in tra h e x o n a l 
connective elem en ts am ong  th em . Y -shaped  slit a m o n g  th e  th ree  po lypeptide  su b u n its  of th e  
central h e x o n  in  a sm all p a r t  o f  a tw o-d im ensional c ry s ta llin e  a rra y  (b) processed w ith  r o ta t io n 

al te c h n iq u e  (b ’). Angle o f  ro ta t io n :  120°

v is ib le  u n d e r  th e  e lec tro n  m icroscope. A n occasio n a lly  inverse s itu a tio n  o f  th e  
h e x o n  m ean s  an  ir re g u la r ity  in  th e  s tru c tu re  o f  th e  c rysta lline  a rray .

T a k in g  in to  c o n s id e ra tio n  th e  hexon  en d s , ow ing to  th e  3-fold sy m m e try  
o f  th e  h e x o n  p o ly p ep tid es , th e  adenov iruses re p re se n t such a special case of 
c a p s id s  w ith  hexagonal s tru c tu re  w hich a re  b u ilt  up o f m acrom olecules o f 
3 -fo ld  sy m m e try  [17]. H ex ag o n a l pack ing  s im ila r  to  th e  capsid was d e m o n s tra 
b le  in  th e  tw o-d im ensional h ex o n  c ry s ta llin e  a r ra y , too  [27].

Crystallization of the hexon

P e re ira  e t al. [28] w ere th e  f irs t to  re p o r t  on  th e  th ree -d im en sio n a l c ry s
ta l  w h ic h  w as o b ta in e d  fro m  th e  p u rified  h e x o n  p rep a ra tio n  o f a d en o v iru s  
ty p e  5. T h en  a few w o rk in g  groups c ry s ta lliz ed  hexon  p rep ara tio n s o f  a d e n o 
v iru s  ty p e s  2, 5 and  6 [2 9 -3 2 ] .The c ry s ta l d isp la y e d  in  alm ost each case a te t r a -
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Fig. 2. E lec tro n  m ic ro g rap h  o f a tw o-d im ensional c ry s ta llin e  a r ra y  developed d u rin g  c ry s ta l
liza tio n  of th e  h ex o n . A p p ro x . X 250 000

h ed ra l form . W e h av e  e lab o ra ted  a ro u tin e -lik e  c ry sta lliza tio n  m e th o d  b y  
d ia ly sing  th e  h ex o n  p re p a ra tio n  (e x tra c ted  an d  p u rif ie d  from  adenov irus ty p e  1 
in fec ted  cells) a g a in s t 0.5 mol/1 a c e ta te  b u ffe r  [33]. T he adenovirus h e x o n  w as 
th e  f ir s t  v iru s su b u n it p ro te in  w hich w as successfu lly  crystallized .

W ith  X -ra y  d iffrac tio n  b o th  ad en o v iru s  ty p e  2 [30] and  ty p e  5 [29] 
h ex o n  c ry sta ls  w ere fo u n d  to  belong to  c ry s ta ls  o f  th e  space group P 2 X3, th e  
u n it  cell h ad  a n  a — 14.99 nm  and  c o n ta in e d  4 hexons p er u n it cell. S im ila r 
re su lts  were o b ta in ed  b y  th e  e lec tron  d iffrac tio n  s tu d y  of adenov irus ty p e  
1 hexon  c ry sta ls , th o u g h  th e  size o f th e  u n it  cell w as la rg e r b y  a few nm -s [34]. 
S ince th e re  are 12 a sy m m etric  u n its  p e r  u n it  cell in  P 2 13 th ere  m u st be th re e  
c ry sta llo g rap h ic  a sy m m etric  u n its  in  each  h ex o n  a n d  th e  axis o f th e  h ex o n  
ru n s  para lle l w ith  th e  axis o f sy m m etry  [35].

Two-dim ensional hexon crystals

To follow th e  c ry s ta lliza tio n  p rocess, seria l e lec tro n  m icroscopic e x a m i
n a tio n s  were perfo rm ed  in  th e  course o f  c ry s ta lliz a tio n  o f th e  adenov irus ty p e  
J hexon  [27]. A few h ours a fte r d ia lysis  w hich  in d u ced  th e  aggregation  o f  the  
hexons, sm all reg u la r g roups of hexons w ere fo u n d  an d  w ith  th e  progress o f  the  
process tw o-d im ensional c rysta lline  a rra y s  co n sis tin g  o f  several th o u sa n d s  of
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h e x o n s  w ere seen to  develop (F ig . 2). E le c tro n  m icroscopic s tu d ies  also show ed 
th e  d e v e lo p m en t o f “ th ree -d im en sio n a l”  in ic ro cry sta ls  o f m u ltila y e r a p p e a r
an ce  (F ig . 3) p resen tin g  a reg u la r  in te rn a l s tru c tu re  [36, 37]. T h is o b se rv a tio n  
w as th e  f i r s t  one in  th is  fie ld . D e ta iled  an a ly s is  o f th e  s tru c tu re  o f th e  tw o- 
d im e n s io n a l c rysta lline  a r ra y  rev ea led  besides th e  hexagonal re g u la r ity  also i r 
re g u la r it ie s  in  th e  s tru c tu re  [27]. T he av e rag e  values o f th e  la tt ic e  c o n s ta n t 
m e a su re d  in  n o n -p ara lle l d irec tio n s o f th e  h ex o n  rows show ed s ig n ifican t d e 
v ia t io n s . T he hexons fo rm  a s lig h tly  skew  a n d  irregu la r h ex ag o n a l s tru c tu re  in  
th e  tw o -d im en sio n a l hexon  c ry sta llin e  a r ra y . B u rn e tt  e t al. [20] d e m o n s tra te d  
t h a t  th e  p seu d o -h ex ag o n al base  an d  w a is t o f th e  hexons fa c ilita te d  th e  p ack in g  
o f th e  v iru s  capsid . D ue to  i ts  s tru c tu re , th e  tw o-d im ensional h ex o n  c ry s ta l
line  a r r a y  is su itab le  fo r o p tica l d iffrac tio n  s tu d ie s . W ith  th e  p ro ced u re  a d a p te d  
to  th e  l ig h t  m icroscope we could  d e m o n s tra te  t h a t  th e  in te n s ity  o f th e  d iffrac 
t io n  m a x im a  ch arac te ris tic  o f  th e  s tru c tu re  w as diverse; th e y  ap p e a re d  in  
r e la t iv e ly  few  n u m b er o f o rd ers , w h ich  re fe rred  to  th e  sh o rt a n d  lo n g -ran g e  
d iso rd e rs  o f  th e  c ry s ta l la ttic e  [37, 38]. T h e  values of th e  la ttic e  c o n s ta n t ca l
c u la te d  fro m  th e  d istance  o f  th e  re flec tio n  m ax im a  confirm ed in  acco rdance  
w ith  th e  re su lts  o f d irec t an a ly sis  th e  s lig h tly  skew  hexagonal s tru c tu re  of th e  
tw o -d im e n s io n a l h ex o n  c ry s ta l.

T h e  tw o-d im ensiona l c ry sta llin e  a r ra y  is especially  su itab le  fo r th e  s tu d y  
o f th e  m u tu a l  o rien ta tio n  an d  m ode o f lin k ag e  o f th e  hexon p o ly p ep tid e  su b 
u n its , as  th e  period ica lly  re p e a tin g  in fo rm a tio n  can be found in  it  over a large 
a re a . A  d ire c t s tu d y  of th e  e lec tron  m icroscopic  p ic tu re  and  th e  in tro d u c tio n
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Fig. 4. E lec tro n  m ic ro g rap h  (a) of a sm all p a r t  o f a tw o-d im ensional hexon c ry s ta llin e  a r ra y  
processed  w ith  M ark h am ’s ro ta tio n a l in te g ra tio n  te c h n iq u e  (a’). The po ly p ep tid e  su b u n its  
co n s titu tin g  th e  c en tra l hexon are  well v isib le . N ote  t h a t  each  of th e  po lypep tide  su b u n its  are 
nearest to  th e  tw o p o ly p ep tid e  su b u n its of th e  n e ig h b o u rin g  hexons. “ O ne-to-tw o”  o r ie n ta tio n .

Angle o f ro ta tio n : 120°

o f d iffe ren t im age im prov ing  p rocedures (M a rk h a m ’s ro ta tio n a l in te g ra tio n  
an d  co m p u te r im age-analysis) p ro v id ed  m ean s fo r th e  recognition  o f  th e  s tru c 
tu re  o f th e  tw o-d im ensiona l c ry sta llin e  a r r a y  a t  th e  level of hexons a n d  o f  th e  
p o ly p ep tid es  c o n s titu tin g  a com plete  h ex o n  [24, 25, 39]. The “ o n e -to - tw o ” 
o rie n ta tio n  system  d em o n stra ted  b e tw een  th e  po lypep tides of th e  n e ig h 
b o u rin g  hexons in  sm all d is tin c t p a r ts  o f  th e  c ry s ta llin e  a rray  m eans t h a t  one 
o f th e  p o ly p ep tid e  su b u n its  of a g iven  h e x o n  is s itu a te d  n earest to  th e  tw o 
o th e r p o ly p ep tid es  o f th e  n e ig h b o u rin g  h ex o n  (F ig . 4). T hus in th e  tw o -d im e n 
sional c ry s ta llin e  a r ra y  th e  com plete  hex o n s a n d  th e ir  po lypep tide  su b u n its  
are in  an  e q u iv a le n t en v iro n m en t c o rre sp o n d in g  to  th e  hexagonal p a c k in g  and  
3-fold sy m m etry . T h is o rien ta tio n  m a y  be u n iv e rsa l n o t only in  th e  tw o -d i
m ensiona l c ry s ta llin e  a r ra y  b u t also in  th e  a d en o v iru s  capsid [34].

S tu d y in g  th e  s tru c tu re  o f th e  tw o -d im en sio n a l crystalline a r ra y  w hich  
developed from  ad en o v iru s  ty p e  1 h ex o n s w e h a v e  d em o n stra ted  th e  ex is ten ce  
of in te rh e x o n a l connective  elem ents [25]. T h ese  connective e lem ents p ro d u ce  
th e  “ o n e-to -tw o ”  linkage system  b y  b e in g  lo c a te d  betw een  each p o ly p e p tid e  
su b u n it of each  h ex o n  an d  tw o p o ly p ep tid e  su b u n its  of th e  n e ig h b o u rin g  h e x 
on i. e. b y  lin k in g  th e m . T h a t m eans th a t  in  a reg u la r  case six -tim es tw o  ap 
p ro x im a te ly  p a ra lle l connective e lem en ts  ru n  from  th e  cen tra l h e x o n  to  its 
n e ighbouring  hexons (F igs 5 and  6). E le c tro n  m icrographs have  co n firm ed  
th e  ex istence  o f in te rh ex o n a l co nnec tive  e lem en ts  also in  th e  capsid  o f  ad e n o 
virus ty p e  1 [34]. F in e  connective e lem en ts  can  he discovered n o t  o n ly  be
tw een  th e  hex o n s b u t  also am ong th e  th re e  p o ly p ep tid e  su b u n its  in  th e  com 
plete  hexon  (F ig . 2a) [25]. In tro d u c tio n  o f th e  underfocussing  te c h n iq u e  [40] 
was o f  g rea t he lp  in th e  d is tin c tio n  o f  th e  co n n ec tiv e  elem ents from  th e  b a c k 
ground g ra n u la tio n  an d  M arkham ’s te c h n iq u e  c o n tr ib u te d  to  th e  re c o g n itio n  
o f th e  sy m m e try  cond itions [26].
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F ig . 5. E lec tro n  m icrograph  o f a  sm all p a r t  of th e  tw o -d im en sio n a l crystalline  a r ra y  (a ), p ro 
cessed  w ith  M arkham ’s ro ta t io n a l  in teg ra tio n  tec h n iq u e  (a ’). S ix-tim es tw o p ara lle l connec
t iv e  e le m en ts  ru n  from  th e  c e n tra l  hexon to th e  s ix  su rro u n d in g  hexons. D ue to  th e  s ix 
fo ld  ro ta t io n  th e  profiles o f th e  th ree  po lypep tides o f  th e  cen tra l hexon w ith  3-fold sy m 

m e try  a re  b lu rred . A ngle o f  ro ta t io n :  60°

F ig . 6. T e n ta t iv e  d iag ram  o f th e  stru c tu re  of th e  tw o -d im ensional hexon c ry s ta llin e  a r ra y  
sh o w in g  th e  possible m u tu a l o r ie n ta tio n  of hexon  p o ly p e p tid e  subunits and th e  co n n ec tiv e  
e le m e n ts . I t  d em o n stra tes  th e  “ o n e -to -tw o ” linkage  o f  th e  hexon po lypeptide  su b u n its  b e 
tw e e n  a n d  w ith in  th e  com ple te  h exons. The o r ie n ta tio n  corresponds to  th e  3-fold sy m m e try  
a n d  h e x a g o n a l pack ing . L ines in d ic a te  th e  in te rh ex o n a l connective  elem ents be tw een  th e  h e x 
o ns a n d  sp o ts  th e  in tra h e x o n a l connective  e lem en ts  b e tw een  the  hexon p o ly p ep tid es . T he 
ax is  co rresp o n d in g  to  th e  th re e  n o n  paralle l hexon ro w s (d raw n  in th e  lower corner on  th e  le ft)  

ru n s  betw een  tw o p o ly p e p tid e  su b u n its of a g iv en  h e x o n  and halves th e  th ird  one
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M olecular weight o f  the com plete hexon

E x a m in a tio n s  o f th e  m olecular w eig h t o f  th e  h ex o n  failed to  give id e n t i 
cal resu lts  even w ith  id en tica l types. T h e  m o lecu la r w eigh t of d ifferen t a d e n o 
v irus hexon  ty p es  v a ried  betw een  282 000 an d  413 000 w ith  an a ly tica l u l t r a 
cen trifu g a tio n  [41], w ith  d e te rm in a tio n  on th e  b as is  o f  d en sity  su b je c tin g  th e  
c rysta llized  hexon  to  u ltra c e n tr ifu g a tio n  in  d e n s ity  g ra d ie n t [29, 30] as w ell as 
in  gel f iltra tio n  an d  acry lam ide-gel e lec tro p h o res is  [42]. D ifferences e x is t n o t 
on ly  in  th e  m olecu lar w eigh t o f d iffe ren t h u m a n  ad en o v iru s  hexons b u t  also  in  
th e  h u m an  an d  bov ine  adenov irus hexons [43]. T h e  differences found  b e tw een  
th e  m olecular w eights o f com plete hexons m ay  n a tu ra l ly  he detec ted  also in  th e  
m olecular w eight o f th e ir  po lypep tides. T hus in  a d en o v iru s  ty p e  5 th e  v a lu e  ca l
cu la ted  on th e  basis o f th e  hexon c ry s ta l d e n s ity  w as 282 000-315 000 fo r  th e  
com plete  hexon  [29] and  using  th e  sam e m e th o d  th is  v a lu e  was 363 000-413  000 
fo r ty p e  2 com plete  hexon  [30]. S tu d y in g  th e  p o ly p e p tid e  su b un its  o f th e  sam e 
ty p e s , th e  m olecu lar w e ig h t o f ty p e  5 h ex o n  p o ly p e p tid e  was lower b y  15 000 
th a n  th e  value d e te rm in ed  for the  id e n tic a l p o ly p e p tid e s  of ty p e  2 [11, 44].

D ifferences in  m o lecu lar w eight w ere re f le c ted  also b y  th e  values o f  th e  
sed im en ta tio n  coefficien t [22].

Isoelectric point of the hexon

Ow ing to  th e  s tru c tu re  o f th e  v irio n  n o t each  h ex o n  is located  in  id e n t i 
cal e n v iro n m en t w ith in  th e  adenov irus cap sid . H ex o n s  around th e  v e r te x  
capsom ers, th e  so called  p e rip en to n a l hexons [45] are  neighbours o f p e n to n s  
on  one side an d  o f  hexons on th e  o th e r. V iew ing a single tr ia n g u la r  face o f  th e  
icosahed ron , th ree  d iffe ren t hexons a re  d isce rn ib le  [46] o f w hich one is th e  
m en tio n ed  p e rip en to n a l hexon , th e  second is a n o n -p e rip en to n a l one s i tu a te d  
on  th e  edges an d  th e  th ird  is located  in  th e  m id d le  o f  th e  tr ia n g u la r  face. D e
s tru c tio n  e x am in a tio n s  revealed  th e  s tro n g e s t b o n d  am ong  the  la t te r .  T h e ir  
isoelectric  p o in t w as fo u n d  to  be p i  4.7. T he p i  o f  th e  perip en to n a l h e x o n  is 
3.1 an d  th a t  o f tw o  a d ja c e n t hexons in  th e  m id d le  o f  th e  edges is 3.7 w ith  
adenov irus ty p e  5. T he isoelectric  p o in t o f h ex o n s e x tra c te d  and  p u rified  fro m  
cells in fec ted  b y  ad en o v iru s  ty p e  1 w as found  to  be  p i  4.54 [47] w hich  is n e a r  
to  th e  p i  value d e te rm in ed  for the  hexons in  th e  tr ia n g u la r  face in  th e  case  o f 
adenov irus ty p e  5. T h is ind ica tes t h a t  th is  h ex o n  is d o m in an t in  th e  so lub le  
h ex o n  p o p u la tio n . I n  th e  course o f m u ltip lic a tio n  o f  adenov irus ty p e  2 a h ex o n  
p o p u la tio n  w as d e tec ted  w hich could he  fo u n d  o n ly  in  th e  infected  cells o r  in  
th e ir  s u p e rn a ta n t an d  n o t in  th e  v irio n  capsid  an d  w hose isoelectric p o in t w as 
p i  4.9 being  th u s  h ig h er th a n  th e  above describ ed  p i  v a lues [48].
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Antigenic structure o f  the hexon

T h e  hexon  p ro te in  b e in g  p re se n t in  th e  la rg e s t am oun t in  th e  v ir io n  cap 
sid  c a rr ie s  genus-specific an tig en  d e te rm in a n ts . A ntibodies p ro d u c e d  a g a in s t 
th e  co m m o n  com plem en t f ix in g  an tig en  g ives a cross reac tio n  w ith  a d en o v i
ru ses  b e lo n g in g  to  th e  M astadenovirus  genus [8, 3, 49, 50]. No such  cross reac tio n  
teas o b se rv a b le  w ith  th e  m em bers o f th e  A viadenovirus  genus [3]. T h e  sero logi
ca l c ro ss  reac tio n  b e tw een  th e  m em bers o f  th e  M astadenovirus genus is sign if
ic a n t ly  s tro n g e r in  th e  in d iv id u a l su b g ro u p s  (subgenera) th a n  b e tw een  th e  
m e m b e rs  o f th e  d iffe ren t subgroups [51]. T h is  difference of r e a c tiv i ty  s tre n g th  
w ith in  th e  sam e subgroup  an d  b e tw een  th e  sub g ro u p s is called in tra -  a n d  in te r 
su b g ro u p  specific ity  [52]. B esides th e  genus-specific  p a r t  a ty p e  specific  
(species specific) co m p o n en t can  also be d iscovered  in  th e  h ex o n . V a rie ty  o f 
e p ito p e s  re la te d  to  all th e se  an tig en s  h as  b een  d ifferen tia ted  b y  h y b rid o m a  
te c h n iq u e s  [8]. In  th e  v irio n  capsid  on ly  th e  ty p e  specific an tig en  d e te rm in a n t 
is accessib le  for th e  a n tib o d ie s  because d iffe re n t regions of th e  h ex o n  ca rry  th e  
c o rre sp o n d in g  an tigen  co m p o n en ts . G enus-specific  an tigen  w as fo u n d  in  th e  
in te r n a l  en d  of th e  hexon  fac ing  th e  core o f  th e  v irion  while th e  e x te rn a l end  
c o n ta in e d  type-specific  a n tig e n  [11]. T he serological reac tion  th u s  p ro v id es  
m e a n s  fo r  a topological recogn ition . In  so lub le  hexons genus-spccific  an tig en s 
a re  n a tu r a l ly  also accessible fo r th e  an tib o d ie s  besides th e  ty p e -sp e c if ic  p a r t  
[50], h o w ev e r only ty p e  specific  a n tig e n  re a c ts  w ith  an tibod ies in  th e  v irion  
ca p s id  [54]. In  th is  w ay  an tib o d ies  p ro d u ced  ag a in st th e  ty p e -sp ec ific  com po
n e n ts  o f  th e  hexon are  able to  n eu tra lize  th e  in fe c tiv ity  of th e  v iru s  [53]. H ex 
ons o f  d iffe ren t adenov irus ty p e s  are able to  ind u ce  the  p ro d u c tio n  o f n e u tra l
iz in g  an tib o d ie s  a t d iffe ren t ra te s  [55].

E x p e rim e n ts  w ith  ad en o v iru s  ty p e  2 an d  5 revealed [56] a t  le a s t tw o  
h e x o n  p o p u la tio n s  in  th e  in fec ted  cells o f w h ich  only one is able to  in d u ce  ty p e -  
sp ec ific  a n tib o d y  p ro d u c tio n . T he tw o  h e x o n  popu la tions w ere fo u n d  to  h av e  
d if fe re n t  e lec trophoretic  m obilities. T h is p h en o m en o n  was assum ed  to  be due 
to  a sp ec ia l po lypep tide  co m p o n en t be in g  p re se n t only in th e  slow er m ig ra tin g  
h e x o n . T h is  “ slow” h ex o n  ex e rted  an  a p p ro x im a te ly  50-tim es s tro n g e r  n e u tra l
iz in g  a c tiv ity . The p o ly p ep tid e  su b u n it o f th e  “ slow” hexon is s h o r te r  b y  50 -60  
a m in o  ac id s  th a n  th e  o th e r  p o ly p ep tid e  o f 115 000 m olecular w e ig h t w hich  is 
th e  c o m p o n e n t of th e  “ n o rm a l”  hexon  p re se n t b o th  in  th e  v irio n  cap sid  and  in  
th e  s u p e rn a ta n t . No “ slow ” hexon  m ay  be fo u n d  in  the  v irio n  cap sid . B o u la n 
ger c t  a l. [48] d e m o n s tra te d  th a t  th e  “ slow ”  hexon  co n ta ined  tw ice  as m an y  
ty p e -sp e c if ic  an tigen  d e te rm in a n ts  th a n  d id  th e  hexon being b u ilt  in  th e  capsid . 
T h e ir  isoe lec tric  p o in ts  a re  also d iffe ren t.

A ccord ing  to  d igestion  ex p e rim en ts  c a rr ie d  out w ith  d iffe re n t enzym es 
o n ly  th e  genus-specific p a r t  w as a ffec ted  b y  th e  tre a tm e n t w hile th e  ty p e -  
sp ec ific  p a r t  rem ained  in ta c t  [56]. T ry p s in  t r e a tm e n t  how ever fa iled  to  change
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th e  im m unolog ica l a c tiv ity  and  m orphology  o f th e  hexon , in sp ite  o f  th e  fac t 
th a t  th e  enzym e c leaved  th e  po ly p ep tid e  a t  sev era l p o in ts  [57, 58].

D ö h n er an d  D ieck m an n  [59] d e m o n s tra te d  th a t  th e  hexon c o n ta in e d  a t 
leas t 20 d e te rm in a n t g roups. H a lf  o f th e m  w as type-specific  and  th e  o th e r  h a lf  
genus-specific an tig en  d e te rm in a n t. M onoclonal an tibod ies produced  b y  hv- 
b rid o m a cells fu rn ish ed  fu r th e r  evidence o f th e  fa c t th a t  th e  hexon c a rr ie d  b o th  
genus- an d  ty p e-sp ec ific  an tig en  d e te rm in a n ts  [60].

Soluble an tig en s o f adenov iruses w ere used  also for h u m an  im m u n iz a 
tio n  [61]. T he d ev e lo p m en t of n eu tra liz in g  a n tib o d ie s  i. e. th e  re a c tiv ity  o f  th e  
hexon  is s tro n g e r in  th e  presence of liposom es o r F re u n d ’s a d ju v a n t t h a n  in 
aequous so lu tio n  [62, 63]. Im m u n iz in g  v o lu n te e rs  w ith  crystallized  a d e n o v iru s  
hexon, Couch e t al. [64] rep o rted  on  a s ig n if ic a n t increase in  n eu tra liz in g  a n t i 
bodies.

Polypeptides

T he doub le  s tra n d e d  lin ear D N A  o f ad en o v iru ses  is of 20-25 X  10° m o
lecu lar w eigh t [65] and  its  genetic  in fo rm a tio n  c o n te n t furnishes en o u g h  in 
fo rm a tio n  fo r coding 20—40 p ro te in s  of m ed iu m  size [11]. Only th o se  w ill be 
m en tio n ed  h ere  w hich are  in  connection  w ith  th e  hexon.

P o ly p ep tid e s  d em o n strab le  in  ad en o v iru ses  are d esigna ted  b y  R o m an  
n u m b ers . O f th e m  p o ly p ep tid e  I I  bu ilds th e  hexon  in such a w ay  t h a t  one 
com ple te  h ex o n  c o n ta in s  th re e  p o ly p ep tid e  I I  [22]. Besides th e  cap so m er 
bu ild in g  p o ly p ep tid e s  th e  v iru s capsid  is com posed  of several o th e r  co m p o 
n en ts  [66]. Tw o of th e m  d e m o n s tra te d  in  co n n ec tio n  w ith  th e  h ex o n  [67] are 
p o ly p ep tid es  V I an d  V I I I .  A n tibod ies p ro d u ced  aga in st po lypep tides V I and  
V I I I  fail to  re a c t w ith  th e  in ta c t  v irion , th u s  th ese  po lypep tides p ro v id e  th e  
connec tion  be tw een  th e  hexons a t th e ir  base  fac ing  th e  v irion  core. P o ly p e p tid e  
VI is d em o n strab le  n o t on ly  betw een  th e  h ex o n s located  on th e  tr ia n g u la r  
faces an d  edges h u t  also betw een  th e  p e r ip e n to n a l hexons and  p e n to n s  [68], 
w hereas p o ly p ep tid e  V I I I  is located  b e tw een  th e  hexons on ly  on th e  ed g es and  
tr ia n g u la r  faces [66]. P o ly p ep tid e  IX  has b een  d em o n stra ted  am ong th e  h e x 
ons in  th e  n o n am ers  [69, 70] an d  its  n u m b e r w as found  to  be 15 p e r n o n am er. 
Minor p ep tid e s  are p lay in g  p resu m ab ly  a ro le  in  th e  s tab iliza tio n  o f th e  v iru s  
capsid  [71]. A n tib o d ies  a g a in s t p o ly p ep tid e  I X  are  able to  p rec ip ita te  th e  in 
ta c t  v irio n  to  a sm all e x te n t, w hich re fers to  its  location  am ong th e  h ex o n s 
n ea r th e  v irio n  surface [68].

P o ly p e p tid e  I l i a  is co nnec ted  on ly  w ith  th e  perip en to n a l h ex o n s b e ing  
s itu a te d  be tw een  th e  p en to n  tr im e r  [72] a n d  th e  perip en to n a l h ex o n s  [68]. 
T he p ro te in  100K  p lay s a scaffo lder role in  h ex o n  m orphogenesis, in  th e  course 
o f  th e  fo rm a tio n  o f th e  com plete  hexon  [68]. I t  is therefo re  no t a s t ru c tu ra l  
p ro te in . SDS p o lyacry lam ide-ge l e lec trophoresis  o f th e  m ain  capsid p o ly p e p tid e
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w ith  d esigna tions I I ,  I I I ,  I l i a  and IY  gave a  fu r th e r  possib ility  fo r th e  c lassi
f ic a t io n  o f adenov iruses [73].

Polypeptide synthesis, hexon  formation

P o ly p ep tid es  c o n s titu tin g  th e  capsid  a p p e a r  as soon as 4 -8  h o u rs  fo llow 
in g  th e  in fec tion  i.e . th e  D N A  rep lica tion  in  in fe c te d  cells [74-76] w ith  th e  
e x c e p tio n  of p o ly p ep tid e  IX  [77] whose m ech an ism  of synthesis d iffers from  
t h a t  o f  th e  la te  p o ly p e p tid e s  [78-80]. T h is p o ly p e p tid e  is dem o n strab le  in  th e  
in fe c te d  cells before th e  ap p earan ce  of cap sid  p ro te in s  and  is being  p ro d u ced  
ev e n  i f  th e  D N A  re p lic a tio n  is blocked b y  A raC  [81].

E x p e rim en ts  p e rfo rm ed  w ith  d ifferen t m u ta n ts  (ts m u tan ts) show ed th a t  
te m p e ra tu re  in flu en ced  th e  assem bling o f th e  chem ical su b un its  (po lypep tides) 
in to  m orpho log ica l u n its  (capsom er) [82, 83]. H ex o n  polypep tides develop ing  
a t  42 °C are unab le  to  fo rm  trim ers , com ple te  h ex o n s [84]. S tudies w ith  o th e r 
t s  m u ta n ts  revealed  th e  fo rm a tio n  of h ex o n s w h ich  th ough  im m unolog ica lly  
r e a c tiv e  w ere unab le  to  g e t in to  th e  cell n u c leus [85]. A ccording to  o th e r  e x p e r
im e n ts  hexons c o n s ti tu te d  b y  p o ly p ep tid es  sy n th e tized  a t non -perm issive  
te m p e ra tu re  th o u g h  ca p a b le  to  find  e n tra n c e  in to  th e  nucleus are u n a b le  to  
in c o rp o ra te  in to  th e  v ir io n  capsid  [11, 86]. I n  m u ta n ts  w here only th e  s y n th e 
sis o f  th e  n o n -s tru c tu ra l 100K  p ro te in  is d is tu rb e d , th e  hexon p o ly p ep tid es  are 
u n a b le  to  form  tr im e rs . T h is  proves th e  sca ffo ld e r role of 100K p ro te in s  p lay ed  
as h e lp e  in  th e  p rocess o f  assem bling  or m ay  re fe r  to  th e ir  m odifying ro le w hich 
c o n tr ib u te s  to  th e  d e v e lo p m en t of th e  h ex o n .

G aron  et al. [87] d e m o n s tra te d  th e  s im ila r ity  of th e  genetic s tru c tu re  of 
a d e n o v iru s  hexons b e lo n g in g  to  id en tica l su b g en u s . Thus d ifferences in  th e  
n u c le o tid e  sequence in  th e  D N A -s of ad en o v iru s  ty p e  2 and 5 w as fo u n d  only  
b e tw e e n  th e  0.50 an d  0.60 genom e u n its  in  th e  reg io n  coding th e  hexon . A cco rd 
in g  to  ex perim en ts p e rfo rm ed  w ith  d ifferen t r e s tr ic tio n  enzym es th e  h ex o n  gene 
o f  ad en o v iru ses  s tu d ie d  so fa r is be tw een  th e  0 .50-0 .60 genom e u n its  [76, 
78, 8 8 -9 2 ].

Amino acid com position of the h exon  and the amino acid 
sequence of the hexon polypeptide

T h e  am ino acid  co m position  o f th e  h e x o n  o f adenoviruses b e long ing  to  
d if fe re n t serological ty p e s  w as found to  be  s im ila r  according to  ex a m in a tio n s  
c a rr ie d  o u t in  d iffe ren t lab o ra to rie s  [47, 56 , 93 , 94]. The hexon  possesses a 
h ig h  n u m b e r of am ino  ac ids resu lting  in  a h y d ro p h o b ic  bond  and  th e y  possib ly  
p la y  a ro le in  th e  s ta b iliz a tio n  of th e  m u ltim e r  s tru c tu re . The presence o f  free
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su lfh y d ril g roups has been  d e tec ted  by  an a ly tica l m eth o d s of h igh  p recision  
[1 1 ,4 4 ,9 5 ]. Jö rn v a ll e t al. [96] w ere th e  f ir s t  to  d e m o n s tra te  th a t  th e  N -te rm i- 
n a l am ino acid w as a c e ty la ted  an d  dete rm in ed  th e  sequence o f th e  te rm in a l 
p ep tid e . R ecen tly  th e  p rim a ry  s tru c tu re  o f th e  aden o v iru s  hexon  p ro te in  has 
been  d e te rm ined  an d  its  connec tion  w ith  th e  hexon  gene w as e s ta b lish e d  [97]. 
S ep ara tio n  o f th e  C N B r frag m en ts  of th e  adenov irus hexon , th e  a n a ly s is  of 
th e ir  location  in  th e  hexon  an d  th e  chem ical analysis o f th e  c a rb o x y -m e th y la te d  
C N B r frag m en ts  [98-100] c o n tr ib u te d  n o t only  to  th e  recogn ition  o f  th e  am ino  
acid com position  o f th e  aden o v iru s  hexon  b u t also to  th a t  of th e  am in o  acid 
sequence of adenov irus ty p e  2 hexon  p ro te in  w hich m eans th e  e x a c t o rd e r of 
966 am ino acids in  th e  hexon  p o lypep tides.
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USE OF REDUCING COMPOUNDS IN THE 
CULTIVATION OF AZOSPIRILLUM  SP.
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(R eceived  M arch 12, 1982)

A ttem p ts  were m ad e  to  grow  th e  m icro-aerophilic  N 2-fix ing  b ac teriu m  A zo sp ir illu m  sp. 
in co m p le te  liquid  m edium  b y  in co rp o ra tin g  som e reducing  ag en ts . A scorbic acid , g lu ta th io n e  
an d  N a-th iog lyco llate  s tim u la te d  w hile m ethy lene  blue in h ib ited  th e  g row th  an d  N 2-ase  ac tiv 
ity . In  com plete liqu id  m ed iu m , N a-th iog lyco lla te  an d  ascorb ic  acid  increased  th e  N 2-ase 
a c tiv ity  w ith  increasing  c o n ce n tra tio n  up  to  800 //g rill. W ith  g lu ta th io n e , g ro w th  o f th e  bac
te riu m  was increased m ark e d ly  b u t  N 2-ase a c tiv ity  was repressed  below 200 /ig /m l. T h e  pos
s ib ility  o f em ploying th ese  com p o u n d s for the  c u ltiv a tio n  of A zosp irillum  in co m p le te  liqu id  
m ed ium  seems to  be in d ica ted .

W ith  th e  iso la tio n  from  th e  roo ts o f tro p ic a l g rasses o f a N ,- f ix in g  b ac 
te r iu m , A zosp irillum  sp . b y  D öbere iner an d  D ay  [1], a tte m p ts  w ere m ad e  by  
severa l w orkers [2-4 ] to  s tu d y  th e  n u tr itio n a l an d  physio log ica l c h a ra c te ris tic s  
o f th e  organism . I t  w as re p o rte d  b y  D ay  an d  D ö b ere in e r [2] t h a t  i t  req u ires  
m icroaeroph ilic  co n d itio n s  (0.005 P 0 2) fo r its  g row th  w hen  f ix in g  a tm o sp h e ric  
n itro g e n  an d  hence th e y  suggested  a sem i-solid  m ed ium  c o n ta in in g  0 .175%  
ag ar. H ow ever, w hen  n itro g e n  w as supplied  as am m onium  ch lo ride , th e  b a c te 
riu m  could grow ae ro b ica lly  b u t  th e  N 2-fix a tio n  w as rep ressed  [3]. W hile 
sem i-solid  m edia are n o t id ea lly  su itab le  fo r la rge  scale m u ltip lic a tio n , ad d itio n  
o f am m onium  chloride in  liq u id  m edium  m ay  lead  to  c o n ta m in a tio n  b y  non 
N 2-fix ing  organism s. H ence , an  e ffo rt was m ade in th e  p resen t s tu d y  to  growr 
th e  organism  in liq u id  m ed ium  devoid o f  ag ar and  com bined n itro g en  b u t  by  
in co rp o ra tin g  som e red u c in g  agen ts.

M aterials and m ethods

A zospirillum  sp. u sed  in th e  p re sen t s tu d y  w as iso lated  from  th e  ro o ts  o f  O puntia  
m icrodays [5] and id en tified  as described  by T arran d  c t al. [6]. A sem i-solid N -free m a la te  m e
d ium  [2] was used for g row ing  th e  organism  and  th e  d iffe ren t reducing  a g en ts  sterilized  
se p a ra te ly  b y  f iltra tio n  w ere ad d ed  to  th e  m edium  a f te r  ste riliza tio n . In itia lly  all th e  four 
chem ica ls were tes ted  a t  one p a r tic u la r  co n cen tra tio n  (100 /tg/m l for N a -th io g ly co lla te , glu
ta th io n e  and  ascorbic acid  an d  5 //g/m l for m ethy lene  b lue) in com plete  liqu id  m ed iu m  a n d  also 
in  co m b in a tio n  w ith  tw o  c o n ce n tra tio n s  o f agar (0.05 an d  0 .1% ). L a te r  m e th y len e  b lu e  was 
o m itted  and  th e  re st o f  th e  chem icals w as tes ted  a t  v a ry in g  c o n cen tra tio n s  for th e ir  e ffec t on 
th e  N „-ase a c tiv ity  in co m p le te  liq u id  m edium .

B. V e n k a t e s w a r l u , A. V. R ao
D iv ision  o f  S o il-W ate r-P lan t R e la tio n s h ip , C en tra l A rid Zone R esearch  In s t i tu te  
.lo d h p u r-3 4 2  0 0 3 , In d ia
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T h e  organism  was g row n  in  8 m l te s t tubes co n ta in in g  3 m l o f th e  m edium . In o cu la tio n  
o f th e s e  tu b e s  was done w ith  0.1 m l o f  th e  4-day-old c u ltu re  g row n in N -free sem i-solid m ala te  
m e d iu m  co n ta in in g  0 .08%  ag a r. T h e  tubes were in c u b a te d  a t  32 i  1 °C for 48 h. T h e  grow th  
re c o rd e d  as op tical d en sity  w as m ea su re d  in a Spectron ic-20  a p p a ra tu s  a t  620 n m  and  th e  v iable 
c o u n t  o f th e  population  w as e s t im a te d  by the  d ilu tio n  p la te  tech n iq u e  using  p o ta to  sucrose 
a g a r  m ed iu m  [7].

T h e  cu ltu re  tu b es a f te r  48 h  in cu b a tio n  were c losed w ith  a cap  and  10 %  of th e  a ir from  
th e  tu b e s  w as replaced b y  a ce ty le n e . T he e thylene p ro d u c ed  d u rin g  th e  24 h  in cu b a tio n  was 
e s t im a te d  by  an  A im il-N ucon gas ch ro m a to g rap h  em p lo y in g  a po ro p ak -T  co lum n of 2 X 0.003 m 
w ith  a flow' ra te  of 30 m l m in -1  o f  N 2 as carrier gas. T h e  a c t iv ity  was expressed  as n  moles 
o f C „H , pe r tu b e  h -1 .

R esu lts  and d iscussion

R ed u c in g  agen ts h a v e  lo n g  been used in  c u ltu re  m ed ia  to  c o u n te ra c t th e  
e ffec t o f  oxygen an d  e n a b le  th e  grow th of an a e ro b ic  an d  m icroaeropb ilic  b ac 
te r ia  u n d e r  low o x id a tio n -re d u c tio n  p o ten tia l. I n  th e  p resen t s tu d y  th e  pos
s ib il i ty  o f using some re d u c in g  agen ts in th e  c u ltu re  m edium  for A zosp irillum  
w as in v e s tig a te d . I t  w as fo u n d  th a t  th e  a d d itio n  o f even sm all q u an titie s  
(100 pg /m l) of N a -th io g ly c o lla te , g lu ta th io n e  a n d  ascorb ic acid  to  th e  liqu id  
m e d iu m  allow ed th e  A zo sp ir illu m  to  grow' ae ro b ica lly  w ith o u t com bined  n itro 
gen , b u t  m ethy lene  b lue  (5 pg /m l) was found to  be in h ib ito ry . A lthough  th ere  
w as a n  increase in  N 2-ase a c t iv i ty  upon the  in c o rp o ra tio n  of th e se  chem icals, it 
w as s ig n if ic a n t only w ith  N a-th iog lyco lla te  (T ab le  I). A d d itio n  o f low am o u n ts  
o f  a g a r  (0.05 and  0 .1% ) a lo n g  w ith  the reduc ing  ag en ts  even a t  100 /xg/ml level 
c au se d  a sign ifican t e n h a n c e m e n t in N 2-ase a c tiv ity . F u r th e r , th e  a c tiv ity  
o b ta in e d  w ith  0 .1%  a g a r  in  com bination  w ith  100 ppm  N a-th iog lyco lla te  
o r  g lu ta th io n e  w as n e a rly  e q u a l to  th e  a c tiv ity  (159 n  m oles h -1) o b ta in ed  w ith  
th e  recom m ended  ag a r c o n c e n tra tio n  of 0 .175%  in  th e  sem i-solid  m ed ium  for 
A zo sp ir illu m , in d ica tin g  t h a t  0 2 levels m a in ta in e d  in  b o th  tre a tm e n ts  m igh t 
be th e  sam e. This in d ic a te d  t h a t  m icroaerophilism  in A zo sp irillum  can p a rtia lly  
be o vercom e by in c o rp o ra tin g  reducing  ag en ts  in  th e  liqu id  m edium . Bow dre 
e t a l. [8] have also show n  t h a t  aero to lerance in  a re la te d  species, S p irillu m  vo- 
lu ta n s , can  he enhanced  b y  in co rp o ra tin g  a lk a lin e  ty ro s in e  an d  3 .4 -hydroxy- 
p h e n y la la n in e  in  th e  g ro w th  m edium .

W h en  these chem icals  w ere used in  h ig h e r  c o n cen tra tio n s  (> - 100 pg/m l) 
e v e n  in  com plete liq u id  m e d iu m , th ere  w as a s ig n if ic a n t increase in  g row th  and  
a c e ty le n e  red u c tio n . W h ile  N a-th iog lyco lla te  a n d  ascorbic acid enhanced  
g ro w th  an d  N 2-ase a c t iv i ty  w ith  increasing  c o n c e n tra tio n s  u p  to  800 pg/m l, 
in  th e  case of g lu ta th io n e  th e  grow'th w as in c re a se d  b u t  N 2-ase a c tiv ity  was 
to ta l ly  in h ib ite d  below  200 p g /m l (Table I I ) . E n h a n c e m e n t o f th e  g ro w th  w ith  
g lu ta th io n e  was m ore m a rk e d  th a n  w ith tw o o th e r  com pounds. T he o rgan ism  
g ro w in g  like an  aerobic  o rg a n ism  form ed a d en se  pellicle b o th  on th e  surface 
a n d  a t  th e  b o tto m  o f tu b e s . T h e  optical d e n s ity  o f  th e  cu ltu re  w as 0.69 w ith  
900 p g /m l of g lu ta th io n e  as com pared  to  0.24 in  th e  con tro l. W hen  th e  viable
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Table 1

7V,-ase activity  o f  A zo sp irillu m  sp. as in fluenced  by reducing agents at d iffe ren t
concentrations o f  agar

R ed u cin g  agent
N 2-asc a c tiv i ty  (n  m oles C2H 4/h) a t agar c o n c e n tra t io n

0% 0.05% 0.1°,, 0 .1 7 5 %

Control 3.4 69.2 93.8 159.0

Ascorbic acid 100 /ig/m l 4.2 79.2 122.0

G lu ta th io n e  100 /ig/m l 3.5 113.2 166.0

M ethylene blue 5 /fg/ml N. D. 15.4 52.4

N a-th iog lyco llate  100 //g/rnl 8.1 115.0 136.5

L SD  (P  =  0.05); red u cin g  agen ts; 4.6; a g a r c o n ce n tra tio n : 3.6; in te rac tio n : 8.0 
N. D .: n o t d e tec tab le

co u n t o f  A zo sp irillum  w as de term ined  by  th e  d ilu tio n  p late  te c h n iq u e , a 65- 
fold increase  in th e  p o p u la tio n , i. e., from  250 X Ю5 ml 1 in  th e  c o n tro l to  
164 X 10 ' a t  500 pg/m l w as observed. T h e  in h ib itio n  of N.,-ase a c t iv i ty  a t 
h ig h er co n cen tra tio n s  (^> 200  iig/ml) o f g lu ta th io n e  (a -g lu tam y l-cy ste in y l- 
-glycine) m ay , how ever, been due to  th e  rep re ss io n  caused hy g lu ta th io n e  or 
its  m e tab o lite s . T he rep ression  was found  te m p o ra ry  as was observed  b y  O kon 
e t al. [3] in  S p ir illu m  lipo ferum  w ith  am m o n iu m  chloride. W hen th e  o rg an ism  
was tra n sfe rre d  from  th e  g lu ta th io n e  tu b e s  in to  a fresh m edium  devo id  of 
g lu ta th io n e , th e  N.,-ase a c tiv ity  was reg a in ed  (F ig . 1). The reg a in ed  a c tiv ity  
was d irec tly  p ro p o rtio n a l to  th e  in itia l g ro w th  m easured  as OD o b ta in e d  w ith  
in creasin g  co n cen tra tio n s  o f g lu ta th io n e .

Table II

E ffect o f  reducing agents at different concentrations on N.,-ase activity o f  A zo sp ir il lu m  sp.

C oncen
tra t io n
P g /m l

N 2-ase a c tiv ity  (n  m oles (- ,H ,  h ')

A scorbic acid G lu ta th io n e
Na-thioglycol-

late

0 8 .2 3.2 3.2

100 4.6 3.5 6.9
200 6.1 20.2 8 .2

400 6.6 N. D. 9.9

600 8.9 N. 1). 10.9

800 13.2 N. 1). 14.6

1000 17.0 N. D. 11.6

LSD  (P  0.05); red u cin g  agen ts: 1.8; c o n c e n tra tio n s ; 1.3: in te rac tio n : N . S. 
N. I).; not d e tec tab le
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Fig. 1. G ro w th  of A zosp irillum  sp . (O D ) as in flu en ced  b y  g lu ta th io n e  and  its  d e rep re sse d
N 2-ase  a c tiv ity  in fresh  m e d iu m

F ro m  th ese  resu lts  i t  h a s  been concluded  t h a t  g lu ta th ione  m ay  b e  fu n c 
tio n in g  as a reducing  a g en t an d  n itrogen  so u rce . Salle [9] in d ic a te d  th a t  
g lu ta th io n e  serves as a g ro w th  fac to r in m ic ro o rg an ism s by  acting  as a h y d ro 
gen c a r r ie r  o r b y  p re v e n tin g  th e  in ac tiv a tio n  o f  -S H  groups. On th e  o th e r  h a n d , 
th e  m o d e ra te  increase in  g ro w th  ob ta ined  w ith  N a-th iog lyco lla te  an d  asco rb ic  
ac id  c a n  so lely  be a t tr ib u te d  to  th e ir  role as re d u c in g  agents. These p re lim in a ry  
re su lts  in d ic a te d  th e  p o ss ib ility  of using som e o f  th e se  reducing ag en ts  fo r  th e  
c u l t iv a t io n  o f A zosp ir illu m  in  com plete liq u id  m e d iu m . More th o ro u g h  s tu d ie s  
w o u ld , h o w ev er, be needed  fo r  using  the  re d u c in g  agen ts in  large scale  m u l
t ip lic a tio n  o f  A zosp irillum .

Acknow ledgem ent. T he a u th o rs  w ish to th a n k  D r. A . N . L ahiri, H ead of th e  D iv is io n  of 
S o il-W a te r -P la n t  R ela tio n sh ip  fo r keen  in te res t an d  en co u ra g em e n t in th is s tu d y .
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PHAGE TYPING OF LISTERIA MONOCYTOGENES
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German Democratic R epublic ,

Central Laboratory, M un ic ip a l O utpatients’ U nit, Pécs, H ungary and Veterinary H ealth S ta tion ,
Pécs, H ungary

(R eceived  M ay 10, 1982)

N in e ty -e ig h t (39 .6% ) o u t o f 247 Listeria  monocytogenes s tra in s  iso lated  from  a v a rie ty  
o f sources were ty p a b le  by  27 phages. O f th e  31 h u m an  s tra in s  only 3 belonged to  p h ag e  ty p es 
o ccurring  in c a ttle , sheep and surface  w a te rs . A close co rre la tio n  existed  betw een  se ro ty p e  and 
phage ty p e  of th e  s tra in s . S ero type  1/2 a n d  4 s tra in s  iso lated  in H u n g ary  were less f req u e n tly  
ty p a b le  th a n  cu ltu res  o rig ina ting  from  F ran ce . P hage ty p in g  is a useful tool for ep idem io log i
cal trac in g  h u t, for a m ore effective d iffe re n tia tio n , th e  n u m b er of phages should  be increased  
and  th e  m eth o d  should  be s ta n d ard ize d .

A ltho u g h  th e  problem  o f p h ag e  ty p in g  o f  lis te riae  has e x te n s iv e ly  been 
s tu d ie d  [1—7], an  in te rn a tio n a lly  recognized  an d  used m ethod  has n o t  been 
developed . In  1979 A udurier e t al. [8] described  a p rocedure based  on  15 phages 
iso la ted  from  lysogenic L isteria  s tra in s . A u d u rie r e t al. 19] e la b o ra te d  th e  
“ o c ta l code”  sy stem  which allow ed a m ore easy  ev a lu a tio n  an d  c o m p u te r iz a 
tio n  o f  th e  re su lts . By the use o f 20 phages, A u d u rie r e t al. [10] c lassified  823 
s tra in s  iso la ted  in F rance. In  co o p e ra tio n  w ith  th e  F rench  a u th o rs , R alov ich  
e t al. [11] a t th e  M adrid sy m p o siu m  in  1981, p o in ted  ou t th e  u sefu lness o f the  
m e th o d  and  proposed i t  to  th e  IC SB  S u b co m m ittee  on L isteria  for w orldw ide 
ap p lica tio n . T he p resen t w ork  su m m arizes  fu r th e r  experience w ith  th e  m e th o d .
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M aterials and m ethods

A  to ta l  of 247 L . monocytogenes s tra in s  was s tu d ie d . T h ey  were iso lated  from  p a tie n ts , 
h u m a n  ca rrie rs , an im als  a n d  su rface  w a te r. The faeces o f h e a lth y  persons, an im als and  th e  
m e m b ra n e  filte rs  (0.2 fim )  o f w a te r  sam ples (250 m l) w ere  seeded  in to  H o lm an ’s cooked m ea t 
b ro th ,  in cu b a te d  a t  4 °C fo r 3 m o n th s  an d  su b cu ltu red  on  try p a fla v in e —nalid ix ic  acid—serum  
a g a r m o n th ly  [12]. T he iso la tes  w ere  iden tified  as d esc rib ed  in reference [13]. S e ro ty p in g  was 
m ad e  w ith  slide a g g lu tin a tio n  u sin g  absorbed  sera. T h e  p h ag e  ty p in g  m eth o d  described  in 
re fe ren ce  [10] was e x te n d e d  to  27 phages and  the  new  o c ta l-co d e  was em ployed. T he phages 
u sed  w ere  1967, 2685, 4477, 575, 1652, 12029, 1806, 2671, 1444, 2425, 3551, 3552, 1317, 2389, 
3274 , 1090, 1807, 184, 16, 4277, 5337, 4211, 4295, 4207, 4276, 4292 and 4286.

Results

T ab le  I show s th e  n u m b e r of ty p a b le  an ti u n ty p a b le  s tra in s  acco rd in g  
to  th e i r  source. The n u m b e r o f  ty p ab le  s tra in s  (98, 39 .6% ) w as ra th e r  low. T he 
re m a in in g  149 s tra in s  fa iled  to  show  a su ffic ien t degree of lvsis w ith  an y  o f 
th e  27 phages.

Table I

D istribu tion  o f  L . monocytogenes strains according to source and lypability  by phages

S ource
T o ta l  N o. 
o f  s tr a in s

N o. of 
s tra in s  
ty p ab le

N o. of 
s tra in s  

u n ty p ab le

P a tien ts 17 8 9

H ealthy  h u m an  carriers 80 23 57
Sick ca ttle 3 3 —

H ealth y  ca ttle 67 31 36

Sick sheep 21 12 9
H ealthy  sheep 53 18 35
O ther sick an im als 2 2 1
Surface w ater 4 1 3

T otal 247 98 149

T ab le  I I  p re sen ts  th e  ph ag e  ty p e  d is tr ib u tio n  o f th e  98 ty p a b le  s tra in s . 
O u t o f  th e  31 h u m an  s tra in s  28 belonged to  p h ag e  ty p es occurring  on ly  in 
m an . T h e  rem ain in g  3 h u m a n  s tra in s  h ad  p h ag e  p a tte rn s  of cu ltu res iso la ted  
from  an im a l an d  e n v iro n m e n ta l sources. O n ly  15 o u t of th e  60 an im al s tra in s  
b e lo n g ed  to  phage ty p e s  occu rring  only  in  one a n im a l species, th e  re s t fell in to  
p hage  ty p e s  p resen t in  d iffe re n t sources.

T ab le  I I I  show s p h ag e  ty p e s  th a t  o ccu rred  in  tw o  or m ore k inds o f sam 
ple. T y p e  40 000 0000 show ed th e  w idest d is tr ib u tio n  (m an , anim als an d  w ater); 
ty p e  02 000 0000 occurred  in  m an and  an im als . T he rem ain ing  e ig h t phage 
ty p e s  w ere en co u n te red  on ly  in  ca ttle  and sheep . T h e  3 h u m an  s tra in s  belonging
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Table II

D istribution o f  98 L . monocytogenes strains according to source and phage type

Source P h ag e  ty p e  (code)
N o. o f  T o ta l no.
s tra in s  o f  s tra in s

P a tien ts

H e a lth y  carriers

Sick cattle

Healthy  cows

Sick sheep

00 400 0004 1

00 211 0000 1

00 201 0000 3

00 200 0000 1

00 001 0004 1

00 001 0000 1

4 0 0 0 0 0 0 0 0 9

20 000 0000 2

13 000 0000 7

0 2 0 0 0 0 0 0 0 1

00 201 4000 1

00 201 0000 1

00 200 0000 1

00 060 0004 1

00 000 0420 3

00 000 0400 1

00 000 0010 3

7 4 0 0 0 0 0 0 0 1

0 2 0 0 0 0 0 0 0 1

0 0 2 5 3 0 0 0 0 1

54 000 0000 1

4 0 0 0 0 0 0 0 0 2

3 4 0 0 0 0 0 0 0 1

24 000 0000 1

1 0 0 0 0 0 0 0 0 1

0 4 0 0 0 0 0 0 0 3

0 2 0 0 0 0 0 0 0 4

0 1 0 0 0 0 0 0 0 .3

00 000 3232 1

00 000 2737 2

00 000 1012 1

0 0 0 0 0 0 0 4 0 5

0 0 0 0 0 0 0 0 4 6

7 4 0 0 0 0 0 0 0 1

7 3 100 0000 1

■Irta Microbiologica Hungarica 30 1983



1 0 6 RALOVICH et al.

S o u rce P hage ty p e  (code)
N o . o f  
s tra in s

T o ta l  no . 
o f  s tra in s

41 000 0000 2

40 000 0000 4

34 000 0000 1 12

02 000 0000 2

00 253 0000 1

H ealthy  sheep 40 000 0000 3

10 000 0000 3

01 000 0000 1

02 000 0000 1

00 000 3737 2 13

00 000 2707 1

00 000 2004 1

00 000 0200 1

00 000 0040 1

00 000 0004 4

O ther sick an im als 01 000 0000 1 2

00 603 0040 1

Surface w a ter 40 000 0000 1 1

ized codes: h o st-sp e c if ic  phage types

Table III

Phage typ es fo u n d  in  two or more d ifferent sources

Phage ty p e  
(code)

No. o f s tra in s

h u m an
c a rrie rs  c a ttle sheep

o th e r
' va" ' r  an im a l

40 000 0000 2 2 7 1

02 000 0000 1 5 3

74 000 0000 1 1

31 000 0000 1 1

10 000 0000 1 3

04 000 0000 3 1

00 253 0000 1 1

00 000 0040 5 1

00 000 0004 6 4

01 000 0000 3 1
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Table IV
A ssociation betiveen serotype (serovar) and phage type o f  L . monocytogenes

S e ro ty p e  (se ro v ar)
P h y g e  ty p e  

(code) N o. o f s tra in s

77 100 0000 l

74 000 0000 2

73 100 0000 1

54 000 0000 1

41 000 0000 2

40 000 0000 8

34 000 0000 1

l/2 a 33 000 0000 1

I, I I ,  ( I I I ) 20 000 0000 2

13 000 0000 6

10 000 0000 3

04 000 0000 1

02 000 0000 3

01 000 0000 4

u t 52

4ah 00 000 0400 1

(I I I ) ,  V, Y I, V I I ,  IX

00 605 0040 1

00 400 0004 1

00 253 0000 2

4b 00 211 0000 1

(I I I ) ,  V, VI 00 201 4000 1

00 201 0000 4

00 200 0000 1

00 001 0004 1

00 001 0000 1

u t 2

4d

(I I I ) ,  (V), V I, V II u t 2

5 00 000 3737 2

(I I I ) ,  (V), V I, V I I I ,  X 00 000 3714 1

00 060 0004 1

00 000 3232 1

00 000 2737 1

6a* 00 000 2707 1

00 000 0040 2
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S ero ty p e  (àe ro v a r)
P h ag e  ty p e  

(code) N o. o f s tra in s

00 000 0004 3

ut 7

00 000 2737 1

00 000 2004 2

6b * 00 000 0420 2

00 000 0200 1

00 000 0010 3

00 000 0004 2

ut 9

V, VI, X IV , XV** 00 000 0040 2

00 000 0004 2

u t 10

V, V I, IX , X IV , X V ** 00 000 0040 1

V, X I\I, XV** ut 1

V, VI, IX , 00 000 0420 1

V, VI, X , XIV ** 00 000 0004 1

u t  =  un ty p ab le
* S tra in s  w ith  an tigen ic  s tru c tu re  described b y  Seeliger and Schoofs [14] 

** U nclassified  sero types (serovars)

to  p h a g e  ty p es p resen t in  o th e r  sources, w ere iso la ted  from  h e a lth y  h u m an  
c a rr ie rs . N o such s tra in s  w ere  iso la ted  from  p a tie n ts .

T a b le  IY  shows th e  asso c ia tio n  betw een  p h ag e  ty p e  and  se ro ty p e  o f the  
iso la te s . O u t of the  88 se ro ty p e  l /2 a  s tra in s  36 (40.9% ) could he c lassified  in to  
14 p h a g e  ty p es. S ero type  4 b  s tra in s  were m o stly  ty p ab le  (14 o u t o f  18). In  
s e ro ty p e  5, tw o s tra in s  o f id e n tic a l phage p a t te rn  were iso la ted  in  H u n g a ry , 
th e  re m a in in g  one of a d iffe re n t phage ty p e , in  B u lgaria . S erovars 6a an d  61> 
w ere  r a th e r  freq u en t; o u t o f  th e  36 s tra in s  20 w ere p h age-typah le . In  a d d itio n  
to  th o s e  lis ted , 21 u n c lassified  serovars w ere s tu d ied ; 7 ou t o f th e m  belonged 
to  p h a g e  ty p es  found  in  se ro v a rs  6a or 6b. In  v iew  of 0  an tig en  co m p o n en ts  
a n d  p h a g e  p a tte rn  of th e se  s tra in s , th e y  w ere assum ed  to  belong to  serovars 
6a a n d /o r  6b. A ccording to  o u r  d a ta  th e re  is an  association  betw een  sero ty p es 
(se ro v a rs )  an d  phage ty p es .
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D iscussion

T h e  ep idem iology  o f  lis teriosis  is fa r from  b e ing  clear [15]. I ts  basic  fea 
tu re s  h av e  n o t been fu lly  e lu c id a ted  an d  m e th o d s  fo r th e  trac ing  of th e  c a u sa tiv e  
a g e n t h av e  n o t been in te rn a tio n a lly  se ttle d . B io ty p in g  of listeriae- b y  c a rb o 
h y d ra te  decom position  sp ec tru m  [16] has n o t w idely  been em p lo y ed . T he 
ph ag e  ty p in g  m ethod  used  in our w ork  needs to  be im proved in v iew  o f  th e  
h igh  ra tio  o f u n ty p ah le  s tra in s  (60.4% ).

Table V

Typab ility  by phages o f  strains isolated in  H ungary and France

S e ro ty p e

1/2 a 4 5 o th e r

и г и F II F и 1

T ypab le 3 6 1 3 1 1 4 4 9 9 2 5 2 7 1 0

(ratio ) ( 0 .4 0 ) ( 0 . 5 7 ) ( 0 . 7 7 ) ( 0 . 8 8 ) ( 0 . 4 7 ) ( 0 . 4 1 )

U n ty p ah le 5 2 9 6 4 6 8 - - 3 0 1 4

T otal 8 8 2 2 7 18 5 6 7 2 5 5 7 2 4

X2 =  7 . 1 8 6  p  <  0 .0 1  X1 1 .6 9 1  p  >  0 . 0 5  f  0 . 2 2 1  P  >  0 . 0 5

H  =  H un g arian  iso lates 
F  =  French  isolates

T ab le  V show s a com parison  be tw een  H u n g a ria n  and  F ren ch  s tra in s . 
A lth o u g h  th e  F rench  s tra in s  w ere ex am in ed  o n ly  w ith  20 phages as co m p ared  
to  27 phages used in H u n g a ry , th e  la t te r  w ere less freq u en tly  ty p a b le  th a n  th e  
fo rm er. T h u s, a lthough  th e  F ren ch  and  H u n g a ria n  s tra in s  are s im ila r  in  b io 
chem ica l an d  serological p ro p e rtie s , som e o th e r  d ifferences m ay e x is t b e tw een  
th em . T hese m ay acco u n t fo r th e  fac t t h a t  th e  epidemiologic al fe a tu re s  of 
lis te rio sis  d iffer in th e  tw o  cou n tries  [15].

F o r  a fu r th e r  im p ro v em en t in  s ta n d a rd iz a tio n  o f the  phage ty p in g  m e th 
od , R a lo v ich  has p roposed  th a t  th e  10 reference  s tra in s  d is tr ib u te d  fo r b io 
chem ical and  serological co n tro l ex am in a tio n s  b y  th e  ICSB S u b co m m ittee  on 
L is te ria  shou ld  be used  also fo r checking  p hage  ty p in g ; A udurier does n o t agree 
w ith  th is  idea. We h av e  ex am in ed  7 o f th ese  s tra in s  and  found 3 o f th e m  phage- 
ty p a b le  (T able V I). A few  s lra in s  selected  fo r spéciéi featu res m ay be  a d d ed  to  
th is  co n tro l set. F in a lly , it m ay  be m en tio n ed  th a t  th e  usefulness o f  th e  phage 
ty p in g  m ethod  applied  by  us has been co n firm ed  b y  T ay lo r e t al. [17], to o .
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Table VI

Characteristics o f  L is te ria  strains distributed by the IC S  В  Subcommittee on L isteria
in 1979

D esig n a tio n A ntigen ic  s tru c tu re P h ag e  ty p e N am e O th e r d esig n a tio n

C 5 2 I ,  11 Ut L . monocytogenes NCTC 7973

c 2 0 I I, и 04 000 0000 L . monocytogenes NCTC 10357

C212 — L . denitrificans P rev o t 55134

C214 V, X I I ,  X IV Ut L . g ra y i Seeliger L  332/64

Cf>44 V, V I, V II , I X ,  XV Ut L . innocua  6a Seeliger

c „ 4 5 V, V I, V II . I X ,  X ,

X I 00 000 2004 L . innocua  6b Seeliger

C « 6 3 V III , IX , X 00 000 3714 L . monocytogenes 5 Iv an o v  (L72)

C6C4 V, V I, X L . monocytogenes 5 Iv anov  (L173)

Сб70 — L . denitrificans ATCC 14870

g 44 V, X II ,  X IV Ut L . m urr ay i ATCC 25401

u t  =  u n ty p ab le  
. =  n o t exam ined
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CHANGES IN PHAGE-SENSITIVITY OF 
SHIGELLA FLEXNERI  STRAINS

I. C H A N G ES IN  V IR U L E N C E  A N D  P H A G E -S E N S IT IV IT Y

L. K e r e k e s , V e r a  G. L ászló  a n d  J u d i t  P á s zti  

N ationa l Institu te o f  H ygiene , B udapest and Pest County Public Health S ta tio n , B udapest

(R eceived  Ju ly  8, 1982)

In  th e  course of re p ea te d  passag in g  of v iru le n t Shigella flexneri cu ltu res  in  liq u id  m edia, 
av iru len t v a r ia n ts  and  v a r ia n ts  o f reduced  v iru lence app eared . T hey  w ere easily  recognizable 
by  th e ir  colonial m orphology . T h e  a v iru le n t v a r ia n ts  becam e sensitive to  c e r ta in  p h ag es not 
lysing  th e  orig inal v iru len t s tra in s . T he change of p h ag e-sen sitiv ity  am ong th e  v a r ia n ts  w ith 
no or decreased  v iru lence w as s ig n ifican t: x2 =  64.25; P  <  0.001. The a m p lif ic a tio n  o f phage- 
se n sitiv ity  developed in 15%  of th e  o rig inally  a v iru le n t cultures. No a sso c ia tio n  w as found 
be tw een  th e  loss o f v iru lence a n d  a specific p h ag e-sen sitiv ity  p a tte rn . In  th e  m a jo r i ty  o f the 
cases sen sitiv ity  to  phage Ms2 developed  during  th e  passages, b u t i t  was o b se rv ed  in som e of 
th e  o rig ina l s tra in s , too. W ith  few' excep tions, se n sitiv ity  to  phage Ms2 w as a sso c ia ted  w ith 
th e  to ta l or p a r tia l  d eg rad a tio n  of th e  specific a n tig en  an d  th e  an tigen ic  s t r u c tu r e  d e tec tab le  
b y  S. f le x n e r i  fa c to r sera. T hese ex cep tions were c u ltu re s  w ith  m ain ta in ed  or decreased  v iru 
lence.

I t  w as rep o rted  p rev io u sly  [1] th a t  av iru len t Shigella v a r ia n ts  easily 
recognizable  b y  th e ir  colonial m orphology  on agar p lates, h ad  b een  ob ta in ed  
a fte r  a few passages in  p e p to n e  w ater. U nder ob lique tra n s m itte d  l ig h t d ep en d 
ing on th e  angle of incidence o f lig h t th e  v iru le n t colonies were g lis te n in g  green
ish (G), w hile th e  a v iru le n t ones redd ish  (R ). D ense colonies, o p a le scen t (OP) 
a t  ob lique ligh t were also a v iru le n t. S u b seq u en t exam in a tio n s show ed  [2, 3] 
th a t  a lte ra tio n s  in v iru lence  an d  in  co lonial m orphology w ere accom pan ied  
b y  changes in  physicochem ical s tru c tu re  o f  th e  b ac te ria l cell su rface . This 
w as a possible ex p lan a tio n  of th e  fin d in g  [4] th a t  in consequence o f  th e  loss 
o f v iru lence  th e  se n s itiv ity  decreased  to  c e r ta in  T  phages, ly sozym e an d  some 
chem ical sub stan ces in  in v asiv e  in te s tin a l b ac te ria . F in a lly , d e te im in in g  
ph ag e  ty p es  o f a g rea t n u m b e r of S . flexneri s tra in s  it  was o b serv ed  [5, 6] th a t 
v iru le n t S. flexneri cu ltu res  o f given se ro ty p es  belonged to  c h a ra c te ris tic  
phage ty p e s . On th e  basis  o f th e se  o b se rv a tio n s i t  was in te re s tin g  to  s tu d y  
w h e th e r th e  loss of v iru lence  caused  changes in  th e  phage ty p e s  o f  S . flexneri 
se ro ty p es .

L á szló  K e r e k e s , V e r a  G. L ászló  
N a tio n a l In s t i tu te  o f H ygiene 
H -1966 B u d a p e s t,  P. O. B. 64, H u n g a ry

Л UDIT PÁSZTI
P e s t C o u n ty  P u b lic  H ealth  S ta tio n  
V á ra d i u. 35— 41, H -1032 B u d a p e s t, H u n g a ry
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M ateria ls and m ethods

B acteria l cultures. E x a m in a tio n s  were carried o u t on th e  one h an d  w ith  v iru len t s t r a in s  
f re s h ly  iso la ted  from  p a tie n ts  a n d  th e ir  av iru len t d e riv a tiv e s  chosen  on th e  basis of colonial 
m o rp h o lo g y  from  passages in  l iq u id  m edia , and on th e  o th e r  h a n d  w ith  av iru len t la b o ra to ry  
s t r a in s  a n d  th e  analogous m o rp h o lo g ica l v a rian ts  o b ta in ed  fro m  passages.

M ed ia . The stra ins w ere  su b c u ltu re d  sim ultaneously  in  b ro th , pep tone  w a ter an d  m o 
d ified  E rla n d so n —M ackey sy n th e tic  m edium  [7, 8] co n sistin g  o f K H 2P 0 4, 0.067 M ; K 2H P O ,,
0.067 M ; N aC l, 0.85% : M g S 0 4, 0 .0 5 % ; nicotinic acid am ide , 0.01 M ; d istilled  w a ter to  1Ö00 m l; 
p H  7 . 2 .

Colonial morphology w'as e x am in ed  w ith a h an d  lens u n d e r  oblique tran sm itte d  lig h t on 
a g a r  p la te s  [1, 9].

E stim a tio n  o f virulence w as ca rried  ou t by m eans o f g u in ea-p ig  co n junctiva l in fec tio n  as 
d e sc rib e d  b y  Serény [10].

Phage sensitivity  was d e te rm in e d  as described by  L ászló  e t  al. [5, 6].

Results

Changes in phage-sensitiv ity . The frequency  o f  assoc ia ted  changes in  v ir 
u len ce  a n d  phage s e n s it iv ity  are  presented  in  T ab le s  I  and  I I .  T able I show s 
th e  re s u lts  o f passages o f  v iru le n t  cultures an d  T a b le  11 of th e  av iru len t cu l
tu r e s .  C olony m orphological v a r ia n ts  of th e  v iru le n t  cu ltu res  w hich h a d  lost 
th e i r  v iru len ce  or had  a d ec rea sed  one showed a ch an g e  in  p h ag e-sen sitiv ity  in  
7 5 % . T h e  v a rian ts  w hich  m a in ta in e d  th e ir  v iru len ce  d u rin g  passag ing  show ed 
an  u n c h a n g e d  phage ty p e  in  75%  of the  cases. W h e n  s ta r tin g  cu ltu res  w ere 
a v iru le n t ,  v a rian ts  o f c h a n g e d  phage sen sitiv ity  w ere  also observed a f te r  su b 
c u ltu r in g , b u t  only in  15%  o f  th e  iso lated  colonies. T h e  change of p h ag e-sen sitiv 
i ty  a m o n g  th e  v a rian ts  o f  lo s t or decreased v iru len ce  w as sign ifican t: yf =  
=  6 4 .2 5 ; P  <  0.001. P h ag e  ty p e s  changed to  o th e r  w ell-defined  phage ty p e s  
[5] o n ly  in  p a rt of th e  c u ltu re s , in the  m a jo r i ty  o f cases th e  changes re 
su lte d  in  u n ch a rac te ris tic  p h a g e  p a tte rn s . T here  w as n o t one specific phage 
w h ich  w ould  have lysed  a ll o f  th e  cultures w h ich  h a d  lo st th e ir  v iru lence . 
T h o u g h  all th e  av iru len t v a r ia n ts  were sensitive to  ty p e  phage F2, th e  s tra in s  
o f  s e ro ty p e  lb  and 4a w ere o rig in a lly  sensitive to  th is  phage. A m ong th e  d if
f e re n t  se ro ty p es, b y  g e ttin g  a v iru le n t v a rian ts  fro m  l b  an d  2a, th e  v a r ia n ts  
b e c a m e  sensitive to  p h ag es F 1 0  and  F12, a v iru le n t v a r ia n ts  of 3a se ro ty p e  
a c q u ire d  sen sitiv ity  to  p h a g e s  F 6  and  F12, an d  v a r ia n ts  of X  becam e sensitive  
to  p h a g e  F6. Phage ty p e s  o f  s tra in s  belonging in to  sero type  4b have  no t 
c h a n g e d  d u ring  th e  passag es, b u t  these cu ltu res h a d  o rig inally  been av iru len t.

S en sitiv ity  to phage M s2 . Some of th e  c u ltu re s  h av in g  a changed phage 
s e n s it iv i ty  becam e sen sitiv e  to  phage Ms2 [11, 12]. A ll of th e  exam ined  se ro 
ty p e s  show ed  th is  p h en o m e n o n  except sero type 4b . F o rty - tw o  av iru len t v a r i 
a n ts  w h ic h  com prised th e  m a jo r i ty  of Ms2 sen sitiv e  cu ltu res , were iso la ted  as 
v iru le n t  cu ltu res, only 4 v a r ia n ts  orig inated  from  o rig in a lly  av iru len t c id tu res . 
S p o n ta n e o u s  appearance o f  M s2 sensitiv ity  w as o b se rv ed  in  th e  f irs t cu ltu re  
in  tw o  cases.
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Table 1

Changes in  virulence and  phage sensitiv ity  o f  v iru len t cultures after special passages

V irulence

S ero type N o. o f  s tra in s
un ch an g ed lo s t o r decreased

P hage se n sitiv ity P h ag e  sen sitiv ity

unchanged in creased un ch an g ed increased

la l 7 3 0 3 l
lb l 6 2 0 l 3

2a 12 148 42 13 18 (5) 50 (20)
3a 5 57 15 7 4 (1) 29 (1)
3b 2 9 2 0 3 4

X 33 19 9 2 1 7

T ota l 54 246 73 22 30 (6) 94 (21)

T he n u m b er of v a r ia n ts  o f decreased  v iru lence to  be ad d ed are in b rack e ts

Table II

Changes in phage sensitiv ity o f  avirulent cultures after serial passages

S ero type
N o. of No. o f P h ag e  se n sitiv ity
s tra in s v a ria n ts

un ch an g ed increased

la 2 8 7 i

V " '
1 Ь \

Y*

* 1 12 12* 0

1 8 8* 0
2a 2 5 3 2

3a 2 8 4 4
4b 4 19 19 0
X 2 8 6 2

T otal 14 68 59 9

’ C ultu re  l b  d issoc ia ted  sp o n tan eo u sly  in to  se ro ty p es l b  and  Y and  rem ain ed  u n 
chan g ed  du rin g  th e  passages

F iv e  persons from  one fam ily  excre ted  S . fle x n c r i. T he s tra in s  o f four 
p a tie n ts  w ere o f se ro ty p e  3b a n d  w ere sensitive  to  phage Ms2 an d  th e  s tra in  
o f th e  f ifth  su b jec t belonged  to  sero ty p e  3a an d  w as n o t sensitive  to  Ms2. T he 
tw o k in d s of s tra in  also d iffered  in  sen s itiv ity  to  o th e r  phages.

In  th e  o th e r case, from  a S . fle x n e r i  cu ltu re  o f se ro ty p e  lb  w hich  w as n o t 
sensitiv  e to  Ms2, a fte r  long s to rag e  on D orse t m ed ium  in  th e  re fr ig e ra to r  and
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su b c u ltu r in g  on agar p la te s , a v iru le n t colonies o f sero ty p e  Y  w ere found  and  
th e se  w ere  sensitive to  Ms2. T h is d issocia tion  process from  lb  to  Y  could  he 
re p e a te d  h u t  only in  th e  o p p o site  d irec tion , and  n o t from  Y  to  l h .  T he d if
fe re n t p h ag e  sen s itiv ity  p a t te rn s  o f  th e  tw o  se ro types d id  n o t ch an g e  du ring  
p assag in g .

Correlation between M s2  sensitiv ity  and colony morphology. A m ong  th e  
42 v a r ia n ts  o b ta in ed  from  passages in  liq u id  m edia, 35 w ere o f th e  “ O P ” 
ty p e  a n d  on ly  7 “ R ” ty p e  colonies w ere found .

T h e  s tra in s  iso la ted  fro m  th e  above m en tio n ed  fam ily , b o th  th e  3b-M s2 
se n s itiv e  a n d  3a—Ms2 n o n -sen sitiv e  ones, were v iru le n t and  o f colony t y p e “ G” .

I n  th e  case of d isso c ia tio n  from  lb  to  Y , a fte r  th e  f ir s t  ag a r p la te  subcu l
tu re  am o n g  th e  Ib -M s2  n o n -sen sitiv e  “ R ”  ty p e  colonies th e re  ap p e a re d  colo
n ies o f  se ro ty p e  Y, M s2-sensitive an d  of ty p e  “ G ” . In  th e  course o f fu r th e r  
p a ssa g in g  th ese  p ro p erties  p ro v e d  to  be c o n s ta n t.

Correlation between M s2  sensitiv ity  and antigenic structure. T h e  Ms2 sen
s itiv e  “ O P ”  colonies d id  n o t  a g g lu tin a te  in  an y  o f  th e  S. fle x n e r i  fa c to r  sera. 
T h e re  w as  a single excep tio n , a v a r ia n t  from  a S . fle x n e r i  3a s tra in , w hich  agg lu 
t in a te d  in  fa c to r  serum  7, 8. T h e  “ R ”  v a r ia n ts  o f a S . fle xn er i  2a s tra in  re ta in ed  
th e  o r ig in a l an tigen ic  s tru c tu re  w hile acqu iring  Ms2 se n s itiv ity ; th e ir  v iru lence 
w as n o t  lo s t, i t  only w as d ecreased . S en sitiv ity  to  Ms2 w as asso c ia ted  w ith  a 
ch an g e  in  an tigen ic  s tru c tu re  in  case of th e  d issocia tion  from  lh  to  Y  an d  in  
th e  3 a -M s2  non-sensitive  a n d  3b-M s2 sensitive  v a r ia n ts , w hich caused  th e  fa m 
ily  in fe c tio n . The b iochem ica l reac tio n s o f th e  v a r ia n ts , n o t id e n tif ia b le  b y  
sero log ica l te s ts , were id e n tic a l w ith  th a t  o f th e  o rig inal s tra in s .

Discussion

A n aly sin g  th e  re su lts  i t  w as found  th a t  phage se n s itiv ity  w as increased  
am o n g  a v iru le n t S. fle x n e r i  cu ltu re s  o b ta in ed  from  75%  of seria l su b cu ltu res  
o f v iru le n t  cu ltures. T he ch an g e  in v iru lence  an d  in  se n s itiv ity  to  new  phages 
w as s ig n if ic a n t: yf =  64.25, P  <  0.001.

I n  o th e r  ex p erim en ta l sy stem s e. g. b y  passag in g  o rig in a lly  a v iru le n t 
c u ltu re s , th e  co rrelation  w as n o t  w ith o u t c o n tra d ic tio n s , an d  ph ag e  se n s itiv ity  
w as n o t  func tio n a lly  co n n ec ted  in  th e  v ita l processes of th e  b a c te r ia l cells.

T h e  recep to r sites fo r th e  em ployed  phages excep t for ph ag e  Ms2 are  no t 
k n o w n . P ro b a b ly  th e y  are n o t  th e  О -specific s ide-chain  or its  m o d ifica tio n s 
b y  ly so g en ic  conversion. C hanges of th e  o u te r  m em b ran e , th e  loss o f  ce rta in  
a n tig e n s  m ig h t perhaps serve  as an  e x p lan a tio n  fo r th e  v a r ie ty  o f th e  changed  
p h a g e -se n s itiv ity  p a tte rn s . I n  m o st cases th e  ap p earan ce  of se n s it iv ity  to  phage 
Ms2 w as  associated  w ith  a to ta l  o r p a r tia l d e g ra d a tio n  of th e  specific  an tigen ic
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s tru c tu re  or th e  to ta l  d eg rad a tio n  o f th e  an tig en ic  s tru c tu ra l p a t te rn  d e te c ta b le  
b y  S . flexneri fa c to r  sera.

I t  is  n o t  c lear w h e th e r th e  se n s itiv ity  to  p hage  Ms2 h ad  dev e lo p ed  as a 
consequence o f a change in  th e  an tig en ic  s tru c tu re  or of th e  p resen ce  o f an  
F -like p la sm id ?  T his will he th e  su b jec t o f a fu r th e r  s tu d y .
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CHANGES IN PHAGE-SENSITIVITY OF 
SHIGELLA FLEXNER1  STRAINS

I I .  T H E  F -L IK E  C H A R A C T E R  O F M s2-S E N S IT IV E  V A R IA N T S

L. K e r e k e s , V e r a  G. L ászló . M á r t a  Cs í k , Má r ia  L u d á n y i  and
J u d it  P á s z t i

N a tio n a l Institu te  o f  H ygiene , Budapest and Pest C ounty  Public Health S ta tio n , B udapest

(R eceived Ju ly  8, 1982)

V arian ts  sensitive to  m ale specific phage Ms2 app eared  am ong Ms2 no n -sen sitiv e  
Shigella  f le x n e r i  cu ltu res  in th e  course o f liquid m ed iu m  passages. S ensitiv ity  to  Ms2 w as lost 
o n  acrid ine  orange tre a tm e n t and was tran sferab le  in to  Ms2 non-sensitive v a r ia n ts . T h e  Ms2 
s e n sitiv e  v a r ia n ts  h ad  fim b ria l an tigen . E lectron  m icroscopy  show ed th a t  Ms2 p h ag es  were 
a d so rb ed  on th e  F-like fim b riae  of these  v a rian ts . I t  w as assum ed th a t F-like p lasm id s  d e te r
m in in g  F-like  fim bria l an tig en  were carried  by  these  v a r ia n ts .

E a rlie r  [1] i t  w as found  th a t  ce rta in  Shigella  flexn er i cu ltu res on  beco m 
ing  a v iru le n t developed sen sitiv ity  to  phage M s2, h u t  th is  also o ccu rred  w ith o u t 
a n y  change in  v iru lence . W ith  few ex cep tio n s , th e  an tigen ic  s t ru c tu re  o f  th e  
Ms2 sen sitive  v a r ia n ts  w as degraded . F u r th e r  ex am in a tio n s w ere n e e d e d  to  
e s tab lish  w h e th e r Ms2 sen sitiv ity  w as c o n n e c te d  w ith  th e  presence o f  a p la s
m id  or i t  ap p eared  o n ly  as a consequence o f  th e  a lte ra tio n  of th e  su rface  a n t i 
gen. To prove th e  p resence o f a p lasm id  in  th e  Ms2 sensitive v a r ia n ts  w e h ad  
to  exam ine  w h e th e r (1) Ms2 sen sitiv ity  w as lo s t a fte r p lasm id c u rin g  e x p e ri
m en ts ; (2) th e  supposed  p lasm id  was tra n s fe ra b le  to  F "  cu ltu res; (3) i t  w as 
possib le to  d e m o n s tra te  fim b ria l an tig en  b y  serological m eans; a n d  f in a lly  (4) 
sex -fim briae  and  a tta c h e d  Ms2 phage p a r tic le s  were visible b y  e le c tro n  m i
croscopy.

Materials and m ethods

Stra ins. T he orig in  o f th e  Ms2 sensitive a n d  no n -sen sitiv e  v a rian ts  w as d esc rib ed  p re 
v iously  [1]. Ms2 sensitive  and  non-sensitive  v a r ia n ts  o f S . fle x n eri  583 (se ro type  3a) a n d  517 
(se ro ty p e  2a) and  Ms2 sensitive  v a ria n t (var. Y ) a n d  Ms2 non-sensitive v a r ia n t (se ro ty p e  lb )  
o f s tra in  7/68 w ere used.

R eference s tra in s  w ere Escherichia coli PA  309 S tr rL a c _ F “ , E . coli W 58—161 S t r 8L ac + F  + 
an d  E . coli C3000 F  + .

L á sz l ó  K e r e k e s , Ver a  G. L á szló , Má rta  Cs ík , Má r ia  L u d á n y i
N a tio n a l  I n s t i tu te  o f  H ygiene
11-1966 B u d a p e s t, P . О. В. 64, H u n g ary

J u d it  P ászti
P e s t  C o u n ty  P u b lie  H e a lth  S ta tio n
V árad i u . 35— 41, H -1032 B u d a p e s t, H u n g ary

A d a  Microbiologica Hungarica 30, 1983



120 K E R E K E S  e t al.

A cr id in e  curing. M ed iu m . 1000 ml b ro th , 5 X JO-2 м (K 2H P O , -j- K H 2P 0 4), 5 //g/m l 
o r 10 / /g /m l acrid ine  orange, p H  7.6. A 0.1 ml a liq u o t fro m  a 1 0 ~4 d ilu tion  of an  o v e rn ig h t cu l
tu re  o f  th e  Ms2 sensitive v a r ia n t  w as inocu la ted  in to  ac rid in e  orange b ro th  and  in c u b a te d  a t 
37 °C fo r 24 h. A dose of 5 //g /m l acrid ine  orange was in effec tiv e , while 10 //g/m l k illed  th e  cu l
tu re . T h e re fo re  th e  cu ltu res w ere  su b cu ltu red  in to  5 //g /m l fresh  acridine b ro th  d a ily  a t  least 
seven  tim e s , th e n  0.1 ml was in o cu la ted  on to  a g a r-p la te s  an d  afte r 24 h in cu b a tio n  50—100 
colon ies w ere  te s ted  for Ms2 p h ag e-sen sitiv ity  by  sp o t- te s t  [2].

P la sm id  transfer. T w o -h o u r b ro th  cu ltu res w ere in o cu la ted  from  the  o v e rn ig h t cu ltu res  
o f th e  M s2 sensitive  and  Ms2 n o n-sensitive  v a r ia n ts ;  0.5 m l M s2-Str sensitive an d  1.0 m l Ms2 
n o n -se n s it iv e  S tr  R  cu ltu re  w ere m ixed  in 2 ml b ro th , in c u b a te d  a t  37 °C for 4 h an d  d ilu te d  to  
10 ~ 3. F o r  se lection , s tre p to m y c in  a g a r (500 //g /m l) w as used . Colonies were te s te d  fo r Ms2 
se n s i t iv i ty  a f te r  24 h in cu b a tio n  [3]. As a con tro l, Ms2 sen sitiv e  and Ms2 non-sensitive  cu ltu res  
w ere u se d  sep ara te ly .

D etection o f fim bria l antigen. R a b b it  im m une se ru m  was prepared  w ith  th e  24 h liv ing  
c u ltu re  o f  th e  Ms2 sensitive v a r ia n t  an d  absorbed  w ith  th e  liv ing  cu ltu re  of th e  Ms2 non -sen si
tiv e  v a r ia n t  o f th e  hom ologous s tra in . The t it re  o f th e  re m a in in g  an tib o d y  was d e te rm in e d  by 
tu b e  a g g lu tin a tio n  w ith  th e  liv ing  suspension  of th e  Ms2 sensitive  v a r ia n t [4]. A g g lu tin a tio n  
w as p e rfo rm e d  w ith  E . coli C3000 F  + , and  w ith  th e  Ms2 non-sensitive  v a r ia n t o f  th e  hom o lo 
gous s t r a in  as control.

E lectron  microscopy. T h e  2 h  b ro th  cu ltu re  (106 cell/m l) of the  Ms2 sensitive  S . f le x n e r i  
v a r ia n t  a n d  th e  Ms2 p h ag e-ly sa te  w ere m ixed in  e q u a l vo lum es, dropped on grids co a ted  by  
c a rb o n a te d  collodion film  an d  a f te r  10 m in s ta in ed  w ith  2 %  phospho tungstic  acid  p H  7.0. 
T he p re p a ra tio n s  were exam in ed  in th e  JE O L  m odel J E M  100 C transm ission  e lec tro n  m ic ro 
scope [5 , 6 ]. As a contro l E . coli C3000 F  + , tre a te d  in th e  sam e way, was exam ined .

F ig . 1. E le c tro n  m icrograph  of negativ e ly  s ta ined  p re p a ra tio n  of S. flexn eri b a c te r ia l cell, 
f im b ria  a n d  adsorbed  Ms2 p h ag es  X 84 500
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Results

1. E lim ina tion . T he  Ms2 sensitive  v a r ia n ts  w ere tre a te d  w ith  acrid ine  
o range to  cure th e  supposed  p lasm id  ca rrie r s ta te . S . fle x n e r i  538 (3a) v a r ia n ts
S . fle x n e r i  517 (2a) and  7/68 (Y) v a r ia n ts  have  lo st th e ir  sen s itiv ity  to  phage 
Ms2 a fte r  acrid ine o range tre a tm e n t in  3%  an d  6 % , respective ly . T h e  élim i
n a n ts  o f th e  an tig en ica lly  deg raded  Ms2 sensitive  S . fle x n e r i  538 v a r ia n ts  re 
gained  th e ir  orig inal a g g lu tin ab ility  co rrespond ing  to  sero ty p e  3a a f te r  th e  loss 
o f  Ms2 sen sitiv ity . T he cured  S . fle x n e r i  7/68 (var. Y) colonies fa iled  to  re s to re  
to  se ro ty p e  lb .  T here  occurred  no a lte ra tio n  in  th e  an tig en ic  s tru c tu re  of 
S . fle x n e r i  517 v a r ia n ts .

2. P lasm id transfer. As a m odel ex p erim en t, th e  frequency  o f F -p lasm id  
tra n s fe r  w as ex am in ed  in  E . coli s tra in s . Ms2 se n s itiv ity  w as e stab lish ed  in 
20%  w hen  E . coli W 58-161 S tr s F + w as crossed w ith  E . coli PA  309 S tr r F - .

(a) Crossing S . fle x n e r i  7/68 (Y) S tr s M s2-sensitive and  S . fle x n e r i  517/16 
(2a) S t r r Ms2 non-sen sitiv e  v a r ia n ts  resu lted  in  dev e lo p m en t o f Ms2 se n s itiv ity  
n 15%  o f S . fle x n e r i  517/16.

(b) Crosses w ere ca rried  o u t w ith  S. fle x n e r i  538 (3a) so rb ito l+ Ms2 sen 
sitiv e  an d  S. fle xn er i  517 (2a) so rb ito l-  Ms2 n o n -sen sitiv e  s tra in s . S o rb ito l fer-

Fig. 2. E lectron  m icrograph  of negativ e ly  s ta in ed  p re p a ra tio n  of S. fle x n eri  f im b ria  w ith  a d 
sorbed  Ms2 phages X 1 15 500
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F ig . 3. E le c tro n  m icrograph  of n eg a tiv e ly  s ta ined  p re p a ra tio n  of E . coli f im b ria  w ith  adso rbed
Ms2 phages X  161 700

m e n ta tio n  was app lied  fo r se lec tion  on ag ar p la te s  co n ta in in g  0.5 g/100 ml of 
th e  s u b s tra te . S .fle x n e r i  517 (2a) s tra in  becam e sensitive  to  ph ag e  Ms2 in  50% .

3. Demonstration o f  f im b r ia l antigen. T he presence of f im b ria l an tig en  
w as d e m o n s tra te d  sero log ically  [4]. T able I  show s th e  serological analysis  by  
tu b e  a g g lu tin a tio n  o f th e  im m u n e  serum  o f th e  Ms2 sensitive S . fle x n c r i  517/17 
liv in g  cu ltu re  abso rbed  w ith  th e  Ms2 non  sen sitiv e  S. fle x n e r i  517/16 living 
c u ltu re .

4 . Electron m icroscopy. F igu res 1 an d  2 show  Ms2 phages ad so rb ed  to  
th e  f im b ria e  of S .f le x n e r i  517/17 (2a) cells, F ig . 3 shows adso rbed  Ms2 phages 
to  sex  fim b riae  of E . coli €3000 F + cells.

Discussion

O u r stud ies revealed  t h a t  Ms2 sensitive S . fle x n e r i  v a r ia n ts  ca rried  F-like 
p la sm id s  an d  possessed sex  f im b ria e  adso rb ing  phage Ms2. K é ty i [7] observed 
th e  acq u is itio n  of th e  K-12 F + m ale s ta te  and  th e  f + an tig en  b y  S. flexn eri 
s t r a in s  in  stud ies of th e  an tig en ic  s tru c tu re  o f sex -fim b ria  d e te rm in ed  by  p las
m id s [8]. O n th e  basis o f o u r ex p erim en ts  i t  w as assum ed th a t  Ms2 sen sitiv ity  
d ev e lo p ed  as a re su lt o f derep ressio n , th o u g h  th e  m echan ism  of derepression
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Table I

Titre o f  f +-like antigen in  the serum o f  M s2  sensitive variunt

S eru m A ntigen
T itre  o f  f+-Iike 
f im b ria l an tigen

S. fle x n eri 517/17 л\ itli absorbed 517/17 (Ms2 +  ) 1290 ( + )
S . fle xn eri 517/16 517/16 (Ms2 —) 5  ( ± )

E . coli C3000 F  + (Ms2 +  ) 160 ( + )

w as n o t clear. Id e n tif ic a tio n  o f p lasm ids an d  d e te rm in a tio n  o f th e  s tru c tu re  of 
f im b ria l an tigen  needs fu r th e r  ex am in a tio n s.
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ENZYME-LINKED IMMUNOSORBENT ASSAY FOR 
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E n zym e-L inked  Im m u n o so rb en t A ssay (E L IS A ) w as s tandard ized  for m ea su re m e n t of 
a n tib o d y  a c tiv ity  o f reference h u m an  and  baboon ( Papio  ham adryas) sera to  so lub le  E p ste in — 
B a rr  v iru s (E B V ) an tigens. A com parison  w ith  th e  im m unofluo rescen t (IF )  m e th o d  show ed 
t h a t  E L IS A  d e tects a n tib o d y  specifically  and  sensitively . In  E L IS A , H erp esv iru s P a p io  (H V P) 
n u c lea r an tig en  (H U P N A ) p o sitive  bab o o n  serum  re ac te d  w ith  EBV nuclear a n tig e n  (E B N A ), 
as a  fu r th e r  ind ica tion  of th e  an tig en ic  sim ila rity  be tw een  H V P and EBV. F o r ty - tw o  baboon  
sera  w ere te s te d  w ith  EB V  an tig en s in  b o th  E L IS A  a n d  I F  tes t. The resu lts show ed  a n  agree
m en t be tw een  the  tw o m eth o d s an d  also th a t  by  th e  use  o f EBV an tigens, E L IS A  m easures 
a n ti-H V P  a c tiv ity  o f baboon  sera. E L IS A  did no t rev ea l significant d ifference in  a n tib o d y  
a c t iv ity  o f 23 baboons w ith  ly m p h o m a  a n d  th a t  o f 24 h e a lth y  baboons. R esu lts  p ro v id e  fu rth e r 
d a ta  t h a t  E L IS A  can be used  effectively  in  th e  field o f E B V  serology.

E p s te in -B a rr  v iru s (EB V ) is a un ique  h e rp esv iru s  w ith  a c a p a c ity  to  im 
m o rta lise  В lym phocy tes [1]. I t  has been e s tab lish ed  th a t  th is  u b iq u i ta ry  EBV 
is closely associated  w ith  tw o  h u m a n  cancers, A frican  B u rk itt’s ly m p h o m a  and 
n aso p h a ry n g ea l carcinom a [2] an d  m ore or less involved in th e  p a th o g en esis  
o f  o th e r  h u m an  diseases [3—5]. Im m uno log ica l s tud ies prov ided  a considerab le  
b u lk  o f in fo rm atio n  on th e  b io logy  o f EB V  a n d  its  role in  h u m a n  p a th o lo g y ; 
one o f  th e m  was th e  disease re la ted  p a tte rn  o f  h o s t an tib o d y  response  to  EBV  
a n tig en s .

P re d o m in a n tly  th e  im m unofluo rescence  (IF ) te s t is used in  d e tec tin g  
a n tib o d ie s  to  various E B V -re la ted  an tigens [6]. S till, as th e  I F  te c h n iq u e  is 
je o p a rd ise d  by  its  su b je c tiv ity  an d  re la tiv e  in sen s itiv ity ; in tro d u c tio n  o f an  
a lte rn a tiv e , specific and  sen sitive  m eth o d  in  th e  fie ld  of EB V  sero logy  prom ised  
fu r th e r  to  fac ilita te  p a th o g en e tic  in v es tig a tio n s . S tan d a rd isa tio n  o f  E L IS A  [7] 
fo r m easu rem en t o f EB V -specific  an tib o d ies  seem ed to be a feasib le a lte rn a tiv e  
to  th e  IF  m ethod .

A. F . V o e v o d in
L a b o ra to ry  o f  E x p e r im e n ta l O ncology, I n s t i tu te  o f  E x p e r im e n ta l P a th o lo g y  an d  T h e rap y , U SSR A cad em y  o f  M edical Sciences 
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T h e aim  of th e  s tu d y  w as to  estab lish  E L IS A  fo r d e tec ting  an tib o d ie s  to  
E B V  v ira l capsid a n tig e n  (YCA), early  a n tig e n  (E A ) and  nuclear an tig en  
(E B N A ), an d  to  use th is  a n tig e n  panel for assessin g  an tib o d y  a c tiv ity  o f b a 
b o o n  (P a p io  ham adryas) se ra  to  th e  ly m p h o tro p ic  herpesv irus p ap io  (H V P) 
close ly  re la ted  to  E B V  [8—10].

Materials and m ethods

H u m a n  reference sera . E B Y  negative  (R K -3), p o sitiv e  (R K -1) and th e  serum  nam ed 
Ja b o u lin  w ere p rov ided  b y  D r. G. B . de Thé ( In te rn a tio n a l A gency for R esearch  on  Cancer, 
L y o n , F ran ce).

A s  baboon reference sera one  H Y P  negative (No. 17602) a n d  tw o positive sera (N o. 12343 
a n d  N o. 13912) were used . T h e  a n tib o d y  p a tte rn  o f  re fe ren ce  sera was d e term ined  b y  the  
in d ire c t I F  te s t  (for Y CA a n d  F A ) a n d  th e  an tico m p lem en t I F  te s t  (for E B N A  an d  IIU P N A ). 
D e ta ils  o f  these  techn iques w ere  described  earlier [10].

Baboon sera. A lto g e th e r 47 sera  were tested , 23 w ere co llected  from  baboons w ith  ly m 
p h o p ro lifé ra tiv e  disease (sick  a n im a ls )  and 24 sam ples from  age an d  sex m atched  h e a lth y  ones. 
I n  13 o f th e  23 sick b ab o o n s m a lig n a n t lym phom a w as d iag n o sed  a t  au topsy . T he o th e r  ten  
b a b o o n s  a live  a t  the  tim e o f th e  s tu d y  had  clinical sy m p to m s o f m alig n an t ly m phom a.

A n tigens. E x tra c ts  o f  th e  p ro to ty p e  EBV p o sitiv e  h u m an  cell lines P 3 H R -1  (P3), 
R a ji  (R )  as well as R su p e rin fec te d  w ith  P3 (R  -J- P3) w ere u sed  as antigens. Cell e x tra c ts  were 
p re p a re d  as described [10].

E L I S A  was carried  o u t  in  D y n a tech  M icroelisa p la te s  [11]. F rom  th e  an tig en s d ilu ted  
1 : 5 o r 1 : 20 in coating  b u ffe r , 0.1 m l was added to each  w ell. P la tes  were k ep t a t  4 °C over
n ig h t ,  th e n  w ashed th ree  t im e s  w ith  phosphate  buffer so lu tio n  con ta in ing  0.05%  T w een  20;
0.1 m l o f  h u m an  or bab o o n  se ra  d ilu te d  twofold from  1 : 100 to  1 : 800 w as added to  th e  wells. 
A f te r  one h o u r incu b a tio n  a t  30 °C, p lates were w ash ed  a g a in  and  0.1 ml of th e  co n ju g a te  
(g a m m a  ch ain  specific ra b b it  a n ti-h u m a n  IgG  coupled w ith  p erox idase , Dako Im m u n o g lo b u 
lin  L td .)  w as added to th e  p la te s , th e n  th ey  were in cu b a ted  a n d  w ashed. S ubseq u en tly  0.15 ml 
o f s u b s tr a te  solution (10 m g o -p heny lened iam ine  d ih y d ro ch lo rid e  in 20 ml p h o sp h a te -c itra te  
b u ffe r  p H  6) w as added to  th e  w ells. A fter 30 m in in cu b a tio n  a t  30 °C th e  reac tion  w as stopped  
b y  a d d in g  0.05 ml of 4 1I2S 0 4. A b so rb an ce  values (e x tin c tio n s) w ere recorded by  a D y n a tech  
E lisa  R ead e r. Reference p o sitiv e  a n d  negative  sera, c o n ju g a te  a lone , and serum  w ith o u t a n ti
gen w ere  se t up  in every  p la te  as contro ls. All sera w ere  te s te d  in duplicate , sam ples from  
c ases a n d  contro ls were te s te d  on  th e  sam e plate.

Im m unofluorescence. P re p a ra t io n  of cells w ith  E B V —E A : R a ji cells were w ashed  twice 
in  R P M I-1 6 4 0  m edium  an d  a liq u o ts  con tain ing  106 cells p e r  0.2 m l were m ixed w ith  0.45 //1 
o f m illipo re-filtered  cu ltu re  m ed iu m  of P3H R -1 cells. M ix tu res  w ere in cubated  for 30 m in  a t  
30 °C. T h en  to  each a liq u o t 1.8 ml o f  com plete m edium  (R P M I-1 6 4 0  w ith  15%  feta l ca lf se rum ) 
w ere a d d e d  and  cultures w ere in c u b a te d  a t  37 °C in th e  p resen ce  of 5%  C 0 2 for 72 h. F o r IF  
s tu d y , sm ears  were p rep ared  acco rd in g  to  N eubauer e t al. [12]. I F  te s t  on hu m an  an d  baboon  
se ra  w ere  carried  ou t as d e sc rib ed  fo r de tecting  herpes sim p lex  v irus IF  an tib o d ies  [13]. 
H u m a n  a n d  baboon sera w ere te s te d  in 1 : 10 d ilu tion . D rops w ere added  to  each sm ear fixed 
on slides. A fte r  a 30 m in in c u b a tio n  a t  37 °C, slides w ere w ash ed  w ith  PB S for 15 m in  an d  co
v e red  w ith  F IT C -con jugated  a n ti-h u m a n  IgG  (W ellcom e L ab o ra to rie s)  d ilu ted  1 : 15. Slides 
w ere in cu b a ted  again and  w ash ed  th ree  tim es, c o u n te rs ta in e d  w ith  0.06%  E v an s  blue for 
10 m in , m o u n ted  w ith  P B S  g lycero l (1 : 1) and ex am ined  b y  flu o rescen t m icroscopy. R efer
ence p o sitiv e  and n eg ative  se ra  a n d  conjugate  were in c lu d ed  in to  each tes t. Coded sam ples 
w ere ex am in ed  by  two o b servers .

Results

Standardisation o f  E L I S A .  P la tes  were sen s itiz ed  w ith  th e  th ree  a n tig e n  
p re p a ra tio n s  having  th e  fo llow ing  com ponen ts: P 3  w ith  VGA, EA  an d  E B N A , 
R w ith  E B N A  and  R  -f- P 3  w ith  EA  and E B N A . I n  E L IS A  these  E B V  a n t i 
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gens w ere te s ted  w ith  th e  th ree  reference h u m a n  se ra : (1) R K -1 w ith  an tib o d ie s  
to  capsid , early  an d  n u c lea r an tig e n s ; (2) J a h o u lin  w ith  an tib o d ies  to  cap sid  
an d  n uc lear an tig en s; an d  (3) R K -3  w ith o u t an tib o d ie s . These th ree  se ra  w ere 
te s te d  in  1 : 100 d ilu tio n . R esu lts  o f th ese  ex p erim en ts  are su m m arized  in  
T ab le  I . T he reference n eg a tiv e  serum  R K -3 show ed  very  low e x tin c tio n  v a lu es  
( <  0.10) w ith  all th e  th re e  an tig en s w hile th e  tw o  reference positive sera  re a c te d  
w ith  th e  an tig en s in  accordance  w ith  th e ir  I F  a c tiv ity . T he e x tin c tio n  v a lu e  of 
R K -1 serum  w as th e  h ig h es t w ith  P3 an tig en , an d  th e  low est w ith  E B N A  p o s
itiv e  an tigen  p re p a ra tio n  (R ), th o u g h  th e  abso rb an ce  value was s till in  th e  
positive  range. In  case of th e  Ja h o u lin  serum  th e re  was no s ig n ifican t d iffe r
ence betw een  its  re a c tiv ity  w ith  R  (E B N A ) an d  R -f  P3 (E B N A  an d  EA) 
frac tio n s. E x tin c tio n  values in d ica ted  a co m p ara tiv e ly  low a n tib o d y  a c tiv ity  
w ith  these  an tig en s. H ow ever, th is  serum  re a c te d  w ith  th e  P3 an tig en  s tro n g ly  
show ing th a t  E L IS A  m easure specifically  th e  a n tib o d y  a c tiv ity  to  E B N  a n t i 
gens.

Table I

A ntibody  activity o f  reference hum an  and baboon sera to E B V  antigens

E L IS A  e x tin c tio n  va lu es •>f sera

EBV
A ntigens

H um an
R K -1

B aboon
12342

H um an  B aboon 
Ja b o u lin  13912

H um an
R K -3

Baboon
17062

B la n k
w ith o u tb y tes t p o sitive w ith

VCA
EA

EB N A

VCA
EA

H U P N A

VCA
EB N A VCA n egatives

seru m

P3 VCA EA E B N A > 2 .0 0 1.40 0.78 0.35 0.05 0.03 0.04
R  EB N A 0.58 0.38 0.37 0.07 0.07 0.06 0.03

R t P3 EA  E B N A 0.92 > 2 .0 0 0.42 0.06 0.07 0.05 0.05
B lank  w ith o u t an tigen 0.04 0.05 0.08 0.07 0.06 0.04 —

R eactiv ity  o f  baboon sera with E B V antigens . Three reference b ab o o n
sera  w ere te s te d  w ith  th e  sam e E B Y  an tigens in  E L IS A . In  IF  te s t th e y  re a c te d  
w ith  H V P  an tig en s as reference h u m an  sera  d id  w ith  th e  E B V  an tig en s . 
N am ely , serum  N o. 12343 w as positive fo r YCA, E A  and  H U P N A , serum  
N o. 13912 fo r VCA w hile serum  N o .17602 w as th e  neg a tiv e  re fe rence  one. 
A ccord ing  to  th e  re su lts  (show n also in  T ab le  I) b ab o o n  serum  (N o .13912) posi
tiv e  fo r YCA reac ted  on ly  w ith  th e  P3 a n tig e n  an d  th e  o th e r  (N o .12343) w ith  
h igh I F  t i t re  to  VCA, E A  an d  H U P N A  re a c te d  s tro n g ly  w ith  b o th  P3 and  
R  -)- P3 an tigens. In  -add ition , i t  reac ted  also  w ith  th e  R (E B N A ) an tig en  
th o u g h  less th a n  d id  E B N A  positive  h u m a n  serum . H V P  n eg a tiv e  serum  
(N o .17602) w as com plete ly  no n -reac tiv e  w ith  E B V  an tigens. R esu lts  in d ic a te d  
th a t  E B V  an tig en s can  he used fo r te s tin g  a n ti- I IV P  a c tiv ity  of b a b o o n  sera.
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Detection o f  antibodies to E B V - E A  in  baboon sera by E L I S A  and I F  test. 
F o r  th e  presence of a n tib o d ie s  to  E A , 42 b a b o o n  sera  were te s te d  in  para lle l 
b y  th e  tw o  m ethods. T a k in g  a n  ex tin c tio n  v a lu e  ]>  0.15 as in d ica tiv e  fo r spe
c ific  a n tib o d y  a c tiv ity , 8 se ra  w ere positive in  E L IS A . Of these , 6 w ere positive  
in  th e  I F  te s t. Two I F  n e g a tiv e  sam ples show ed  ra th e r  low e x tin c tio n  values 
(0 .18 a n d  0.20), ju s t  above th e  cu t-o ff level. T herefo re  E L IS A  m easu res an ti-  
E A  a c t iv i ty  of baboon se ra  specifica lly  and  m ore  sensitive ly  th a n  th e  I F  te s t.

A btibody activity o f  baboons with and w ithout lym phom a. Sera of 23 b aboon  
w ith  ly m p h o m a  and o f 24 age and  sex m a tc h e d  h e a lth y  baboons w ere te s te d  
in  E L IS A  by  th e  Е В У  a n tig e n s . No s ig n if ic a n t d ifference w as rev ea led  be
tw e e n  th e  tw o groups. In  b o th  groups a n tib o d y  a c tiv ity  was co m p ara tiv e ly  low 
a n d  i t  rem ain ed  in th e  n e g a tiv e  range w ith  E A  an  E B N A . R egard ing  P3 (VC) 
a n tig e n s , th e  m ean e x tic tio n  v alue  w as s lig h tly  above th e  cu t-o ff level w ith  
th e  se ra  ta k e n  from  th e  23 sick  baboons (T able I I ) .

Table II

A n tib o d y  activity in  sera o f  lym phom atous and healthy baboons to E B V  antigens in
E L IS A

N o. of
sera

E B V  an tigens

G roup P3 (VGA E A  E B N A ) R (E B N A ) R P3 (E A  E B N A )

M oan ex tin c tio n  v a lu e  ^  S. t

B ab o o n s w ith  lym phom a 23 0.16 +).оз 0.12 +  0.02 0 .1 2 ± 0 .0 1

H e a lth y baboons 24 0.10 0.01 0 .1 0 ± 0 .0 2 0 .0 6 ± 0 .0 1

Discussion

E L IS A  Mas o rig in a lly  described  for d e te c tin g  soluble E B V -E B N A  [14] 
a n d  w e h a v e  ex tended  its  u se  for m easuring  se ru m  an tib o d y  a c tiv ity  to  EB V  
c a p s id , e a rly  and  n u c lea r a n tig en s . A co m p ariso n  Mith th e  IF  te s t  show ed 
t h a t  E L IS A  detects an tib o d ie s  in  h u m an  as w ell as baboon  sera sensitiv e ly  and  
sp e c if ic a lly .

A c tiv ity  of reference h u m a n  and  b ab o o n  sera  w ith  EBV  an tigens show ed 
a close co rre la tion ; th e  h ig h e s t r value (0.93) Mas found betw een  re a c tiv itie s  
to  R  - f  P 3  and  P3. T h is is ex p la in ed  by  th e  fa c t th a t  P3 has th e  h ig h est a m o u n t 
o f  th e  e a r ly  an tigen  co m p o n e n t. T hough th o se  d a ta  are no t shoM'n he re , i t  
sh o u ld  h e  m entioned  th a t  no  co rre la tion  w as fo u n d  M'hen th e  sam e se ra  were 
te s te d  w ith  EB V  and  re tro v iru s  (baboon  endogenous ty p e  C, and  M ason—P fize r 
ty p e  D ) an tigens. Also, all se ra  te s te d  in  E L IS A  w ere com pletely  n o n -reac tiv e  
w ith  f e ta l  ca lf serum  an d  h u m a n  em bryon ic  cell an tig en .
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A ll th ese  facts in d ica te  th a t  E L IS A  is a reliable serolosrical m e th o d  for 
assessing  a n tib o d y  a c tiv ity  to  E B Y  an tig en s . F o r lab o ra to ry  c o n firm a tio n  of 
th e  clin ica l diagnosis, EB V -EA  seem s to  he th e  m ost im p o r ta n t [4, 6, 15]. In  
th is  re sp ec t E L IS A  m ay  be a m e th o d  o f choice because i t  m easu res  an ti-E A  
a n tib o d y  a c tiv ity  m ore sen sitiv e ly  th a n  th e  IF  te s t. M oreover, w ith  th e  use of 
Е В У  an tig en s, a n tib o d y  a c tiv ity  o f b aboon  sera  to  H Y P an tig en s c a n  also be 
assessed . In  ag reem en t w ith  th e  d a ta  pu b lish ed  b y  F a lk  e t al. [9 ], K okosha 
e t  al. [16] and  N eu b au er e t  al. [12], we found  th a t  in  E L IS A  b ab o o n  sera 
c ross-reacted  s tro n g ly  w ith  E B V  capsid  an d  early  an tigens. T he fa c t  t h a t  th e  
H U P N A  p o sitive  b aboon  se ru m  re a c te d  w ith  E B N A  suggests a close an tigen ic  
s im ila rity  be tw een  E B N A  an d  H U P N A . T h is, how ever, still aw a its  co n firm a
tio n  as in  o th e r  serological te s ts  H U P N A  positive  baboon sera  d id  n o t reac t 
w ith  E B N A  [12, 17].

O ur re su lts  p rov ided  fu r th e r  d a ta  th a t  E L IS A  can e ffec tive ly  be u tilized  
in  th e  fie ld  o f EBY serology.
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INCIDENCE OF PSEUDOMONAS AERUGINOSA  
SEROGROUPS IN DRINKING WATER: USE OF 

SEROTYPING IN THE CONTROL OF WATER
SUPPLIES

P ir o s k a  K is s , B. L á n y i , A. Bo d i  and Z s ó f ia  F ő d r e  
Public Health S ta tio n , Szeged and N ational In stitu te  o f  H ygiene, B udapest

(R eceived  Sep tem ber 30, 1982)

F rom  26 568 d rin k in g  w a te r  sam ples collected in th e  years 1977—1981 from  deep  well 
supp lies in C songrád c o u n ty , H u n g a ry , 1269 Pseudom onas aeruginosa  s tra in s  were iso lated . 
T h e  m ost freq u e n t serogroups (L án y i—B ergan schem e) w ere 0 6  (9.5—69.2% ), 0 1  (5.5—35.5% ) 
a n d  0 9  (2.2—36.2% ). P red o m in an ce  of a  given scrogroup v a ried  w ith , and was ch a ra c te ris tic  
o f, geographic  a reas o f th e  c o u n ty , w a te r  p lan ts  and d is tr ib u tio n  system s. B acterio log ical m on
ito r in g  has show n th a t  se ro ty p in g  of P. aeruginosa  m ay  b e  useful for evalu a tin g  th e  m ech an 
ical cond ition  of th e  w a te r  supply .

P o te n tia l h ea lth  h aza rd s  associated  w ith  Pseudom onas aeruginosa  in 
d rin k in g  w a te r  h av e  been  ex ten siv e ly  in v e s tig a te d  [1]. The a g en t has been  
described  in  a sso c ia tio n  w ith  w ate r-b o rn e  o u tb re a k s  o f  en te ritis  m a in ly  am ong  
in fan ts  [2 -6 ]. I t  is g en era lly  accep ted  th a t  th e  p resence  o f P . aeruginosa  in 
d rin k in g  w a te r  shou ld  n o t be ignored  [1]. T he H u n g a ria n  N a tio n a l S ta n d a rd  
for th e  B acterio log ical E x a m in a tio n  of W a te r  [7] p rescribes th a t  an y  d rin k in g  
w a te r  th a t  co n ta in s  th is  o rgan ism  is o f u n sa tis fa c to ry  q u a lity .

F o r d e tec tin g  in h o sp ita l in fec tions th e  source  o f P . aeruginosa , sero logi
cal, pyocine and  p hage  ty p in g  m eth o d s are used all over th e  wrorld . F o r tra c in g  
P . aeruginosa  as a w a te r-p o llu tin g  agen t, how ever, on ly  few rep o rts  h av e  been 
pub lished  [8-10].

T he purpose o f tin* p resen t w ork w as to  su rv e y  tin* incidence of P . aeru
ginosa  serogroups in d rin k in g  w a te r  o b ta ined  fro m  deep wells.

Materials and m ethods

A  to ta l o f 1269 P. aeruginosa  s tra in s  was co llected  in th e  y ears 1977—1981 from  d rin k in g  
w a te r in C songrád co u n ty , H u n g ary . T he organism  was c u ltu re d  as described in reference [7]. 
A fter biochem ical id en tif ic a tio n , each s tra in  was grow n on ox -b lood  agar a t  37 °C for 18—20 h  
and exam ined  for О an tig en s b y  L án y i’s slide a g g lu tin a tio n  m eth o d  [11]. Serogroups were 
designated  as in th e  schem e of L án y i a n d  B ergan [12], w here  th e  n um bering  of О g ro u p s cor
responds to H a b s’ sym bols [13]. ex cep t 0 2  ( =  H abs 2 -j- H a b s  5) and  0 7  ( =  H abs 7 -f- H ab s 8).

P ir o sk a  K is s , Á r p á d  B ó d i , Z s ó f ia  F o d r é  
P ub lic  H e a lth  S ta tio n
D erk o v its  faso r 7— 11, H -6726 S zeged, H u n g a ry  

B é l a  L á n y i
N atio n u l In s t i tu te  o f  H ygiene 
H -1966 B u d ap es t, P . О. В. 64, H u n g a ry
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R esults

T h e  source of P. aeruginosa  s tra in s  is show n in  T ahié I .  In  w a te r  p lan t 
a n d  in  d is tr ib u tio n  sy stem  sam ples th e  o rgan ism  occurred  w ith  a b o u t th e  sam e 
fre q u e n c y . T he h ighest degree o f  p o llu tio n  w as d e tec ted  in  co n d u its  connected  
f re sh ly  to  th e  d is tr ib u tio n  sy stem .

O u t o f th e  1269 iso la tes , 1266 w ere se rogrouped . In  a v illage  (A m bróz- 
fa lv a )  w a te r  p la n t, 107 sam ples w ere po sitiv e  fo r P. aeruginosa  se ro g ro u p  0 9 ; 
to  a v o id  b iassing  of d a ta , th e se  s tra in s  w ere o m itte d  from  th e  fo llow ing tab les. 
T h e  f re q u e n c y  of th e  rem a in in g  1159 s tra in s  acco rd ing  to  sources is p resen ted  
in  T a b le  I I .  On th e  av erag e , serog roup  0 6  s tra in s  occurred  m ost f re q u e n tly  in 
p la n t  a n d  p e rip h e ra l sam ples; s tra in s  0 9  an d  0 1  w ere n ex t in  o rd e r. In  new 
e x te n s io n s  o f th e  n e tw o rk  se rog roup  0 1  w as th e  m ost freq u en t. T h e  p red o m i
n a n t  se ro g ro u p  v a ried  w ith  in d iv id u a l p la n ts , d is tr ib u tio n  sy stem s an d  sam 
p lin g  p o in ts .

Table I

In c id en ce  o f  P . aeruginosa in  drin k in g  water sam ples collected in Csongrád county
in  the years 1977 — 1981

Source
N o .  o f 

sam ples
P ositive  for P .  a e r u g in o s a

No. %

M unicipal w a te r  su p p ly 2720 124 4.6

M unicipal d is tr ib u tio n  system 15087 739 4.9

O th er supplies 6630 201 3.0

N ew  connections 2131 205 9.6

T o ta l 26568 1269 4.8

■ I I I  show s th e  incidence of P. aeruginosa  in d iffe ren t
a re a s  o f  th e  co u n ty . T he h ig h e s t n u m b e r o f p o llu ted  sam ples w ere en co u n te red  
in  v illa g e  w a te r  supplies of th e  M akó d is tr ic t. A m ong large m u n ic ip a l supplies, 
sa m p le s  ta k e n  from  th e  Szeged d is tr ib u tio n  sy stem  an d  from  th e  S zen tes p lan t 
c o n ta in e d  P. aeruginosa  th e  m o st fre q u e n tly .

T a b le  IV  show s th e  incidence  o f P . aeruginosa  serogroups acco rd in g  to  
v illag e  a n d  to w n  supplies. I n  th e  Szentes an d  M akó d is tr ic t v illage  p lan ts  
se ro g ro u p  0 6  p red o m in a ted . T h is se rog roup  w as in fre q u e n t in  th e  Szeged 
d is t r ic t ,  w here  th e  p red o m in an ce  o f s tra in s  0 9  w as c h a rac te ris tic  o f  m o s t sup 
p lies. A s P . aeruginosa o ccu rred  re la tiv e ly  in fre q u e n tly  in  w ate rs sam pled  in  
C so n g rád , M akó, H ó d m ező v ásá rh e ly  an d  Szen tes, d a ta  for th e se  to w n s  have 
b een  su m m arized .

Acta Microbiologica Hungarica 30, 1983



PSEUDOMONAS IN  D R IN K IN G  WATES 1 3 3

Table II

Incidence of P. aeruginosa serogroups in water supplies in Csongrád county 
(P e rcen tag e  of serogroups w ith o u t 0 9  s tra in s  iso la ted  from  sam ples co llected  in

A m brózfalva)

M unicipal supplies

Serogroup
(L á n y i-B e rg a n ) p la n t

(100)*
d is tr ib u tio n

system
(655)

O th e r
supp lies

(109)

New
connections

(205)

T o ta l
(1159)

l 13.0 18.3 11.1 41.1 20.6
2 10.0 6.0 12.1 2.9 6.8
3 7.0 4.9 2.5 11.7 5.9
4 1.0 0.5 1.0 — 0.5
6 22.0 29.6 33.7 14.6 27.0
7 17.0 9.4 7.5 2.9 8.6
9 15.0 18.8 19.6 18.0 18.5

10 6.0 4.7 2.5 0.5 3.7
11 3.0 4.1 1.0 2.4 3.2
n t 6.0 3.7 9.0 5.9 5.2

* No. o f stra in s

I  4
I  3
О
in  2

i ' o
Year 1977 1978 1979 1980

New well 
connected 
to circuit

Д-, *

i f f l f l i
1981 1982

□  Negative H 09 ■  04

Fig. 1. P . aeruginosa serogroups iso la ted  from  th e  v illage w a te r  supply  a t  A m b rózfa lva . 
U p p e r colum ns: d is trib u tio n  sy s tem  (o f 167 sam ples, 92 positive); lower co lum ns: p la n t  (of 
50 sam ples, 30 positive). C olum ns m ark ed  w ith  arrow  show  sam ples tak en  from  th e  new  well

estab lish ed  in 1979

A d a  Microbiologica Hungarica 30, 1983



134 KISS et al.

R e su lts  o b ta in ed  in  tw o  villages o f th e  M akó d is tr ic t are w o rth  d e ta ilin g , 
since  th e y  prove th e  u sefu lness of P . aeruginosa  se ro ty p in g . F igure  1 shows 
f in d in g s  fo r  sam ples ta k e n  from  th e  wells, th e  eng ine  co m p artm en t ta p  and 
th e  p la n t  y a rd  tap s  a t  A m b ró zfa lv a . Serogroup  0 9  w as d em o n stra ted  fo r years 
up  to  1981 in  well an d  ta p  sam ples. In  1979 a new  well was d rilled , th e  f irs t 
e x a m in a tio n  of w hich  y ie ld ed  P . aeruginosa  serog roup  0 4 , b u t su b seq u en t 
c u ltu re s  fa iled  to  show  th is  o rgan ism . To rem ove  th e  obvious source o f P . aeru
g inosa  0 9  c o n ta m in a tio n , in  1981 th e  old w ell w as d isco n n ec ted , an d  a fte r  a 
v e ry  ca re fu lly  perfo rm ed  d isin fec tion  o f th e  sy s tem , th e  new well w as p u t in to

31
2
1 ' I l i i n  ГП л”oJ llllu lu—
year 1977 1978

□  Negative H 01 
S 0 6  И 07

1979 
И 02 
Ш 09

ли
1980 

□  03 
0  nt

1981 
■  04 
□  UFP

1982

Fig. 2. P . aeruginosa se ro g roups iso lated  from  th e  v illage  w a te r  supp ly  a t  N ag y ér. U p p er 
co lu m n s: d is tr ib u tio n  sy s tem  (o f 149 sam ples, 80 p o sitiv e ); low er co lum ns: p la n t (o f 45 sam ples,

11 positive)

o p e ra tio n . F o r a w hile i t  ap p ea red  th a t  th e se  m easu res h ad  been  effective: 
P . aeruginosa  0 9  d isa p p e a re d  from  th e  sy s tem . A t th e  end  of 1981, how ever, 
P. aeruginosa  0 4  — w h ich  w as iso la ted  in  1979 from  th e  fresh ly  d rilled  well — 
w as sh o w n  in  a sam ple  fro m  th e  p la n t y a rd  ta p . B y  th e  y e a r 1982, th is  sero
g ro u p  h a d  becom e c h a ra c te r is tic  as a single c o n ta m in a n t of th e  en tire  A m bróz
fa lv a  sy s tem .

T h e  w a te r  su p p ly  a t  N ag y ér is also h e a v ily  c o n ta m in a te d  w ith  P . aeru
g ino sa  ; as show n in  F ig . 2, 7 d iffe ren t serog roups occurred . In  a d d itio n , non- 
ty p a b le  (n t)  P . aeruginosa  an d  U F P  (unclassified  flu o rescen t pseudeuncnras 
[1, 14]) h a v e  also b een  iso la ted . The inc idence  o f th e se  b a c te ria  v a ried  irreg u 
la r ly  in  th e  6 -y e a r  p e rio d  o f  m o n ito rin g .
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Table III

Incidence o f  P . aeruginosa in drink ing  water sam ples collected fro m  different supp lies
in  Csongrád county

(W ith o u t P. aeruginosa  s tra ins iso la ted  fro m  A m brózfalva)

N o o f  P o s i tiv e  for 1\  a e r u g in o s a

S u u r , e  s a m p le s  --------
N o. %

Village supplies

M akó d is tr ic t (14)*

P la n t 581 26 4.5

D istrib u tio n  system 2916 220 7.5

Szeged d is tr ic t (25)

P la n t 766 14 1.8

D istrib u tio n  system 4794 101 2.1

Szentes d is tr ic t (8)

P la n t 304 9 3.0

D istrib u tio n  system 1235 82 6.6

Tow n supplies 

Csongrád

P lan t 152 - -
D istrib u tio n  system 842 16 1.9

H ódm ezővásárhely

P lan t 169 4 2.4

D istrib u tio n  system 1090 14 1.3

M akó

P lan t 193 11 5.7

D istribu tion  system 952 39 4.1

Szeged

P la n t 391 21 5.3

D istrib u tio n  system 2233 175 7.8

Szentes

P lan t 114 12 10.5

D istrib u tio n  system 870 12 1.4

* No. o f supplies

Discussion

I n  s tu d ies  re p o rte d  p rev io u sly  [15, 16] we d e a lt  w ith  th e  asso c ia tio n  b e 
tw een  th e  chem ical an d  b ac te rio log ica l q u a lity  o f  w a te r  derived  from  deep bore 
wells. W e h av e  show n th a t  w a te rs  w ith  h ig h er th a n  u su a l oxygen c o n su m p tio n  
(K O Ip), am m o n iu m tio n  co n cen tra tio n  and  e a r th  gas c o n te n t are ch a rac te rized
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Table IV

In c id en ce  o f  P. aeruginosa serogroups in  d rin k in g  water samples collected in  d ifferent
d istricts o f  Csongrád county

(P e rc e n ta g e  of serogroups w ith o u t 0 9  s tra in s  iso la ted  from  sam ples co llected
A m brózfa lva)

V illage su p p lies  in d is tr ic t Tow n supplies

Serogroup 
(L á n y i-B erg an ) M akó

(248)*
Szeged
in e »

S zen tes
(91)

Szeged
(195)

C songrád ,
M akó,

H ó dm ező
v ásárh e ly

an d
S zen tes

(105)

1 13.3 11.2 5.5 35.5 12.4
2 3.2 8.6 20.9 1.0 9.5

3 7.3 6.0 — 5.1 3.8

4 1.2 — — 1.0

6 35.1 9.3 69.2 13.3 27.6

7 23.0 7.8 2.2 2.6 5.7

9 6 . 8 36.2 2.2 25.1 26.7

10 0.8 9.5 — 8.2 7.6

11 6.5 3.4 — 4.1 1.9

n t ю со 7.8 — 5.1 3.8

* N o. o f strains

b y  a n  in c reased  to ta l  b a c te r ia l  co u n t. As th e  chem ical p a ra m e te rs  u sually  
v a ry  w ith  th e  geographic a re a  of th e  wells [17], we have assum ed  th a t  th ere  
m a y  b e  a n  association  b e tw een  th e  reg io n a l incidence of P. aeruginosa  pol
lu t io n  a n d  th e  chem ical q u a li ty  of th e  w a te r . T he p resen t re su lts  h a v e  show n 
t h a t  P .  aeruginosa  occurs m o s t freq u en tly  in  th e  M akó d is tr ic t. T h is fin d in g  
is in  a g re e m e n t w ith  th e  a b o v e  a ssu m p tio n , since w aters in  th is  reg io n  co n ta in  
o rg a n ic  substances in  s ig n if ic a n tly  h ig h er am o u n ts  th a n  w a te rs  in  a n y  o ther 
a re a s  o f  th e  county . T he fre q u e n t o ccu rrence  of P . aeruginosa in  su ch  tvaters 
is a s so c ia te d  w ith a h igh  c o n te n t  o f sh o rt-c h a in  a liphatic  h y d ro c a rb o n s  read ily  
m e ta b o liz e d  by th e  o rg an ism .

T h e re  are few li te ra ry  d a ta  co n cern in g  th e  incidence of P .  aeruginosa  
s e ro g ro u p s  in w ater. T he f i r s t  rep o rt w as p u b lish ed  by L ányi e t al. [8] on 195 
s t r a in s  iso la ted  from  d rin k in g  w a te r  and  o th e r  sam ples in  th e  a rea  su rro u n d in g  
B u d a p e s t .  N ém edi and  L á n y i [9] described  th e  serogrouping o f  933 P. aeru
g in o sa  s tra in s ;  143 of th e se  w ere iso la ted  from  d rink ing  w a te r, th e  re s t  from  
in d u s t r ia l  tvater, sw im m ing pools, surface w a te rs  and  sewage.

T h e  p resen t re su lts  a re  co m p arab le  w ith  tho se  of th e  e a r ly  re p o rts , if 
L á n y i’s o rig inal an tigen  sy m bo ls [11] are  expressed  in  te rm s o f th e  L á n y i-
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B erg an  system  [12]. The inc idence  o f serogroup  0 6  in  C songrád c o u n ty  (27% ) 
w as a lm o st th e  sam e as in  th e  m a te r ia l o f L ány i e t al. (26 .7% ) an d  o f N ém edi 
a n d  L án y i (27.3% ). S erogroup  0 1  occurred  w ith  th e  sam e freq u en cy  in  Csong
rád  co u n ty  and  in th e  area  su rro u n d in g  B u d ap est (20.6 an d  20.0 '% , respec
tiv e ly ) , h u t  in  th e  B u d a p e s t m a te r ia l i t  tvas less f req u en t (6 .3% ). Serogroup  
0 9  w as re la tive ly  freq u en t in  C songrád co u n ty  even if  s tra in s  iso la ted  from  the 
A m brózfa lva  sam ples are o m itte d  (18 .5% ); L án y i e t al. [8] an d  N ém edi and 
L á n y i [9] found  0 9  s tra in s  on ly  in  7.7 and  4 .2 % , respec tive ly .

B acterio log ical m o n ito rin g  o f th e  A m brózfa lva  and  N agyér v illage  w a te r 
supp lies in d ica tes  th a t  se ro ty p in g  o f P . aeruginosa  m ay  be help fu l in  checking 
th e  m echan ica l cond ition  o f  p la n ts . D espite of th e  freq u en t iso la tio n  o f  P . aeru
ginosa, th e  cond ition  of th e  A m brózfa lva  p la n t an d  d is tr ib u tio n  n e tw o rk  m ay 
be considered  sa tisfac to ry . In  th is  system , only  a single c o n ta m in a n t ( P . aeru
ginosa  0 9 ) occurred fo r y ea rs . A fte r a th o u ro u g h  d isin fec tion  and  in s ta lla tio n  
o f  a new w ell, th is  o rgan ism  d isap p eared . T he fac t th a t  la te r  th e  p la n t becam e 
a re se rv o ir of an o th e r serog roup  o f P . aeruginosa  (0 4 ), w as assoc ia ted  w ith  an 
acc id en ta l co n tam in a tio n  a t  d rilling  of th e  new  well and  th e  la te n t  surv ival 
o f th e  p o llu ta n t.

W ith o u t sero ty p in g  i t  could  have  n ev er been revea led  th a t  po llu tions 
o f th e  A m brózfalva an d  N ag y ér supplies w ere sh a rp ly  d iffe ren t in  ch a rac te r. 
T he large  scale of serogroups iso la ted  from  th e  N ag y ér sam ples is suggestive 
o f u n sa tis fa c to ry  m echan ical cond itio n s, in  consequence o f w h ich  pseu d o m o 
n ad s  m ay  gain  access to  th e  w a te r  a t  a v a r ie ty  of sites.
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RESPIRATORY EFFECT OF HAEMOPHILUS  
IN FLU ENZ AE  ENDOTOXIN IN MICE

Z s u z s a n n a  Cs u k á s , J .  H o r v á t h , F e l i c i a  S l o w i k  and L. B e r t ó k

In stitu te  o f M icrobilogy , Semmelw eis U niversity M edical School, N ational In stitu te  o f  
N eurosurgery , and N ational “  Frédéric Jolio t-C urie”  Institu te  fo r  Radiobiology  

and Radiohygiene, B udapest

(R eceived  S ep tem b er 30, 1982)

T h e  effect o f th e  end o to x in  of a n o n cap su la ted  H aem ophilus influenzae  s t ra in  iso la ted  
fro m  b ro n ch itis  w as s tu d ied  on th e  re sp ira tio n  o f m ice. In h a la tio n  of the  I I . in fluenzae  en d o 
to x in  re su lted  in h eav y  a tta c k s  of dyspnoea  w ith  non-specific  histo logical changes in  th e  lung. 
T h e  en d o to x in  elicited  no d irec t response in iso la ted  o rg an s, b u t  p roduced  cy to to x ic  ch an g es in 
H E p -2  tissu e  cu ltu res . T he ex p erim en ts  led to  th e  conclusion  th a t  th e  clinical signs a n d  th e  
h isto log ical changes m ay  be exp la ined  by  th e  d irec t d am ag in g  effect o f end o to x in  on  th e  cells 
a n d  by  th e  released m ed ia to r substances.

S everal endogenous and  exogenous fac to rs  are  involved  in th e  d ev e lo p 
m e n t an d  progress of chronic  aspecific re sp ira to ry  diseases, am ong w hich  b a c te 
r ia  an d  v iruses are o f decisive im p o rtan ce  [1, 2]. B acterio log ical s tu d ie s  all 
o v e r th e  w orld have confirm ed  the  fre q u e n t occurrence and  o u ts ta n d in g  
ro le  o f haem ophilus s tra in s  in  chronic re sp ira to ry  diseases [1, 3—16]. I n  lung  
in fec tio n s caused by  haem ophilus s tra in s , th e  enzym es, to x in s , an d  ce llu lar 
c o n s titu e n ts  of th e  b a c te ria  p roduce tissu e  d am ag e  an d  s tim u la te  th e  im m u n e  
sy s tem  in  d ifferen t degrees [17]. In  ou r p rev ious s tud ies mice w ere su b jec ted  
to  th e  in h a la tio n  o f a n u tr ie n t b ro th  c o n ta in in g  dead , p a r tly  au to ly sed  h a e 
m o ph ilu s cells. A ttack s  o f dyspnoea w ere observed  an d  su bsequen t h is to lo g 
ica l s tu d ies  show ed th e  cha rac teris tic  fea tu re s  o f in te rs titia l p n eu m o n ia  [18].

I t  seem ed th e n  w orthw hile  to  look fo r th e  su b stan ce  responsib le  fo r  th e  
a t ta c k s  o f  d y spnoea  am ong  th e  cellu lar c o n s titu e n ts  of haem o p h ilu s . W e 
e x tra c te d  a lip o p o lysaccharide-typc  e n d o to x in  from  II. in fluenzae , d e te rm in ed  
its  to x ic ity  in ra ts  and  stu d ied  its  pa thogen ic  effect on th e  re sp ira tio n  o f  C F L P  
w h ite  m ice, an d  on th e  lung  tissues, on tra c h e a  an d  sm ooth  m uscle, an d  on 
H E p -2  tissu e  cu ltu re . T he resu lts  are p re sen ted  below .
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M aterials an d  m ethods

Bacteria l strain. N o n cap su la ted  H . in fluenzae  s tra in  (designated  T 2) was iso la ted  from  
th e  p h a ry n x  of a p a tie n t  w ith  chron ic  b ro n ch itis  a n d  m ain ta in ed  in L ev in th a l b ro th . T he 
n u t r ie n t  b ro th  used in th e  fe rm e n to r was enriched w ith  10 p g /m \  h aem atin  (N a tio n a l B iochem 
ical C o rp o ra tio n , C leveland), 10 /ug/ml D P N  (R e an a l, B u d ap es t), 0 .5%  glucose, an d  10%  
y e a s t  e x tr a c t .  T he y eas t e x tra c t  w as p rep ared  b y  A le x an d e r’s m ethod  using b a k e r’s y e a s t [19].

The endotoxin was prepared  from  th e  fe rm en to r c u ltu re  of th e  ab o v e-m en tioned  H . in 
f lu e n za e  s t r a in  by  th e  h o t phenol w a te r  m eth o d  of W estp h a l e t al. [20]. T he e x tra c te d  en d o 
to x in  w as d issolved in  physio log ical saline and app lied  in th e  following ex p erim en ts . 1. T he 
to x ic i ty  o f  th e  p re p a ra tio n  w as de te rm in ed  in  fem ale  R /A x L E /H F , ra ts  (L A T I, Gödöllő) 
w e ig h in g  150 g and  p rev io u sly  h y p ersensitized  to  e n d o to x in  w ith  lead a ce ta te . T h e  single 
g ro u p s  o f  5 r a ts  rece ived  1, 2, o r 5 //g/kg dose [21]. 2. In h a la tio n  of end o to x in  in  g roups of 
5 m ice eac h  w as pe rfo rm ed  u n d e r  lig h t e th e r a n ae sth es ia  once daily  for 10 days. T h e  inhaled  
a m o u n t w as 1 pg  or 10 fig in  a 0.05 ml volum e. T he co n tro ls  received th e  sam e am o u n ts  o f 
p h y sio lo g ica l saline. 3. Q u a n tita tiv e  d e te rm in a tio n  of th e  increase in re sp ira to ry  ra te  due to 
th e  in h a la tio n  of 1 pg  en d o to x in  w as done u n d e r p e n to b a rb ita l  anaesthesia . T he in tra p e rito n ea l 
a d m in is tra t io n  of 50 m g/kg p e n to b a rb ita l  was follow ed b y  a 10-m in ex citem en t and  th e n  q u ie t 
sleep fo r  60 m in . In  th is  in te rv a l 5 m ice w ere m ade  to  in h a le  0.05 m l of physiological saline and 
5 m ice  1 pg  end o to x in . T his p ro ced u re  was rep ea ted  10 tim es. 4. The effect of 1 pg  en d o to x in  
in  K re b s ’s so lu tion  on th e  iso la ted  trac h ea  of gu inea  pigs w as stud ied  in v itro . 5. T h e  effect o f 
1 p g  e n d o to x in  on hom ogeneous sm oo th  m uscle-nerve p re p a ra tio n  from  th e  gu inea p ig  ileum  
w as s tu d ie d  in  K reb s’s so lu tion . 6. T he effect o f 1, 0.1 a n d  0.01 pg  endotox in  w as s tu d ied  on th e  
cells o f  p e rm a n e n t H E p -2  ep ith e lia l tissue cu ltu res . T h e  en d o to x in  was added  to  20 tissue  cu l
tu r e  tu b e s  a n d  co n tro lled  m icroscopically  daily  fo r a w eek , to  follow th e  develo p m en t o f toxic  
signs. T h e  m a in ten an ce  f lu id  w as no t changed  d u rin g  th e  o b se rv atio n  period .

R esults

1. A 1 pg close o f in trav en o u s ly  a d m in is te red  endo tox in  k ille d  ev e ry  ra t  
w ith in  24 h , p ro v in g  th e  to x ic ity  of th e  lip o p o lysaccharide  e x tra c t.

2. T h e  in h a la tio n  o f en d o to x in  in  a dose o f  1 pg or 10 pg p ro d u ced  a tta c k s  
o f d y sp n o e a  of ap p rix o m a te ly  th e  sam e in te n s i ty  in  mice. The sy m p to m s were 
s im ila r  to  th o se  observed in  an im als su b jec ted  to  in h a la tio n  of n o n v iab le  and  
a u to ly se d  b a c te ria  in  p rev ious ex p erim en ts  [18]. Tw o to  th ree  m in u te s  a fte r  
in h a la t io n  th e  a lread y  aw ake an im als s ta r te d  ru n n in g  abou t h u t  s to p p ed  a t 
in te rv a ls  o f ab o u t 30 sec, show ing dysp n o ea  an d  tach y p n o ea . The f i r s t  a tta c k s  
la s te d  5 m in  h u t la te r  th e y  becam e longer an d  g raver. A fter th e  7 th  or 8 th  
in h a la t io n  th e  an im als n ea rly  su ffocated , one m ouse  d ied  5 m in  a fte r  th e  10th 
in h a la t io n  of 10 p g en d o to x in . N one of th e  an im als  in h a la tin g  physio logical 
sa lin e  h a d  an  a tta c k . T he course o f th e  re sp ira to ry  a tta c k s  is d e m o n s tra te d  
in  T a b le  I.

T h e  an im als w ere sacrificed  a fte r th e  1 0 th  in h a la tio n . T h e ir lu ng , liver 
an d  sp leen  w ere exam ined  m acroscop ically  an d  h isto log ically . T he gross ex am i
n a tio n  show ed h aem o rrh ag ic  foci. H isto log ica l ex am in a tio n  revealed  n o n -sp e
cific p a th o lo g ica l changes on ly  in  th e  lungs of th e  suffocating  an im als t h a t  had  
in h a le d  1 or 10 pg of en d o to x in .

P e rib ro n ch ia l and  p e riv ascu la r rou n d -ce ll in f iltra tio n  w ith  ly m p h o cy tes , 
m ac ro p h ag es  an d  in  som e places a few g ran u lo cy te s  were found . M acrophage
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Table I

In tensity  o f  dyspnoeic attacks follow ing endotoxin inhalation

I1 ig. 1. Lung  after  the  inhala tion  of 1 fig II . influenzae  endo tox in  10 t im es.  H a em a to x y l in —eosin 
sta ining, X 63. Pe r ivascu la r  and  peribronchial round-cell  inf il t ra t ion

A cta  M icrobiologica H ungarica  30, 1983
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- +  + T h e  a t ta ck  las ted  7—8 m in



1 4 2 CSUKA et al.

F ig . 2 . L u n g  afte r th e  in h a la tio n  o f  1 fig H . influenzae  en d o to x in  10 tim es. M acrophage collec
tions a ro u n d  th e  a lveo li. H aem ato x y lin —eosin sta in in g , X 400

co llec tio n s  in  th e  alveoli a n d  a long  th e  a lveolar sep ta  could  be seen in  islets, 
o f  v a ry in g  size. In  som e p laces  th e  walls o f alveoli w ere th ic k e n e d  by  m acro
p h a g e s  an d  lym phocy tes, w h ile  in  o th e r places th e y  w ere d es tro y ed  (Figs 1, 2).

3. T he a tta c k  o f d y sp n o e a  following th e  in h a la tio n  o f e n d o to x in  was 
g ra v e r  u n d e r deep th a n  u n d e r  superfic ia l an aesth esia . T he ex p e rim en ts  done 
u n d e r  deep  anaesthesia  w ere  d ev ised  to  q u a n tify  th e  re sp o n se : follow ing the  
in h a la t io n  of 1 p g en d o to x in , hyperp n o e ic  and  apnoeic p e rio d s a lte rn a te d  for 
4—5 m in . The increase in  r e s p ira to ry  ra te  w as 2 0 -3 0 %  a f te r  th e  2nd  or 3rd 
e n d o to x in  in h a la tio n , w hile i t  reach ed  40%  a fte r  th e  8 th  o r 9 th  in h a la tio n . I n 
h a la t io n  of physiological sa line  resu lted  in  a 10%  increase in  re sp ira to ry  ra te  
w h ic h  w as over w ith in  1 o r 2 m in .

4 .  A  1 pg dose o f th e  e n d o to x in  failed to  elicit a n y  response  from  the  
is o la te d  guinea pig tra c h e a .

5. N o co n trac tio n  cou ld  be observed  in  th e  hom ogeneous sm o o th  m uscle- 
n e rv e  p re p a ra tio n  from  g u in ea  p ig  ileum  exposed to  1 pg  en d o to x in .

6. T he haem ophilus e n d o to x in  p roduced  cy to to x ic  chan g es in  H E p-2  
t is s u e  cu ltu res . T heir in te n s i ty  a n d  velocity  depended  on th e  co n cen tra tio n , 
as d e m o n s tra te d  in T ab le  I I .
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Table II
E ffect o f  haem ophilus endotoxin on IIE p -2  tissue culture

A m o u n t  o f  toxin
D a y s

l 2 3 4 5 6

1 ///ml "Г +  + detached

0.1 /tg/ml — - +  + + + + + + d e ta c h e d

0.01 //g/ml - - ( + ) -j- + +

Control — — — — - —

-f- 25%  degen era ted  cells 
-J- 50%  d eg enerated  cells

—1—I— 75%  degen era ted  cells 
100%  d eg enerated  cells

C ellu lar changes are p resen ted  in  F ig . 3, w ith  cell degenera tion , s y n c y tia l  
and  ro u n d  cells on th e  r ig h t, and  th e  in ta c t  c o n tro l tissue  cu ltu re  on th e  le ft.

Fig. 3. H E p -2  tis su e  c u ltu re . G iem sa s ta in ing , X 400. C o n tro l (left); 1 /tg /inC endotox in  cau sed
dam age w ith in  3 d a y s  (r ig h t)

Discussion

Iso la tio n  o f b ac te ria l en d o to x in  and  its  s tu d y  m ay lead to  a b e t te r  u n 
d e rs tan d in g  o f th e  pa thogenesis  o f in fectious d iseases and to  im p ro v e m e n t o f 
th e ir  th e ra p y .
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R a ic h v a rg  e t al. [17] an d  D an n y  [22] considered  the  haem oph ilu s en d o 
to x in  re sponsib le  fo r th e  b lock ing  of ciliar m o v em en ts  and th e  d e s tru c tio n  of 
e p ith e lia l  cells. D agre [23] found  th em  to  d a m a g e  th e  function  of th e  R E S . 
C larke  [24] rep o rted  h is ta m in e  release from  non-sensitized  h u m an  leu k o cy te s  
a n d  lu n g  tissu e  u n d e r th e  effect of h aem o p h ilu s  endo tox in .

E a r lie r  we have  fo u n d  th a t  in h a la tio n  o f  n u tr ie n t  b ro th  co n ta in in g  non- 
v ia b le , p a r t ly  au to ly sed  haem ophilus cell w as follow ed by dyspnoea [18]. I n 
h a la t io n  o f 1 fi g of th e  lipopo lysaccharide  e x t r a c t  o f th e  b ac te ria  p re p a re d  ac
co rd in g  to  W estp h a l e t al. [20] caused d y sp n o ea  o f a sim ilar clinical cou rse  an d  
p u lm o n a ry  congestion  w h ich  could be o b se rv ed  un d er general an a e s th e s ia  as 
w ell. T h e  in te n s ity  o f th e  a tta c k s  increased  w ith  ev e ry  new dose of e n d o to x in , 
b u t  ev en  th e  f irs t  in h a la tio n  provoked  d y sp n o ea .

H isto log ica l e x a m in a tio n  revealed fe a tu re s  charac teris tic  of in te rs t i t ia l  
p n e u m o n ia  w ith  p e riv a sc u la r  and p e rib ro n ch ia l ly m phocy tic  in f iltra tio n  w ith 
o u t  eosinophils. T he a lv eo la r walls in f i l t r a te d  w ith  m acrophages w ere re 
m a rk a b ly  d estroyed . S im ila r changes of p n e u m o n itic  ch a rac ter are cau sed  by  
th e  in h a la tio n  of o rg an ic  substances [25, 26].

S tu d y in g  th e  m ech an ism  of th e  acu te  a t ta c k s  i t  was found th a t  e n d o to x in  
fa iled  to  elicit an y  d ire c t response from  th e  sm o o th  m uscle-nerve or th e  iso la ted  
tr a c h e a  p rep a ra tio n s . C larke [24], too , fo u n d  th a t  haem ophilus a n tig en s  had  
no  e ffec t on  th e  tra c h e a l b e ta  recep to rs. T h u s  w e w ere led to  th e  s tu d y  o f m ono- 
la y e r  ep ith e lia l cell c u ltu re s , w here th e  e n d o to x in  p roved  cy to tox ic  in  doses of 
1 Цg, 0.1 ,(ig or even  0.01 /tg.

M astro b ean u  e t  al. [27] have d e m o n s tra te d  th a t  salm onella e n d o to x in  
p e n e tra te s  th e  cell m e m b ra n e  and  reaches th e  p e rin u c lear zone an d  th e  cy to - 
p la sm a tic  vacuoles. G re a t significance is a t t r ib u te d  to  d estruc tion  b y  to x in s  
o f  th e  m em b ran es, th e  m ito ch o n d ria , th e  n u c le i a n d  th e  lysosom es, a n d , to  th e  
re lea sed  su b stan ces in  re sp e c t o f the  tissu e  re sp o n se  and  m etabo lism  [28—31]. 
E le c tro n  m icroscopic s tu d ie s  were done in  o rd e r  to  detect th e  cell d am ag in g  
e ffec t o f  haem o p h ilu s  e n d o to x in  and  to  g a th e r  fu r th e r  in fo rm ation  on  m o rp h o 
log ica l changes.

D u rin g  th e  a t ta c k s  we could observe t h a t  th e  m ucosa and  th e  lim bs of 
th e  m ice w ere cy anosed . E n d o to x in s  are  c h a ra c te r is tic a lly  tox ic  to  vessels an d  
th e y  d am ag e  th e  c ap illa ry  vessels by  v a rio u s  m echan ism s [32-36].

O n th e  basis o f  th e  above fac ts  i t  is th o u g h t  th a t  th e  acu te  a t ta c k s  of 
d y sp n o e a  an d  th e  in te r s t i t ia l  pneum onia  e lic ited  b y  chronic en d o to x in  a d m in 
is t r a t io n  m ay  be due to  a d irec t d am ag in g  e ffec t on the  cells o f e n d o to x in  
a n d  th e  re leased  m ed ia to rs .

A ccord ing  to  H u tá s  e t al. [37, 38] a n d  M iskov its  and Szűcs [39], ch ron ic  
asp ec ific  re sp ira to ry  d iseases (chronic b ro n c h itis , b ro n ch ia l as th m a , o b s tru c tiv e  
em p h y sem a) affect 20 %  o f th e  H u n g a rian  p o p u la tio n . P o s to p era tiv e  co m p lica 
t io n s  w ere also m ore f re q u e n t am ong p a t ie n ts  w ith  resp ira to ry  d isease [40].
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T he m icroorgan ism s grow ing  in  th e  lungs, th e  to x ic  substances re leased  b y  
th e m , an d  th e  tissu e  d am ag e  th e y  cause p lay  a decisive  role in  th e  d ev e lo p m en t 
an d  g rad u a l p rogression  o f  these  diseases. B a c te r ia l  d e s tru c tio n  of th e  a lv eo la r 
m ucosa  soon a tta in s  th e  lam in a  p ropria  [41, 42]. A ccord ing  to  th e  o b se rv a tio n s  
o f  T u rk  and  M ay [43], haem ophilus m ay be iso la te d  from  th e  lung  ev en  a fte r  
a n  effective an tib io tic  t r e a tm e n t  if  th e  p a tie n t  is sym ptom -free .

A fte r an tib io tic  t r e a tm e n t  and  th e  a d m in is tra tio n  of h y p e rim m u n e  sera , 
a considerab le  q u a n t i ty  o f  en do tox in  m igh t he re leased  following th e  sud d en  
b ac te rio ly sis . S p ink  e t al. [44] have  observed  e n d o to x in  shock in  p a tie n ts  w ith  
b rucellosis, pneum ococcal pneum onia , and  m en ingococcal m eningitis fo llow ing 
an tib io tic  th e ra p y . W h en  b ac te ria l in fections a re  tr e a te d  w ith  a n tib io tic s  d u r 
ing  th e  ex ace rb a tio n  o f chronic  aspecific re sp ira to ry  diseases, th e  en d o to x in  
o f th e  in  situ  d is in te g ra te  b ac te ria  m ay p ro d u ce  cell dam age and  a t ta c k s  of 
d y sp n o ea  m ay be elic ited  b y  th e  released m e d ia to rs . In  o rder to  avo id  th is , an  
a t te m p t  will he m ade to  p re v e n t endo tox in  d am ag e  b y  a specific m e th o d  using  
rad io d e to x ified  e n d o to x in  [45].
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STUDIES ON ENTEROTOXIN OF SHIGELLA 
D Y  SENT ERI A E  TYPE 1

1. E F F E C T  O F  A E R A T IO N  ON T H E  P R O D U C T IO N  OF 
E N T E R O T O X IN  A N D  S U IT A B IL IT Y  O F  L A B O R A T O R Y  AN IM ALS 

F O R  IT S  B IO L O G IC A L  ASSAY

P .  J .  A SN A N I an d  S . K A U R  

D epartm ent o f  M icrobiology, Panjab U niversity , Chandigarh, India  

(R eceived O ctober 8, 1982)

Shigella dysenteriae ty p e  1 w as used  to  s tu d y  th e  in flu en ce  of aera tion  on c n te ro to x in  
p ro d u c tio n  an d  th e  su ita b ility  o f lab o ra to ry  an im als  fo r th e  to x in  assay. T he e n te ro to x in  
p ro d u ced  u n d e r  aerobic sh ak e  su ltu re  conditions gave  a g u t  d ila ta to ry  response o f 1.436 b u t  
th a t  o b ta in ed  in aerobic an d  anaerob ic  s ta tio n a ry  c u ltu re s  ex erted  no ac tiv ity . T h e  to x in  
frac tio n a ted  on Sephadex  G—150 colum n was m ore effec tiv e  th a n  th a t  ob tained  b y  am m o n iu m  
su lp h a te  p e rec ip ita tio n . O nly S ephadex  colum n frac tio n  I I  h ad  a toxic  ac tiv ity . A m o n g  th e  
th ree  la b o ra to ry  an im al m odels te s ted , th e  ra b b it  ileal loop  w as su itab le  for the  assay  o f to x in . 
T he skin  p e rm eab ility  te s t  was u n sa tis fac to ry  fo r e n te ro to x ic ity  assay.

Shiga [1, 2] d iscovered  th a t  th e  bacillus described  b y  him , p ro d u c e d  a 
to x in  causing  h ind  lim b p a ra ly sis  in  ra b b its  an d  labelled  i t  a n eu ro to x in . T he 
in te re s t in  Shigella dysenteriae  g rea tly  in creased  due  to  an  epidem ic in  C e n tra l 
A m erica in  1969 [3] and  s tim u la ted  s tud ies o f  i ts  v iru lence. I t  was fo u n d  th a t  
it  p ro d u ced  an  e n te ro to x in  evok ing  fu n c tio n a l a n d  s tru c tu ra l d e a rra n g em e n ts  
in  th e  bow el, re su ltin g  in  clin ical d y sen te ry . L a te r  th e  bacillus was re p o r te d  [4J 
to  p roduce  a cell-free to x in  causing  tra n s u d a tio n  in  th e  ra b b it in te s tin e . T he 
role o f th e  en te ro to x in  in  th e  pathogenesis o f  b a c illa ry  d y sen te ry  is n o t c learly  
u n d e rs to o d  nor is i t  know n  w h e th e r it was a single m o ie ty  exh ib iting  n e u ro to x ic  
an d  e n te ro to x ic  a c tiv itie s  or tw o  sep a ra te  m o ie ties w ere responsible fo r  th e se  
effects. N ow  it is know n  th a t  th e  to x in  has th re e  d ifferen t a c tiv itie s , viz. 
n eu ro to x ic , en te ro to x ic  an d  cy to tox ic  ones [5].

In  th e  p resen t w ork  th e  influence o f a e ra tio n  on to x in  p rodu c tio n  an d  th e  
su ita b ility  o f d iffe ren t la b o ra to ry  an im als fo r its  bio logical assay w ere s tu d ie d .

Materials and m ethods

Organism. A s tra in  o f S . dysenteriae  1 was o b ta in e d  from  th e  D ep artm en t o f M icrob io l
ogy, P o s tg ra d u a te  I n s t i tu te  o f  M edical E d u ca tio n  an d  R esearch , C handigarh , In d ia . I t  w as 
used th ro u g h o u t th e  s tu d y  to  p roduce  en te ro to x in  an d  w as m ain ta in ed  on n u tr ie n t a g a r  s la n t 
a t  4 °C.

P. J. A s n a n i, S. Клин
Department of Microbiology, Punjab University 
Chaiuligarh-160-014, India
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A n im a ls .  T h ree  ty p es of la b o ra to ry  an im al viz. ra b b its , ra ts  and in fan tile  m ice w ere 
used  fo r th e  assay  of en te ro to x in .

P roduction  o f  enterotoxin. Production o f  seed culture. F o r th e  p ro d u c tio n  of e n te ro to x in , 
a seed  c u ltu re  w as p re p are d  using  sterile  try p tic a se  soy  b ro th . A loopful of 24 h  in c u b a te d  
S . dysenteriae  1 cu ltu re  was ino cu la ted  in 150 m l o f th e  m ed iu m  and in cu b a ted  a t  37 °C for 
6 h  on  a ro ta to ry  shaker. T his co n stitu ted  th e  seed c u ltu re  to  produce an  en te ro to x in .

P roduction  o f  enterotoxin. To s tu d y  th e  in flu en ce  o f a e ra tio n  on th e  y ield  o f e n te ro to x in , 
a m e d iu m  o f C asam ino acid  [6] w as used to p ro d u ce  e n te ro to x in  un d er th ree  d iffe ren t cond i
tio n s  o f  a e ra tio n , n a m e ly  aerobic shake  c u ltu re , an ae ro b ic  cu ltu re  and aerobic s ta tio n a ry  cu l
tu re . F o u r  E rlen m ey e r flasks, each of 500 m l c ap a c ity , co n ta in in g  125 ml o f g ro w th  m ed ium  
w ere  u sed . T o each  flask  0.5 ml of a 6 h seed cu ltu re  w as tran s fe rre d . Two of these  w ere in c u b a t
ed a t  37 °C fo r 18 h an d  o th e r tw o sim ilarly  aero b ica lly  u n d e r  shaking. F o r an ae ro b ic  c u ltu re , 
1 m l o f  seed  cu ltu re  w as ad d ed  to each  of tw o 250 m l f la sk s  filled w ith  g row th  m ed iu m  up to 
th e  n e ck  of th e  flask , in cu b a ted  w ith o u t shak ing  u n d e r  th e  sam e conditions as m en tio n ed  above. 
A f la s k  c o n ta in in g  th e  sam e a m o u n t of sterile  g ro w th  m ed iu m  incu b a ted  for th e  sam e tim e  and  
te m p e ra tu re  served  as a contro l. T he b ro th  cu ltu re  o f e ach  of tw o flasks o f ae ro b ica l shake  
c u ltu re  as well as aerobic s ta tio n a ry  cu ltu re  were pooled  sep a ra te ly , cen trifuged  in  a re fr ig e ra ted  
c en trifu g e  (K -24) a t  14 000 r. p. m . for 30 m in. T h e  cell-free su p e rn a ta n t c o n ta in in g  e n te ro 
to x in  w as d e ca n te d , co n ce n tra ted  to  7—8 tim es of i ts  v o lu m e in a ro ta tin g  v acu u m  e v a p o ra to r  
(M e trex  In s t ru m e n t  In d ia )  in a w a te r  b a th  a t  42 °C, th e n  filte red  th ro u g h  Seitz  f ilte r . T he 
b a c te r iu m -fre e  f i l t r a te  w as th e n  d ispensed in to  s te rile  v ia ls  an d  stored  a t —20 °C fo r su b seq u e n t 
s tu d y . S te rile  g ro w th  m ed ium  w as tre a te d  sim ila rly  a n d  w as used as a contro l.

P a rtia l p u rifica tio n  o f  enterotoxin. A m m onium  su lp h a te  was added  slow ly to  th e  en
te ro to x in  to  70%  sa tu ra t io n  u n d e r co n stan t s tirr in g  a t  4 °C, k ep t a t  th e  sam e te m p e ra tu re  
o v e rn ig h t a n d  cen trifu g ed  a t  15 000 rp in  fo r 45 m in . T h e  su p e rn a ta n t w as d e ca n te d  a n d  th e  
p e lle t se p a ra te d . T his w as th e n  d issolved in a m in im u m  a m o u n t of 0.05 м p h o sp h a te  b u ffer 
(P B ) so lu tio n  p H  7.5 a n d  d ialysed  th ree  tim es a g a in s t th e  sam e buffer a t  4 °C fo r 24 h. T he 
p ro te in  c o n c e n tra tio n  of th e  p re c ip ita te d  to x in  w as e s tim a te d  [7], dispensed in sm all v ia ls  and  
s to re d  a t  —20 °C fo r su b seq u e n t use.

Gel f il tra tio n . F rac tio n s  of crude  e n te ro to x in  w ere su b jec ted  to  gel f i ltra tio n . S ix m l of 
e n te ro to x in  w ere ap p lied  on  a S ephadex  G-150 co lu m n . T he Sephadex was e q u ilib ra te d  and  
e lu te d  w ith  0.5 M P B  of 7.5 p H . T he flow  ra te  w as a d ju s te d  to  20 ml. T he e lu a te  w as collected  
in  3 m l v o lum es in  sm all te s t  tu b es a n d  exam ined  a t  280 n m  on a B eckm an DU-2 sp e c tro p h o to m 
e te r. T h e  d a ta  w ere p lo tte d  and  th e  sam ples o f th e  sam e  p eak  were pooled. F ra c tio n s  pooled 
a t  e ach  p e a k  w ere co n ce n tra ted  ag a in st a sa tu ra te d  sucrose  so lu tion  and  te s te d  fo r to x ic ity .

S u ita b ility  o f  an im als fo r  enterotoxin assay. F o r  en te ro to x in  assay ra b b its , r a ts  a n d  in 
fa n tile  m ice w ere used .

R abbit ileal loop method. W h ite  a p p a re n tly  h e a l th y  ra b b its  weighing 2 to  2.5 kg were 
u sed  to  te s t  th e ir  su ita b ility  for biological assay  of to x in  [8]. T he ra b b its  were fa s te d  fo r 36 h 
w ith  free  excess to  w a ter. T h e  in te s tin e  was exposed a n d  lig a ted  in to  loops m easu rin g  9 -1 0  cm  
each . E a c h  loop was flu sh ed  w ith  p h o sp h a te  b u ffer sa line  p H  7.2 (PB S) before in je c tin g  toxin . 
D iffe re n t p ro te in  c o n cen tra tio n s  o f to x in  were u sed  to  c a lcu la te  th e  effective dose (E D ) or one 
u n i t  o f  to x in  g iv ing  a g u t d ila ta to ry  response of 1 o r m ore  [8, 9]. I t  was d e te rm in ed  b y  lo ca tin g  
th e  m id  p o in t o f th e  dose response curve w hich e x h ib ite d  a lin ea r re la tionsh ip  b e tw e e n  absc issa  
a n d  o rd in a te . Tw o m l of e n te ro to x in  were in jec ted  in  each  of tw o loops an d  th e  sam e am o u n t 
o f g ro w th  m ed iu m  w as in jec ted  in  each of tw o fu r th e r  loops which th en  served  as con tro ls. 
T he r a b b its  w ere sacrificed  a t  4, 8, 12, 18 an d  24 h  a f te r  inoculation . T he vo lu m e of flu id  
a c c u m u la te d  in each loop an d  its  len g th  were reco rd ed . G u t d ila ta to ry  response w as expressed  
as a ra tio  o f vo lum e of flu id  to  len g th  of th e  loop; a ra tio  o f  1 or m ore was considered  a  po sitiv e  
re sp o n se  to  to x ic ity .

R a t ileal loop [10]. R a ts  w eighing 300—400 g w ere u sed  a fte r  fasting  for 36 h. T h e  in te s tin e  
w as ex p o sed  and  lig a ted  as in th e  ra b b its . In  each  te s t  a n d  contro l loop, 1 ml o f e n te ro to x in  
(6 m g p ro te in )  an d  sterile  m ed ium  w as in jec ted , re sp ec tiv e ly . T he ra ts  were obse rv ed  a n d  la te r  
sac rificed  a t  4, 8, 12, 18 and  24 h  a fte r  in o cu la tion . T h e  flu id  accum ula ted  a n d  th e  le n g th  of 
each  loop  of th e  te s t  an d  con tro l an im als were re co rd e d  sim ilarly  as in th e  ra b b its . T h e  ra tio  
o f f lu id  to  loop len g th  w as calcu la ted  and th e  d i la ta to ry  response was expressed  as th e ir  r a tio ;  
0.3 o r  m o re  w as considered  a p ositive  response to  to x ic ity .

In fa n tile  mouse gu t method [11]. Mice 1—2 d a y -o ld  w ere in jec ted  w ith  0.1 m l (600 pg  
p ro te in )  o f en te ro to x in , m ixed w ith  1 drop  of 5%  p o n ta m in e  sky  blue in tra g a s tr ic a lly . T he 
co n tro l m ice received th e  sam e a m o u n t of s te rile  g ro w th  m edium  m ixed w ith  d ye . T h e  m ice 
w ere  k illed  a t  2, 4, 8 and  12 h a f te r  inocu la tion . T h e  in te s tin e  w as sep ara ted  a n d  w eighed. T he 
re m a in in g  bod y  w eigh t was d e te rm in ed  an d  th e  ra tio  g u t  w eigh t by  rem ain in g  b o d y  w eigh t 
w as d e te rm in e d . A ra tio  o f 0.09 or m ore was co n sid ered  a  p o sitive  index  o f to x ic ity .
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S k in  perm eability lest [12, 13]. T he skin  on th e  b ack  of h e a lth y  w h ite  ra b b its  was sh aved  
an d  th e  a rea  was d iv ided  in to  sq u a res m easuring  40—50 m m . In  each  square  0.1 m l (600 /ig 
p ro te in )  o f to x in  and  in  th e  con tro l squares th e  sam e a m o u n t o f g ro w th  m edium  was in jec ted  
in trad erm a lly . A fter 24 h  1.2 ml o f 5 %  p o n tam in e  sk y  b lue  so lu tio n  pe r kg body  w eigh t was 
in jec ted  in trav en o u sly . T w o h la te r  th e  d iam eter o f each  a rea  s ta in ed  blue w as m easured . 
A d iam e te r o f 7 m m  or m ore was considered  positive for th e  p resence o f p e rm e ab ility  facto r.

Results

Effect o f  aeration on the production o f  enterotoxin and its toxicity. This 
w as s tu d ied  u n d e r th re e  d iffe ren t conditions. I t  w as n o ticed  (Table I) th a t  
e n te ro to x in  p roduced  b y  aerobic  shake cu ltu res  cau sed  a m ax im um  g u t di- 
la ta to ry  response o f 1.436, w hereas th e  to x in  p ro d u ced  u n d e r  s ta tio n a ry  aerobic 
an d  anaerobic  co n d itio n s failed  to  give a to x ic ity  ra tio  o f  1. T he cell-free 
s u p e rn a ta n t w as p re c ip ita te d  w ith  am m onium  su lp h a te  an d  d ialysed  th ree  
tim es an d  th e  p re c ip ita te  d issolved in  PB  was te s te d  fo r e n te ro to x ic ity . T he ra tio  
o f flu id  volum e to  loop len g th  w as 0.98 w ith  1.4 m g o f e n te ro to x in  p ro te in  
c o n cen tra tio n . The to x in  p a r tia lly  pu rified  on S ep h ad ex  G-150 co lum n gave 
th e  e lu tio n  p a tte rn  shoxvn in F ig . 1. T hree fra c tio n s  co llected  were te s te d  for 
to x ic  a c tiv ity . A h igh  m olecu lar w eight peak  e lu ted  as v o id  volum e w as devoid 
o f to x ic  a c tiv ity . F ra c tio n  I I  consisting  of e lu en t vo lum e o f 54-63 m l show ed 
to x ic  a c tiv ity , g iv ing a ra tio  of 1.2 w ith  1.2 m g o f e n te ro to x in  p ro te in  co n cen tra 
tio n . F rac tio n  I I I  d id  n o t show  an y  tox ic  a c tiv ity .

T he resu lts  o f an im a l m odels for en te ro to x in  assay  are p resen ted  in  T ab le  
I I .  O f th e  th re e  an im al-m odels te s ted , th e  r a b b it  ileal loop m eth o d  gave en-

E lu an t v o lu m e(m l)— *■

Fig. 1. Gel ch ro m a to g rap h ic  p a tte rn  of crude S . dysenleriae  1 p re p a ra tio n  on
Sephadex G—150
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Table I

Effect o f  aeration on enterotoxin production by Shigella dysenteriae 1 and its toxicity in  rabbit ileal loop

Experiment No.

Aeration condition Sample
I II III

Fluid Loop Volume Fluid Loop Volume Fluid Loop Volume
volume, length, per volume, length, per volume, length, per ±  SD

ml cm length ml cm length ml cm length

Aerobic
Shake culture Test 16 11 1.45 11.4 8 1.42 14.7 10 1.47 1 .4 3 6 ±

0.025
Control 0.6 7 0.09 1.1 10 0.11 0.9 8 0.12 0 .1 0 6 ±

0.012
S ta tio n ary  cu ltu re T est 3 10.3 0.30 3.6 11 0.33 3 8 0.37 0 .3 3 3 ±

0.029
Control 1.2 10 0.12 0.7 7 0.10 1 8.5 0.11 0 .1 1 ±

0.008
A naerobic culture Test 1.0 11 0.10 0.8 9 0.09 16 12 0.13 0 .1 1 ±

0.017
Control 1.2 10 0.12 0.7 8 0.09 1 10 0.10 0 .1 0 ±

0.013
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Fig. 2. E n te ro to x ic ity  of S. dysenteriae  1 en te ro to x in  a t  d ifferen t tim e in te rv a ls  in  r a t  and
ra b b it  ileum

co u rag in g  resu lts  w ith  a to x ic ity  ra tio  of 1.45. T h e  r a t  ileal loop m e th o d  g av e  also 
a p o sitiv e  re su lt h u t th e  in fa n tile  m ice failed to  do so. T herefo re  th e  ra b b it  
ileal loop m ethod  w as used  th ro u g h o u t th e  s tu d y .

T he m ax im um  o f to x ic  a c tiv ity  w as o b se rv ed  a t  18 h a fte r  in o cu la tio n  
in  b o th  ra b b its  an d  ra ts  (F ig . 2); th e  effect p e rs is te d  till 24 h. T he c o n tro ls  gave 
a neglig ib le  response in  b o th  cases.

As to  th e  p e rm eab ility  to  e n te ro to x in  o f th e  r a b b it  sk in , n o  e ffec t was 
fo u n d  as th e  blue area  w as less th a n  7 m m  in  d ia m e te r  in  all cases (T ab le  II) .

Discussion

T he to x in  p roduced  aero b ica lly  u n d e r sh ak in g  disp layed  its  a c t iv i ty  in 
th e  r a b b i t  ileal loop (6, 14-16) b y  a d ila ta to ry  response of 1.436. Less to x in  
w as p ro d u ced  u n d er aerobic  an d  anaerob ic  s ta t io n a ry  cond itions. T h e  in fluence  
o f sh ak in g  on th e  to x ic ity  is n o t fu lly  u n d e rs to o d . Shak ing  p ro v id e d  m ore 
o x y g en  w hich  m igh t have  in flu en ced  th e  p ro d u c tio n  o f to x in  an d  its  to x ic ity  
o r re lease or b o th . The m echan ica l effect o f sh ak in g  on th e  release o f  to x in  can 
n o t be ru led  o u t, e ith e r. T h e  in fluence  of in g re d ie n ts  has no t been s tu d ie d .

T he e n te ro to x in  of S . dysenteriae  1 show ed m ultip le  b an d s o f  p ro te in  and 
th e  to x ic  m o ie ty  was on ly  a m in o r com ponen t [16]. S im ilarly , sh igella  e n te ro 
to x in  p a r tia lly  p u rified  on  S ep h ad ex  G-150 co lum n  gave th ree  fra c tio n s  viz. 
A, В an d  C and  of th ese  o n ly  frac tio n  В w as en te ro to x ic  as well as n eu ro to x ic
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Table П

Comparison o f  anim al models fo r  the assay o f  enterotoxin o f  Shigella dysenteriae type 1

Sample

Infant mouse gut Rat ileal loop Rabbit ileal loop Skin
perme-

Gut
mg

Body
g

Gut
per

body

Mean
ratio
±  SD

Fluid
volume,

ml

Loop
length,

cm

Volume
per

length

Mean
ratio
±  SD

Fluid
volume,

ml

Loop
length,

cm

Volume
per

length

Mean
of

ratio
±  SD

ability
test,

diameter
mm

209 2.712 0.07 5 13.5 0.37 14.7 10.0 1.47 2.4
T est 0.06 0-39 1.45

_L zb zb
97 1.984 0.05 0.008 4.5 11 0.41 0.016 12.8 9 1.43 0.02

80 2.114 0.04 0.6 8 0.07 1.1 7 0.15 2.0
Control 0.045 0.06 0.13

i ±
110 2.153 0.05 0.0077 0.5 9 0.05 0.008 1.0 8.5 0.11 0.02
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w hereas th e  o th ers  e lic ited  n e ith e r  of th ese  ac tiv itie s  [14]. B y  isoelectrofocus
sing  in  sucrose g rad ien t, a t  p H  7.2 and  6.1, tw o  frac tio n s w ere sep a ra ted  hy  
M clv er e t al. [16]. T he fo rm er frac tio n  show ed n eu ro to x ic  as well as en te ro tox ic  
ac tiv itie s  w hereas th e  la t te r  h ad  a cy to to x ic  a c tiv ity . T he p a r tia lly  purifed  
to x in  d isp layed  a to x ic ity  ra tio  o f 0.98 w ith  1.4 m g p ro te in  co n cen tra tio n , i.e. 
below  th e  ra tio  of to x ic ity . F rac tio n  I I  gave a to x ic ity  ra tio  o f 1.2 w hereas 
frac tio n s  I  and  I I I  fa iled  to  show  such a c tiv ity , in  ag reem en t w ith  th e  above 
fin d in g s h u t  th e  m e th o d  o f frac tio n a tio n  w as n o t  th e  sam e as th a t  used by  
M clv er e t al. [16].

Several an im al m odels w ere te s ted  in  o rd e r to  es tab lish  th e ir  su itab ility  
fo r assay ing  th e  en te ro to x ic  a c tiv ity . In  th ese  te s ts  th e  r a b b it  lig a ted  ileal 
loop m odel was found  su itab le  as it  gave a p o sitiv e  response. R a ts  w ere also 
useful b u t  th e y  h ad  a low er ra tio  of a ccu m u la ted  f lu id  to  loop len g th . The 
m ouse gu t m odel h as  b een  suggested  to  be th e  te s t  of choice [17] fo r assaying 
Escherichia coli e n te ro to x in  and  being in  a d d itio n  less expensive  an d  less tim e 
consum ing  th a n  th e  o th e rs , failed  to  show  enco u rag in g  resu lts  in  th e  p resen t 
s tu d y . In fan tile  m ice w ere rep o rted  to  resp o n d  to  th e  h e a t s tab le  ex trace llu lar 
e n te ro to x in  of E . coli [18] b u t  in  th e  p re se n t s tu d y  th e y  did n o t respond  to  
en te ro to x in . I t  is assum ed th a t  e ith e r  th e  h e a t s tab le  m o ie ty  w as lack ing  in 
th e  to x in  used or else som e o th e r  m echan ism  w as responsib le  fo r th e  failing 
reac tio n .

The sk in  p e rm eab ility  reac tio n  w as re p o rte d  to  be specific  for Vibrio 
cholerae e n te ro to x in  [12] an d  for Klebsiella pneum oniae  [19] an d  w as con
sidered  su itab le  fo r assay in g  th e  to x in . T he absence o f sk in  p e rm eab ility  fac to r 
w as rep o rted  in  S . dysenteriae  to x in  [14] an d  th e  e n te ro to x in  u n d e r  in v estiga
tio n  w as also found  to  be lack in g  a p e rm eab ility  fac to r.
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URINARY TRACT INFECTIYITY OF R STRAINS 
OF ESCHERICHIA COLI CARRYING VARIOUS 

VIRULENCE FACTORS*

I .  KÉTYi, G. N a u m a n n  and W .  N im m ic h

Institute o f Microbiology, University Medical School, Pécs, Hungary 
and Institute o f Medical Microbiology and Epidemiology, Wilhelm-Pieck-Universily,

Rostock, GDR

(R eceived O ctober 5, 1982)

T h e  v iru lence  fac to rs  o f Escherichia coli sup p o sed  to  a c t in  u rin a ry  t r a c t  in fec tio n s were 
s tu d ie d  on  R  stra in s  in  a suckling  m ouse m odel. T h e  p ro d u c tio n  of a lpha-(d iffusib le-) haem oly- 
sin  o r th e  possession of a n tig en  K l  enhanced  th e  v iru len ce  significantly , w hile th e  ty p e  1 (com 
m o n ) f im b ria e  failed  to  do so. A n isogenic m otile  a n d  non-m otile  p a ir o f E. coli d id  n o t  show 
a n y  d ifference in  in fec tiv ity  in  th e  m odel. T he ad h es in s , th e  diffusible h aem o ly sin , a n d  the  
acid ic po ly sacch arid e  К  an tig en s (K l) are  d e fin ite ly  ad d itiv e  v iru lence fa c to rs  in  th e  m odel. 
T h is is in  good ag reem en t w ith  th e  experience o f c lin ical bacteriology.

In  a prev ious p a p e r  [1] an  an im al m odel w as described fo r th e  s tu d y  of 
u r in a ry  t r a c t  in fec tions. B y  d irec t in o cu la tio n  in to  th e  u r in a ry  b la d d e r  o f  su ck 
lin g  m ice th e  v iru lence  o f s tra in s  o f Escherichia coli o r Proteus m ira b ilis  (Vö
rös e t  al. to  be pub lish ed ), an d  also th e ir  v iru lence  fac to rs w ere co m p a re d  on 
th e  basis  o f th e  re su ltin g  chronic in fec tio n  o f  th e  b lad d e r an d  k id n e y s . I n  th is  
re sp ec t th e  im p o r ta n t  ro le of F 8  adhesin  in  th e  v iru lence of E . coli fo r  u r in a ry  
t r a c t  in fec tio n s w as observed  [1]. I n  fu r th e r  experim en ts, c o m p a rin g  th is  
suck ling  m ouse m odel to  th e  ra p id , h aem ato g en o u s m ouse te s t  o f  V an  den 
B osch  e t  al. [2, 3] th e  a lp h a  h aem olysin  o f  E . coli proved  to  he  a n  ad d itiv e  
v iru len ce  fa c to r  in  u r in a ry  t r a c t  in fec tio n s, d em o n stra tin g  also th e  adhesive  
fu n c tio n  o f  F7 [7].

T h e  p re se n t p a p e r  is a su m m a ry  o f  re su lts  o f ex perim en ts o n  ro u g h  (R) 
s tra in s  o f  E . coli c a rry in g  vario u s h y p o th e tic a l v iru lence fac to rs : a lp h a  haem o 
ly sin , ty p e  1 (com m on) fim b riae , and  a n tig e n  K l .  Some p re lim in a ry  in v e s tig a 
tio n s  w ere perfo rm ed  on  th e  e v e n tu a l ro le  o f  m o tility  (tax is), to o .
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M aterials and  m eth o d s

Strains. R  stra in s  o f  E. coli w ere iso lated  fro m  p a tie n ts  w ith  u rin a ry  t r a c t  in fec tio n . 
T h e y  a re  lis te d  in T ab le  I  in d ic a tin g  also th e ir  re le v an t fa c to rs  o f v iru lence.

T h e  d em o n s tra tio n  of a n tig e n  К 1 was perfo rm ed  b y  u s in g  co u n te rcu rre n t im m unoelec- 
tro p h o re s is  [5], th e  d iffusib le  (a lp h a ) fe a tu re  of th e  p ro d u c ed  h aem o ly sin  w as ch ara c te riz ed  b y  
th e  o v e r la y e r  m eth o d  o f W a lto n  a n d  S m ith  [6] and  t i t r e s  w ere  d e te rm in ed  from  b ro th  c u ltu re  
s u p e r n a ta n t  b y  th e  d ilu tio n  tec h n iq u e . O n th e  basis o f  th e  m an n o se  sensitive h a e m ag g lu tin a - 
t io n  o f  g u in ea  pig e ry th ro c y te s , th e  p resence of ty p e  1 f im b r ia e  w as de term ined  [7].

Table I

List o f tested R strains o f E. coli and their known virulence factors

C ategories D e sig n a tio n
V iru len ce  fac to rs

(groups) o f  s tra in antigen
K1

a -h a e m o ly s in  ty p e  1 
( ti tr e * )  fim briae

R120

R125

R215

A R256 none

R273

R319

R411

R138

R73 +
R135 +

в R365 +
R426 +
R378 +

R133 +  ( i6 )
c R233 +  (32)

R251 +  (8)
R270 +  (32)

R6 +
R104 +

1) R150 +
R151 +
R254 +

R27 + +  (8)
К R246 + +  (8)

* R ecip ro ca l value  of th e  s u p e rn a ta n t  d ilu tio n  w ith  h aem o ly tic  a c tiv ity  (end  p o in t)
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A w ild -ty p e , m otile  s tra in  o f E. coli (0 4  : K12 : H 5) w as m utag en ized  by  e th y lm e th an e - 
su lp h o n a te  [8] a n d  a H -  m u ta n t  w as selected on  soft a g a r (0 .6 % ) p lates. T he d efec t in  f la 
gellar sy n th esis w as te s te d  fu r th e r  b y  th e  TJ-tube tech n iq u e  a n d  by  th e  lack  of m o tility  u n d e r 
th e  m icroscope.

Mice and the animal model. T he b lad d e r o f th ree  d ay s old C F L P  (L A T I, G ödöllő, H u n 
g ary ) o u tb red  m ice w as in o cu la te d  b y  a  volum e o f a b o u t 0.025 ml w ith  a special fin e  (N o. 22) 
needle. U nless o therw ise  s ta te d ,  4—10 m ice p e r b ac te ria l s tra in s  w ere used . T he o p tim a l dose 
used  in  th e  case o f R  s tra in s  w as a b o u t 105 germ s. F o r th e  tech n ica l con tro l o f inocu la tio n  P o n ta -  
m ine Sky  B lue (6 X B , Searle , E n g lan d ) in a final c o n ce n tra tio n  of 0 .05%  w as ad d ed  to  th e  
inocu la . D issection  of th e  an im als w as m ade  u n d e r sterile  co n d itio n s 14—24 days a f te r  in o cu la 
tio n . W ith  th e  p a ra lle l checking of an  ev en tu a l b ac te ria em ia  (h e a r t  blood), sam ples o f  u rine  
an d  b o th  of th e  k id n ey s  w ere p la ted . A fte r th e  u r in a ry  b la d d e r  w as rem oved , ch o pped  and  
w ashed , i t  w as tre a te d  in  a  V o rtex -ty p e  a p p a ra tu s  (CSAV, 5001 H). T his w ay  th e  n u m b e r of 
ad h ered  b a c te ria  w as de te rm in ed .

Statistical evaluation. S ign ifican t d ifferences w ere c a lcu la ted  b y  th e  x2 te s t.

lies ults

Virulence factors o f  E . coli R  stra ins causing urinary  tract infections. 
T he p rob lem  o f re liab le  com parison  w as p re sen ted  b y  th e  s tra in s  w hich  w ere 
n o t isogenic d e riv a tiv e s  w ith  re sp ec t to  v iru lence  fac to rs , being  in d e p e n d e n t 
clinical iso lates. A fu r th e r  d iff ic u lty  o f th is  k in d  w as th e  d issection  an d  b a c te 
riological process m ak ing  i t  im possib le to  c a rry  o u t  th e  ex p erim en ts  s im u lta 
neously . S ta n d a rd iz a tio n  w as a tte m p te d  b y  th e  q u as i id en tica l dose o f  in o cu la 
tio n  (10° germ s), b y  th e  age of th e  an im als (3 days), an d  b y  th e  a rra n g e m en t of 
th e  ex p erim en ts  in  w hich th e  s tra in s  ca rry in g  v iru lence  fac to rs an d  th o se  
w ith o u t such c h a ra c te r  Avere te s te d  in  paralle l. T he re su lts  o f m odel ex p e rim en ts  
are sum m arized  in  T ah ié  I I .

B ased on  th e  p resen ted  d a ta  th e  a d d itiv e  ro le  o f a lp h a  h aem olysin  as a 
v iru lence fa c to r  fo r u r in a ry  t r a c t  in fec tion  w as con firm ed  also fo r s tra in s  
lack ing  th e  som atic  0  an tigen  o f E . coli. C om parison  o f th e  haem olysin  p ro d u c 
ers to  ty p e  1 f im b ria te d  s tra in s  seem s to  be m ore re liab le  th a n  a com parison  
to  to ta lly  a v iru le n t s tra in s . T he la t te r  g roup  h a s  no evaluab le  v iru len ce : 
in fec tion  o f th e  b la d d e r occurred  on ly  in  10%  o f th e  an im als w ith o u t expressed  
adhesion  ( <  102 b a c te ria  on th e  surface o f th e  w ash ed , v o rtex ed  b lad d er) and  
w ith  on ly  one case o f ascending  in fec tion . C om paring  th ese  groups (C an d  D) 
th e  ra te  of in fec tion  p roved  to  be s ig n ifican tly  h ig h e r in  th e  haem o ly tic  g roup  
(b lad d er: y2 =  11.558, P  <  0.001; k idn ey s: y2 =  10.299, P  <  0.01). T he m ean  
n u m b er of b a c te ria  on th e  b la d d e r surface w as 1.3 X 105 germ s. A s im ila r en 
h an cem en t o f v iru lence  could  be observed  in  th e  case o f an tig en  K1 + c h a ra c te r  
com pared  w ith  th e  ty p e  1 f im b ria te d  g roup  (B a n d  D) — (b lad d er: y f  =  8 .963, 
P  <  0.01; k id n ey s: yy =  4.249, 0.05 <  P  -< 0.02) w ith  a s ig n ifican tly  h ig h er 
ra te  o f  b la d d e r an d  k id n ey  in fec tions, accom pan ied  b y  a h igh su rface germ  
co u n t (m ean  value  =  1.1 X 105).

T he com bined  presence o f h aem olysin  p ro d u c tio n  an d  K1 an tig e n  w as 
d e m o n s tra te d  on ly  in  tw o  s tra in s . T herefore a tre n d  o f ad d itiv e  effect can  on ly  
he p resum ed .
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Table II

Urinary tract infectivity of groups of R strains o f E. coli carrying various virulence factors in the suckling mouse model

G roup
o f

s tra in s
V iru lence fac to r

N o.
o f  s tra in s

B la d d e r in fe c tiv ity K id n ey  in fe c tiv ity

r a t io 1 g erm  c o u n t2 v a lu e P 3 r a t io 1 v a lu e р з

A none 8 0/52 0/52
В antigen  K1 5 14/37 1.1 X  10s 8.9634 < 0 .0 1 6/37 4.2494 0.05—0.02
C a-haem olysin 4 14/32 1.3 x io 5 11.558s < 0 .001 9/32 10.299s < 0 .01
D ty p e  1 fim briae 5 4/12 <  102 4.529s > 0 .0 2 1/42 1.107s > 0 .2
E K1 -f-  a-haem olysin 2 11/20 6.3 X io6 • 6/20

1 mice infected/inoculated , 2 m ean num ber o f bacteria  from  w ashed and  vortexed  b ladder, 3 value of p ro b a b ili ty ,4 betw een groups В and  
D , 5 betw een groups C and D , 6 betw een groups A and  D, . =  no t evaluated  or no t evaluable

1
5

8
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The role o f  m otility  ( tax is)  in  the virulence o f  urinary E . coli. A n  isogenic 
p a ir  o f E . coli (0 4  : K12 : H 5 w ild -ty p e  a n d  i ts  H -  m u tan t)  w as te s te d  in  th e  
m odel using  g ra d u a te d  doses o f  in o cu la tio n . F rom  th e  d a ta  su m m a riz e d  in 
T ab le  I I I  i t  is ev id en t t h a t  th e re  w as no o b se rv ab le  difference o f  th e  v iru lence  
w ith  re sp ec t to  m o tility .

Table I I I

S u ckling  mouse urinary  tract virulence o f  a w ild -type  motile strain o f  E . coli ( 0 4 :  
K 1 2 :H 5 )  and its E M S -in d u ced  non motile mutant derivative

Infecting
agent

No.
of

mice
Doses of 

inoculation
Day after Bladder infectivity Kidney

infectiv-
inoculation ratio1 germ count2 ID6# value3 ity

ratio1

10 1.7 X l O 4 21st 6 /1 0 1.2 X 1 0 3 1/10

W ild -type и 2 .5  X l O 3 24th 2 /1 1 5 .4  X l O 3 6 .0  x i o 3 0 / 1 1

H5 + 5 2 .4  X l O 2 23rd 2/5 8.8  X l O 3 1/5

10 2 .6  X l O 4 21st 6 /1 0 6.1  X l O 3 1/10

M u tan t 10 6 .5  X l O 3 24th 4 /1 0 l . O x l O 3 8 .8  X l O 3 0/10

h - 4 2.5 X lO 2 23 rd 2 /4 2 .6  X l O 3 0 /4

1 m ice in fec ted /in o cu la ted , 2 m ean  n u m b er o f  b ac te ria  from  w ashed  a n d  vo rtex ed  
b lad d e r, 3 e n d p o in t o f 50%  of b lad d e r in fec tio n  b y  in o cu la tio n

D iscussion

T h e  p resen ted  d a ta  conv incing ly  d e m o n s tra te  th e  usefulness o f  th e  su ck 
lin g  m ouse m odel in  th e  e v a lu a tio n  of v iru len ce  fac to rs o f E . coll.

T h e im p o r ta n t role o f adhesins like th e  F 8  [1], F7 [4] an d  o th e rs  [9] has 
b een  p ro v en  earlie r, as m en tio n ed  in  th e  in tro d u c tio n . A ccording to  0 r s k o v  et 
al. [10] th e  adhesins F 7 , F 8  an d  F10 are  im p o r ta n t  for th e  u r in a ry  t r a c t  p a th o 
g en ic ity  o f E . coli.

T h e p resen ted  resu lts  p ro v ed  re p e a te d ly  th e  add itive  v iru len ce  fu n c tio n  
o f  a lp h a  haem olysin , also in  case of th e  m issing  som atic  O -an tig en . I t  should  
be  em phasized  th a t  th is  is tru e  on ly  fo r th e  d iffusib le , so-called a lp h a  h aem o ly 
sin  an d  n o t fo r th e  b e ta  ty p e , w hich  is in d is tin g u ish ab le  from  th e  a lp h a  ty p e  
on b lood  ag a r p la tes. No p a th o g en ic  fu n c tio n  o f  b e ta  haem olysin  w as observed  
b y  us [11, 12]. A m ong th e  R  s tra in s  in v e s tig a te d  in  th e  p re sen t ex p e rim en ts  
th e re  w as on ly  a single b e ta  h aem o ly tic  s t r a in  (N o.R138) lis ted  in  g ro u p  (A) 
c a rry in g  no know n v iru lence fac to r .

T h e  ty p e  1 (com m on) f im b riae  w ere th e  su b jec t o f a long d iscu ss io n  con
cern ing  th e ir  adhesive fu n c tio n . 0 rs k o v  e t  a l. [13] were able to  d e m o n s tra te  
t h a t  th ese  do n o t adhere to  th e  ep ith e lia l su rface , h u t to  the  m ucus a n d  th e re 
fore th e y  a c t as a “ m ucus t r a p ”  fac to r  r a th e r  th a n  a v iru lence  en h an c in g
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fe a tu re  o f th e  bac te ria . O u r re su lts  showed o n ly  a n  in s ig n ifican t en h an c in g  ef
fec t a n d  th e  v e ry  low n u m b e r  o f  b ac te ria  on th e  b la d d e r  surface is in  good ag ree 
m e n t w ith  th e  concep tion  o f  th e  Orskovs.

T h e  p redom inance  o f  K l-a n tig e n  p ro d u c in g  E . coli s tra in s  in  cases of 
in fa n tile  m eningitis o r sepsis  (14-16), as w ell as in  u r in a ry  s tra in s  iso la ted  
m o s tly  from  children  [5, 17, 18] was observed  b y  m a n y  in v es tig a to rs . T he 
d is tin g u ish e d  role of K 1 in  e x tra in te s tin a l in fec tio n s  h as  n o t been c la rified , 
b u t  p e rh a p s  th e  m ost im p o r ta n t  is its  m ark ed  a n tip h a g o c y tic  effect [19], a t  
le a s t o f  i ts  O -ace ty la ted  fo rm . O ur results show ed  a  v iru lence  enhancing  effect 
e q u iv a le n t to  th e  a lp h a  h aem o ly sin  p rod u c tio n .

T h e  m o tility , i. e. ch em o tax is , m ed ia ted  b y  fu n c tio n in g  flagellae h a s  a 
role o n ly  in  th e  en te ro p a th o g e n ic  Vibrio cholerae [20—22]. The n egative  re su lt 
in  o u r p re lim in ary  e x p e rim e n ts  did no t prove th e  la ck  o f im portance  c o n ce rn 
in g  th e  v iru lence  of E . coli in  u rin a ry  tr a c t  in fe c tio n s  because our s tr a in  has 
o th e r  v iru len ce  fac to rs (h aem o ly sin  and  F8).

O u r conclusions on  th e  v iru lence fac to rs o f E . coli serving u rin a ry  p a th o 
g e n ic ity  a re  positive w ith  re sp e c t to  an tigen  K l ,  ad h esin s  and  alpha h a e m o ly 
sin , b u t  neg a tiv e  for th e  ty p e  1 (common) f im b r ia e  an d  m otility . T h is is in  
good a g reem en t w ith  th e  f in d in g s  of clinical b a c te rio lo g y . A ccording to  E v a n s  
e t a l. [23] s tra in s  of E . coli iso la te d  from  u rin a ry  t r a c t  in fections (m ostly  p y e lo 
n e p h r it is )  are freq u en tly  c a rry in g  acidic p o ly sacch a rid e  K -an tigens: p re d o m 
in a n t  am o n g  th em  is K l  (2 9 % ) and  so are K 2 , K 1 2 , K 13. The ra te  of h a e m o 
ly sin  p ro d u c tio n  am ong th e m  is even higher, 4 2 % . M ost of these s tra in s  be long  
to  th e  ty p e  V I h a e m a g g lu tin a tio n  p a tte rn , w ith  th e i r  m annose re s is ta n t a c tio n  
on h u m a n  e ry th ro cy te s  (F 8  belongs to  th is  g ro u p ), freq u en tly  in  co m b in a tio n  
w ith  th e  haem oly tic  a n d /o r  th e  K l + ch a ra c te r  (8 9 % ). I t  is easily accep tab le  
t h a t  th e  m ain tenance  o f m ore  th a n  one v iru lence  fa c to r  w as th e  resvdt o f  selec
tio n  p ressu re . The s im u lta n e o u s  occurrence o f  th e  above m entioned  th re e  v i
ru len ce  fac to rs  was, h o w ev er, observed in  n o t m o re  th a n  3% , so th e  p resence  
o f som e con trase lective  fo rce  m a y  be assum ed. C heck ing  of 408 u r in a ry  E . coli 
R  s tra in s  fo r th e  presence o f  th e se  th ree  v iru lence  fa c to rs  resu lted  in  n o t  m ore 
th a n  3 .5 %  positive s tra in s  [24].

A ccord ing  to  p re se n t know ledge a co m p e titio n  betw een  th e  phago cy to sis  
p ro m o te r  adhesins an d  in h ib ito r  К  antigens s ta n d s  to  reason .

T h e  resu lts  clearly  d e m o n s tra te  th a t  E . coli R  s tra in s  — generally  b e liev ed  
to  be  a v iru le n t — are ab le  to  induce k idney  in fe c tio n s  if  th e y  possess c e r ta in  
v iru len ce  fac to rs. The fa c t t h a t  th e y  are capab le  o f  m a in ta in in g  u r in a ry  t r a c t  
in fec tio n s  has a lready  b een  re p o rte d  [25].
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ANTIBODIES TO CORONAVIRUS ОС 43 STRAIN 
IN THE POPULATION OF NORTH-EASTERN

HUNGARY
(A NO TE)

F . L e h e l , Z s u z s a  M a d á r  a n d  I r é n  T ó t h  

P ublic Health Station, Debrecen 

(R ece ived  Ju ly  21, 1982)

M onth ly  120 serum  sam ples w ere  collected from  h e a lth y  a n d  clin ically  ill re s id en ts  o f 
N o r th -E a s te rn  H u n g ary  in  th e  y ea rs  1980 and  1981. H aem a g g lu tin a tio n -in h ib itin g  a n tib o d y  
to  th e  s tra in  C oronavirus ОС 43 w as d e te c te d  in  58%  of th e  2881 sam ples. T he r a te  o f p o sitive  
sera w as th e  low est, 2 3 % , b e tw een  7 a n d  11 m o n th s o f  age an d  reached  th e  p e ak  o f  70%  
b e tw een  15 a n d  19 years. I t  d id  n o t  rise  fu r th e r  w ith  age. P a ire d  se ra  w ere te s te d  fro m  405 p a 
tie n ts  suffering  from  vario u s d iseases. A t i t r e  rise w as show n  in  23 p a tie n ts ;  12 o f th e se  were 
suffering  from  acu te  re sp ira to ry  d isease, a n o th e r 7 show ed sim u ltan eo u s e x acerb a tio n  o f  b ro n 
chial a s th m a  or spastic  b ro n ch itis .

O ur know ledge o f  th e  C oronavirus ae tio lo g y  o f  h u m a n  re s p ira to ry  and  
o th e r  d iseases, an d  o f th e  ep idem iology  o f  C oronavirus d iseases, h as  m a in ly  
b een  b ased  on seroepidem iological stud ies [1—3]. Iso la tio n  of co ro n av iru ses  is 
to o  d ifficu lt for w ide-scale in v es tig a tio n s .

Serum  sam ples w ere co llec ted  from  h e a lth y  an d  ill res id en ts  o f N o rth e rn  
H u n g a ry  over a period  o f  tw o  y ea rs  to  d e m o n s tra te  an tib o d ies  to  th e  s tra in  
C oronav irus ОС 43. T he re su lts  a re  pub lished  in  th e  p re se n t re p o rt.

M ateria ls and m ethods

M onth ly  ab o u t 120 serum  sam ples, 2881 sam ples a lto g e th e r, were co llected  in  th e  
y ears  1980 an d  1981. N early  tw o -th ird s  o f th e  donors w ere p a tie n ts  p resen tin g  w ith  various 
sy m p to m s in  clinics o r hosp ita ls . T h e  rem ain d er were h e a lth y . T he serum  sam ples w ere s to red  
a t  —20 °C, and  heated  a t  56 °C fo r 30 m in , before being te s te d .

T he an tig en  used  in th e  te s ts  w as p repared  as described  b y  K ay e  and  D ow dle [4] from  
th e  b ra in  o f B alb /c  suckling  m ice in trace reb ra lly  in fec ted  w ith  th e  C oronavirus ОС 43 s tra in . 
T he v iru s s tra in  and th e  re ference m u rin e  hyperim m une asc ites flu id  w ere k in d ly  su p p lied  b y  
th e  N a tio n a l In s ti tu te s  o f H e a lth  (B e th esd a , Md., USA).

H aem ag g lu tin a tio n -in h ib itio n  (H I)  te s t was p e rfo rm ed  in T a k á ts y ’s [5] M ic ro titra to r  
t ra y s . F our h aem ag g lu tin a tin g  u n its  a n d  0 .5%  m ouse e ry th ro c y te  suspension w ere u sed  in  
th e  reac tio n  m ix tu re .

F r ig y e s  L e h e l , Z suzsa  Ma d á r , I r é n  T ó th  
Public Health Station
Tóthfalusey tér 5—6, H-4024 Debrecen, Hungary
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R esu lts  and discussion

F ig u re  1 shows th e  p e rcen tag e  incidence o f p o sitiv e  H I  re a c tio n  in  d if
fe re n t age groups an d  th e  d is tr ib u tio n  of th e  p o sitiv e  reac tio n s b y  age and  
t i t r e ;  5 7 .7%  of th e  sam p les  co n ta in ed  H I  a n tib o d ie s  d e tec tab le  in  th e  1 : 10 
se ru m  d ilu tio n . The g eo m e tric  m ean  of th e  t i t r e s  w as 1 : 16.9.

O f th e  sam ples co llec ted  from  in fan ts  u n d e r  7 m o n th s  5 1 % , o f  th o se  col
le c te d  fro m  in fan ts  b e tw een  7 a n d  11 m o n ths o f  age 23.5%  co n ta in ed  d e tec tab le  
a n tib o d ie s . Thus, th e  fre q u e n c y  of positive re a c tio n s  increased  w ith  age , u p  to  
7 1 %  in  th e  15-19 y e a r age g ro u p . T here w as no  fu r th e r  increase in  f req u en cy  in  
a d u lt  age. The geom etric  m e a n s  for rec ip rocal t i t r e s  ran g ed  b e tw een  12.9 and  
15.7 in  th e  age groups u n d e r  15 y ea rs  and  b e tw e e n  18.1 an d  19.3 fo r th e  o lder 
age g ro u p s .

T h e  frequency  o f  1 : 10 an d  1 : 20 t i t r e s  co n s is te n tly  grew  b e tw een  7 
m o n th s  a n d  14 years; h ig h e r  t i t r e s  occurred  m ore  fre q u e n tly  over 15 y e a rs  th a n  
in  ch ild re n .

m o n th s  y e a rs
—  G eom etric  m e a n s  of t itre s

HI titre s  □  <10 10 О г о  1 3 4 0  И - 80

F ig . J .  A ge d is trib u tio n  o f th e  2881 su b jec ts  te s te d  fo r H I  an tib o d ies  to  th e  s tra in  C oronavirus 
ОС 43 a n d  th e ir  d is tr ib u tio n  b y  se ru m  titre
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Table I

Changes in  the H I  antibody titre to strain Coronavirus ОС 43. Serum  p a irs collected
in  1980 and  1981

Age group, 
years

No. of
serum 

pairs tested

Haemagglutination inhibition titres

<  10 in 
both samples

2? 10
no change

Titre rise 

No.

4-fold or more 

per cent

0-1 67 44 18 5 7.5

2-14 86 38 43 5 5.8

15-24 109 31 70 8 7.3

25-40 105 29 73 3 2.9

40 38 11 25 2 5.3

T otals 405 153 229 23 5.6

T ab le  I  show s th e  t i t r e  changes for 405 p a irs  o f serum  sam ples. F o u r-fo ld  
o r h ig h e r t i t r e  rise  w as d e m o n s tra te d  in  23 cases (5 .6% ).

In  F ig . 2, th e  m o n th ly  d is tr ib u tio n  o f  th e  p o sitiv e  t i t r e  changes is show n. 
F o u rte e n  o f  th e  p o sitive  p a tie n ts  suffered fro m  acu te  or chronic re sp ira to ry  
d isease. I n  th e  chronic cases, recrudescence o f  th e  disease occurred  s im u lta 
neously  w ith  th e  t i t r e  rise . Som e cu m u la tio n  o f  t i t r e  rises was observed  in  th e  
f ir s t  q u a r te r  of b o th  y ea rs .

T he freq u en cy  an d  age d is tr ib u tio n  o f  p o s itiv e  sera  in  th e  p re se n t s tu d y  
w ere in  good ag reem en t w ith  li te ra ry  d a ta  b a sed  o n  s im ila r serological su rv ey s  
p erfo rm ed  in  E u ro p ean  co u n trie s  (6-9) a n d  in  A m erica  (10, 11).

I t  h as  been  assum ed [12] t h a t  th e  h ig h  t i t r e s  of co ronav irus an tib o d ie s  
in  a d u lt  age m ay  be due to  secondary  responses to  re-infection . T he h ig h  fre-

I II III IV V VI VII Vili IX X XI XII m onths

□  Upper respiratory disease  
■  Exacerbation of chronic lower respiratory disease 
0  N on-respiratory  d isease

Fig. 2. M o n th ly  incidence o f  sero logically  proved C o ro n av iru s OC 43 infections in  th e  y ea rs  
1980 a n d  1981. T h e  com plem en t-fix ing  a n tib o d y  t it re s  to  in flu en za  A an d  В v irus, to  th e  com 
m on a n tig e n  o f h u m an  ad enov iruses an d  to  re sp ira to ry  sy n c y tia l v iru s were less th a n  1 : 4 in

each case
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q u e n c y  o f  po sitiv e  sera  in  th e  f i r s t  6 m o n th s o f  life m a y  he a t tr ib u te d  to  m a te r 
n a l a n tib o d ie s , th o u g h  co ro n av iru s  in fec tio n s m a y  occur in  y o u n g  in fa n ts ;  
a cco rd in g  to  H en ig st [13] ev en  in tra u te r in e  in fe c tio n  can n o t be excluded .

B a se d  on  serological su rv ey s p erfo rm ed  in  th e  years 1960-1967, K ay e  
e t a l. [12] assum ed  th a t  th e  av erag e  a n n u a l in c id en ce  of in fections cau sed  b y  
th e  C o ro n av iru s  OC 43 s tra in  o r closely re la te d  s tra in s  w as a b o u t 7 %  in  p o p u 
la tio n s  b e tw e e n  5 an d  19 y ea rs  o f age, liv in g  in  closed com m unities. M on to  a n d  
L im  [14 ], w ho exam ined  p a ire d  sera from  su b je c ts  o f  various ages liv in g  else- 
wdiere in  th e  USA, fo u n d  t i t r e  rises in  1 7 .1 % . O th e r au th o rs  [7], w ho h a d  
e x a m in e d  p a ire d  sera  co llec ted  in  H am b u rg , re p o r te d  t i tre  increases in  6 .6 % . 
T he n o t  q u ite  co n sis ten t re su lts  m ay  be a t t r ib u te d  p a r tly  to  p e rio d ica l f lu c 
tu a t io n s  in  th e  ep idem iology  o f  co ronav irus in fec tio n s [12, 14]. O u ts ta n d in g  
p eak s w ere  observed  in  ev e ry  th ird  or second  y e a r, chiefly  in  th e  w in te r  a n d  
e a r ly  in  sp rin g  in  p o p u la tio n s  o f g iven  areas [10, 15]. The fa c t th a t  12 o f o u r 
23 cases w ith  ris in g  co ro n av iru s  a n tib o d y  t i t r e s  occurred  in  th e  f ir s t  q u a r te rs  o f 
th e  c a le n d a r  y e a r  agrees w ell w ith  th ese  o b se rv a tio n s .

W e fo u n d  a t i t re  rise  in  seven  p a tie n ts  w ho w ere suffering  from  b ro n c h ia l 
a s th m a  o r sp astic  b ro n ch itis . T he sero log ica lly  p roved  co ro n av iru s  in fe c tio n  
co -in c id ed  w ith  ex ace rb a tio n s  in  all th e  sev en  cases. This f in d in g , to o , is in  
acco rd an ce  w ith  th e  d a ta  in  th e  l ite ra tu re  [16, 17].

Acknow ledgem ent. W e are  in d eb te d  to  D r. I .  D ö m ö k  (N ational In s t i tu te  o f  H yg iene, 
B u d a p e s t)  fo r  v a lu ab le  advices a n d  criticism .
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INSTRUCTIONS TO AUTHORS

M anuscrip ts a re  a cc ep te d  on th e  basis o f sc ien tific  significance a n d  su itab ility  fo r 
p u b lica tio n  on th e  u n d e rs ta n d in g  th a t  th e y  hav e  no t been p u b lished , su b m itte d  or accep ted  fo r 
p u b lica tio n  e lsew here .A cceptance depends on  th e  op in ion  of one or m ore referees and  th e  d eci
sion  o f th e  E d ito ria l B o a rd . P ap ers  a ccep ted  for p u b lic a tio n  are  su b jec t to ed ito ria l rev ision .

M A N U S C R IP T  ST Y L E

M anuscrip ts m u s t be  in  E nglish  a n d  c learly  a n d  concisely  w ritte n . T h ey  should  be ty p e d  
d o ub le  spaced  w ith  w ide m arg ins. Two copies o f th e  m an u sc rip t shou ld  be  su b m itte d .

FO R M  O F M A N U S C R IPT

T itle. T he title  sh o u ld  be  a clear e n d  concise s ta te m e n t o f th e  c o n te n ts  in  no t m ore th a n  
14 w ords. A sh o rt ru n n in g  t i t le  o f no t m ore th a n  40 le t te rs  should  also be  supplied . T h is is 
follow ed b y  th e  a u th o rs ’ in itia ls  (full f irs t  n am e  of w om en) an d  su rn am e, a n d  th e  nam e of th e  
in s t i tu t io n  w here th e  w o rk  w as done.

A bstract. This sh o u ld  n o t  exceed 200 w ords a n d  sh o u ld  ou tline  b r i iL y  th e  purpose o f th e  
s tu d y  a n d  d e ta il im p o r ta n t  find ings an d  th e  a u th o rs ’ p rin c ip a l conclusions. R e d u n d a n t p h ra s 
es, gen era lly  know n in fo rm a tio n  an d  re p e tit io n  sh o u ld  be  avo ided .

In tro d u ctio n . T h is p a r t  should  s ta te  b riefly  th e  n a tu re  an d  p u rp o se  o f th e  w ork a n d  c ite  
re ce n t im p o r ta n t w ork  b y  o thers .

M aterials and  m eth o d s. D escribe m ic ro o rg an ism s, m e th o d s, a p p a ra tu s ,  p rocedure  a n d  
s ta tis t ic a l  m ethods in  su ffic ien t de ta il to  a llow  o th e r  a u th o rs  to  rep ro d u ce  th e  resu lts . T h is p a r t -  
m a y  h a v e  sub h ead in g s like  “ B acteria l s tra in s”  o r “ C u ltu re  m edia” .

R esu lts . T he ex p e rim e n ta l d a ta  sh o u ld  be p re sen te d  c learly  a n d  concisely. A void  re 
p e a tin g  in fo rm atio n  p re se n te d  in  tab les a n d  figures.

D iscussion sh o u ld  be  focussed on th e  in te rp re ta tio n  of ex p erim en ta l findings. Do n o t  
re p e a t l ite ra ry  d a ta  p re se n te d  in  th e  In tro d u c tio n  o r in fo rm a tio n  g iven  in  R esu lts .

A cknow ledgem ent o f  g ra n ts  a n d  tech n ica l help .
R eferences. C ite o n ly  essential references. T h ey  shou ld  be a rra n g e d  in  num erical se

q uence  as c ited  in  th e  te x t ,  w here th e  n u m b ers  a p p e a r  (in  p a ren th eses) w ith  o r w ith o u t th e  
a u th o r ’s nam e. e.g. E d e n  a n d  H ansson  [1], F ra n k é i [2 ]. G e lb art e t  a l. [3] o r [1, 2]. T h e  
reference  list a t  th e  en d  o f  th e  p ap er sh o u ld  co n ta in

— fo r jo u rn a ls : n am es a n d  in itia ls  o f  a ll a u th o rs , jo u rn a l title  a b b re v ia te d  according to  th e
sty le  used  in  In d e x  M edicus, v o lu m e n u m b er, p a g in a tio n , y e a r.

— fo r books: n am es a n d  in itials o f  au th o rs /e d ito rs , t it le , p u b lish e r, p lace  an d  y e a r  o f
p u b lica tio n , p ag e  n u m b er.
Address of th e  a u th o rs . T he (full) n am e  a n d  m ailin g  address o f th e  a u th o rs  shou ld  b e  

g iven a f te r  th e  reference lis t.
Tables. T hey sh o u ld  b e  ty p ed  on  se p a ra te  sh ee ts a n d  hav e  a concise h ead in g  each. T ab les  

a re  to  be  num bered  se q u en tia lly  b y  R o m an  num bers.
F igures. G o o d -q u a lity  glossy p r in ts  o f h a lf-to n e  i llu s tra tio n s  a n d  cle; r  line d raw ings in  

In d ia n  in k  are  accep ted . T h e  n u m b er o f th e  figure, th e  a u th o r ’s n am e, a n d  th e  to p  of th e  fig u re  
sh o u ld  be  in d ica ted  l ig h tly  in  soft pencil on  th e  back . T h e  fig u res are  to  be  n u m b ered  se q u e n tia l
ly  b y  A rab ic  n u m bers . C ap tio n s should  be  p ro v id ed  on  a sep a ra te  sh ee t. A ll figures shou ld  b e  
re fe rred  to  in  th e  te x t  a n d  th e ir  a p p ro x im a te  p lace  in d ic a te d  on th e  m arg in .

A bbreviations a n d  sym bols. Q u a n titie s  shou ld  b e  expressed  in  S I u n its .  All a b b rev ia tio n s  
sh o u ld  be  spelled o u t w h en  f i r s t  used  in  th e  te x t .  P lease  id en tify  u n u su a l sy m b o ls in  th e  m arg in .

N om enclature  o f  m icroorgan ism s. B inom ia l n am es shou ld  co nfo rm  to  th e  In te rn a tio n a l 
R u les o f  N o m en cla tu re  a n d  to  c u rre n t te rm s  of th e  In te rn a tio n a l C o m m ittee  on  S y s te m a tic  
B acterio logy . N am es u sed  fo r viruses sho u ld  be th o se  a p p ro v ed  b y  th e  In te rn a tio n a l C o m m it
te e  on  T ax o n o m y  o f V iruses (ICTV). G eneric a n d  specific  nam es of species should  be w r i t te n  
in  full in  th e  title  a n d  th e  f irs t  tim e th e y  a p p ea r  in  th e  a b s tra c t  a n d  in  th e  te x t .  S u b seq u en tly  
th e y  shou ld  be a b b re v ia te d . Generic a n d  specific n am es shou ld  be u n d e rlin ed  for ita lics. No 
specific  nam e w ith o u t a  cap ita lized  generic nam e sh o u ld  be  used.

Proofs and rep rin ts . Two sets o f  p roofs will b e  p ro v id ed , w h ich  are  requested  to  b e  
re tu rn e d  w ith in  48 h o u rs  o f  rece ip t to  th e  E d ito r . A lte ra tio n s  in  th e  te x t  a n d  especi lly in  th e  
i llu s tra tio n s  are  exp en siv e  a n d  should  be av o ided . One h u n d re d  an d  f if ty  re p rin ts  of each p a p e r  
a re  supp lied  free of ch arg e . A dd itiona l re p rin ts  can  be o rd e re d  a t  cost p rice  a t  th e  tim e th e  p ag e  
p ro o f is re tu rn ed .
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TO THE EIGHTIETH ANNIVERSARY  
OF PROFESSOR ZOLTÁN ALFÖLDY

T he papers o f  th is  issue a re  d ed ica ted  to  P ro fessor Z o ltán  A lföldy, 
d ire c to r  em eritus o f  th e  In s t i tu te  o f M icrobiology o f Sem m elw eis U n iv e rsity  
M edical School in B u d a p e s t, b y  h is pup ils on  th e  occasion of his 8 0 th  an n i
v e rsa ry .

P rofessor Z o ltán  A lföldy belongs to  th e  g en e ra tio n  of physic ian s th a t  
h as  k e p t besides th e  in ev itab le  sp ec ia liza tio n  its  in te re s t in  th e  w hole of 
m ed ic ine . P ro fessor A lföldy was b o rn  in J a n u a r y  1904, and to o k  his degree as 
m ed ical docto r in D ebrecen . H e s ta r te d  here h is ca reer in 1928 a t  th e  D e p a r t
m e n t of M edicine. T h e  h u m an  m edical a t t i tu d e  so ch a ra c te ris tic  o f him  was 
b ased  on his p rac tice . T h e  severe ep idem ic o f ty p h o id  in  th e  n in e te e n -th ir tie s  
d ire c te d  his a t te n tio n  to  b ac te rio logy . In  1937 he s ta r te d  w ork ing  a t  th e  
N a tio n a l In s t i tu te  o f  P ub lic  H e a lth  (B u d ap est)  w here  he jo ined  th e  n a tio n a l 
re sea rch  w ork a g a in s t ty p h o id  lau n ch ed  in 1938. F rom  1946 he w as th e  head  
o f th e  bac te rio log ical d e p a rtm e n t u n til  1950 w h en  he becam e th e  d irec to r  of 
th e  In s t i tu te  of M icrobiology o f tb c  Sem m elw eis U n iv e rsity  M edical School 
in  B u d ap est. S ince h is re tire m e n t in 1974 he s till w orks a t  th e  I n s t i tu te  as 
c o n su lta n t.

M icrobiology w as ta u g h t b y  him  fo r 25 y ea rs  a t  th e  U n iv e rsity  an d  th e  
lec tu re s  he delivered  reg u la rly  w ere alw ays re m a rk a b le . M ost o f th e  p hysic ians 
o f o u r  days w ere h is s tu d e n ts  and  lea rn ed  m icrob io logy  from  his books.

L ep tosp irosis an d  th e  m echan ism  of a c tio n  o f d is in fec tan ts  w ere th e  
fie ld s  of his research . H e p u b lished  m ore th a n  70 p ap ers , 10 books an d  m any 
c h a p te rs  of books. T h e  f irs t iso la tion  o f le p to sp ira  from  a p a tie n t in  H u n g a ry

1 * A ria  M icrobiologica H ungarica  30, 1933
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is l in k e d  w ith  his nam e. T h e re a f te r  to g e th e r w ith  his co llab o ra to rs  he  defined  
th e  re g u la r itie s  of th e  o ccu rren ce  o f lep tosp irosis  in  H u n g a ry  an d  p ro v e d  th e  
le p to s p ira l  origin of sev era l ep idem ics of serous m en ing itis. T y p es  o f  th e  
s tr a in s  occu rring  in H u n g a ry  w ere  d e te rm in ed  u n d e r his gu idance.

B esid es  teach ing  an d  re se a rc h , P ro fessor A lfö ldy  alw ays to o k  an  ac tiv e  
p a r t  in  p u b lic  life. Since th e  fo u n d a tio n  o f th e  S cien tific  H e a lth  C ouncil he 
a c te d  a s  sec re ta ry  and  th e n  v ice -p re s id en t an d  is a t  p resen t a m em b er o f th e  
p r e s id e n tia l  board . F ro m  1968 to  1970 he w as th e  head  of S cien tific  R esearch  
D e p a r tm e n t  a t  the  M in is try  o f  H e a lth . H e to o k  p a r t  in  th e  w ork  o f  ed ito ria l 
b o a rd s , com m ittees an d  soc ia l o rg an iza tio n s, keep ing  c o n ta c t w ith  m an y  
sp e c ia lis ts  in  H u ngary  an d  a b ro a d .

P ro fesso r A lföldy rece iv ed  m an y  d eco ra tio n s an d  aw ards. H e w as deco r
a te d  b y  th e  K ossu th  P rize  fo r  h is research  on lep tosp irosis  an d  on  th ree  
o ccas io n s  w ith  the gold m ed a l o f  th e  O rder of L ab o u r, am ong o th e rs .

B esid e  his ac tiv ities he a lw ays d ev o ted  tim e  and  energy  to  th e  te ach in g  
a n d  t r a in in g  of his pup ils a n d  successors, b o th  in  his close fam ily  a n d  th e  
la rg e  fa m ily  of th e  I n s t i tu te .  A ll th ese  ch a rac te rize  a m an w ho h as  lived  a 
fu ll life  a n d  never losing a n y th in g  from  th is  com pleteness.

D ear P rofessor A lföldy,

I n  the name o f  all your p u p ils  allow us, yo u r two oldest collaborators, to w ish y o u  every 
h a p p in ess  and  best o f  health on the occassion o f  your 80th anniversary and please accept as a 
hom age the papers written by your fo rm er and present collaborators.
J a n u a r y  27 , 1984.

Ilo n a  S ze r i
P rofessor o f  Microbiology 
D ep u ty-D irec tor o f  the 
In s ti tu te  o f  Microbiology,
S em m elw eis  U niversity M edical School, 
B u d a p es t

István  N ász
Professor o f  M icrobiology 
Director o f  the Institu te  o f  
M icrobiology, Semmelw eis U niversity  
M edical School,
B udapest
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ARRANGEMENT OF 11 EXONS 
AND POLYPEPTIDE SUBUNITS IN THE ADENOVIRUS

CAPSID

I. N ls z  a n d  É v a  Á d á m

In stitu te  o f  Microbiology-, Sem m elw eis U niversity  M edical School
Budapest

(R eceived A pril 6, 1983)

W ith  d irec t a n a ly s is  o f electron m icrographs and  w ith  M ark h am ’s ro ta tio n a l in te g ra t io n  
tech n iq u e  we have d e m o n s tra te d  th a t  in th e  ad en o v iru s cap sid  th e  tria n g u la r  p rofile  o f th e  
hexon-end  facing th e  v irio n  surface is fo rm ed by th ree  p o ly p ep tid e  su b u n its. T he th ree  v e rtice s  
o f th e  profile are form ed by  one po lypeptide  each  and th e  sides by  tw o ne ighbouring  p o ly p e p 
tid es. The m u tu a l ro ta tio n a l and  spa tia l o r ie n ta tio n  of th e  th re e  h exon  po ly p ep tid e  su b u n its  
h as been de term ined  in  re la tio n  to each  o th e r and  to th e  p e n to n s . Two po ly p ep tid es o f  th e  
p erip en to n a l hexons are  o rien ted  tow ards th e  pen to n . A “ o n e-to -o n e”  p a tte rn  was fo u n d  in  
re la tio n  to two p e rip en to n a l hexons, “ o n e-to -tw o ”  to tw o o f th e  th ree  neighbouring  h exons an d  
“ tw o -to -tw o ” to one h exon . “ O ne-to-tw o”  o rien ta tio n  is th e  general rule in the  G O N s. T he 
m u tu a l  o rien ta tio n  be tw een  th e  hexons of th e  ne ig h b o u rin g  G O N s being in connection  w ith  each  
o th e r  and  th a t  of th e  p o ly p ep tid e  su b u n its  of th e  p e rip e n to n a l hexons is ch arac te rized  by  th e  
reg u la r  a lte rn a tio n  o f th e  “ one-to -tw o” , “ one-to -one”  a n d  “ tw o-to -tw o”  o rien ta tio n . T h e  
m u tu a l spa tia l o r ien ta tio n  of hexons a t d iffe ren t p o in ts o f th e  capsid  has been s tu d ied  in  m odel 
ex p erim en ts  and was ch arac te rized  by th e  angle enclosed by  th e  lo n g itud inal axis o f th e  g iv en  
h exon  and  th a t  of th e  o th e r  hexon  in open position  to w ard s th e  v irion  surface, if th e  lo n g itu d in a l 
ax is o f  th e  hexons of th e  tr ia n g u la r  faces a re  p e rp en d icu la r to  th e  p lane  of th e  face an d  th o se  of 
th e  edge-hexons p e rp en d icu la r  to  the  p lane  of th e  edge a n d  th e  lo n g itu d in a l axis o f th e  p e n to n  
faces in radial d irec tion  th e  cen tre  of th e  v irion . In  th is w ay  th e  long itu d in a l axes o f th e  p e r i
p e n to n a l hexons enclose w ith  th a t  of the  p e n to n  an  angle o f ~  32° and  w ith  each o th e r ~  36°. 
T he long itud inal axis o f th e  edge-form ing h exons show s a d e v ia tio n  of ~  21° in re la tio n  to  
th e  long itu d in a l axes o f h exons situ a ted  on  th e  n e ig h b o u rin g  tr ia n g u la r  faces. We p re sen t on  a 
te n ta tiv e  v irus m odel th e  m u tu a l ro ta tio n a l a n d  sp a tia l o r ie n ta tio n  of all th e  p o ly p ep tid e  
su b u n its  of th e  ad en o v iru s-b u ild in g  hexon capsom ers. T h is co rresp o n d s to the  tw o-, th ree - and 
fivefo ld  ro ta tio n a l sy m m e try  ch arac te ris tic  o f th e  icosahedral capsid .

A denovirus hexon  capsom ers consist o f  th ree  po ly p ep tid e  su b u n its  
a rran g ed  around  an  ax is  o f th reefo ld  sy m m e try  [1—5] and th e ir  ends fac ing  
th e  v irion  surface h av e  a tr ia n g u la r  profile  [6, 7]. O n e lectron  m icrog raphs 
th e  p ro file  of th e  hexon-ends and  th e  th ree  p o ly p e p tid e  su b u n its  are  se ldom  
d istingu ishab le .

Prev ious e x p e rim e n ts  have show n th a t  in th e  course of c ry s ta lliz a tio n  
o f  adenov irus h ex o n  p ro te in s tig h tly  packed tw o-d im ensional c ry s ta llin e  
a rra y s  could arise besides the th ree -d im en sio n a l te tra h e d ra l c ry s ta ls  [8]. 
D irec t analysis of e lec tro n  m icrographs as well as op tica l d iffrac tion  p ro ced u re  
an d  M arkham ’s ro ta t io n a l  in teg ra tio n  tech n iq u e  p ro v id ed  m eans for d e te rm i
n a tio n  of b o th  th e  form  (profile) o f th e  ends o f th e  hexons c o n s titu tin g  th e
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c ry s ta ll in e  a rra y  and  o f  th e  m u tu a l ro ta t io n a l  o rien ta tio n  o f th e  h ex o n  p o ly 
p e p tid e  su b u n its  [9]. In  th e  tw o -d im en sio n a l hexon  c rysta lline  a r ra y  one  p o ly 
p e p tid e  su b u n it of a given hexon is s i tu a te d  n ea re s t to  tw o o th e r  p o ly p ep 
tid e  su b u n its  of th e  neighb o u rin g  h ex o n . T h is  m eans th a t  th e  p o sitio n  of 
th e  p o ly p e p tid e  su b u n its  follows th e  “ o n e -to -tw o ”  p a tte rn , a cco rd in g ly  th e  
h e x o n s  a n d  p o ly p ep tid e  su b u n its  are  in  e q u iv a le n t en v iro n m en t co rrespond ing  
to  th e  h ex ag o n a l p ack in g  an d  th reefo ld  sy m m e try .

O n th e  basis o f th e  m ode of lin k ag e  be tw een  th e  hexons d e te rm in ed  in 
th e  tw o -d im en sio n a l hexon  c ry sta llin e  a r ra y  and  of th e  e lec tron  m icroscopic 
e x a m in a tio n  of th e  v irio n  th e  p resen t re p o r t  gives in fo rm atio n  on th e  m u tu a l 
o r ie n ta t io n  of th e  hex o n s an d  p o ly p ep tid e  su b u n its  in th e  v iru s  cap sid , tak in g  
in to  co n sid e ra tio n  th e  o r ie n ta tio n  w ith in  th e  G O N s (“ groups on n in e  h ex o n s” ) 
w h ich  re p re se n t a s ig n if ican t p a r t o f th e  tr ia n g u la r  faces of th e  icosahed ra l 
v ir io n  as well as th e  m u tu a l o rie n ta tio n  o f th e  GONs.

M aterials and  m eth o d s

V iru s  propagation , separation and p u rific a tio n .  H u m an  adenov irus ty p e  12 has been 
p ro p a g a te d  on H E p-2  cell c u ltu re  using P a rk e r’s 199 m edium  su p p lem en ted  w ith  15%  calf or 
b o v in e  se ru m  and an tib io tic s  to  p re v en t b a c te ria l co n tam in a tio n . A fter th e  cell degen era tio n , 
cells w ere  se p a ra ted  from  th e  m ain ten an ce  m ed ium  b y  cen trifu g a tio n  a t  2000 rp in  fo r 20 m in. 
T h e  in fe c te d  cells were d is in te g ra te d  by  re p ea te d  freez ing  an d  thaw ing  or by  u ltra so n ic  d is in 
te g r a to r .  V irions were se p a ra te d  from  th e  cells in  a n  M SE Superspeed 50 u ltra ce n tr ifu g e  on 
d o u b le  CsCl cushion a t  27 000 rp in  for 1 .5 -4  h. F o r fu r th e r  p u rificatio n  th e  v ir io n  b an d  was 
c e n tr ifu g e d  in  CsCl d e n s ity  g ra d ie n t a t  27 000 rp in  fo r 24-48 h.

V irions of ad en o v iru s s tra in  iso lated  on  p r im a ry  ra b b it  kidney cell cu ltu re  from  th e  in 
te s t in a l  t r a c t  and d iffe ren t o rg an s o f 6 -8  w eeks old ra b b its  suffering  from  n o n b a c te r ia l d ia rrhoea  
w ere  a lso  s tu d ied  [10].

Electron microscopic exam ination . V irions s e p a ra te d  and  purified  by  u l tra c e n tr ifu g a tio n  
w ere  a d so rb ed  to  carb o n -fo rm v ar-co ated  grid  a n d  n eg a tiv e ly  sta ined  w ith  1%  u ra n y l ace ta te . 
T h e  p re p a ra tio n s  w ere ex am in ed  in  a JE M  100 В e lec tro n  m icroscope a t  60 kV . T he m icro 
g ra p h s  w ere p repared  w ith  a basic m ag n ifica tio n  o f 25 000-50 000 an d  th e  n e g a tiv es  were 
e n la rg ed  to  a m ag n ifica tio n  of ap p ro x im a te ly  300 000.

T h e  d is tu rb in g  b ack g ro u n d  g ra n u la tio n  w as e lim in a ted  by  the  tech n iq u e  o f Y abe  e t al. 
[11]. P e rfo rm in g  im age ana ly sis  th e  a p p a re n t 1 0 -1 2 %  increase  of the  v irus p a rtic le s  caused b y  
th e  u ra n y l  ace ta te  s ta in in g  w as ta k e n  in to  c o n sid e ra tio n  [12]. V irions w ith  capsids co n ta in in g  
h e x o n  capsom ers of d is tin c t profile  an d  v isib le  p o ly p ep tid e  su b u n its w ere chosen  for serial 
e x am in a tio n s .T h e se  v irions w ere rep h o to g rap h ed  a n d  th e ir  negatives w ere used  in  th e  follow ing 
s tu d ie s .

T h e  techn ique  of M arkham  e t al. [13] w as used  fo r enhancing  im ages an d  for e x am in a tio n  
o f th e  h ex o n  profiles an d  th e  ro ta tio n a l sy m m e try  o f th e  po lypeptide  su b u n its  as well as o th er 
s y m m e try  conditions recogn izab le  in  th e  v iru s  p a rtic le . According to  th e  te c h n iq u e  a fte r a 
s h o r te n e d  exposition  tim e  th e  p h o to g rap h ic  p a p e r  is a p p ro p ria te ly  ro ta te d  an d  th is  is followed 
b y  th e  n e x t  exposition . T he n u m b er of ro ta tio n s  a n d  expositions is defined  by  th e  n u m b er o f 
p e r io d ic a lly  rep ea ted  im age e lem ents. M ax im um  e n h an cem en t is reach ed  if  th e  n u m b er of 
e x p o s itio n s  is iden tica l w ith  th e  n u m b er o f re p e a tin g  e lem ents, o therw ise  th e  im age  becom es 
b lu r re d .

A cta  Microbiologica Hungarica 30, 1983



A D EN O V IRU S H EX O N S 171

R esu lts

Rotational orientation o f  peripen tona l hexons in  the p lane o f  the electron 
micrograph. D irec t ex am in a tio n  of n e g a tiv e ly  sta in ed  p re p a ra tio n s  revealed  
sev era l v irions in th e  capsid  o f w hich th e  tr ia n g u la r  p ro file  o f th e  hexons 
fac ing  th e  v irion  su rface  as well as th e  th re e  hexo n -b u ild in g  p o ly p ep tid e  su b 
u n its  and  th e ir  o rie n ta tio n  w ere w ell d iscern ib le . On th e  p ic tu re  o f h u m a n  
ad en o v iru s  ty p e  12 (F ig . l /а ) th e  arrow  in d ic a te s  a p e rip en to n a lly  s itu a te d  hexon  
o f w hich  n o t on ly  th e  tr ia n g u la r  p ro file  b u t  also th e  th ree  p o ly p ep tid e  su b 
u n its  and  th e ir  m u tu a l o r ie n ta tio n  as well as th e  Y -shaped  slit a t  th e  cen tre  
a re  d iscern ib le . T he v irio n  w as su b jec ted  to  M ark h am ’s ro ta tio n a l p rocedure  
w ith  an angle of ro ta tio n  of 120° ( th re e -p a rt ro ta tio n )  so th a t  th e  m iddle o f th e  
tr ia n g u la r  face w as th e  ro ta tio n a l axis (F ig . 1 /1 >). In th is  w ay th e  im age o f th e  
p ro file  of the  p e rip e n to n a l hexons im p ro v ed  on b o th  ends o f  th e  th re e  edges 
b o rd e rin g  the  g iven tr ia n g u la r  face. T h e ir o r ie n ta tio n  is also c learly  v isib le.

F ig . 1. (a) On th e  e lec tro n  m icrograph  of h u m an  ad en o v iru s type  12 th e  v irio n  is v isib le  
ap p ro x im ate ly  from  th e  tw ofold  sy m m etry  axis (edge). Pontons on th e  v e rtices ot tw o opposite  
tr ia n g u la r  faces are m ark ed  by  asterisk . A rrow  p o in ts  to  th e  p e rip en to n a l h exon  w ith  c learly  
d iscern ib le  trian g u la r p rofile , Y -shaped slit am o n g  th e  th ree  po lypeptide  su b u n its  an d  v isible 
o rien ta tio n . Besides th is  hexon a n o th e r one on  th e  sam e edge w ith  sim ilar profile and  o r ien ta tio n  
is also observable. T h is la t te r  hexon belongs to  th e  GO N w hich  c o n stitu tes  one of th e  tr ia n g u la r  
face . T he cen tre  of one tr ia n g u la r  face o f th e  v irio n  i.e. th e  cen tre  o f th e  area  (sm all w h ite  p o in t) 
am o n g  th ree  hexons in th e  m iddle  of th e  face ( th ree fo ld  sy m m etry  axis) served as cen tre  for

M arkham ’s ro ta tio n a l in te g ra tio n
(b) P ic tu re  o f one tr ia n g u la r  face o f th e  v ir io n  processed by ro ta tio n a l tech n iq u e . 

A ngle o f ro ta tio n : 120°. T he im age of th e  p ro file  o f th e  p e rip en to n a l hexon  m ark ed  on  th e  
v irio n  im proved by th e  use o f the  tech n iq u e . I t  is d iscern ib le  th a t  tw o po ly p ep tid e  su b u n its  
facing  th e  n ex t lying p e n to n  and  the  th ird  one are  o p p o site  in d irection . I t  has becom e d iscern 
ible th a t  one p o ly pep tide  su b u n it of tw o n e ig h b o u rin g  p e rip en to n a l hexons is n e a r to  each  
o th e r. T he tr ia n g u la r  profile  and  o rien ta tio n  o f th e  six  hexons on one tr ia n g u la r  face i.e all 
hexons am ong the  th ree  h exon  rows on th e  edge is v isib le . T he hexons are  s itu a te d  paralle l 
w ith  th e  edges and one v e r te x  of th e ir  t r ia n g u la r  p ro file  (one po ly p ep tid e  su b u n it)  p o in ts  
an tic lockw ise , v iew ing it from  above, from  th e  th ree fo ld  sy m m etry  axis. T he axis o f th e  t r ia n 
g u la r  profile  ru n n in g  th ro u g h  th e  m iddle o f th e  side an d  th e  opposite  v e r te x  d e v ia te  slig h tly  
fro m  th e  lo n g itud inal axis o f th e  given h exon  row  to w ard s  th e  cen tre  o f th e  tr ia n g u la r  face.

On b o th  sides o f th e  edge-form ing h ex o n s th e  d is tan ce  sep a ra tin g  th e  edge- an d  face 
bu ild ing  hexons are  w ider th a n  those betw een  th e  h ex o n s on th e  edges and  faces. Spaces s e p a ra t
ing  th e  pen to n s and p e rip en to n a l hexons are  also w ider. Sings o f in te rh ex o n a l link ing  com po

n e n ts  are also v isible a t  som e sites [14, 15]
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F ig . 2. (a ) T h e  pen to n  serving as c en tre  fo r M ark h am ’s ro ta tio n a l in teg ra tio n  (fivefold sy m m etry  
ax is) is m a rk e d  by arrow  on th e  e lec tro n  m ic ro g rap h  of ad en o v iru s iso lated  from  ra b b it

(b ) P ic tu re  of th e  p e n to n  m ark e d  on th e  v irio n  and of five p e rip en to n a l hexons processed  
b y  r o ta t io n a l  technique. A ngle o f ro ta tio n : 72°. T he tr ia n g u la r  profile  of th e  ends o f th e  p e r i
p e n to n a l  h ex o n s is well visible. T h e  th re e  po ly p ep tid e  su b u n its  bu ild ing  th e  com plete  h ex o n  
a n d  th e  Y -sh ap e d  slit am ong th e m  is d iscern ib le. I t  is also seen th a t  tw o p o ly p ep tid es o f  th e  
p e r ip e n to n a l  hexons are facing th e  p e n to n . One po ly p ep tid e  o f each  p e rip en to n a l hexons is n ear 
to  e ac h  o th e r  and  one is s itu a te d  fa r th e r  in  rad ia l d irec tio n  from  th e  pen to n . L inking com p o n en ts  

are also visible b e tw een  th e  p e n to n  an d  th e  hexons [16]

T w o o f  th e  th ree  p o ly p e p tid e  su b u n its  fo rm ing  th e  tr ia n g u la r  p ro file  are  
s i tu a te d  n e a r  the  p en to n  a n d  th e  th ird  one on th e  edge o f th e  capsid  to w a rd s  
th e  p e n to n  s itu a ted  fa r th e r . I t  is also c learly  d iscern ib le  th a t  th e  th re e  v e rtic e s  
o f  th e  tr ia n g u la r  hexon p ro file  a re  c o n s titu te d  b y  one p o ly p ep tid e  su b u n it  
each . T h e  localization  o f th e  six  p e rip en to n a l hexons on th e  th ree  b o rd e rin g  
edges show s a th reefo ld  sy m m e try  also in respect of th e  p o ly p ep tid e  su b u n its .

F ig u re  2 p resen ts an  e lec tro n  m icrog raph  o f an  aden o v iru s  iso la ted  from  
r a b b i t .  F ro m  th e  cen tre  o f th e  m ark ed  p en to n  (F ig . 2 /a) th e  m icro g rap h  w as 
p ro c e sse d  b y  M arkham ’s ro ta t io n a l  te ch n iq u e  (F ig . 2/b) w ith  a ro ta tio n a l ang le  
o f 72° (f iv e -p a rt ro ta tio n ). T h e  tr ia n g u la r  p ro file  o f th e  five  hexons su rro u n d 
in g  th e  p e n to n  and  th e  th re e  p o ly p e p tid e  su b u n its  a ro u n d  th e  Y -sh ap ed  s lit 
a re  d isce rn ib le . In  can be  seen  th a t  one side o f  each  p e rip en to n a l h ex o n  i.e. 
tw o  p o ly p e p tid e  su b u n its , a re  fac in g  th e  p en to n  an d  one p o ly p ep tid e  is lo c a te d  
on  th e  edge in  rad ia l d ire c tio n  from  th e  n ea re r  p e n to n  to w ard s th e  fa r th e r  
ly in g  o n e . T he five p e r ip e n to n a l hexons su rro u n d in g  one p en to n  d isp la y  a 
p o s it io n  correspond ing  to  fiv e fo ld  sy m m e try  in  th e  re sp ec t o f th e  p o ly p e p tid e  
s u b u n i ts  to o  on the  five edges s ta r tin g  from  th e  p en to n .

A cco rd in g  to  th e  ab o v e  o b se rv a tio n s  th e  o r ie n ta tio n  of th e  p e rip e n to n a l 
h e x o n s  w as iden tica l b o th  b y  ro ta tio n  from  th e  th reefo ld  sy m m e try  ax is 
(c e n tre  o f  th e  tr ia n g u la r  face) an d  from  th e  fivefo ld  sy m m etry  axis (v e rtex ). 
C o n se q u e n tly  th e  m u tu a l o r ie n ta tio n  o f every  p e rip en to n a l hexon i.e. o f th e ir  
p o ly p e p tid e  su b un its  to  th e ir  six n e ighbours is as follows. Two p o ly p e p tid e  
s u b u n i ts  i.e . one side of th e  t r ia n g u la r  p ro file  are  o rien ted  to w ard s th e  p e n to n ,
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an d  th e  sam e tw o  p o ly p ep tid e  su b u n its  are  lin k ed  also w ith  tw o n e ig h b o u rin g  
p e rip en to n a l h ex o n s  th u s  in the  case o f th e  n e ig h b o u rin g  hexons th e  p o ly 
p ep tid e  o rie n ta tio n  show s a “ one-to -one”  p a t te rn .  T he th ird  p o ly p e p tid e  
su b u n it show s “ o n e-to -tw o ” o rie n ta tio n  w ith  a hexon  o f sim ilar o r ie n ta tio n  
belonging to  th e  G O N  w hich ta k e s  p a r t  in th e  c o n s titu tio n  of th e  edge o f  th e  
capsid . I ts  f if th  n e ig h b o u r is a hexon  w hich belongs to  th e  sam e G O N  b u t  is 
s i tu a te d  on th e  tr ia n g u la r  face n e a re s t to  th e  g iven  p e rip en to n a l h ex o n  b e in g  
in  “ one-to-one”  lin k ag e  to  it. T he  s ix th  n e ig h b o u r is a hexon belonging  to  th e  
o th e r  GON an d  lin k ed  w ith  th e  given p e rip e n to n a l h ex o n : it  is s itu a te d  on  th e  
tr ia n g u la r  face o f  th e  capsid n ea re s t to  th e  p e r ip e n to n a l hexon d isp lay in g  w ith  
i t  a “ tw o -to -tw o ”  o rien ta tio n . In  th is  w ay  each  p e rip en to n a l hexon  is in 
connection  w ith  tw o  GONs.

O rientation o f  the G O N -building hexons w ith in  the GON. On th e  m ic ro 
g rap h  of h u m an  ad en o v iru s  ty p e  12 processed b y  M a rk h a m ’s ro ta tio n a l in te g ra 
tio n  techn ique  (F ig . 1/b) using fo r th e  cen tre  o f  ro ta t io n  th e  cen tre  of th e  sp ace  
am ong  the  th re e  hexons in  th e  m idd le  of th e  t r ia n g u la r  face i.e. th e  th re e fo ld  
sy m m etry  ax is, th e  profile  and  o rie n ta tio n  o f  each  o f  th e  six hexons b u ild in g  
th e  tr ia n g u la r  face  are  visible. T hus one define  th e  positio n  of th e  p o ly p e p tid e  
su b u n its  w hich  m ake up  th e  hexons as each v e r te x  o f th e  tr ia n g u la r  p ro file  
is b u ilt of one p o ly p ep tid e  su b u n it w hereas th e  sides are form ed jo in t ly  b y  
tw o po ly p ep tid e  su b u n its . This is well observ ab le  in  th e  case of the  p e rip e n to n a l 
hexons. A cco rd ing ly , th e  m u tu a l o r ien ta tio n  o f  six  hexons belonging  to  th e  
sam e GON an d  b u ild in g  one tr ia n g u la r  face as w ell as th a t  of th e ir  p o ly p e p tid e  
su b u n its  is a lw ays of th e  “ o n e-to -tw o ” ty p e  w ith in  th e  GON. As co m p ared  
to  th ree  n e ig h b o u rin g  edges th e y  show' a p o s itio n  in w hich a hexon  row  o f 
th re e  m em bers ru n s  para lle l w ith  th e  edge (w hich  m eans six hexons as th e  
hexons on th e  v e rtic e s  p a r tic ip a te  in th e  fo rm a tio n  o f tw o edges) in such  a w ay  
th a t  every  p o ly p e p tid e  su b u n it co rrespond ing  to  one of the  hexon v e rtic e s  
p o in ts  in an ti-c lockw ise  d irec tion , view ing i t  fro m  above from  th e  th re e fo ld  
sy m m etry  axis.

T ak ing  fo r ax is o f the  tr ia n g u la r  p ro file  o f  th e  hexon-end th e  s tra ig h t  
line which crosses th e  m iddle o f one edge a n d  th e  opposit v e rtex , th is  ax is  
fails to  ap p ear to  ru n  para lle l in ce rta in  cases w 'ith th e  long itud inal ax is  o f  th e  
g iven hexon row , n am ely  th e  vertices  of th e  h ex o n s  c o n s titu tin g  th e  tr ia n g u la r  
face are s lig h tly  tu rn in g  to w ard s th e  cen tre  o f th e  face.

T hree fu r th e r  hexons w hich p a r tic ip a te  in th e  co n stru c tio n  o f th e  n e ig h 
bou rin g  edges also belong to  th e  GON. T h e ir p ro file  becam e b lu rred  in th e  
course of th e  ro ta tio n a l p rocedure . N everthe less, beside  th e  p e rip en to n a l h ex o n  
m ark ed  on F ig . l /а, th is  kind of hexon belong ing  to  th e  GON is v is ib le , its  
tr ia n g u la r  p ro file  and  o rien ta tio n  are  d iscern ib le . W ith in  the  GON th is  h ex o n  
is ch arac terized  also by  “ one-to-tw ro”  linkage. T h e  o rien ta tio n  of th e  p o ly 
p ep tid e  su b u n its  i.e. th e  d irec tion  o f one p o ly p e p tid e  correspond ing  to  th e
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v e r te x  is id en tica l w ith  t h a t  o f th e  G O N -hexons co n stitu tin g  th e  tr ia n g u la r  
face.

F ig u re  3 gives a sch em atic  re p re se n ta tio n  of th e  un iform  “ o n e -to -tw o ” 
o r ie n ta t io n  of th e  p o ly p e p tid e  su b u n its  o f  n in e  hexons in one G O N .

O rientation o f  the GO N-hexons toward the neighbouring hexons. E a c h  GON 
is s i tu a te d  on th e  tr ia n g u la r  face o f th e  ca p s id  in  such a w ay th a t  tw o  hexons 
o f  e ach  o f  th e  th ree  v e rtic e s  (a to ta l  o f six) a re  linked  w ith  tw o  p e rip e n to n a l 
h e x o n s  accord ing  to  th e  o r ie n ta tio n  d esc rib ed  earlier. The m u tu a l o rie n ta tio n  
o f th e  G O N  is th a t  one h ex o n  of each n e ig h b o u rin g  GON p a r tic ip a te s  in  th e  
fo rm a tio n  of th e  com m on edge. These h ex o n s are  connected  w ith  each  o th e r  as 
w ell as w ith  tw o o th e r  hexons of th e  n e ig h b o u rin g  GON s itu a te d  n e a r  th e  
c o m m o n  edge. A ccord ing ly , th ree  hexons o f  each  of th e  tw o  n e ig h b o u rin g  
G O N s a re  in  connection  o f five  c o n ta c t p o in ts . Tw o of th em  d isp la y  “ tw o-to - 
tw o ”  a n d  th ree  a “ o n e-to -o n e”  o rie n ta tio n  (F ig . 4). One of th e  l a t te r  is s itu a te d  
in  th e  m id d le  of th e  lo n g itu d in a l axis o f th e  com m on edge b u ilt  b y  tw o  GONs, 
i.e . e x a c tly  on th e  tw ofo ld  sy m m e try  ax is . F ro m  th is  p o in t in  tw o  d irec tio n s 
to w a rd s  th e  pen tons th e  o r ie n ta tio n  of th e  edge-bu ild ing  hexon  p o ly p ep tid e s  
is a b ila te ra l  re flec ting  o r ie n ta tio n , th e  h ex o n s tu r n  so-to-say  to w a rd  each  o th e r 
in  re sp e c t o f th e  tr ia n g u la r  p ro file  and  p o s itio n  o f th e  po ly p ep tid e  su b u n its . As 
e ach  G O N  p a rtic ip a te s  in  th e  fo rm atio n  o f  th re e  edges and  h as  th u s  th ree  
n e ig h b o u rin g  GONs, th e  above described  o b se rv a tio n s  app ly  to  all th e  th ree  
sides o f  th e  GON. T h is o r ie n ta tio n  m eans t h a t  if  th e  cen tre  o f a p e n to n  is 
t a k e n  fo r  an  im ag in a ry  ax is  o f ro ta tio n , th e  o r ie n ta tio n  as one G O N  a n d  th a t  
o f  th e  p o ly p ep tid e  su b u n its  o f  hexons b u ild in g  th e  su rround ing  edges d isp lay s a 
r o ta t io n  o f  60° in re la tio n  to  th e  n e ig h b o u rin g  faces and  su rro u n d in g  edges. 
T h u s  in  case of serial im a g in a ry  ro ta tio n  w ith  an  angle of 60° n o t  o n ly  the 
h e x o n s  b u t  th e  p o ly p ep tid e  su b u n its  of th e  hexons also reach  an  e q u iv a le n t 
o r ie n ta t io n a l  position  in th e  w hole capsid , ta k in g  in to  co n sid e ra tio n  n a tu ra lly  
th e  s p a tia l  d ev ia tions be tw een  th e  p lan es o f  th e  tr ia n g u la r  faces (see la te r).

F ig . 3. S ch em atic  d raw ing  show s th e  “ one-to -tw o”  o r ie n ta tio n  of hexon p o ly p ep tid es  m aking 
up  th e  g ro u p  of nine hexons (G O N ) on one face an d  on  th e  su rround ing  th ree  edges o f  th e  virion, 
as w ell as th e  o rien ta tio n  w ith in  h exons an d  b e tw ee n  th e m  and  th e  m u tu a l o r ie n ta tio n  of the  
h ex o n s  w ith in  th e  GON. P o ly p e p tid e  su b u n its  o f  th e  h exons on th e  v irion  edges a re  shaded. 
O u tlin e s  o f  th ree  po ly p ep tid e  su b u n its  a ro u n d  th e  Y -sh ap e d  slit rep resen t th e  tr ia n g u la r  profile 
o f th e  h e x o n . The o rien ta tio n  co rresponds to  th e  th re e fo ld  sy m m etry  of th e  in d iv id u a l hexons 

a n d  o f th e  GON as w ell as to  th e  hexagonal p a ck in g  of th e  hexons in  th e  v iru s  capsid
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Fig. 4. Schem atic  d raw in g  of th e  p ro file  of hexons s itu a te d  on five  edges and five tr ia n g u la r  
faces around  th e  v e r te x  of the  virion  in  f la t  p ro jec tion . O rie n ta tio n  o f th e ir  po lypep tide  su b u n its  
and  m u tu a l o r ie n ta tio n  of five GO Ns. T he arrow  p o in ts  to th e  jo in in g  line of the  “ f if th ”  edge. 
O utlines of th e  th re e  po lypeptide  su b u n its  a ro u n d  th e  Y -shaped  slits rep re sen t th e  t r ia n g u la r  
profile  of th e  h ex o n . P e rip en to n al h ex o n s are shaded . T h e  bo rder lines o f the  GONs are  d raw n . 
In  th e  cen tre  an d  on  th e  o th er end o f th e  edges p ro p o rtio n a l p a r ts  o f th e  pent on are  in d ic a te d

Spa tia l orientation o f  hexons. In tin* course of th e  e lec tron  m icroscopic 
s tu d y  of v irio n s  i t  was observed  in severa l cases th a t  th e  d istances be tw een  
th e  edges and  tr ia n g u la r  faces w ere w ider th a n  tho se  am ong  the  hex o n s on 
th e  faces anil on  th e  edges. T h is  phenom enon  is v isib le  on th e  ad en o v iru s  
p resen ted  on F ig . l /а  and on th e  m icrog raph  p rocessed  b y  ro ta tio n a l te c h 
n iq u e  (Fig. 1 b ). T h e  d istances s e p a ra tin g  th e  p en to n s  an d  p e rip en to n a l hexons 
ap p ea r s im ila rly  w ider. This p h en o m en o n  m ay  be ex p la in ed  by  th e  d e v ia tin g  
sp a tia l o r ie n ta tio n  of th e  hexons c o n s titu tin g  th e  faces an d  edges as w ell as o f 
th e  pen to n s on th e  vertices, w h ich  follow s n ecessarily  from  th e  ico sah ed ra l 
s tru c tu re  o f th e  capsid . The m u tu a l  sp a tia l o r ie n ta tio n  o f hexons s itu a te d  on 
d iffe ren t p a r ts  o f  the  capsid i.e. th e  d ev ia tio n  of th e ir  lo n g itu d in a l ax is  w as 
s tu d ied  w ith  th e  help of a v ir io n  m odel. To d e te rm in e  th e  m u tu a l sp a tia l  
o rien ta tio n  we se t ou t from  ta k in g  th e  lo n g itu d in a l axes o f th e  hex o n s on 
th e  tr ia n g u la r  faces as p e rp en d icu la r  to  th e  p lan e  o f  th e  face, p a ra lle l w ith  
each  o th e r an d  w ith  the  th reefo ld  sy m m e try  ax is. T he lo n g itud ina l ax is o f  th e  
hexons on th e  edges were considered  to  be p e rp e n d ic u la r  to  th e  p lan e  o f  th e  
edges, p ara lle l w ith  each o th e r  an d  w ith  th e  tw ofo ld  sy m m etry  ax is. In  th e  
case o f th e  p e n to n s  we assum ed  th a t  th e ir  lo n g itu d in a l axis faces in  ra d ia l  
d irec tion  th e  c e n tre  o f th e  v irio n  an d  id en tica l w ith  th e  fivefo ld  sy m m etry  ax is. 
T he m u tu a l s p a tia l  o rien ta tio n  w as ch a rac te rized  b y  th e  angle enclosed b y  th e
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F ig . 5 . A d en o v iru s m odel view ed from  th e  tw ofold  (a ), th reefo ld  (b) and  fivefo ld  (c) sy m m etry  
ax is . T h e  m odel is b u ilt of h exons w ith  hex ag o n a l base  an d  tr ia n g u la r  o u te r-e n d  profile . The 
p o ly p e p tid e  su b u n its a ro u n d  th e  Y -sh ap ed  slit a n d  th e ir  m u tu a l o rien ta tio n  are visible. T he 
m u tu a l  sp a tia l  o rien ta tio n  of h exons s itu a te d  on  d iffe re n t p a r ts  of th e  capsid  is d ifferen t. 
T h e  lo n g itu d in a l axes p e rp en d icu la r  to  th e  surface  p lan e  of th e  hexons on  th e  edges an d  t r ia n 

g u lar faces enclose angles w ith  each  o th e r  (see te x t  for fu r th e r  d e ta il)

lo n g itu d in a l  axis o f th e  h ex o n  s tu d ied  an d  th a t  o f th e  n e ig h b o u rin g  capsom er 
u sed  fo r com parison , in  o pen  position  to w a rd s  th e  v irion  su rface  (F ig . 5). 
M easu rem en ts  p erfo rm ed  on th e  m odel a n d  th e  estim atio n s m ad e  on th e  hasis 
o f  th e  ico sah ed ra l s tru c tu re  suggested  th a t  th e  lo n g itu d in a l ax is o f th e  p en to n  
a n d  p e r ip e n to n a l hexons enclosed an  ang le  o f  ~  32°. T he ang le  enclosed by  
th e  lo n g itu d in a l axes o f tw o  n e ig h b o u rin g  p e rip en to n a l hexons is ~  36°. The 
lo n g itu d in a l axes of th e  p e rip e n to n a l hexon  an d  of th e  n e ig h b o u rin g  hexon  on 
th e  ed g e  show  a p ara lle l o rie n ta tio n . T he lo n g itu d in a l axis o f th e  g iven peri- 
p e n to n a l  hexon encloses an angle of ~  21° on b o th  sides w ith  th e  lo n g itu d in a l 
axes o f  th e  hexons on th e  tr ia n g u la r  faces co nnec ted  w ith  it.
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T h e lo n g itu d in a l axes o f  six  of th e  n ine  G O N  hexons c o n s titu tin g  one 
tr ia n g u la r  face of th e  v irio n  ru n  para lle l and  are  p e rp en d icu la r  to  th e  p lan e  of 
th e  face. T he o th e r th re e  hexons o f th e  GON a re  co m p o n en ts  of th e  edges and  
th e ir  lo n g itu d in a l axes a re  a ssu m ab ly  p e rp e n d ic u la r  to  th e  p lane  o f th e  edges. 
On th e  basis o f ca lcu la tio n s and  m easu rem en ts  co rrespond ing  to  th e  angle 
of d ev ia tio n  b e tw een  th e  edges and  faces th e ir  lo n g itu d in a l ax is  encloses 
an  angle of ~ 2 1 °  on b o th  sides w ith  th a t  o f th e  hex o n s o f th e  sam e G O N  and 
w ith  th e  lo n g itu d in a l ax is  o f th e  hexons of th e  G O N  on th e  n e ig h b o u rin g  face, 
w hich are  in  conn ec tio n  w ith  it. T he d irec tio n  o f  th e  lo n g itu d in a l axes o f th e  
th ree  edge-bu ild ing  hex o n s o f th e  GON show s w ith in  th e  GON a d ev ia tio n  of 

21°, as com pared  to  th a t  o f th e  six hexons b u ild in g  th e  tr ia n g u la r  faces. 
T he sam e applies to  th e  lo n g itu d in a l axes of hex o n s o f th re e  n e ig h b o u rin g  
GONs w hich  b u ild  th e  com m on edges; th e y  enclose an  angle o f ~  21° w ith  
th e  lo n g itu d in a l axes o f  th e  hexons s itu a te d  in  th e  ce n tra l GON. T h ree  hexons 
of tw o n e ighbouring  G O N s each  m eet in  five  c o n ta c t po in ts  o f w hich  tw o 
are  on b o th  sides of th e  hexon  row' of th e  edge. In  th e  d irec tio n  of th e ir  
lo n g itu d in a l axis th e re  is a d ev ia tio n  of ~  21° on b o th  sides of th e  hexons on 
th e  edge w hich co rresponds to  th e  d ev ia tion  o f  ~  42° betw een  th e  p lanes of 
th e  tw o tr ia n g u la r  faces. P a ra lle l o rien ta tio n  is d isp lay ed  only  b y  th e  long i
tu d in a l axis of th e  tw o  neighb o u rin g  G O N -hexons m eeting  on th e  f if th  c o n ta c t 
p o in t in  th e  m idd le  o f th e  lo n g itu d in a l axis of th e  com m on edge. T h e  concep t 
th a t  on ro ta tio n  w ith  an  angle o f 60° th e  p o ly p e p tid e  su b u n its  o f every  t r i 
an g u la r face an d  edge w ould  get in  iden tica l o r ie n ta tio n a l position  in  th e  space 
i.e. in  th e  v irion , is t ru e  on ly  if  th e  dev ia tio n  o f an  angle of ~  42° b e tw een  th e  
p lanes o f th e  tr ia n g u la r  faces is also tak en  in to  consid era tio n  besides th e  
ro ta tio n  o f 60°.

D iscussion

T h e  m u tu a l ro ta tio n a l an d  sp a tia l o r ie n ta tio n  o f th e  p o ly p ep tid e  su b 
u n its  o f th e  p e rip e n to n a l hexons was d e te rm in ed  in  re la tio n  to  each  o th e r , to  
th e  p e n to n  an d  to  th e  hexons of th e  n e ig h b o u rin g  GONs in  th e  v iru s  capsid . 
D irec t e lec tron  m icroscopic ev idence was p re se n te d  concern ing  th e  ro ta tio n a l 
o r ie n ta tio n  of G O N -bu ild ing  hexons in  th e  v iru s  capsid  w hich  is in  good 
acco rd an ce  w ith  th e  re su lts  o f N e rm u t [2], N e rm u t and  P erk in s  [7] an d  B u rn e tt  
e t al. [6] o b ta in ed  w ith  se p a ra te d  hexons an d  G O N s. D e te rm in a tio n  o f th e  
sp a tia l o rie n ta tio n  o f th e  G O N -build ing  hexons w ith in  th e  GON an d  th a t  of 
th e  hexons o f  n e ig h b o u rin g  GONs being in  co n n ec tio n  Avith each  o th e r  p ro v id ed  
m eans fo r th e  d ev e lo p m en t o f a te n ta tiv e  v iru s  m odel w hich allow ed to  define  
th eo re tica lly  th e  m u tu a l ro ta tio n a l and  sp a tia l o r ie n ta tio n  o f all th e  p o ly 
p ep tid e  su b u n its  m ak in g  u p  th e  whole capsid  (F ig . 5) O ur m odel expresses 
an  in te rre la tio n  o f th e  th ree fo ld  sy m m etry  o f th e  p o ly p ep tid e  su b u n its  con-
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s t i tu t in g  th e  com plete hexoii an d  th e  hexagonal p ack in g  of th e  hex o n s in th e  
ic o sa h e d ra l capsid. T he ro ta t io n a l  and  sp a tia l o r ie n ta tio n  sugg ested  on th e  
m o d e l fo r  th e  hexon p o ly p e p tid e  su b u n its  co rresponds in  th e  w hole capsid  
to  th e  sy m m e try  co n d itio n s d e te rm in ed  by  th e  tw o-, th ree- and  fivefo ld  sy m 
m e try  ax es  ch a rac teriz in g  th e  icosahed ron , con firm ing  th a t  th e  suggested  
o r ie n ta t io n  reflects c o rre c tly  th e  position  o f th e  hexon  p o ly p ep tid e s  in  th e  
c a p s id . T h e  sy m m etry  c o n d itio n s  c h a ra c te ris tic  o f  th e  icosahed ron  a re  tru e  
also  in  th e  sense of ou r p ro p o sa l n o t only fo r th e  hexons b u t  also fo r  th e  hexon 
p o ly p e p tid e  subun its.

I n  th e  tw o-d im ensiona l h ex o n  c ry sta llin e  a r ra y  th e  “ o n e-to -tw o ”  o rie n ta 
tio n  a p p e a rin g  to  be a g en e ra l ru le  fo r th e  p o ly p ep tid e  su b u n its  m a y  be d e 
te c te d  in  th e  capsid u n ifo rm ly  on ly  w ith in  th e  G O N , a lth o u g h  th e  sp a tia l 
o r ie n ta t io n  of th e  ed g e-fo rm in g  G O N -hexons is necessarily  d iffe ren t. The 
m u tu a l  o rien ta tio n  of th e  p o ly p e p tid e  su b u n its  o f  th e  hexons of th e  n e ig h 
b o u r in g  G O N s being in co n n ec tio n  w ith  each o th e r  an d  th a t  of th e  p o ly p e p tid e  
s u b u n i ts  o f  th e  p e rip en to n a l hex o n s d isp lay  besides th e  “ o n e -to -tw o ”  p a t te rn  
a lso  “ o n e-to -o n e”  and  “ tw o -to - tw o ”  p a tte rn s  w ith  a lte rn a tin g  re g u la r ity . 
T h e  d iffe ren ces in th e  s p a tia l  o r ie n ta tio n  as well as th e  fac t th e  m u tu a l o rien 
ta t io n  o f  th e  p o ly p ep tid e  su b u n its  p e rta in s  to  th e  o u te r  p a r t  o f th e  hexons 
m u s t ,  how ever, be ta k e n  in to  co n sid era tio n . T he hex ag o n al low er a n d  m iddle 
p a r ts  o f  th e  hexons [6, 7] en su re  a closed h ex ag o n a l p ack ing  fo r th e  capsom ers 
in th e  in n e r  layer of th e  v iru s  capsid .

Acknowledgement. W e w ou ld  like to  th a n k  Mr. I. B alázs for the  p h o to g rap h y .
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POSSIBLE CAUSES OF THE LOSS OF SPECIFIC 
PBR322-Ad h 1 DNA RECOMBINANTS 

FOLLOWING TRANSFECTION

L. P a l k o n y a y , G y . B e r e n c s i , P .  G e c k  and I. N ász

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

(R eceived April 12, 1983)

C h arac te ris tic s  o f pB R 322/A d h  1 DNA re co m b in a n ts  w ere stud ied  w hich h ad  been 
cloned using H i n d l l l  re s tr ic tio n  endonuclease  in a single “ sh o t-g u n ”  ex p erim en t. B o th  Oxy
te tracy c lin e  and  am pic illin  resistance  of th e  clones were fo u n d  to  be heterogeneous. Ad h  1 D N A  
frag m en ts  H m d I I I -A , and  -G could be cloned only in co m b in a tio n  w ith o th e r  frag m en ts . 
A m ong the  possible reasons of th e  loss o f  reco m b in an ts u p o n  tran s fec tio n  the  im p a irm e n t of 
pB R 322-specific  gene fu n c tio n s b y  th e  in serts is discussed in  a d d itio n  to  th e  increased  t e t r a 
cycline resistance, a n d  the  te r t ia ry  s tru c tu re  of reco m b in an t DN A.

Cloned lib ra rie s  of ad en o v iru s  DNA fra g m e n ts  h av e  been p rep a red  from  
th e  genom es o f  A d h 2, A d h 3, A d h 5, Ad h 7, an d  Ad h 12 [1 -6 ]. In te rn a l 
H ind  I l l - f r a g m e n ts  of Ad h 1, an d  6 DNA h av e  been  cloned recen tly  in  th e  
pB R 3 2 2 -E sch erich ia  coli sy stem  [7, 8]. T he e v a lu a tio n  o f “ sho t g u n ” ex p e ri
m en ts  revea led  th a t  th e  cloning frequency  o f in te rn a l frag m en ts  co rre la ted  
w ith  th e  M T v a lu es  [7, 8]. T h e  cloning frequency  o f  a single frag m en t, f / m d l l l -  
C, dev ia ted  fro m  th e  a p p ro x im a te ly  G aussian  d is tr ib u tio n  in cases o f b o th  
Ad h  1, and  6 D N A , an d  b o th  of th e  f ím d I I I -C  fra g m e n ts  have been show n to  
be lo ca ted  w ith in  th e  r ig h t reg ion  of sequence h e te ro g en e ity  of th e  genom es 
[8 -10]. In  sp ite  o f th e  absence o f sequence hom ology  betw een  th ese  “ ty p e  
specific” re s tr ic tio n  endonuclease  frag m en ts , b o th  o f th em  beh av e  s im ila rly  
in  th e  p B R 3 2 2 -L . coli sy stem .

In  th is  w o rk  th e  successful cloning of th e  “ ty p e  specific”  I / in d I I I -C  
frag m en t o f A d h  1 D N A  is rep o rted . T he re c o m b in a n t, w hich co n ta in s  th e  
jF/m dIII-(C  -f- H ) in se rt w as found  to  h av e  th e  sam e re g u la rity  o f te r t ia ry  
s tru c tu re  as m o st o f th e  reco m b in an ts . T he te tra c y c lin  resistance  o f th e  
i / in d I I I - (C  -f- H ) clones w as fo u n d  to  be increased  as com pared  to  th e  m a jo r
i ty  o f clones. No d irec t ev idence could be o b ta in e d , how ever, w hich  m ig h t 
exp la in  its  re la tiv e ly  low  cloning  efficiency. In d ire c t evidences in d ica te  th a t  
reduced  re s is ta n c e  to  am pic illin , increased  re s is ta n c e  to  te tra c y c lin e , and  
possible changes in  th e  te r t ia ry  s tru c tu re  o f th e  re c o m b in a n ts  m ay  be invo lved  
in  th e  p h en o m en o n  [12].

LXs7.ló P a l k o n y a y ,  G y ö r g y  B e r e n c s i ,  P é t e r  G e c k ,  I s t v A n  N A s z  

Institute of Microbiology, Semmelweis University Medical School 
Nagyvárad tér 4, H-1089 Budapest, Hungary
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Materials and methods

Cloning and clone selection. In  all th e  p resen ted  ex p erim en ts  the  sam e tra n s fe c te d  E. coli 
H B 1 0 1  p o p u la tio n  was used : i t  w as o b ta in ed  from  a “ sh o t-g u n ”  ex p erim en t. T h e  p u rific a tio n  
o f D N A  [7, 13-15], d igestion  w ith  re s tr ic tio n  endonucleases, [7, 13, 16, 17], lig a tio n  o f pB R 322 
D N A  w ith  p a rtia lly  d igested  H m d ll l - f r a g m e n ts  o f Ad h  1 D N A , and  th e  tra n s fe c tio n  have 
b een  p e rfo rm ed  according to  s ta n d a rd  pro toco ls [18, 19, 20]. The tran s fec te d  b a c te r ia  were 
re g e n e ra te d  a t  37 °C o v e rn ig h t a n d  sam ples w ere s to red  a t  —50 °C su p p le m e n ted  w ith  0.5 
p a r t  g lycero l.

A p p ro p ria te  d ilu tions o f  th e  stock  suspension  w ere p laced  on Y TB  (y e as t t ry p to n e  b ro th ) 
p la te s  c o n ta in in g  100 /ig /cm 3 am pic illin . In  o rder to  red u ce  th e  passage level single colonies were 
p ick ed  u p  from  th is f irs t  am p ic illin  p la te , an d  tran s fe rre d  in  th e  form  of ra d ia l lines beginning 
a t  a  c e n tra l  hole in the  ag ar (F ig . 1). One m g of d issolved O xytetracycline  w as p laced  in to  th e  
c e n tra l  c a v ity , th u s th e  clones cou ld  be te s te d  for te trac y c lin e  resistance  in  th e  second  passage, 
a n d  th e  p e rip h e ra l p a r t  o f th e  lin e a r colony was used  for reco m b in an t analysis. T h e  d istan ce  of 
th e  co lo n y  from  the  cen tra l hole w as used  as a rb itra ry  u n it  of th e  re la tiv e  a n tib io tic  sensitiv ity  
u s in g  m m  u n its  on a log arith m ic  scale. R e la tiv e  sen sitiv ity  to  am picillin  w as m easu red  b y  th e  
sam e tec h n iq u e : in th is case 10 m g of dissolved am pic illin  w as p ip e tted  in to  th e  cen tra l hole.

Recombinants. Id e n tif ic a tio n  of th e  re co m b in an ts  w as perform ed by  red ig estio n  w ith  
l l i n d l l l  a lone, or w ith  co m b in a tio n s o f re s tr ic tio n  endonucleases. In  som e case th e  presence 
o f a d e n o v iru s  specific n u c leo tide  sequences w as v e rified  by  b lo t-h y b rid iza tio n  w ith  n ic k -tra n s
la te d  A d  h 1 DNA [7].

E c k h a rd t’s tech n iq u e  [21] w as used  to  screen for th e  superhelical s tru c tu re  o f th e  recom 
b in a n ts  d irec tly  from  th e  colonies. In  o rder to  s ta n d ard ize  th e  co n tac t of b a c te r ia  w ith  lysozym e 
a n d  R N a se , bo th  enzym es w ere s im u ltan eo u sly  m ixed w ith  th e  bac teria l m ass in  E p p en d o rf  
v ia ls . T h e  e lectrophore tic  m o b ility  o f th e  covalen tly  closed reco m b in an ts  w as m ore rep roducib le  
if  no  a g a r  cover-layer had been  a p p lied  a f te r  p lacing  th e  sam ples in to  th e  reservo irs.

R ed igestion  of th e  re co m b in a n ts  w ith  re s tr ic tio n  endonucleases w as done b y  th e  m odifi
c a tio n  o f th e  procedure o f H olm es a n d  Q uigley [22] using  th e  m ateria l o f colonies. T h e  bac teria  
w ere su sp en d ed  in 20 g i  o f 10 т м  T ris-H C l p H  9.2 co n ta in in g  500 /ig/ с т 3 ly sozym e, 5 m g/cm 3 
T r ito n  X 1 0 0 , and 15 т м  E D T A . T h e  m ix tu re  w as in cu b a ted  a t  100 °C for 60 s, fo llow ed by  15 
m in  in c u b a tio n  a t  0 °C. A fte r a second  in cu b a tio n  a t  100 °C for 60 s in th e  p resence  of MgCl2 
(3 [X1, 200 т м )  th e  m ix tu re  w as cooled q u ick ly  to  0 °C, and cen trifuged  in th e  Ja n e tz k i  K24 
c e n tr ifu g e  a t  5000 rpm . T he su p e rn a ta n t  was su itab le  for d igestion  w ith  re s tr ic tio n  end o n u 
cleases a f te r  th e  add ition  of 3 //1 o f  350 т м  T ris so lu tion  w ith o u t coun terions (P . G eek, u n p u b 
lish ed  resu lts ).

T h e  re stric tio n  endonuclease  frag m en ts  w ere se p a ra ted  in  h o rizo n tal ag a ro se  slab gels 
(10 m g /c m 3; SeaK em  H G T P ) u sin g  th e  b u ffer system  described by  H elling e t  al. [23]. f l m d l l l -  
f ra g m e n ts , and  u n it len g th  D N A  o f  Ad h  1 w ere included  in all experim en ts  as M r s tan d ard s . 
T h e  e lec tro p h o re tic  m ob ility  o f su p erhelica l reco m b in an ts  could be s ta n d ard ized  as eq u iv a len ts  
o f  th e  m ig ra tio n  d istances o f lin e a r co n tro l m olecules [24].

Enzymes and biochemicals. Ilin  d i l l  re s tr ic tio n  endonuclease  was pu rified  accord ing  to 
th e  s ta n d a rd  protocol o b ta in e d  fro m  th e  Cold Spring  H a rb o r L ab o ra to ries  [16, 17]. EcoR I 
w as a k in d  g ift from  L. Já n o ssy . T h e  po lynucleo tide  ligase o f T 4 was o b ta in ed  fro m  C. M ulder. 
L y so z y m e , pan crea tic  R N ase , a n d  m ost of th e  o th e r chem ical su bstances w ere p u rch ased  from  
R e a n a l (B u d ap est). H G T P  a n d  M E  agarose p re p a ra tio n s  (SeaK em , M arine Colloids Inc, 
R o ck w ell, M aine) were used  fo r p re p a ra tio n  of th e  gels. S a fe ty  film  D K 5, 35 m m  (O R W O , 
W o lfen , G D R ) was used fo r th e  p h o to g ra p h y  of f lu o rescen t b an d s s ta ined  w ith  e th id iu m  b ro 
m id e  (S e rv a , H eidelberg, F R G ).

Results

C loning o f  type specific  D N A  fragm ent. In  c o n tra s t to  th e  clone selec
tio n  te c h n iq u e  [7, 18] b a sed  on te tra c y c lin e  sen s itiv ity , ra n d o m  selection  
w as u sed  as described in  M ateria ls  and  m eth o d s, and  show n in F ig . 1. T hus 
th e  re la t iv e  te tracy c lin e  s e n s itiv ity  and  th e  screening  for re c o m b in a n ts  could 
be  d o n e  s im u ltaneously  fro m  th e  sam e lin ea r  colonies. The in se rts  o f  reco m b i
n a n ts  o b ta in e d  by  co n v en tio n a l selection  an d  ran d o m  selection  are  show n in
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Fig. 1. S e m iq u a n tita tiv e  screen ing  for a n tib io tic  se n s it iv ity  o f the  clones. Holes w e re ]p re p a re d  
in P e tr i  dishes co n ta in in g  30 cm 3 of Y T B -agar m ed iu m . H ole “ A”  contained  lOO'^l O x y te tra 
cycline o f 10 m g/cm 3; hole “ B ”  conta ined  100 /il am p ic illin  o f 100 m g/cm 3. P h o to g ra p h  48 h

a fte r in o cu la tio n

__i ^ i  В 4 1,J| E A |G и C |H I

Fig. 2. D is tr ib u tio n  of c loned  Ad h 1 fragm en ts as th e  fu n c tio n  of M r. O rd in a te : n u m b e r  of 
clones (N ); A bscissa: M r o f  in se rts  (i; X 10-6) in d ic a te d  b y  th e  d o tted  lines d ra w n  to  th e  
co lum ns. Solid squares in d ica te  Ad h 1 inserts, w hich  a re  neighbouring  frag m en ts  w ith in  th e  
physical m ap  of th e  genom e (in se rt: m odified from  ref. 24). T E T -m ark er was used  d u r in g  selec

tion  of clones

T ab le  I. T he clon ing  freq u en cy  of i / m d l l l - D  w as sign ifican tly  h ig h e r  in  th e  
case o f co n v en tio n a l rep lica -p la ting . N ine o f  th e  37 clones carried  m o re  th a n  
one i /m d I I I - f r a g m e n t .  As show n by  ita lics , 7 o f  these  could n o t be th e  re su lt  
of th e  clon ing  o f p a r t ia l ly  d igested , n e ig h b o u rin g  D N A  fragm en ts p re s e n t  in  
th e  orig inal reac tio n  m ix tu re  used for tra n s fe c tio n . Only 4 of th e  37 clones 
h a rb o u re d  n e ig h b o u rin g  /fm d II I - f ra g m e n ts  o f  A d h 1 DNA. T h e  c lon ing  
freq u en cy  is also show n in Fig. 2. The n u m b e r o f  clones carry ing  f in a l i i m d l l l -  
frag m en ts  is show n b y  open colum ns as a fu n c tio n  of th e  M r. D e sp ite  th e
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h ig h  n u m b e r  of í /m d I I I - B ,  f /m d I I I -D , an d  H m d I I I -E  reco m b in an ts , no 
f l m d l l l - C  re c o m b in a n t w as id en tified . T h e  p h y s ic a l m ap [24] in c lu d ed  in to  
F ig . 2 show s th a t  th e  p o sitio n  of H m d ll l - B  w as id e n tic a l w ith  th a t  of H i n d l l l -  
C. B o th  th e  n e ig h b o u rin g  frag m en ts  i f m d I I I - H  a n d  -G occurred in  re c o m b i
n a n ts .  N ev erth e less , on ly  tw o  of th e  p o te n tia l  H m d l l l - H  fram g en ts  w ere 
id e n tif ie d  ex ac tly  b y  doub le  d igestion  w ith  JScoRI, and  H in  d i l l .  S ince f ra g 
m e n ts  o f  id en tica l lo ca tio n  w ith in  the  p h ysica l m a p  seem ed to  occur in  id en tica l 
n u m b e r  in th e  in itia l lig a tio n -m ix tu re , th e  ab sen ce  of H in d III-C  re c o m b in a n ts  
w as n o t  th e  re su lt o f th e  absence  of f f m d l l l - C  fra g m e n t in th e  o rig in a l D N A  
d ig e s t.

I f  th e  se n s itiv ity  to  te tracy c lin e  h ad  n o t  b een  used as selective m a rk e r, 
th e  F fm d l l l -C  fra g m e n t w as a lready  reco g n ized  in one of th e  8 iso la ted

Table I

D istribution o f  A d  h 1 D  N  A  fragments cloned into the H in d i  I  I-site o f  p B R 3 2 2

М т X 10-«
o f A d h  1 in serts

M ode o f  s e le c tio n

W ith o u t
T E T

m ark e r

N o. o f 
clones

U sing
T E T

m ark e r

N o. o f  
clones

11.06 A  +  B +  D 1

6.81 A +  G 1 A  +  G î

5.61 В  +  E 1

4.73 В +  I î

4,29 D E l D  +  E î

4.22 B  +  J î

4.13 1 )  +  I +  J i

3.73 C +  H l

3.50 В l B 3

3.41 D +  I î

3.34 E +  I î

2.18 U 3 U 10

2.11 E 4

G 1

1.43* H 2

G or H l G or II 5

1.23 I 2

0.72 J 1

Sum  of clones 8 37

* H m cJIII-G , and  -H  frag m en ts  of identical M r h a v e  n o t been d ifferen tia ted  in  6 cases 
I ta lic s :  f rag m en ts  w hich have  recom bined during lig a tio n
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clones. A il in te rn a i D N A  fra g m e n ts  occurred  in  th e  8 reco m b in an ts  id en tif ied  
ex cep t J fm d I I I - I ,  an d  - J  (T ab le  I) . T hree of th e  8 reco m b in an ts  w ere com posed  
of m ore th a n  one D N A  fra g m e n t o f Ad h 1. R esu lts  o f th e  above ex p e rim en ts  
re fe r to  som e k ind  o f c o rre la tio n  betw een  te tra c y c lin e  resis tan ce  an d  th e  c lon
ing freq u en cy  of a d e n o v iru s  frag m en ts .

Tetracycline and a m p ic illin  sensitiv ity  o f  the clones. S tü b e r an d  B u ja rd  
[25] h av e  show n th a t  specific  in se rts  m igh t in flu en ce  th e  expression  o f  th e  
te tracy c lin e  gene. T h erefo re , in d ep en d en tly  o f th e  m ode o f selection , th e  second 
passages o f th e  above c h a ra c te riz e d  series o f clones w ere in o cu la ted  o n to  Y TB  
p la tes  su pp lem en ted  w ith  5, o r 10 pg. cm 3 o f te tra c y c lin e . All th e  clones w ere 
able to  fo rm  colonies w ith in  24 h . F ive of th e  8 clones w hich had  been  selected  
w ith o u t te tracy c lin e  w ere ab le  to  grow even in  th e  presence o f  20 /rg /cm 3 
O xytetracycline. N ev erth e less , 10 of the  36 clones w hich  h ad  been  se lec ted  
using  th e  te tracy c lin e  m a rk e r  w ere also ab le to  grow  in th e  p resence  o f  20 
/rg/cm 3 O xytetracycline. T h ese  re su lts  show ed th a t  ra n d o m  selection  h ad  in 
fluenced  only  sligh tly  th e  n u m b e r  of clones o f e lev a ted  te tra c y c lin e  gene ex 
pression.

T he se m iq u a n tita tiv e  m e th o d  described in M ateria ls  and  m e th o d s  was 
used to  com pare  b o th  th e  am pic illin  and O x y te tracyc line  se n s itiv ity  o f th e  
in d iv id u a l clones. T he re su lts  a re  sum m arized  in F ig . 3. T he d is tan ce  o f  th e  
end p o in ts  o f linear colonies from  th e  cen tra l a n tib io tic  hole is given in  log  m m  
u n its . F illed  circles in d ic a te  th e  degree o f O x y te tracyc line  se n s itiv ity . The 
resu lts  a re  p resen ted  as th e  fu n c tio n  of the  increasing  M r values of th e  reco m b i
n a n ts  (abscissa). Colonies c a rry in g  re ligated  and  tra n s fe c te d  pB R 322 p lasm id s 
w ere inc luded  in to  each  e x p e rim e n ts  as contro l. T h e  u p p e r  m arg in  o f  th e  p a ra l
lelogram  show s th a t  all co n tro l colonies grew to  7 to  8 m m  as m easu red  from  
th e  ce n tra l wells. All colonies ex cep t th ree  w ith  re c o m b in a n ts  i /m d I I I - ( C  -(- 
-f- H ), -(G -)- H ), and  H in d  1 II-(D  -)- E) grew to  15 to  30 nun . S ince the  
co n cen tra tio n  of in o cu la ted  b a c te r ia l suspensions w as d iffe ren t and  th e  copy- 
n u m b er o f  th e  re c o m b in a n ts  has n o t been d e te rm in e d , i t  m ay  be conc luded  
th a t  th e  expression o f  te tra c y c lin e  gene was red u ced  in m ost o f th e  reco m b i
n a n ts , h u t th e  d ifferences o bserved  in the  case o f in d iv id u a l clones a re  n o t 
conclusive.

In  sp ite  of th e  v e ry  h igh  am picillin  c o n c e n tra tio n  used in th e  te s ts  (see 
M ateria ls an d  m ethods) all c o n tro l colonies grew  to  th e  cen tra l hole, th u s  th e  
po in ts  w ere w ith in  th e  b ase  line o f  th e  para lle lo g ram . C om parab le  re s is tan ce  
to  am picillin  was observed  o n ly  in  th e  case o f 11 clones ca rry in g  re c o m b in a n ts . 
T hese are  show n by  v e rtic a l lines d raw n to th e  absc issa  in  Fig. 3. V alues in 
d ica tin g  increased  am pic illin  se n s itiv ity  are show n b y  open  circles co n n ec ted  
w ith  th e  co rrespond ing  p o in ts  o f te tracy c lin e  se n s itiv ity . T he re d u c tio n  o f  the  
expression  o f b e ta - la c tam a se  gene in th e  re c o m b in a n ts  was su rp ris in g . T he 
red u c tio n  seem ed to  lie r a th e r  un iform , since in th e  m a jo rity  o f cases th e
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mm

F i g .  3 . Relative ampicillin (open circles), and tetracycline (solid circles) sensitivity of clones. 
Ordinate: Distance in mm of the end point of colonies from the central antibiotic-hole. Abscissa: 
Groups of clones as the function of increasing Mr of the recombinants. Capi al letters: Ad h 1 
inserts. Upper and lower sides of paralellogram (pBR) show the values obtained with 16 control 

clones carrying recircularized and transfected pBR322 plasmid

d e g re e  o f  te tracy c lin e  a n d  am picillin  res is tan ce  changed  to g e th e r  (leng ths of 
v e r t ic a l  liues betw een  o p en  a n d  filled circles in  F ig . 3). T his m ay  re flec t dif
fe re n c es  in  the  c o p y -n u m b e r o f reco m b in an ts . As fa r as th e  reco m b in an t 
f ím d I I I - ( G  -f- H) is c o n ce rn ed , th e  re la tiv e  re s is tan ce  to  te tra c y c lin e  o f th is 
c lo n e  coincided w ith  an  in c reased  resis tan ce  to  am pic illin , w h ich  m ay  he 
e x p la in e d  by  th e  in c re a se d  copy-num ber o f  th is  p lasm id . T h e  tw o  o ther 
c lo n es  o f  high te tra c y c lin e  re s is tan ce  could n o t  be  exam ined  in  th is  w ay , since 
th e i r  resistance  to  am p ic illin  was found  to  he un ch an g ed . N everth e less , all 
th e  th r e e  clones of in c re a se d  te tracy c lin e  re s is ta n c e  h av e  been  iso la te d  w ith o u t 
th e  ap p lica tio n  of O x y te tracy c lin e  for se lection .

Superhelical structure o f  the recombinants. A ccord ing  to  p rev io u s d a ta , 
g en e  expression  m ay  be  in flu en ced  by  th e  su p erh e lica l s tru c tu re  o f D N A , and 
b y  th e  p o la rity  of th e  in s e r ts  [12, 26]. T h e  e lec tro p h o re tic  m o b ility  of the  
su p e rh e lic a l DNA w as e x a m in e d  as the  fu n c tio n  o f th e  M r o f th e  reco m b in an ts . 
T h e  re su lts  are p lo tte d  in  F ig . 4, w here co n tin u o u s  curves re p re se n t th e  resu lts 
o b ta in e d  in sep ara te  e x p e rim e n ts . The d is ta n c e  o f m ig ra tio n  (d) is show n on 
th e  abscissa , and  M r v a lu e s  have been p lo tte d  accord ing  to  a lo garithm ic  
sca le  on th e  o rd in a te . A b so lu te  M r values o n ly  m ay  be re a d  from  th e  low est 
c o n tin u o u s  curve o f su p e rh e lic a l reco m b in an ts , an d  from  th e  d o tte d  curve of
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F ig . 4 . Superhelical structure of recombinants. Ordinate: /Vfr of recombinants (continuous 
lines), and linear control fragments (dotted line). Abscissa: Migration distances standardized 
according to the linear controls, and superhelical pBR322 (vertical dotted line). Capital letters: 
Ad h 1 inserts of recombinants. Curves of superhelical DNA (Foi) shifted upward from experi
ment to experiment, therefore M r values mayebe compared with those of linear controls when 
projected to the lowest curve. Open circles: recombinants following regularities of the curves.

Solid circles: recombinants deviating from the curves

lin ea r co n tro l D N A , since th e  o th e r curves h a v e  sh ifted  upw ards. M ig ra tio n  
d istan ces  m easured  in d iffe ren t ex p erim en ts  w ere  s tan d ard ized  a cco rd in g  to  
th e  p B R 322  con tro ls  (v e rtica l d o tte d  line) and  th e  M r values of con tro l H i n d l l l  
frag m en ts  o f Ad h 1 D N A . T h e  u n ifo rm ity  o f th e  cu rv es  showed th a t  th e  e le c tro 
p h o re tic  m o b ility  of reco m b in an ts  followed th e  ex p ec ted  reg u la rity . S om e of 
th e  reco m b in an ts  w ere d ev ia tin g  from  th is  re g u la r ity  (shown by  filled  circles 
in  F ig . 4). T he irreg u la ritie s  o f i / m d l l l - D  re c o m b in a n ts  (filled circles in  th e  
ce n tra l region of th e  figure) could be verified  ex p e rim en ta lly  by  c o m p a ra tiv e  
ex p erim en ts , b u t  th ese  w ere n o t follow ed fu r th e r  ex p erim en ta lly . I r re g u la r it ie s  
a t  th e  le f t te rm in i o f th e  cu rves ((B -|- I), (B -|- J ) ,  an d  (D -f- I) re c o m b in a n ts )  
w ere show n to  have  s tru c tu ra l  basis in  all cases b u t  one, (i.e. tan d em  re c o m b i
n a tio n  o f com plete  pB R 322  sequences w ith  A d h  1 D N A  fragm ents). A d h 1 
iZ m d III-L , an d  -M frag m en ts  of 0.1, and  0.05 X  10H M r could no t be d e te c te d  
by  th e  p ro ced u res  used fo r p lasm id  analysis and  i t  is there fo re  assum ed t h a t  th e  
four p lasm ids (un labelled  a t  th e  r ig h t u p p e r p a r t  o f  F ig . 4) contain  such  m in o r 
in se rts . T h e  m ain  re su lt o f th ese  series of e x p e rim e n ts  is th a t  fíí 'n d III-(C  -f- H ) 
re co m b in an t follows th e  com m on reg u la rity  o f th e  te r t ia ry  s tru c tu re  o f  su p e r 
helical m olecules.
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D iscussion

H in d l l l - C  (H in d lI I -C ’ in  th e  case o f  A d h  6) is the ty p e  specific  D N A  
f ra g m e n t  o f  th e  genom es o f  b o th  Ad h 1, an d  6 w h ich  shows th e  m ost exp ressed  
se q u e n c e  h e te ro g en e ity , an d  i t  is th e  m o st A T -rich  region of b o th  m olecules 
[7 -1 0 ] . T h e  fac t th a t  th e se  un ique  D N A  fra g m e n ts  displayed id e n tic a l b e 
h a v io u r  if  cloned in to  th e  pB R 322-i?. coli sy s te m  seemed to  be o f  in te re s t 
fo r  f u r th e r  stud ies.

S tü b e r  and  B u ja rd  [25] observed th a t  th e  expression of th e  te tra c y c lin e  
gene  w as  on ly  p a r tia lly  d am ag ed  b y  c e r ta in  in se rts  at th e  i / i n d l l l  s ite  o f 
p B R 3 2 2 . In  o th e r cases co lin ea r in te g ra tio n  o f  th e  inserts was show n to  allow  
th e  a p p e a re n c e  of te tra c y c lin e  re sis tan t p h e n o ty p e s  [26]. In  o rd er to  p rev en t 
th e  loss o f  clones of u n im p a ire d  te tracy c lin e  re s is tan ce , random  clone se lection  
h as  b een  perfo rm ed . As p re d ic te d  by  p rev io u s  experim en ts [8] an d  persona l 
c o m m u n ic a tio n  of G araev  e t  al. í fm d lI I - C  re co m b in an t has been  iso la te d  in 
case  o f  b o th  A d h 1, an d  6. T h e  successful iso la tio n  of H m d lll-C  c a rr ie r  clones 
w o u ld  su g g est th a t  u n im p a ire d  te t-g en e  fu n c tio n  h ad  been th e  a c tu a l  cause 
o f  th e  low  cloning e ffic iency  of th is  f ra g m e n t. C om parative e x p e rim e n ts , 
h o w e v e r , c as t d o u b t on th is  assum ption .

T h e  f irs t p roblem  o rig in a tes  from  th e  fa c t  th a t  true  I l in d l l l - C  fra g m e n t 
as s in g le  in se r t lias n o t b een  iso lated . B o th  i f m d I I I - A , and -C o ccu r on ly  in 
r e c o m b in a n ts  to g e th e r  w ith  ne ighbouring  o r  o th e r  Ad h 1 fra g m e n ts . T his 
m a y  in d ic a te  th a t  th e  v ira l  sequences th e m se lv e s  do no t in te rfe re  w ith  th e  
c lo n in g , o r th e  clone c a rry in g  f l in d I I I - (C  -|- H ) is genetically  a lte re d . G enetic  
d e fe c ts  in  i f m d I I I - A  w h ich  have  been id e n tif ie d  in  3 d ifferen t clones in  com 
b in a t io n  w ith  o th e r f ra g m e n ts  seems im p ro b a b le . I f  so, one of th e  ju n c tio n  
p o in ts  b e tw een  pB R 322 a n d  th e  frag m en ts  i f m d I I I - A  or -C m ig h t be  re sp o n 
sib le  fo r  th e  absence o f sing le-in sert re c o m b in a n ts . Such a p h en o m en o n  m ig h t 
o c c u r  i f  a p a lind rom ic  sequence  is fo rm ed  [27] o r i f  the  specific s ite  o f topo- 
iso m erase -lik e  a c tiv ity  h a d  been  p ro d u ced  a t  th e  ju n c tio n  p o in t, w h ich  w ould 
r e s u l t  in  th e  fo rm a tio n  o f  a b e rra n t te r t ia ry  s t ru c tu re  of th e  re c o m b in a n ts  upon  
tra n s fe c tio n . T he possib le  ro le of to p o iso m erases  in  the  red u c tio n  o f  cloning 
f re q u e n c y  is su p p o rted  b y  th e  resu lts  in d ic a tin g  th a t  all re c o m b in a n ts  b u t  one 
possess  a te r t ia ry  s tru c tu re  follow ing th e  sa m e  reg u la rity . M inor d ev ia tio n s  
f ro m  th is  reg u la rity , as o b serv ed  in  th e  case o f  f fm d II I -D  re c o m b in a n ts , are  
c u r r e n t ly  exam ined .

T h e  possib ilities d iscussed  above i.e. a c tiv e  prom oters w ith in  th e  in se rt 
[25], p o la r i ty  of th e  in se r t  [26], an d  fo rm a tio n  o f palindrom ic s t ru c tu re  [27] 
o r  to p o iso m erase  s ite  a t  one of th e  ju n c t io n  sites would only  in flu e n c e  th e  
c lo n in g  freq u en cy  or th e  expression  o f th e  te t-g e n e  if  th e  re c o m b in a tio n  h ad  
o c c u rre d  in  one specific  d irec tion . Tw o a d e n o v iru s  p rom oters o f  opposite  
p o la r i ty  could  enhance  te t-g en e  a c tiv i ty  in d e p e n d e n tly  of th e  p o la r ity  of
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in te g ra tio n , b u t on ly  one p ro m o te r  has been id en tified  w ith in  th e  co rresp o n d 
ing  region of Ad h 2 [28]. O ne could  argue th a t  A d h  1 an d  6 genom es ca rry  
tw o  p rom oters w ith in  th e  ty p e  specific D N A  frag m en ts . N everthe less, the  
se m iq u a n tita tiv e  te s ts  fo r th e  com parison  of am p ic illin  and  te tra c y c lin e  resis
ta n c e  failed  to  prove u n eq u iv o ca lly  th a t  i /m d I I I - (C  -)- H) clone w as expressing  
te t-g en e  a t  a h igher level th a n  o th e r  clones. B o th  te tra c y c lin e  an d  am picillin  
re s is tan ce  were found  to  be h ig h er th a n  tho se  o f  th e  co m p arab le  clones of 
reduced  am picillin  re s is tan ce , w hich  m ight be th e  consequence o f  th e  h igher 
co p y -n u m b er of th e  re c o m b in a n t.

I t  has been show n in  th is  p a p e r th a t  th e  leve l of am picillin  re s is tan ce  is 
im p a ired  also of th o se  clones, w hich h a rb o u r in se r ts  a t  th e  H m d l l l - s i te  o f 
pB R 322 . O nly 12 o f th e  42 clones te s te d  re ta in ed  th e  level o f am pic illin  resis
tan ce  com parab le  to  t h a t  o f re lig a tcd  con tro l pB R 3 2 2  clones. W e believe th a t  
th is  m ay  be u n d e rs to o d  on  th e  basis of th e  re su lts  o f  S tü b e r and  B u ja rd  [25] 
(F ig . 5).

On th e ir  m odified  d raw in g  (Fig. 5) it  is show n  th a t  th e  H m d ll l - in s e r t  
in te r ru p ts  th e  P2 p ro m o te r  o f th e  te t-gene , b u t  th e  P I  p ro m o te r  its e lf  rem ains 
in ta c t .  T hus, in itia tio n  o f  tra n sc r ip tio n  will occu r in d e p e n d e n tly  o f th e  p res
ence o r absence of an  in se r t, an d  will p roduce  m R N A  for b e ta -la c tam a se  
to g e th e r  w ith  th e  P3 p ro m o te r , loca ted  d o w n stream  from  P I .  U n d e r n a tu ra l 
co n d itions b o th  in R N A  p o p u la tio n s  m ay  p ro d u ce  fu n c tio n a l b e ta -la c tam a se  
enzym es. T he th re e  arrow s rep re sen t tra n sc r ip ts  d u e  to  th e  re a d th ro u g h  from  
th e  P I  p ro m o ter. T ra n sc r ip tio n  will be in te r ru p te d  b y  th e  in se r t if  a te rm in a 
tio n  signal is carried  b y  it .  In  th is  case th e  d o w n stream  P3 p ro m o te r  (n o t show n 
in  Fig. 5) m ay  increase  th e  level o f a c tiv ity  a n d  p ro d u ce  su ffic ien t enzym e 
re su ltin g  in  a re s is tan ce  to  am picillin  co m p arab le  to  th a t  o f th e  pB R 322 
w ith o u t inserts.

W hen  no te rm in a tio n  signal is in tro d u ced  b y  th e  in se rt, th e  tra n sc r ip 
tio n  n ilia te d  a t  P I  w ill p roceed  to  th e  s tru c tu ra l gene of b e ta - la c tam a se , b u t 
no  fu n c tio n a l enzym e w ill be  p ro d u ced  since s to p  codons w ith in  th e  in se rt, or

Ы  a | P 1  I

1 P  2 ^  t e l

i H i n d  I I I
E c o R I I N S E R T ( S tü b e r ,  B u ja rd , 1981

F ig .  5. Expression of PI and P2 promoters of pBR322 modified from reference 25. Central lines 
with filled insert: DNA of pBR322. Arrow head: EcoRI restriction endonuclease site. Solid 
arrows: mRNA of beta-lactamase gene (bla), and tet-gene (tet) when the reading frame is 
unimpaired by the insert. Open horizontal arrows: mRNA produced from PI promoter when 

the inserts are of 3n +  1, or 3n -j- 2 base pairs
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th e  ra n d o m iz a tio n  of th e  re a d in g  fram e by  in se rt o f 3n - f  I o r 3n -)- 2 hase 
p a ir s , w ill p rev en t co rrec t t ra n s la t io n . T hus, th e  level o f am pic illin  resistance  
m a y  b e  im p a ired  also a t  th e  leve l o f tra n s la tio n .

I n  th e  experim en ta l sy s te m  used  in th is  w ork  am picillin  has b een  p resen t 
d u r in g  th e  regeneration  o f tra n s fe c te d  b ac te ria . T herefo re , on ly  reco m b in an ts  
cou ld  lie iso lated  w here P3 p ro m o te r  is su ffic ien tly  m ore ac tive  th a n  P I . In  
th is  e x p e rim e n ta l system  th e  in flu e n c e  of in se rts  a t  th e  H in d  I l l - s i t e  o f pB R 322 
to  th e  r a te  of b e ta -la c tam a se  in itia tio n  could n o t he exam ined  fo r th e  sam e 
re a s o n . I n  sp ite  of th is  th e  m a in  conclusion is th a t  specific re c o m b in a n ts  m ay 
he  lo s t  d u e  to  un im p aired  te tra c y c lin e  resistance  and  im p aired  resis tan ce  to  
a m p ic illin .
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POLYPEPTIDES AND IM M U NO R E ACTIVITY 
OF EMPTY ADENOVIRUS TYPE 1 PARTICLES
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Two distinct CsCl-stable empty particle populations were characterized in human adeno
virus type 1 infected cells. Different sensitivity to proteases and polypeptide composition indi
cate that empty capsids A  and В  are degradation products of two different assembly inter
mediates. Both empty particle populations react with antihexon antibodies similarly to complete 
virions. Thus the arrangement of exposed typc-specific epitopes is suggested to be unchanged 
during virus assembly. Experimental evidence is presented that both antifibre and antihexon 
antibodies trigger structural changes of complete virions, which are initiating the specific loss 
of core protein V from antibody-aggregated virions.

C onven tional p u rif ic a tio n  of ad en o v iru s  partic les using CsCl b u o y a n t 
d e n s ity  cen trifu g a tio n  reg u la rly  re su lts  in th e  sep ara tio n  of p a r tic le  p o p u la 
t io n ^ )  w hich arc  of 1.3 g /cm 3 d e n s ity , do n o t co n ta in  nucleic acid  a n d  ap p ea r 
as d is ru p te d  core-less pa rtic le s  u n d e r  th e  e lec tron  m icroscope [1 -9 ]. M ore recen t 
ex p e rim en ts  have show n th a t  c ross-link ing  reag en ts  m ay p re v e n t th e  release 
o f  core s tru c tu re s  from  these  p a rtic le s  an d  p a r t  o f them  rem ain s f lo a tin g  in 
1.315 g /cm 3 CsCl so lu tion  [9 -11 ]. T h is o b se rv a tio n  is com patib le  w ith  p rev ious 
re su lts  on a p recu rso r p ro d u c t re la tio n sh ip  of som e core-less and  l ig h t pa rtic le s  
an d  m a tu re  v irions as m easu red  b y  se d im e n ta tio n  th ro u g h  sucrose  o r F icoll 
g ra d ie n ts  [2, 6, 9, 11]. O nly one h a n d  of e m p ty  partic les  has been  o b se rv ed  in 
m o st ex p e rim en ts  o f Ish ib ash i a n d  M aizel [4] and  D ’H allu in  e t al. [11]. In  
co n n ec tio n  w ith  our large scale p u rif ic a tio n  of adenov irus ty p e  1 (A d h 1) 
p a rtic le s , tw o d is tin c t p o p u la tio n s  o f e m p ty  partic les  have  re g u la r ly  been 
o b se rv ed  in  CsCl g rad ien ts  [12 -14 ]. E x a m in a tio n  o f  these  tw o p a r tic le  p o p u la 
tio n s  rev ea led  th a t  th e y  h av e  a c h a ra c te r is tic  po ly p ep tid e  co m p o sitio n . The 
p resence  of u n iq u e  scaffo ld ing p ro te in s  allow ed th e ir  d istin c tio n . O ne o f th em  
h as b een  show n to  be sensitiv e  to  p ro teases , w hich  u su a lly  do n o t  affect 
s t ru c tu ra l  in te g rity  o f com plete  an d  “ y o u n g ”  v iru s  partic les. In  sp ite  o f b io 
chem ical differences, b o th  o f th e m  could  be ag g lu tin a ted  on ly  w ith  an tise ra
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d ire c te d  ag a in s t ty p e  specific  hexon, th u s  th e ir  su rface  seems to  be sim ilar 
to  t h a t  o f  com plete  v irio n s  [10]. I t  was an  a c c id e n ta l find ing  of th ese  e x p e ri
m e n ts  t h a t  th e  a g g lu tin a tio n  o f  com plete v irions w ith  specific an tise ra  d irec ted  
to  ty p e -sp ec ific  hexon  ep ito p es  m ay  trig g e r th e  specific  loss o f th e  m a jo r 
core p ro te in  (V).

M aterials and m ethods

V iru s . P ro to ty p e  s tra in  o f A d h  1 was p ro d u ced  in  susp en sio n  cu ltu res o f H E p -2  cells 
as d e sc rib e d  earlier [12 -14]. In fec ted  cells were co llected  b y  low -speed cen trifu g a tio n  and 
d is ru p te d  by  one cycle of freez ing  a n d  thaw ing  a fte r th e  a d d it io n  of 5 m g/em 3 T rito n  X 100 and 
0.4 M N aC l fin a l co n cen tra tio n s  [15]. T he cell debris w as rem o v ed  by  cen trifu g a tio n  a t  5000 g 
a t  -f  4 °C fo r 20 m in. D isco n tin u o u s  CsCl g rad ien ts [3, 12] w ere  ru n  a t  25 000 rp m  a t  -|-4 °C 
in  th e  3 X  23 cm 3 ro to r o f  th e  M SE Superspeed 50 ty p e  u ltra c e n tr ifu g e  for 6 to  8 h, in o rder 
to  s e p a ra te  p a rtic les  o f d iffe re n t b u o y a n t density . F ra c tio n s  co llected  th ro u g h  th e  b o tto m  of th e  
tu b e s  w ere  recen trifu g ed  w ith o u t  d ilu tio n  of the  sam ples in  d iscontinuous CsCl g rad ien ts . 
T h e  sa m p le s  w ere used as a n  a d d itio n a l layer a t  the  co rre sp o n d in g  d en sity  region of th e  g rad ien t, 
th u s  q u ic k  p H  and  osm otic  ch an g es have been avoided . In  som e cases sucrose d en sity  cen trif
u g a tio n  p reced ed  fu r th e r  p u rif ic a tio n  in CsCl equ ilib rium  g ra d ie n ts  [16].

SD S-po lyacry lam ide-ge l electrophoresis. Sam ples w ere  tre a te d  w ith  20 to  30 m g/em 3 
SD S (R e a n a l, H u n g ary ) a n d  0.05 2 -m ercap toe thano l (R e a n a l, H u n g ary ) a t  70 °C for 15 m in  
fo llow ed  b y  im m ersion  in to  a bo iling  w a ter b a th  for 2 m in . T h e  m ix tu re s  were com ple ted  w ith  
0.1 p a r t  g lycerol co n ta in in g  1 m g /cm 3 brom ophenolb lue befo re  heatin g . V ertical slab gels a t 
40:1 a c ry lam id e -b isa c ry la m id e  ra tio  of 0.1 to 0.15 c o n c e n tra tio n  w ere used as sep a ra tin g  gels 
[17]. T h e  acry lam ide  co m p o n en t o f th e  stack ing  gel has b een  o m itted  and th e  b u ffer system  
d esc rib ed  by  Laem m li [17] w as used  w ith  20 m g/cm 3 ag aro se  (S eaK em  H G T P, M arine Colloids 
In c . R o c k la n d , M aine, U SA ) in  o rd e r to  facilita te  th e  m ig ra tio n  of large p o ly pep tides . Gels 
w ere r u n  a t  1 V/cm for 1 to  2 h a t  room  tem p era tu re , th e n  o v e rn ig h t a t  4 V/cm. T he presence 
o f  sa lt  (1 M NaCl or 2 м  CsCl) in  th e  sam ples did n o t a ffec t th e  q u a lity  o f the  e lec tro p h o re tic  
p a t te rn s  above  20 °C te m p e ra tu re . Gels were sta ined  an d  p h o to g ra p h e d  according to  s ta n d a rd  
p ro c ed u re s  [17].

Protease digestion and  aggregation with antibodies. I t  w as a n  essen tia l p o in t in th e  rep o rted  
e x p e rim e n ts  th a t  p a rtic les  w ere n o t  exposed to d ra s tic  o sm o tic  changes and p H  a lte ra tio n s . 
T h ere fo re  g ra d ie n t frac tio n s w ere e ith e r  d ilu ted  stepw ise to  1m co n cen tra tio n  of CsCl or d ialysed  
in  1m N aC l. B o th  m an ip u la tio n s  w ere done using a t  le a s t 20 т м  T ris-H C l, pH  7.5. T he system  
a p p lied  p re v en ted  aspecific  ag g reg a tio n  of p a rtic les [18], a n d  reduced p ro tease  ac tiv itie s  
po ss ib ly  p re se n t as c o n ta m in a n ts  in  th e  an tisera  and  v iru s p re p a ra tio n s .

C ry sta llin e  try p s in  (D ifco L ab o ra to ries . D e tro it, M ich igan , USA), chym o try p sin , p a p a in  
an d  p e p s in  (Serva, H eidelberg , G F R ) 0.1 m g/cm 3 were used  a t  -]-4 °C for 10 to 16 h  in th e  above 
b u ffe r  system s.

R e ac tio n  m ix tu res  w ere  s tirred  con tinuously  w ith  te flo n  coated  m ag n e tic  stirre rs . 
C om ple te  an d  b o th  p o p u la tio n s  o f em p ty  particles w ere s im u ltan eo u s ly  p resen t in all re ac tio n  
m ix tu re s  p rep ared  w ith  p ro tea se s . T he sam ples were lay e red  on  th e  top  of d iscon tinuous CsCl 
g ra d ie n ts , an d  cen trifuged  to  eq u ilib riu m  in order to  screen  fo r re s is ta n t particle  p o p u latio n s.

A n tise ra  were p re p are d  in  ra b b its  against p u rified  A d h  1 hexon  and fib re  p re p a ra tio n s  
as d e sc rib e d  earlier [19]. O ne of th e  an tih ex o n  sera ( a H 3) a n d  th e  an tifib re  serum  (aF ) were 
used  in  th e  fo rm  of p u rified  IgG  p re p a ra tio n s  o b ta in ed  by D E A E  S ephadex  c h ro m a to g rap h y . 
G roup  specific  an tigens w ere te s te d  w ith  sheep serum  d irec te d  against purified  Ad bos 2 
v irio n s  a n d  ra b b it IgG  to  s im ian  adenov irus (SA7).

U n d ilu te d  serum  sam ples w ere layered  on to  th e  to p  o f  v irion  particle  suspensions in  
g lass tu b e s  3 m m  in d iam e te r, in  v e rtica l position  a t  ro o m  tem p e ra tu re . Follow ing 1 to  3 h  
in c u b a tio n  large  ag gregates a p p ea red  and  the  1m sa lt so lu tio n s allowed th e ir  sp o n tan eo u s 
s e d im e n ta tio n  to  th e  b o tto m  o f th e  tu b e . In  order to  s e p a ra te  th e  aggregates th e  tu b es  were 
cen trifu g e d  a t  1500 g a t  + 4  °C fo r 5 m in. The su p e rn a ta n t  w as carefully  rem oved  and  th e  
ag g reg a te s  w ere d irec tly  p rocessed  to  S D S -acry lam id e  gel e lectrophoresis or cen trifu g ed  to 
e q u ilib riu m  in d iscon tinuous CsCl grad ien ts .
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Results

Properties o f  em p ty  particles. T he  d en sitie s  o f the  tw o e m p ty  p a r tic le  
p o p u la tio n s  of Ad h 1 w ere found  to  he 1.302 to  1.305 g/cm 3 fo r p a rtic le s  A  an d  
1.295 g /cm 3 for th e  u p p e r  В  p o p u la tio n  in  CsCl. T re a tm e n t w ith  N a-desoxy- 
ch o la te  an d  T rito n  X 100 did  n o t m odify  th e  densities nor th e ir  ap p e a ra n ce  
in  th e  e lec tron  m icroscope. W hen th e  e x tra c ts  o f  th e  in fected  cells w ere c e n tr i
fuged  f ir s t  in  low  sa lt sucrose g rad ien t, o n ly  A  pa rtic les could be reco v ered  
from  th e  sam ples b y  recen tr ifu g a tio n  in  CsCl.

To fin d  th e  reaso n  o f th e  phen o m en o n , m odel experim en ts w ere p erfo rm ed  
w ith  d iffe ren t p ro tea se s . R esu lts  are show n in  F ig . 1. T he cen tra l tu b e s  (C) show  
th e  d is tr ib u tio n  of p re p u rif ie d  A  an d  В  p a r tic le s  in cu b a ted  a t  -f-4 °C fo r 16 h 
in  th e  absence o f enzym es. A fa in t b a n d  o f com ple te  v irions (V) w as re leased  
d u rin g  in cu b a tio n  a n d  recen trifu g a tio n . T h e  m ate ria l f ra c tio n a te d  in  th e  
n e ig h b o u rin g  tu b e s  w as s tirred  u n d e r id e n tic a l cond itions in  th e  p resence  of 
p a p a in  (PA ), pepsin  (P F ) , c h y m o try p sin  (CH ) an d  try p s in  (T). T h e  p ro te a se  
t r e a tm e n t affected  only  th e  h igher ( B )  p o p u la tio n  of p a rtic le s , since th is  
u p p e r b a n d  d isa p p e a re d  upon  c h y m o try p s in , try p s in  and  p a p a in  tr e a tm e n t .  
T h e  unch an g ed  b a n d  o f В  pa rtic le s  t r e a te d  w ith  pepsin d id  n o t in d ic a te  
specific res is tan ce  a g a in s t th is  p ro tea se  since u n d e r th e  con d itio n s app lied  
th e  enzym e is co m p le te ly  in ac tiv e  a t p H  7.5. I t  show s th a t  th e  p ro te in  its e lf  
does n o t in fluence  th e  d is tr ib u tio n  o f p a rtic le s . H orizon ta l lines d raw n  to  
th e  con tro l g rad ien ts  in d ica te  th a t  co m p le te  v irions and  A  p a rtic le s  rem ain ed

CH C T

PA C PE

Fig. 1. P ro tease  sen sitiv ity  o f e m p ty  p a rtic les В  o f A d h  1. E m p ty  particles were pu rified  b y  one 
cycle o f CsCl c en trifu g a tio n  an d  6 iden tica l sam ples w ere s tirred  a t  + 4  °C for 16 h  a f te r  th e  
ad d itio n  of ch y m o try p sin , (C H ), try p s in  (T), p a p a in  (PA ) and  pepsin (P E ) 100 //g /cm 3 each, 
o r w ith o u t enzym es, as con tro ls  (C). The sam ples w ere im m edia te ly  p laced o n to  p re fo rm ed  

CsCl g ra d ie n ts  an d  cen trifuged  a t  26 000 rp m  u n til equ ilib rium  (8 h)
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u n c h a n g e d . C onsiderable d e n s ity  d ifferences m ay  be seen in  th e  case o f h ig h e s t 
h a n d  o f  so lub le  com ponen ts, n ev erth e less  i t  has n o t been  possible to  d e te rm in e  
th e  p o ly p e p tid e  com position  o f th e  m a te ria ls  concerned.

P olypep tide composition o f  em pty particles. E m p ty  partic le  p o p u la tio n s  
A  a n d  В  w ere purified  b y  tw o  cycles o f e q u ilib riu m  d en sity  c e n tr ifu g a tio n  
in  CsCl. U nlabelled  m a te ria l w as te s te d  in  o rd e r to  d e tec t th e  p o ly p ep tid e s  
p re s e n t  in  la rge  q u an titie s  w ith in  th e  p a rtic le s . C h arac te ris tic  d ifferences as 
sh o w n  in  F ig . 2, have re p e a te d ly  been observed . T he in se rt in Fig. 2 w as ta k e n  
fro m  a n  S D S -ac ry lam id e  slab  gel s ta in ed  w ith  Coom assie b rillian t b lue . D if
fe re n t  q u a n tit ie s  of an tib o d y -a g g re g a te d  v iru s  p a rtic le s  (lanes “ v ” ) w ere 
in c lu d e d  as m olecular w eigh t con tro l. T h e  re la tio n sh ip  of M r v a lu es  an d  
m ig ra tio n  d istances are d raw n  below  th e  c o n tro l sam ples. B etw een th e  h a n d s  
o f  p e n to n  (P ) and fib re  (F) th e  h eav y  ch a in  of IgG  m olecules is v isib le  (u n 
la b e lle d  b a n d s  in Fig. 2). B o th  e m p ty  p a rtic le s  p ro v ed  to  he devoid  o f core 
p ro te in s  (V an d  V II). T he b a n d s  of hexon  (H ), p e n to n  (P) and  I l i a ,  ju s t  ab o v e  
th e  d o t te d  line ind ica tin g  th e  p o sitio n  of f ib re  (F ), w ere found to  be of id e n tic a l 
e le c tro p h o re tic  m obility  in b o th  pa rtic le s  A  an d  B . T h ree  un ique  b a n d s  a re  
m a jo r  s t ru c tu ra l  com ponen ts o f  th e  A  p a rtic le s . T he a p p a re n t M r v alues o f  th e  
b a n d s  b e tw een  s tru c tu ra l co m p o n en ts  V an d  V I w ere estim a ted  a t  42 X l O \  
34 X lO :i a n d  2 7 x l 0 3, re sp ec tiv e ly . S tru c tu ra l v irio n  com ponen t V I an d  th e  
b a n d  o f  M T 34 x lO 3 w ere fo u n d  to  be ab se n t from  В  partic les.

F ig . 2 . S D S —polyacry lam ide  gel e lectro p h o resis o f p o ly p ep tid es  o f sa lt-s tab le  A d h  1 p a rtic le s . 
P a r t ic le s  p u rif ie d  b y  tw o cycles o f  eq u ilib riu m  cen tr ifu g a tio n  w ere exam ined in  120 m g /cm 3 
S D S -p o ly ac ry lam id e  slab gel as desc rib ed  in  th e  te x t .  S tru c tu ra l p ro te in s of com plete  v irio n s  
(V) w ere  u sed  as M r contro ls. H e x o n  (H ), p e n to n  (P ), f ib re  (F ), p o ly p ep tid es V, V I, V I a n d  V II  
a re  in d ic a te d  accord ing ly  by  v e r tic a l d o tte d  lines. M inor p ro te in s  v isualized  only in  overex p o sed  
p h o to g ra p h s  a re  show n as d o tte d  sp o ts . T he cu rve  in  th e  low er p a r t  of th e  F ig u re  (o rd in a te :  
М т X 1 0 _3; abscissa: m ig ra tio n  d is tan c e) w as used  to  e s tim a te  M r values o f p o ly p ep tid es  of 
e m p ty  v ir io n  p opu lations A  a n d  В  an d  t h a t  reso lved  fro m  th e  b a n d  of soluble p ro te in s  (S), 

w h ic h  w as tak en  from  th e  b a n d s  o f low est b u o y a n t d e n s ity , show n in Fig. 1, tu b e s  C
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T h e a p p a re n t M r v a lu e  o f  th e  m ajo r u n iq u e  b an d  w as also so m ew hat 
d iffe ren t (41 XlO:i) in co m p ariso n  to  th a t  o f A  pa rtic les .

A com pletely  new  b a n d  o f M r 10s ap p ea red  in  th e  lan e  o f  В  partic les  
b e tw een  hexon  and p o n to n . In  o rd e r to  ex lude th e  role o f possib le  cross
co n ta m in a tio n  w ith  n e ig h b o u rin g  CsCl frac tio n s, th e  m a te ria l from  th e  u p p e r 
b a n d  (u n labe lled  in  F ig . 1) w as also included in to  th e  e x p e rim en t as sam ple
S. T here  are  ind ica tio n s th a t  v e ry  sm all am o u n ts  from  th e  m a jo r  b an d s  of 
sam ple  S con ta ined  th e  sam p le  o f В  pa rtic les. N everthe less, th e  ap p ea ran ce  
o f th e  p o ly p ep tid e  of M r 10° c a n n o t be the  re su lt o f c ro ss -co n tam in a tio n , since 
its  a m o u n t in  sam ple S seem s to  be iden tica l w ith  th e  m a te ria l o f M r 90 XlO3. 
w hich  is h a rd ly  visible in  В  p a rtic le s . The M t v a lues o f th e  p o ly p ep tid e s  are 
su m m arized  in T able I.

Table I

P °lypeptides o f  complete and em pty A d  h 1 particles

Designation or Mr value/103 Particle
of polypeptide complete empty A empty В

hexon H- +

100 - — +

penton + + +

I l i a + + -F

fibre + + +
V (core) — —

4 'a + —
4] +

34 +

pYI +
VI + + —

V II (core) 4 — —

V I I I - X I * + 4-

* The am ount o f  these m ate ria ls was insufficient to d e tect and iden tify  
ind iv idual po lypeptides. Two bands could be v isualized in overexposed 
photographs (see d o tte d  m ark ing  in Fig. 2) which seem to be iden tical 
in the  case of all th ree  p a rtic le  populations

Im m u n o  reactivity o f  em p ty  particles. T he  new tech n iq u e  o f  im inuno- 
ag g reg a tio n  of v irus p a rtic le s  described  in M ateria ls and  m e th o d s  allow ed th e  
com parison  o f ep itopes ex p o sed  a t  th e  ex te rn a l su rface of v iru s  p a rtic le s . I t  
h as  been  show n th a t  ty p e -sp ec ific  an tigens are  n eu tra lized  on ly  a t  th e  surface 
o f  com ple te  virions [20]. All th re e  partic le  p o p u la tio n s w ere ex am in ed  w ith  
ty p e-sp ec ific  and  he te rospec ific  adenov irus an tise ra . A n tifib re  an d  an tih ex o n  
sera  d irec ted  to  s tru c tu ra l co m p o n en ts  of Ad h 1 were ab le to  a g g lu tin a te  all the
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a l l ,  all  2 a F rs abv al l ,
a b a b a b л b a b a b

F ig . 3. S D S -p o ly acry lam id e  gel electrophoresis o f th e  p ro te in s  from  an tib o d y -ag g reg a ted  
co m p le te  (a) and em pty  (b) p a r tic le s . V irions were tre a te d  w ith  hexon-specific  an tise ra  ( a H ,_ 2), 
a n tih e x o n  IgG  (a H 3), a n tif ib re  se ru m  (aF ) and pooled n o rm al sera (rs) o f ra b b it  origin. Sheep 
a n tis e ru m  to  Ad bos 2 (ab v ) a n d  u n tr e a te d  Ad h 1 v irions (C) w ere included  for con tro l purposes. 
V isib le  b a n d s  form ed by  th e  h e av y  c h a in  of IgG (IgG ) an d  ex pressed  b a n d s  of fib re  and  I l i a  are 

ind icated  b y  a rro w h ea d s . O ther de ta ils  sec in th e  legend  to  Fig. 2

th re e  p u rified  p a rtic le  p o p u la tio n s . The d e n s ity  o f an tih o d y -ag g reg a ted  m a
te r ia l  w as n o t m odified to  a m easu rab le  degree (ex p e rim en ts  n o t show n). F igu re  3 
show s th e  S D S -ac ry lam id e  gel e lectrophoresis p a t te rn s  o f th e  p o ly p ep tid es  in 
th e  ag g reg a ted  m ate ria l. P o ly p e p tid e s  of u n tre a te d  com ple te  v irions are  show n 
in  th e  con tro l (C) lan e . L a n e s  “ a ”  show p o ly p ep tid e s  o f a n tih o d y -ag g reg a ted  
c o m p le te  v irions, lanes “ b ”  t h a t  of th e  m ix tu re  o f  ag g reg a ted  A  an d  В  em p ty  
p a r tic le s . Pooled sera o f  s la u g h te ry  ra b b its  (rs) an d  an tise ru m  ag a in s t A d bos 
2 co m p le te  v irions w ere  in c lu d e d  as con tro ls. I t  can  he seen in  th e  lanes of 
a b v - tre a te d  sam ples t h a t  som e aggregation  h a d  o ccu rred  (hexon b an d s  are 
v is ib le ) in  co n tra s t to  th e  re su lts  o f o th e r a u th o rs  [18]. N everthe less, in  lane 
“ b ”  p re p a re d  w ith  A d b os 2 an tise ru m  th e  b a n d  o f  IgG  is m ore expressed  th a n  
t h a t  o f  th e  hexon, in d ic a tin g  an  ex trem ely  low  degree o f agg rega tion . In  th e  
m a te r ia l  tre a te d  w ith  p o o led  sera  of h e a lth y  ra b b its  th e  presence of low  levels 
o f  an tib o d ie s  d irec ted  to  r a b b i t  adenovirus(es) [21] c a n n o t be excluded . The 
v is ib le  h a n d  of IgG  in  la n e  “ b ”  seems to  be s im ila r to  th a t  o f th e  sam ples 
p re c ip ita te d  w ith A d b os 2 an tise ru m .

T h e  specificity  o f  a g g re g a tio n  is d e m o n s tra te d  b y  sh a rp  h an d s  o f pen to n  
a n d  f ib re  (arrow heads in  F ig . 3), w hich are  on ly  v isu a lized  follow ing tre a tm e n t 
w ith  a n tif ib re  serum  (aF ). T h e  com parison o f th e  p o ly p e p tid e  p a tte rn s  o b ta in ed  
w ith  co n tro l sera and  a n tih e x o n  sera (a H 1_.,) show s th a t  specific aggregation  
o c c u rre d . The am o u n t o f  ag g reg a ted  em p ty  p a rtic le s  allow s on ly  th e  v isu a liza 
tio n  o f  hexon bands (b). T h ese  are m ore exp ressed  th a n  th o se  in th e  contro l 
la n e s  (a b v  and  rs). H ex o n , I l l a ,  V I and V II  an d  even  tw o fa in t b an d s  in  th e
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region o f m in o r p o ly p ep tid e s  V I I I  and  IX  are c lea rly  v isib le  in  th e  lan es  of 
com plete  v irions (a).

T here  is a s ig n ifican t d ifference betw een  th e  p o ly p ep tid e  com position  
o f v irions ag g reg a ted  w ith  sera  a l l ,  and  a lF  an d  th a t  o f v irions ag g reg a ted  
w ith  a l l 3. Core p ro te in  V is v isib le  on ly  in  th e  la t te r .  R e su lts  o f CsCl c e n tr ifu g a 
tio n  and  th o se  o f co n tro l ex p erim en ts  (n o t show n) rev ea led  th a t  th e  absence 
of p o ly p ep tid e  V w as n o t due to  th e  d iffe ren t a n tib o d y  ti tre s  o f a n tih e x o n  sera 
b u t to  th e  tim e  e lapsed  betw een  a n tib o d y  tre a tm e n t an d  e lec trophoresis . W hen 
th e  agg rega tes h ad  been bo iled  w ith  S D S -2 -m ercap to e th an o l on the  d a y  of 
c e n tr ifu g a tio n , p o ly p ep tid e  V w as alw ays p resen t. T h e  sam ples aH., h av e  been 
p rep ared  in  th is  w ay . Sam ples a H , and  a H 2 w ere s to red  a t  -(-4 °C in CsCl for 
12 days. T h is in c u b a tio n  re su lted  in  a specific loss o f core p o ly p ep tid e  V even 
in th e  presence  o f CsCl, w hereas core p o ly p ep tid e  V II  w as n o t a ffec ted .

D iscussion

Two d is tin c t p o p u la tio n s  o f  e m p ty  capsids h av e  been ch a ra c te riz e d  in 
CsCl equ ilib riu m  g rad ien ts  used  for th e  frac tio n  o f A d h 1 p a rtic le s . These 
em p ty  capsids are  a r tifa c ts , as show n b y  ex p erim en ts  w ith  cross-link ing  chem 
icals [9 -11 ], and  assem bly  in te rm e d ia te s  have been suggested  to  be th e  source 
of th em  [1, 6, 9 -1 1 ]. O ne p o p u la tio n  of e m p ty  capsids o f low er b u o y a n t 
d en sity  w ere found  to  be sensitiv e  to  p ro tease  d igestion , an d  these  re su lts  seem  
to p rov ide  a possible e x p la n a tio n  o f th e ir  absence in  v irion  p re p a ra tio n s  e x tr a c t
ed u n d e r c o n v en tio n a l co n d itio n s. N evertheless th e  h ig h er res is tan ce  to  CsCl 
of p a rtic le  В  in th e  case o f Ad h 1 can n o t be excluded .

T he p o ly p ep tid e  co m position  o f th e  tw o e m p ty  p a rtic le  p o p u la tio n s  
seem s to be specific. P rev ious p ap ers  have rep o rted  th e  p resence o f scaffo ld ing 
p ro te in s  o f  ce llu lar orig in , p recu rso rs of s tru c tu ra l p ro te in s  in b o th  e m p ty  
capsids an d  assem bly  in te rm e d ia te s  [1 -4 , 6 -9 , 11, 22, 23]. E x a m in a tio n  of 
un labelled  A  and В  p a rtic le s  revea led  th a t  b o th  c o n ta in  p recu rso r o f po ly 
p ep tide  V I (pV I) as show n in T ab le  I and  Fig. 2. T he p o ly p ep tid es  o f M r 3 2 - 
-  33 XlO * an d  40 X lO 3 c h a rac te rized  by th e  above a u th o rs  w ere e s tim a te d  a t 
M r 34 XlO 3 and 42 X lO 3, re sp ec tiv e ly , an d  have been d e te c te d  only  in A  p a r 
ticles. We could  n o t decide w h e th e r th e  p o ly p ep tid e  o f M r 34 XlO3 w as id e n 
tic a l w ith  p V II I  or w ith  th e  33K  p ro te in  m apped  re c e n tly  in to  th e  F c o R I-F  
frag m en t o f  th e  Ad h 2 genom e [24]. In  th e  la t te r  case th e  33K  p ro te in  w ould 
he a s tru c tu ra l  p ro te in  o f im m a tu re  v irions.

No m a tu re  p o ly p ep tid e  V I was found  in th e  В  p a rtic le s ; th is  w ould 
suggest th a t  В  pa rtic le s  h ad  com e from  im m atu re  v irio n s a t  an  earlie r s te p  of 
v iru s assem bly  th a n  A  p a rtic le s . N evertheless th e  b a n d  in d ica tin g  th e  p resence 
of p V III  p ro te in  was co m p le te ly  ab sen t. I t  is th e re fo re  suggested  th a t  p V III  
is n o t a sa lt-s ta b le  co m p o n en t o f e m p ty  partic les. In  c o n tra s t , th e  p o ly p ep tid es
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o f M r 42 х Ю 3 are s tab le  b u t  u n eq u a l com ponen ts. C o m p ara tiv e  ex p erim en ts  
sh o w ed  th a t  every  A an В  p a r tic le  p re p a ra tio n  carried  a co m p o n en t co rresp o n d 
in g  to  “ 4 0 K ” p ro te in , b u t  o f  slig h tly  d iffe ren t M r va lue . Such m in o r d iffer
ences o f  ap p a re n t M T v a lu e s  have  been described  in  con n ec tio n  w ith  th e  
p h o sp h o ry la tio n  and g lyco sy la tio n  of p ro te in s  [25, 26].

T h e  33K  p ro te in  w as also  found  to  be p h o sp h o ry la ted  [25]. T he experi
m e n t show n in Fig. 2 an d  c o m p ara tiv e  s tu d ies  in d ica ted  th a t  th e  b an d  cor
re sp o n d in g  to  th is p ro te in  am o n g  th e  soluble com ponen ts (S) h ad  a sligh tly  
h ig h e r  a p p a re n t M r th a n  th a t  o f A  pa rtic les. B ased  on th e  re su lts  of A xelrod 
[25] i t  is concluded th a t  th e  so lub le  33K p ro te in  is released from  th e  partic les 
d u e  to  s tru c tu ra l changes u p o n  p h o sp h o ry la tio n . A d irec t e x p e rim e n ta l a n a ly 
sis is in  progress.

A com ponen t of M r 105 occurs in В  p a rtic les . P rev ious d a ta  a lready  
su g g ested  th a t  a 100K  p ro te in  was of e ssen tia l s ign ificance in  adenov irus 
a sse m b ly  [6, 16, 27 -30 ]. E a r lie r  it h ad  been specified  as a co m p o n en t of im m a
tu re  v irio n s  [6, 16] b u t  re c e n tly , b y  th e  use o f m onoclonal an tib o d ies  th e ir  
fu n c tio n  has been lim ited  to  th e  fo rm ation  o f n a tiv e  hexons w ith in  th e  c y to 
p la sm  [29, 30]. The c o n tra d ic tio n  m igh t he reso lved  b y  su p p osing  th a t  100K 
p ro te in  or its te rn a ry  com plexes rem ain  a tta c h e d  to  th e  n a tiv e  hexons and  
tr a n s p o r te d  in to  th e  nuc le i, b u t  s tru c tu ra l a lte ra tio n s  p re v e n t th e ir  im m uno
lo g ica l de tec tio n  by  m o n o clo n a l an tibod ies d irec ted  ag a in st m onom eric  100K.

W e have no e x p e rim e n ta l evidence to  p ro v e  th a t  th e  p ro te in  o f M r 105 in 
В  p a r tic le s  was id en tica l w ith  th e  100K p ro te in . One has to  ta k e  in to  con
s id e ra tio n  th a t  th e  h a n d  co rresponds to  th e  hexon  p recu rso r described  by  
B o u la n g e r  et al. [31] w h ich  m ig ra ted  slow er in  acry lam id e  gel th a n  did th e  
m a tu re  hexon, b u t th e  a p p a re n t  M r p roved  to  be sm aller in  SD S—p o ly ac ry l
a m id e  gels.

In  sp ite  of th e  s t ru c tu ra l  differences, v irions and  e m p ty  capsids reac ted  
s im ila r ly  w ith  ty p e-sp ec ific  an tiliex o n  sera. No specific im m un o ag g reg a tio n  
w as o b ta in e d  w ith  h e te ro sp ec ific  an tibod ies. T his in d ica tes  th a t  hexons of 
e v e ry  p a rtic le  possess on ly  ty pe-spec ific  ep itopes a t  th e  e x te rn a l surface. The 
im m u n o ag g reg a tio n  te c h n iq u e  does n o t allow  a q u a n ti ta t iv e  e v a lu a tio n , since 
th e  possib le  h ighest c o n c e n tra tio n  of an tig en  h ad  to  be used  in  o rd e r to  o b ta in  
su ff ic ie n t im m u n o ag g reg a tes  fo r biochem ical analysis.

Som e of th e  im m u n o ag g reg a tes  h av e  been fu r th e r  p u rif ie d  b y  CsCl 
eq u ilib riu m  cen trifu g a tio n . C om plete v irions m ay  be s to red  in d efin ite ly  a t 
-)-4 °C in  CsCl so lu tion  w ith o u t an y  m od ifica tio n  of th e  capsid  p ro te in s . W hen 
an tib o d y -a g g re g a te s  o f co m p le te  v irions (F ig . 3) h ad  been s to re d  for m ore 
th a n  tw o  days in  CsCl a t  -)-4 °C, specific re lease of core p ro te in  V has been 
o b se rv ed . This in d ica tes  t h a t  in  add itio n  to  s tru c tu ra l changes triggered  by 
a n tib o d ie s  [32] n e u tra liz a tio n  w ith  fibre- or hexon-specific  a n tise ra  is associa ted  
w ith  a n tib o d y  trig g ered  im p a irm e n t of th e  capsid .
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A ccord ing  to  c u rre n t know ledge concern ing  th e  aden o v iru s  core [33-35] 
p o ly p ep tid e  V is f irs t com plexed  w ith  th e  genom e d u rin g  v iru s  assem bly . 
P o ly p ep tid es  IV a2, V, V I, V II , p V II and 40K  h av e  a D N A -h ind ing  p ro p e rty  
[36]. T he p resen ted  re su lts  suggest th a t  w ith in  th e  com ple te  v irio n  or d u rin g  
th e ir  d is ru p tio n  by  a n tib o d ie s , f ir s t  th e  b in d in g  o f p o ly p ep tid e  V is affected . 
T he observed  low ra te  o f p ro te in  V d isap p earan ce  raises th e  q u estio n  w h e th e r 
aden o v iru s  asso c ia ted  p ro tea se  [37] or o th e r m echan ism s were also invo lved  
in th e  process.
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T u m o u rs o f th e  u ro g en ita l system  were in v es tig a te d  to  c la rify  an  ev en tual v i ru s - tu m o u r  
connection . F rom  105 tu m o u rs  v irus an tig en s w ere fo u n d  in  57 cases by  im m u n o flu o rescen t 
m eth o d , m ain ly  w ith  serum  raised  ag a in s t th e  oncogenic ty p e  12 adenovirus. V irus a n tig e n s  
w ere also p resen t in p e rip h e ra l ly m p h o cy tes  o f som e p a tie n ts . O ccasionally  electron m ic ro sco p y  
revealed  adeno-, he rp es an d  C -type v iru s partic les. In  p a tie n t  sera , a n tiv ira l an tib o d ies  w ere 
show n often  and  in h igh  ti t r e  especially  ag a in st a d en o v iru s  ty p e  12 early  non-v irion  a n tig e n s . 
H erp esv iru s an tig en s w ere found  in 6 cases am ong 40 p ro s ta te  h y p e rtro p h y  contro l p a tie n ts , 
and  in  2 am ong 15 n o n -tu m o ro u s  specim ens.

Several ty p e s  o f v iru s  an tig en  or v iru s  p a rtie le s  have been fo u n d  in  
tu m o u rs  o f th e  u ro g en ita l system  [1 -13 ], h u t  such  d a ta  concern ing  ad en o v iru ses  
are  lack ing . E a r lie r  it  w as show n th a t  w om en w ith o u t clinical sy m p to m s m a y  
c a rry  la te n t  a d en o v iru s  an tigens in th e ir  g en ita l o rgans. T he fre q u e n c y  o f 
v iru s  an tigens w as h igher in p a tie n ts  w ith  carc in o m a of th e  cervix  [14]. As 
m ore ty p es  o f h u m a n  aden o v iru s  p roved  to  he oncogenic in e x p e rim e n ta l 
cond itions, th e  q u es tio n  arose w h e th e r a d en o v iru s  an tig en s or pa rtic le s  w ere 
p re sen t in  tu m o u rs  o f th e  u ro g en ita l system  or a n tiv ira l an tibod ies in se ra  
of p a tie n ts . T h e  sam e m ate ria ls  w ere s tu d ie d  for herpes sim plex v iru s  a n d  
an tibod ies.

M aterials and  m ethods

Specim ens rem o v ed  a t  o p era tio n  or au to sy  of 160 persons were stud ied ; 105 p a tie n ts  
had  re n a l carc inom a, m alig n an t tu m o u r o f b lad d er, p ro s ta tic  carc inom a, m alig n an t d iso rd ers  
o f te s tis  and  penis, as well as pap illom a of th e  b lad d e r. Specim ens from  40 p ro s ta tic  h y p e r 
tro p h y  and 15 n o n -tu m o u ro u s  u ro g en ita l p a tie n ts  served  as con tro ls. All m ateria ls w ere p re 
pa red  im m ed ia te ly  a f te r  su rgery  or au to p sy .

V irus antigens. C ytological sm ears were p rep ared  on slides from  th e  cells sc rap ed  o ff  th e  
fresh  surface  of specim ens for im m unofluo rescen t in v es tig a tio n . Sm ears were d ried  a t  ro o m  
tem p e ra tu re  and  fix ed  w ith  ace tone , t re a te d  w ith  im m u n e  sera ra ised  in ra b b its  ag a in s t ad en o  
an d  herpes sim plex  v iru ses an d  co n ju g a ted  w ith  flu o resce in -iso th io cy an atc  or rh o d a m in e .
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T o se a rc h  fo r v irus an tig en s p e rip h e ra l ly m p h o cy tes  o f  som e p a tie n ts  were w ashed  th ree  tim es 
in  p h y sio lo g ica l sa lt so lu tion  an d  tre a te d  as m en tio n ed  ab o v e . Im m unofluorescence w as e s t im a t
ed  a t  600 X m agn ifica tion  u n d e r  a  Zeiss X F luoval m icroscope  [15].

V iru s  particles. C erta in  specim en  cells w ere  f ix e d  in  g lu ta ra ld eh y d e , su b seq u e n tly  in  
o sm iu m  te tro x id e  for e lec tro n  m icroscopic  ex am in a tio n . A fte r  d eh y d ra tio n  in  ace to n e  th e  cells 
w ere  e m b e d d ed  in  E pon-812, u l tr a th in  sections w ere  c u t  an d  assayed by  JE M  100 В e lec tro n  
m ic ro sco p e .

A ntibod ies . To d e m o n s tra te  a n tiv ira l an tib o d ies , a ll th e  sera were s tu d ied  w ith  com ple
m e n t- f ix a t io n  te s t using  T a k á ts y ’s m ic ro titra to r . I n  th e  te s ts  adenovirus ty p es  1 a n d  12 s tru c 
tu re  a n tig e n s , as well as th e ir  e a rly  non-v irion  a n tig e n s  an d  herpes sim plex  v iru s  se rv ed  as 
a n tig e n s . T h e  m ethod  of a n tig e n  p re p a ra tio n  has b e en  d escribed  earlier [16].

R esults

S pecific  fluorescence in d ica ted  in  th e  cells o f  57 from  105 tu m o u r  p a tie n ts  
th e  p re se n c e  of v iru s  a n tig e n s . T hey  w ere h e rp esv iru s  an tigen  in  7 cases, ty p e  
1 a d e n o v iru s  an tigen  (o f l a te n t  ch a rac te r) in  15 cases, and  ty p e  12 a d en o v iru s  
a n tig e n  (oncogenic ty p e ) in  tu m o u r cells o f  35 p a tie n ts . D ivision  o f tu m o u rs  
a n d  occu rren ce  of v iru s  an tig en s  are d e ta iled  in  T ah ié  I.

Table l

D istribution  o f  different tum ours and virus antigens

T umours Herpes- Adenoviruses
virus 12 1

B ladder tu m o u r N  =  41 3 13 3

K idney carcinom a N  =  23 — 6 6

T um our of p ro s ta te  N  =  8 2 3

T um our of tes tis  N  =  15 — 10 4

T um our of pen is N  =  4 - —
B ladder pap illom a N  =  14 2 3 2

T otal 105 7 35 15

57

I t  seem ed re m a rk a b le  th a t  th e  tu m o u r  cells of 4 p a tie n ts  c o n ta in e d  b o th  
l a t e n t  a n d  oncogenic a d en o v iru s  a n tig en s; in  th e  cells o f a n o th e r  tu m o u r, 
a d e n o v iru s  ty p e  12 a n d  h e rp es  sim plex  v iru s  an tigens w ere p re sen t.

B y  th e  im m u n o flu o rescen t te c h n iq u e  in  th e  p e riphera l ly m p h o c y te s  of 
14 cases  from  am ong 35 tu m o ro u s  p a t ie n ts  w ere d ifferen t v iru s  an tig en s 
d e te c te d , correspond ing  to  th e  v iru s a n tig e n  p o s itiv ity  of tu m o u rs .

D iffe ren t v iru s  a n tig en s  in  th e  sam e  specim en w ere id e n tif ie d  on  th e  
b as is  o f  fluo rescen t co lours, th u s  an tib o d ies  a g a in s t adenov iruses co n ju g a ted
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to  flu o resce in -iso th io cy an a te  gave yellow -green fluorescence w hile an tib o d ie s  
ag a in s t h e rp esv iru s  co n ju g a ted  to  rh o d am in e  d isp layed  an  o ran g e -red  f lu o 
rescence. L ocaliza tion  o f v iru s  an tig en s in  th e  cells was also d e te rm in e d ; 
aden o v iru s  an tig en s could  be  seen m ain ly  in  th e  nuclei, w hile h e rp e sv iru s  
an tigens w ere d ispersed  a ro u n d  th e  n u c lea r m em b ran e  or in  th e  c y to p la sm  [17].

F ro m  th e  40 con tro l p ro s ta tic  h y p e r tro p h y  cases 6, and  from  th e  15 non- 
tu m o u ro u s  urological p a tie n ts  2 h a d  h e rp esv iru s  an tigens in th e ir  tis su es .

E lec tro n  m icroscopy rev ea led  v iru s  p a rtic le s  in  tu m o u r cells in  6 cases; 
th ese  p ro v ed  to  be adeno- or h e rp esv iru s  on th e  basis o f m orpho logy  a n d  size. 
T he tu m o u r  cells ca rry in g  a la rg e  q u a n ti ty  o f v iru s  an tigens c o n ta in e d  v irio n s, 
too . B esides, th e  tw o b lad d e r-p ap illo m a  p a tie n ts  showed severa l a g e n ts  re 
sem bling  b u d d in g  C -type oncogenic RINA v iru ses  b u t  n e ith e r a d e n o v iru s  n o r 
h erp esv iru s  an tigens b y  im m unofluo rescence.

A n tib o d ies  ag a in st herpes s im p lex  v iru s  in  th e  sera of tu m o ro u s  p a tie n ts  
occurred  less freq u en tly  th a n  in  th e  con tro ls . A n tibod ies ag a in s t a d e n o v iru s  
ty p e  1 s tru c tu re  and n o n -v irio n  an tig en s , as w ell as against a d e n o v iru s  ty p e  
12 s tru c tu re  an tig en  show ed a s im ila r p a tte rn . In  co n tra s t, an tib o d ie s  a g a in s t 
aden o v iru s  ty p e  12 early  n o n -v irio n  an tig en s w ere p resen t in  h ig h  t i t r e  in  
a lm o st ev e ry  p a tie n t w ith  m a lig n a n t tu m o u r, excep t some in  th e  te rm in a l 
s tage .

Discussion

In  an im als  inc lud ing  p r im a te s  i t  has been  show n th a t  v iru ses m a y  p la y  
a role in th e  p a th o m ech an ism  o f tu m o u rs  e ith e r  d irec tly  or as co -carc in o g en s 
[18]. Such a connection  has been  assum ed  in  h u m an s h u t  d o u b tless  p ro o f  has 
n o t been  kn o w n  so far. T he ro le o f  h erp esv iru ses  in  certa in  tu m o u rs  in c lu d in g  
u ro g en ita l m alignancies ap p ea rs  to  he very  like ly , m ain ly  on th e  b as is  o f  th e  
freq u en t p resence  of non -v irion  an tig en s  or th e ir  an tibod ies, as w ell as o f  th e  
re su lts  o f m olecu lar-v iro log ica l s tu d ie s  [8, 13, 19—21].

To o b ta in  m ore p roof, we h a v e  in v e s tig a te d  an o th e r oncogenic  h u m a n  
ad enov irus. W e often  found  aden o v iru ses  o r th e ir  com ponen ts, m a in ly  th e  
oncogenic ty p e  12, besides severa l o th e r  ea rlie r observed  v iruses, an d  th e i r  role 
has fu r th e r  been su p p o rted  b y  th e  fre q u e n t presence of v iru s  a n tig e n s  in  
tum our-ce lls, an d /o r a n tib o d y  a g a in s t non -v irio n  an tigens in  th e  p a t ie n ts ’ se ra , 
and  th e  occasional presence o f v iru s  pa rtic le s . In  ce rta in  tu m o u r cells s im u lta 
neously  w ith  adenov iruses h e rp esv iru s  an tig en s , or partic les, ev en  ag e n ts  
resem bling  th e  R N A  oncogenic v iru ses  could be d e tec ted . I t  cou ld  n o t  be 
decided w h e th e r  th e  observed  v iru ses  had  or h a d  n o t a role in  th e  genesis o r 
m a in ten an ce  o f tu m o u rs , a lth o u g h  several s tu d ies  su p p o rt th e  a s su m p tio n .
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EFFECT OF ADENOVIRUS
INFECTION ON HUMAN PERIPHERAL LYMPHOCYTES

J .  H o r v á t h , G iz e l l a  K u l c s á r , J . P . U g r y u m o v , P . D á n , I. N á s z , I . F .
B a r i n s k y , G y . S im o n  and J .  O n g r á d i

In stitu te s  o f  M icrobiology and  Pathophysiology, Semmelweis U niversity  M edical School, Budapest, 
H ungary, and Iva n o vsky  Institu te  fo r  V irus Research, M oscow, U S S R

(R ece iv ed  April 11. 1983)

T he effect o f a d en o v iru s  in fec tion  on hu m an  p e rip h e ra l ly m p h o cy tes  h as b een  stu d ied  
in v itro . V irus an tigens w ere fo u n d  to  m u ltip ly  in the  cell cu ltu re s  h u t  no in fec tive  v iru s n'as 
fo rm ed. On infecting  th e  ly m p h o c y te s  a fte r stim u la tio n  w ith  p h y to h ae m ag g lu tin in , in fective  
v iru s w as form ed th o u g h  in  low  t i t r e .  A denovirus in fec tion  decreased  th e  E -ro se tte  form ing 
a c tiv ity  and th e  response to  p h y to h ae m ag g lu tin in  of th e  ly m p h o c y te s . T he im m u n o m o d u la tin g  
d ru g  levam isole failed to  in flu en ce  s ign ifican tly  the  effect o f th e  v iru s . A denov irus th u s  causes 
severa l changes in th e  c h a ra c te ris tic s  o f peripheral ly m p h o cy tes  w h ich  m ay  lead  to  a d is tu rb an ce  
of th e  im m une function .

Several v iruses a re  know n  to  possess an  im m u n o m o d u la tin g  effect 
w hich increases th e  s e n s it iv ity  to  o th e r m icrob ia l in fec tio n s [1 -9 ]. B esides 
th e ir  p ro tec tiv e  fu n c tio n  leucocy tes m ay be p e rm a n e n t carrie rs  o f  ce rta in  
v iruses. The ph en o m en o n  can  he observed in sev era l illnesses o f unknow n  
origin and  occasionally  in  c lin ically  h ea lth y  p ersons to o  [10—12]. F ew  d a ta  
are  ava ilab le  concern ing  th e  adenoviruses w hich a re  w idesp read , incline to  
ex is t in a la te n t  m a n n e r an d  h av e  considerable a f f in ity  to  th e  im m u n e  system . 
A denov irus has been iso la te d  in  infective form  from  th e  leucocy tes o f  a child 
suffering  from  p n eu m o n ia , from  a p a tie n t w ith  re c u rrin g  a p h th a e , an d  from  
an  e ry th ro leu k aem ic  su b je c t [13, 14]. A denoviruses m a y  m u ltip ly  even  in  th e  
s tim u la te d  ly m p h o cy tes  o f  h e a lth y  persons [15]. T h e  e ffec t o f p e rm a n e n t ad en o 
v iru s  carriersh ip  and  th e  w ay  o f its  influence on th e  ly m p h o cy te s  is less know n. 
T he p resen t s tu d y  w as u n d e r ta k e n  to  clarify  th is  p ro b lem . H u m an  ly m p h o 
cy tes  w ere infected  w ith  aden o v iru s  and /o r th e  cells w ere s tim u la te d  w ith  
p h y to h aem ag g lu tin in  (P H A ); th e  effect of th e  v iru s  on th e  s tim u la tio n  b y  
P H A  of th e  ly m p h o cy tes  w as s tu d ied , th e  im m ed ia te  E -ro se tte  fo rm in g  a c tiv 
i ty  o f th e  leukocy tes w as m easu red  and th e  a p p e a ra n ce  o f v iru s  an tig en s 
an d  in fec tive  v iru s as w ell as th e  effect o f th e  im m u n o m o d u la tin g  levam iso le  
on th e  con tro l and  in fec ted  cells were stud ied .
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M aterials and methods

Lym phocytes. B lood ta k e n  w ith  2 m g/m l h ep arin  from  n o t v iru s-carrie r pe rso n s w ithou t 
p re s e rv a tiv e  was sep ara ted  b y  f i l t r a tio n  on  fibreglass a n d  sed im en ted  a t  room  tem p era tu re . 
T h e  ly m p h o cy te -rich  su p e rn a ta n t  w as rem oved and d ilu ted  to co n ta in  1.5 X  106 cells/inl. 
T h e  cell suspension was p laced  in to  te s t  tubes.

V iru s . H um an  a d en o v iru s  ty p e  5 (Ad5) was p ro p a g a ted  and  t i t r a te d  on  H E p -2  cell 
c u ltu re s  [16]. Eagle’s so lu tion  w ith  10%  calf serum  and th e  u su a l an tib io tic s  w ere  u sed  as cu ltu re  
m e d iu m  a n d  w ith  1%  ra b b it  se ru m  fo r m ain tenance .

V iru s  infection. T he f i r s t  g ro u p  of ly m p hocy te  cu ltu res  w as in fec ted  w ith  2 X 10* 
T C I D 5o o f  A d 5. The sam e v iru s  q u a n ti ty  and P H A  in 1 : 3000 fin a l d ilu tio n  w as ad d ed  to  the  
seco n d  g ro u p . Only P H A  in th e  m en tio n ed  q u a n tity  w as g iven  to  th e  th ird  g ro u p  of cultures. 
F in a lly ,  ly m p h o cy tes  w ith o u t a n y  t re a tm e n t  were c u ltu red  as con tro l. C u ltu res  tre a te d  w ith  
lev a m iso le  o f 150 fig [m l f in a l c o n c e n tra tio n  were also ex am in ed  [17]. C u ltu rin g  w as perform ed 
a t  37 °C fo r 72 h. V iability  o f th e  cells w as contro lled  w ith  t ry p a n  blue s ta in in g  a t  th e  beginning 
a n d  a t  th e  end of th e  ex p erim e n ts .

D em onstration o f v iru s antigens. Im m unofluorescence s tu d ies were c a rried  o u t  to d e te r
m in e  th e  r a te  of appearance  a n d  fo rm a tio n  of v irus an tig en s. Sm ears w ere p re p a re d , dried a t 
ro o m  te m p e ra tu re , fixed  w ith  a ce to n e , trea te d  w ith  im m u n e  serum  p ro d u ced  in th e  ra b b it 
a g a in s t  A d 5 and sta ined  w ith  th e  in d ire c t m ethod  using  f lu o resce in -iso th io cy an ate  labelled 
a n t i - r a b b i t  globulin [18]. Z e iss-F lu o v al m icroscope w as used  for ev a lu a tio n .

Recovery o f virus. F o r  th e  d e m o n s tra tio n  and t i t r a t io n  of th e  in fec tiv e  v iru s, tenfold 
d i lu t io n s  w ere p repared  from  th e  ly m p h o c y te  cu ltu res a f te r  rep ea ted  freezing  a n d  th aw in g  and 
p la c e d  on  H E p -2  cell cu ltu res . T h e  cy to p a th ic  effect w as observed  daily . T h e  v iru s  y ield was 
d e te rm in e d  b y  the  R eed -M u n ch  fo rm u le  [16].

S tu d y  o f  rosette-formation. T h e  nu m b er of im m ed ia te ly  ro se tte -fo rm in g  cells in the  
ly m p h o c y te  cultures su b jec ted  to  d iffe ren t t re a tm e n ts  w as d e te rm in ed  b y  th e  m eth o d  of 
W  y b r a n  a n d  Fudenberg  [19].

Cytological exam ination. A fte r  cu ltu rin g  sm ears w ere p rep ared  from  p a r t  o f th e  cultures. 
T h e  p re p a ra tio n s  were fixed  a n d  s ta in e d  according to G iem sa an d  th e  n u m b e r o f ly m p h o b lasts 
w as d e te rm in e d  by  exam in ing  300—400 cells and expressed  in  percen ts .

Isotope exam inations. O th e r  p a r ts  o f the  cu ltu res  w ere labelled  w ith  5 ^aCi 3H -th y m id in e  
16 h  b e fo re  th e  end of c u ltu rin g . T h e n  th e  cells were w ashed  in  physio logical sa line  a n d  precip i
ta te d  b y  cold trich loroacetic  acid . A fte r  c en trifu g a tio n  th e  p re c ip ita te  w as d isso lved  in  T riton  
X I 00 so lu tio n  and the  a c tiv ity  w as d e te rm in ed  in  a sc in tilla tio n  flu id  o f P P O  d isso lved  in  toluol. 
T h e  m ea su re m e n ts  were ca rried  o u t  in a B eckm an IS  9000 flu id -sc in tilla tio n  in stru m en t. 
Q u e n ch in g  o f th e  sam ples w as ta k e n  in  correction  a u to m a tica lly  b y  ,37Cs o u te r  s ta n d a rd  on the  
b a s is  o f  th e  sh ift-ra te  o f th e  C om pton-edge . 3H -to luo l s ta n d a rd  and  T r ito n  so lu tio n  were the  
sa m p le s  o f  th e  previous q u e n ch in g  series. The quen ch in g  effect was p ro d u ced  by  adding 
0—0.9 m l o f chloroform , an d  th e  r a te  o f co rre lation  was fed  in to  th e  in s tru m e n t. A ccordingly 
th e  in s t ru m e n t  m easured th e  a b so lu te  a c tiv ity  of th e  sam ples (dpm ). T he s tim u la tio n  index was 
c a lc u la te d  on  th e  basis o f th e  fo rm u la ,

g j  a c t iv ity  of trea te d  ly m p h o cy tes  
a c t iv ity  of contro l ly m p h o cy tes

R e su lts  were ev a lu a ted  b y  S tu d e n t’s t tes t.

Results

Im m u n o flu o rescen ce  e x am in a tio n  rev ea led  th e  ap p e a ra n ce  o f adeno
v iru s  an tig en s  in every  in fe c te d  ly m p h o cy te  c u ltu re , on th e  f i r s t  d ay  as m em 
b ra n e  fluorescence and  la te r  in  th e  ch a rac te ris tic  form  o f n u c le a r  fluorescence. 
V iru s  an tig en  was p re se n t on  th e  second d a y  in  a p p ro x im a te ly  10%  and  on 
th e  th i r d  d ay  in 60%  o f th e  ly m p h o cy tes . B la s t cells show ed in te n s iv e  p ositiv 
i ty  in  th e  stim u la ted  ly m p h o c y te  cu ltu res. L evam iso le  failed to  in fluence  the  
a p p e a ra n c e  of v iru s a n tig e n s .
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D e m o n stra tio n  o f in fec tive  v iru s  w as a tte m p te d  on th e  th ird  d a y . R e 
iso la tio n  w as successful in s tim u la te d  cu ltu re s  on ly  and  even th e n  in  v e ry  low  
t i t r e  (102—103 T C ID 50/cu ltu re ).

T he E -ro se tte  fo rm ing  c a p a c ity  of th e  ly m p h o cy tes  was ex am in ed  in  th e  
f ir s t  10 ex p e rim en ts  da ily , la te r  every  th ird  d ay . T ab le  I  shows th e  re su lts . 
T he ra te  o f ro se tte -fo rm in g  ly m p h o cy te s  v a ried  b e tw een  30 and  3 0 % . T he 
v a lu e  w as n o t in flu en ced  by  levam iso le . U pon  P H A  tre a tm e n t th e  n u m b e r  of 
ro se tte -fo rm in g  cells rose, reach in g  th e  m ax im u m  on th e  th ird  d a y . 2 5 -3 0 %  
of th e  ly m p h o cy te s  fo rm ed  g ia n t ro se tte s , i.e. th e  ly m pho id  cell f ix e d  on its  
su rface  30 or m ore sheep e ry th ro c y te s . U pon t r e a tm e n t w ith  P H A  a n d  le v a 
m isole th e  r a te  o f ro se tte -fo rm in g  cells rose s ig n ifican tly  on th e  second  and  
th ird  d ay s.

V irus in fec tio n  reduced  th e  n u m b e r o f  ro se tte -fo rm in g  ly m p h o c y te s  and  
th is  decrease could  be observed  a t  an  ea rly  phase  o f in fection . L evam iso le  by  
itse lf  failed  to  in fluence  th e  effect o f ad en o v iru s . F ew er im m ed ia te ly  ro s e tte 
fo rm ing  cells w ere p resen t also am ong th e  P H A -s tim u la te d  and  ad en o v iru s- 
in fec ted  ly m p h o cy tes . R esu lts  a re  sum m arized  in  T ab le  I I .  The n u m b e r  of 
ly m p h o b la s ts  w as v e ry  low in  th e  co n tro l cu ltu re s , th e ir  ra te  was a lw ay s below  
1 % . M ore th a n  2 %  ly m p h o b la s ts  w ere n o t fo u n d  am ong  th e  ly m p h o c y te s  in 
fec ted  w ith  ad en o v iru s  ty p e  5 e ith e r . U pon P H A  s tim u la tio n  in n o n -in fec ted  
c u ltu re s  54%  o f th e  cells w ere tra n sfo rm e d  in to  y o u n g  cell form s i.e . ly m p h o 
b la s ts , w hereas th is  va lu e  w as 4 1%  in s tim u la te d  an d  v iru s-in fec ted  cu ltu res  
(p 0 .01). R esu lts  are  p re sen ted  in  F ig . 1.

L evam iso le  tre a tm e n t d id  n o t increase  s ig n ifican tly  th e  b last t ra n s fo rm a 
tio n  of e ith e r  th e  con tro l or th e  in fec ted  ly m p h o cy tes .

Table I

Effect o f  phytohaem agglutinin and levamisole on active E-rosette fo rm ing  capacity o f  lymphocytes,
percent

Treatment 1st day 2nd day 3rd day 4th day 5th day

Control 32.25 ±  4.5 41.1 +  7.3 44.3 +  4.4 38.3 +  4.7 50.5 +  9.3

Levam isole NS NS NS NS NS

38.8 +  6.8 45.8 +  10.8 49.3 +  3.9 43.8 +  4.8 52.0 +  9.5

PH A NS NS P <  0,01 NS NS

46.1 +  6.5 41.5 +  4.0 60.0 +  4.4 55.8 +  9.2

L evam isole -f- PITA NS p <  0.01 p <  0.05 NS —

43.5 +  8.3 48.7 +  2.4 59.45 +  3.6 61.0 +  2.4 —

NS — N ot significant

Acta Microbiologica Hungarica 30, 1983



2 0 6 HORVÁTH e t al.

P H A  PHA+ P H A +  PH A  +

le v a m is o le  a d e n o v i r u s  lev am iso le  + 
a d e n o v i r u s

F ig. 1. L y m p h o b la s t tra n s fo rm a tio n  u n d e r effect o f  p h y to h aem ag g lu tin in , levam isole  an d
adenov irus in fec tion

Table П

E ffect o f  phytohaem agglutinin and levamisole on the E-rosette fo rm in g  activity o f  lymphocytes infected 
with adenovirus type 5  — compared to date o f  Table I  as control

Treatment 1st day 2nd day 3rd day 4th day 5th day

A d en o v iru s ty p e  5 17.1 +  5.0 26.6 +  6.5 29.0 ±  5.0 25.4 +  4.1 40.0 ±  10.1

L evam iso le  -f- 5 AV NS NS N S NS NS

16.8 ±  4.6 29.5 +  6.4 29.4 +  4.5 22.1 +  8.5 38.0 +  6.7

P H A  +  5 AV NS NS p <  0,05 NS

- 33.6 +  8.0 29.7 ±  7.1 46.7 +  4.5 36.6 ±  6.5

L evam iso le  -f P H A  + p 0.05 p <  0.01 p <  0.01 NS

5 AV — 37.4 +  4.6 40.8 +  6.4 47.2 +  5.0 38.5 +  4.5

Is o to p e  e x am in a tio n s  con firm ed  th e  re su lts  o b ta in ed  b y  lig h t m icroscopic 
m e th o d s . V irus in fec tio n  decreased  th e  D N A  sy n th e s is  of th e  cells v e ry  slig h tly , 
th is  w as , how ever, below  sign ificance as co m p ared  to  th e  con tro l. T h y m id in e  
in c o rp o ra tio n  show ed a m an y fo ld  increase u p o n  P H A  s tim u la tio n , its  ra te , 
h o w ev e r, v a ried  w ith  th e  in d iv id u a l cells. D a ta  a re  p resen ted  in Fig. 2. A deno-
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F ig. 2. T h y m id in e  in co rp o ra tio n  o f ly m p h o cy tes  u n d e r th e  effect o f p h y to h ae m ag g lu tin in
tre a tm e n t  an d  v iru s in fection

v iru s  in fec tion  decreased  th e  D N A  syn th esis  o f P H A -s tim u la te d  cells to  
a lm o st one te n th , th is  r a te  b e in g  m uch h igher th a n  th e  v a lu e  o b ta in e d  w ith  
th e  l ig h t m icroscopic m e th o d . C hanges o f th e  s tim u la tio n -in d ex  also  su p p o rted  
th e  re su lts  p resen ted  in  T ab le  I I I .

Table Ш

Stim u la tion  index under the effect phytohaem agglutinin treatment and  adenovirus infection

Treatment a; 5 AV b; PHA c; 5 AV +  PHA

Stim ula tion  index 0.8 10.95 1.9
1.43 52.6 14.9
0.87 33.1 0.88
0.7 24.4 0.67

A verage 0.95 +  0.16 30.26 +  8.73 4.59 +  3.45

p NS p <  0.01 NS to  a

(3.5646) p <  0.01 to  b
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Discussion

T h e  resu lts show ed t h a t  h u m an  ad en o v iru s  ty p e  5 in fec tion  changed  
se v e ra l ch arac teris tics  o f  th e  p erip h era l ly m p h o c y te s  o f  h e a lth y  donors. T he 
n u m b e r  o f active T-cells i.e . th e  E -ro se tte  fo rm ing  c a p a c ity  decreased  an d  th is  
co u ld  n o t  be in fluenced  s ig n if ic a n tly  by  levam iso le . C h a tu rv e rd i e t al. [20, 
21] re p o r te d  a sim ilar d e c re a se  in  p a tien ts  w ith  d en g u e  haem orrhag ic  fever. 
A c y to to x ic  effect w as o b se rv e d  by  us in a d en o v iru s  tra n sfo rm e d  cells caused 
b y  a d en o v iru s  in fected  m o n o n u c le a r  leukocy tes of h e a lth y  donors [22]. T hese 
cells re leased  a m ed ia to r w h ich  decreased th e  p h a g o c y tic  a c tiv ity  of p o ly m o r
p h o n u c le a r  cells [23].

A denov irus in fec tio n  cau ses  a decreases o f b la s t tra n s fo rm a tio n  of ly m p h o 
c y te s  in d u ced  by  P H A . T h e  m echan ism  of th e  p h en o m en o n  is no t clear h u t  
i t  h a s  been  assum ed in  th e  case  of m easles, ru b e lla  a n d  lac ta te -d eh y d ro g en ase  
v iru s  t h a t  b y  th e  v iru s - in fe c te d  m acrophages en zy m es a re  released w hich 
im p a ir  th e  im m u n o co m p e ten t cells [24]. T his p o ss ib ility  m ay  be le ft o u t of 
c o n s id e ra tio n  in our e x p e r im e n ts  as we have u sed  se p a ra te d  m ononuclear 
le u k o c y te s  and in  th e  co u rse  o f fibreglass f i l t r a t io n  th e  m a jo rity  of m ono
n u c le a r  m acrophages a d h e re d  to  th e  filte r. A ccord ing  to  o u r observa tions and  
on  th e  basis  of lite ra ry  d a ta  th e  phenom enon m ig h t he  in  connection  w ith  the  
m e ta b o lic  changes of th e  cell m em brane an d  re c e p to rs  [20].

O u r resu lts  in d ica te  t h a t  h u m a n  adenov irus m a y  m o d u la te  th e  ch a rac 
te r is tic s  o f  periphera l ly m p h o c y te s . Several v iru s  in fe c tio n s  are follow ed b y  
b a c te r ia l  in fection  an d  fo r th is  th e  im m u n o m o d u la tio n  caused  b y  v iruses m ay  
h e  resp o n sib le  [8, 2 5 -2 8 ]. O ne c a n n o t exclude th e  p o ss ib ility  th a t  th e  d is tu r 
b a n c e  o f  th e  im m une sy s te m  b ro u g h t abou t b y  v iru s  in fec tio n s  m ay c o n trib u te  
to  th e  deve lopm en t o f im m u n o p a th o lo g ica l co n d itio n s  an d  n eo p lastic  changes 
112, 29—31]. To o b ta in  an  a n sw e r to  th is q u estio n  a n d  to  h ig h ligh t its  ex ac t 
m ech an ism s, fu rth e r  e x a m in a tio n s  are needed.
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THE DIAGNOSTIC VALUE OF VARICELLA-ZOSTER 
VIRUS (VZV)-SPECIFIC ANTIBODIES IN THE EARLY 

PHASE OF VARICELLA IN IMMUNOCOMPROMIZED
CHILDREN
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Central M u n ic ip a l H ospita l fo r  Infectious D iseases, B udapest and  N ational In stitu te  o f  H yg ien e ,
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V arice lla -zo ste r v iru s (VZV)-specific a n tib o d ies  w ere te s ted  by in d irec t m em b ran e  
im m un o flu o rescen t tech n iq u e  in sera of 32 im m u nocom prom ized  children during  th e  f ir s t  week 
a fte r  o nse t o f  varicella . VZV-specific IgM an tib o d ies  w ere fo und  in  sera of all b u t  fo u r p a tie n ts . 
T hree  of th e  four IgM n eg ative  p a tie n ts  were follow ed u p , an d  it  was d e m o n s tra ted  t h a t  all of 
th em  gave a re ta rd ed  a n tib o d y  response. T h ey  h ad  severe  leu k open ia  and had  sev e ra l re lapses 
o f th e ir  V Z V -infection. T he resu lts  ind ica te  (a) th a t  th e  d e m o n s tra tio n  of V Z V -specific  IgM 
an tib o d ies  is o f d iagnostic  va lue  even in a ty p ica l v a ricella  o f im m unocom prom ized  p a tie n ts ;  
and  (b) th a t  in  cases w ith  re ta rd e d  a n tib o d y  response re lap ses can be expected.

V aricella  (ch ickenpox) can easily  be  d iagnosed  by  its  c h a ra c te r is tic  
sim p to m s in  p a tie n ts  h av in g  norm al im m une  sy s tem s. In  im m unocom prom ized  
p a tie n ts , how ever, th e  disease often  ta k e s  an a ty p ic a l and  som etim es a fa ta l 
course [1, 2 ]. T herefo re  in  th e  la t te r  cases v a rice lla  m ight he su sp ec ted  only  
on ep idem iological g rou n d s i.e. in case o f  a k n o w n  co n tac t w ith  v a ric e lla  or 
zo s te r p a tie n ts . T he co rrec t d iagnosis is, h o w ever, im p o rta n t for th e  t r e a tm e n t  
o f th e  p a tie n t  as well as for th e  p ro te c tio n  o f  o th e r  im m unocom prom ized  
c o n ta c t p a tie n ts .

A s tra ig h tfo rw a rd  d iagnostic  p ro ced u re  w ould  he th e  iso la tio n  o f th e  
VZV from  th e  sk in  e ru p tio n s . This p ro ced u re , how ever, calls for specia l la b o ra 
to ry  b a c k g ro u n d , i t  is tim e  consum ing  an d  a n e g a tiv e  resu lt does n o t  exclude  
th e  V Z V -infection . F u rth e rm o re , iso la tion  o f th e  v iru s  is a lm ost im p ossib le  
a f te r  th e  3 rd  d ay  from  th e  onset o f th e  d isease [3]. W illiam s e t al. [4] e lab o 
ra te d  an  in d ire c t m em b ran e  im m u n o flu o rescen t te ch n iq u e  for th e  d e m o n s tra 
tion  o f V ZV -specific IgM  an d  IgG  an tib o d ies  a n d  show ed th a t  th e  d e m o n s tra 
tio n  o f IgM  an tib o d ies  b y  th is  m eth o d  in  th e  ea rly  phase of v a rice lla  o r th e  
in crease  o f IgG  an tib o d ies  d u rin g  th e  d isease a re  o f d iagnostic  va lu e  in  p a t ie n t  
w ith  n o rm al im m une system .
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T h e  aim  of ou r s tu d y  w as to  in v e s tig a te  w h e th e r  th e  d e m o n s tra tio n  o f 
V Z V -spec ific  an tib o d ies  in  sera o f im m unocom prom ized  p a tie n ts  h ad  th e  
sam e  d iag n o stic  v a lue .

Patients and m ethods

T h ir ty tw o  im m u nocom prom ized  ch ild ren  h o sp ita lized  fo r varicella were in c lu d ed  in  th e  
s tu d y . T h e  age of th e  p a tie n ts  ra n g ed  from  1 to  15 y e a rs . A ll o f th em  were u n d e r t r e a tm e n t  
w ith  im m u n o su p p re ss iv e  d ru g s. A m ong th em  19 h a d  a c u te  ly m p h o b lastic  leu k aem ia , 1 acu te  
m y e lo b la s tic  leukaem ia, 1 u n d iffe re n tia te d  cell leu k aem ia , 1 non -H o d g k in  ly m p h o m a , 2 W ilm s 
tu m o u r ,  4 n eu ro b la sto m a , 1 m as to cy to sis , 1 m ed ia s tin a l tu m o u r  and  2 had  n ep hrosis. T w en ty - 
fo u r w e re  in  rem ission  of th e ir  u n d e rly in g  disease a n d  w ere  still un d er m a in ten an ce  th e ra p y  
w h ile  th e  o th e rs  w ere in  th e  a c tiv e  ph ase  of th e ir  d isease  a n d  th ere fo re  u n d e r in te n siv e  im m u 
n o su p p re ss iv e  th e ra p y . S y m p to m s o f varicella  w ere ty p ic a l in  16 cases, while in  th e  o th e rs  signs 
o f p ro g re ss iv e  varicella  [2] could  be  observed. All p a tie n ts  w ere checked fo r V Z V -an tibod ies 
im m e d ia te ly  a fte r  adm ission  i.e. w ith in  7 days a f te r  o n se t o f varicella. A few  of th e m  w ere, 
h o w e v e r, follow ed up  serologically  fo r a longer period .

T h e  m eth o d  used  for th e  d e te rm in a tio n  of V Z V -specific  an tibodies w as t h a t  o f W illiam s 
e t a l. [4] w ith  some m od ifica tio n s [5, 6].

Results

T a b le  I d em o n stra te s  th e  V ZV -specific IgM  an tib o d y  ti t re s  o f  th e  p a 
t ie n ts .  V ZV -specific IgM  an tib o d ies  could he d e m o n s tra te d  in th e  f ir s t  w eek  of 
v a r ic e lla  in  all b u t  4 im m unocom prom ized  ch ild ren . The p ro p o rtio n  o f IgM  
a n t ib o d y  positive  p a tie n ts  te s te d  e ith e r on th e  f i r s t  to  th ird  or on th e  fo u r th  
to  s e v e n th  d ay  a fte r  th e  o n se t o f th e  v arice lla  w as th e  sam e. As fa r  as t i tre s  
o f V ZV -specific  IgG  an tib o d ie s  were concerned , these  ranged  from  1 : 5 to  
1 : 405 . T h ere  w ere on ly  tw o  ch ildren  w ith o u t d e tec tab le  V ZV -specific a n t i 
b o d ies . T h e  ti tre s  of th e  o th e r  p a tie n ts  w ere r a th e r  low especially  d u rin g  th e  
f i r s t  th re e  days of th e  d isease (Table I I ) .

Table I

V ZV -specific  Ig M  antibody titres o f  im m uno suppressed patients with
varicella

Titres
(reciprocals)

Number of patients

investigated on indicated 
days after onset of varicella 
1 to 3 4 to 7

total

40 — l l

15 7 n 18

5 7 2 9

<  5 2 2 4

Positive all p a tie n ts 14/16 14/16 28/32
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Table II

VZV-specific IgG antibody titres of immunosuppressed patients with
varicella

N u m b er o f  p a tie n ts

(reciprocals) in v estig a ted  on in d ica ted  
d ay s  a fte r  onset o f v aricella  
1 to  3 4 to  7

to ta l

>  45 l 11 12

5 to 45 13 5 18

<  5 2 2

T he p a tie n ts  w ith o u t d e te c ta b le  Y ZY -specific IgM  an tib o d ie s  in  th e  
e a rly  p h ase  of varice lla  deserve  special a tte n tio n . W e could follow  u p  th ree  
o u t o f these  four ch ild ren  an d  th e ir  ease rep o rts  can  he su m m arized  as fol
lows.

S. E . 3 y r. U n d erly in g  d isease: acu te  ly m p h o b la s tic  leu k aem ia  in  re lapse. 
T h e  child  h ad  ty p ica l v a rice lla . A ll of th e  e ru p tio n s  h a d  a lread y  been  c ru s ted , 
w hen  a zoster developed  an d  becam e generalized . She w as tre a te d  w ith  cy tosine  
a rab inoside  (C ytosai , U p jo h n ) fo r five days w h ereu p o n  she recovered . VZV- 
specific  an tib o d y  ti tre s  on th e  7 th , 10th and  2 0 th  d a y  w ere in v a r ia b ly  IgM  
n eg a tiv e , IgG  1 : 10. E ig h t m o n th s  la te r  th e  child  developed  an  a ty p ic a l zoster 
in  th e  S2 derm ato m e w ith  co n flu en t vesicles an d  necrosis. A t t h a t  tim e  VZV 
cou ld  he iso lated  from  th e  vesicles. W ith in  a w eek varice lla -lik e  vesicles 
ap p e a re d  all over th e  b o d y . V ZV-specific a n tib o d y  t i t r e s  on th e  7 th , 1 5 th  and  
21st d a y  were again  in v a ria b ly  IgM n eg a tiv e , IgG  1 : 10. T he ch ild  was 
tre a te d  b y  acyclovir (Zovirax® , W ellcome) fo r 7 d ay s  and  reco v ered  from  
th e  V ZV -infection. B esides, th e  child was leu k o p en ic  (W BC 1.0 to  3.0 G /l) 
befo re  an d  during  b o th  V ZV -infections. E a te r  she d ied  from  a cereb ral 
h aem o rrh ag e.

B. O. 4 yr. U n d erly in g  d isease: acu te  ly m p h o b la s tic  leu k aem ia  in  rem is
sion. She developed ty p ic a l varice lla  from  w hich  she recovered . D u rin g  th e  
fo llow ing th ree  m o n th s she h ad  fou r relapses o f  V Z V -infection : once in  th e  
fo rm  o f varicella , th re e  tim es in  th e  form  of severe  genera lized  zo ste r. E ach  
o f th e  relapses were t re a te d  w ith  an tiv ira l d ru g s; th re e  tim es w ith  acyc lov ir 
a n d  once w ith  aden ine  a rab in o sid e  (V id a rab in p h o sp h a te  500®, T hilo) w ith  
success. T he child h ad  a severe  leukopen ia  (W BC 0.8 to  2.0 G /l)  d u rin g  these  
th re e  m o n th s w ith  th e  ex cep tio n  o f th e  la s t w eek w hen  W BC co u n t increased  
to  4.0 G /l. VZV could be iso la ted  from  th e  sk in  e ru p tio n s . She w as checked  
w eekly  fo r VZV -specific an tib o d ie s  b u t was n e g a tiv e  u n til  th e  43rd  d a y . The 
t i t r e s  o f th e  43rd d ay  w ere IgM  1 : 15, IgG 1 : 15; on th e  4 8 th  d a y  IgM  1 : 15, 
Ig G  1 : 15; on th e  58 th  d a y  IgM  1 : 5, IgG  1 : 10; on th e  86 th  d a y  IgM  l : 20, 
Ig G  1 : 160. Since th a t  tim e  no relapse of th e  VZV in fec tio n  has been  observed .
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K . Cs. 5 y r. U n d e rly in g  d isease: acu te  ly m p h o b la s tic  leu k aem ia  in  rem is
sio n . D u rin g  a period o f  tw o  m o n th s  following a ty p ic a l v a rice lla  th e  child  had 
th r e e  re lap ses  of Y Z Y -in fection  in  form  of v a rice lla  successfu lly  tr e a te d  each 
tim e  w ith  an tiv ira l d ru g s i.e . tw ice  w ith  acyc lov ir, once w ith  ad en in e  arab i- 
n o s id e . T h is child also h a d  a severe leu k o p en ia  d u rin g  th e  re lap ses  (W BC 
0.6  to  1.2 G /l). I t  was o n ly  b y  th e  end of th e  2nd  m o n th  th a t  th e  W BC coun t 
in c re a se d  to  4.0 G /l. O n ly  sp ec ific  IgG  an tib o d ies  in  low  t i t r e  cou ld  be dem on
s t r a te d  in  blood sam ples ta k e n  w eekly  up to  th e  5 8 th  d ay  w hen  an  IgM  titre  
o f  1 : 20 and  an IgG  t i t r e  o f  1 : 160 was observ ed . F u r th e r  re lap ses  of th e  
Y ZY  in fec tio n  were n o t  o b se rv ed .

Discussion

I t  is generally  a c c e p te d  t h a t  the  im m une response  of ch ild ren  w ith  m a
lig n a n c y  and  or u n d er im m u n o su p p re ss iv e  t r e a tm e n t is im p a ired  [7 -9 ]. Most 
o f  th e m  are , how ever, ab le  to  p ro d u ce  specific an tib o d ies  to  b o th  p rim a ry  and 
se c o n d a ry  antigen s tim u li, e spec ia lly  w hen th e y  are in rem ission  u n d e r  m ain 
te n a n c e  th e ra p y  [7, 8, 10—16]. In  th is s tu d y  we also found  th a t  m o st of our 
p a t ie n ts  were able to  p ro d u c e  b o th  IgM  an d  IgG  specific  an tib o d ie s  a fte r 
p r im a r y  Y ZV -infection w h ich  w ere d em o n strab le  as ea rly  as in  th e  f irs t  week 
o f  v a r ic e lla .

A s m entioned  in  th e  in tro d u c tio n , in  th is  e a rly  p h ase  o f v a rice lla  only 
V Z V -specific  IgM a n tib o d ie s  a re  of d iagnostic  v a lu e . W ith  a few  excep tions all 
o f  o u r  p a tie n ts  were ab le  to  p ro d u c e  specific IgM  an tib o d ies  irre sp e c tiv e  of the  
a c t iv i ty  o f  th e ir u n d e rly in g  d isease, th e  in te n s ity  o f th e  im m u n o su p p ressiv e  
t r e a tm e n t  or w heth er th e  co u rse  of varicella  w as ty p ic a l o r a ty p ic a l. Thus, 
d e m o n s ta r t io n  of V Z V -specific  IgM  an tib o d ies  seem s to  be a m e th o d  useful 
fo r  th e  diagnosis of v a r ic e lla  o f  im m unocom prom ized  ch ild ren .

A lth o u g h  im m u n o co m p ro m ized  ch ild ren  are  ab le to  p ro d u ce  VZV- 
sp e c if ic  IgG  antibod ies as w ell, th e  d em o n stra tio n  of these  a n tib o d ie s  is of 
l i t t l e  v a lu e  for the  early  d iag n o sis  of in fec tion , since th e  increase  in  t i t r e  allows 
o n ly  a re tro sp ec tiv e  d iag n o sis .

T h e  h is to ry  of th e  p a t ie n ts  who p ro d u ced  no IgM  an tib o d ie s  in  th e  f irs t 
w eek  o f  varicella  su g g ested  t h a t  th e  absence o f  a n tib o d y  p ro d u c tio n  m igh t be 
c o n n e c te d  w ith  th e ir  sev e re  leuk o p en ia ; in  tw o  cases a n tib o d y  p ro d u c tio n  
s t a r t e d  on ly  a fte r th e  W B C  c o u n t had  in creased . T hese case h is to rie s  also 
sh o w e d  th a t  these ch ild ren  a re  prone to  re lapses u n til  th e y  h a v e  p roduced  
a n tib o d ie s .
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QUANTITATION OF MACROPHAGE ACTIVATION

S. I. Vas and G. A. N i c o l l

Department of Microbiology and Immunology, McGill University, Montreal, Canada 

(Received April 22, 1983)

Chemoluminescence is a sensitive and relatively easy method to quantitate macrophage 
activation. Cytotoxic assay as mesasured b y 61Cr release from tumour target cells is more in
volved and less sensitive. Our experiments indicate that, depending on the mode of activation, 
different effector mechanisms are operational. Thus, macrophages activated with double 
stranded yeast RNA show good chemoluminescence but no cytotoxic response while thiogly- 
collate activated macrophages show the reverse response.

T he m acro p h ag e  p lays a c ru c ia l role b o th  in th e  in d u c tio n  of th e  im m u n e  
response an d  as a pow erfu l effector cell. In  its  l a t te r  cap ac ity , th e  m a c ro p h a g e  
ingests and  disposes of b ac te ria , tu m o u r  cells an d  p a rtic ip a te s  in a n u m b e r  of 
im m u n o p a th o lo g ica l processes. M acrophages o b ta in e d  from  im m une a n im a ls  
h av e  a lte re d  m orpho logy  and  m etab o lism  [1, 2]. Such m acrophages a re  sa id  
to  be “ a c tiv a te d ” .

U n til re cen tly , q u a n tita tiv e  m easu rem en ts  o f m acrophage a c tiv a tio n  
involved  assays th a t  requ ired  m ore  th a n  5 x l 0 (i m acrophages and e x te n d e d  
periods o f tim e . W e h av e  e v a lu a ted  tw o  assay  sy stem s o f m a c ro p h ag e -ac tiv a ted  
cy to lysis o f tu m o u r  cells and chem olum inescence , fo r th e ir  ra p id ity  an d  se n 
s itiv ity .

M ateria ls and  m ethods

Animals. White male Swiss Webster mice (18-20 g) were purchased from Canadian 
Breeding Farms, Quebec. Stock animals were maintained in temperature controlled rooms. Ex
perimental animals were maintained in controlled rooms of similar temperature but separated 
from stock animals. All animals were kept in plastic cages and fed Purina mouse pellets and 
tap water ad libidum.

Bacterial cultures. Escherichia coli (0111, clinical isolat e) was the bacterial culture used 
in the experiments. The organism was originally lyophilized. Cultures were maintained on blood 
agar plates at 4 °C and transferred monthly to ensure virulence.

Preparation of heat-killed organisms. Organisms were grown overnight in 100 ml of 
Tryptic Soy Broth. Four hours prior to harvesting, an additional 100 ml of Tryptic Soy Broth 
was added. Organisms were harvested by centrifugation at 2000 g for 20 min. The organisms 
were washed twice in 0.85% NaCl and resuspended in 0.85% NaCl. A sample was taken for 
bacterial enumeration using the Plate-Count Technique [3|. The remaining suspension of orga
nisms was placed in a boiling water bath for 30 min. After 30 min, organisms were washed three
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times with 0.85% NaCl and resuspended in 0.85% NaCl. A 1 ml sample was taken to test 
sterility.

After the bacterial count was determined, cultures were diluted with 0.85% NaCl to 
1 X  1010 organisms/ml. The suspensions were stored at 4 °C until needed.

Stimulation of animals. Animals were stimulated by one of two methods.
1. Thioglycollate induced animals. Animals were induced by injecting 1 ml of thioglycollate 

broth intraperitoneally (IP) four days prior to harvesting of peritoneal exudate cells (PEC). 
It has been shown [4] that the cell population in the peritoneal cavity, four days after injection, 
was primarily macrophages.

2. RN A  stimulation o f animals. Animals were stimulated according to the method of 
Medina [5]. Animals received a daily injection (IP) of 100 f ig  RNA (Yeast Core, Schwarz/Mann, 
Orangeburg, N. Y.) each day for three consecutive days. Five days after the last injection peri
toneal exudate cells (PEC) were harvested.

Preparation o f macrophage monolayers.
1. Harvesting o f peritoneal exudate cells. Macrophage monolayers were prepared from 

peritoneal exudate cells (PEC).
Animals were sacrificed by cervical dislocation and washed down with 70% ethyl 

alcohol. Four ml of cold Hanks BSS containing 10 units/ml heparin was injected intraperitone
ally (IP).

The abdominal cavity was gently massaged to increase PEC harvest. Peritoneal exudate 
cells were harvested by exposing the peritoneum, piercing it with siliconized Pasteur pipette, 
and aspirating off the fluid. The aspirated fluid was placed into siliconized 16 mm X  125 mm 
screw cap culture tubes and the tubes put into an ice bath.

Cell suspensions were centrifuged at 200 g for 10 min, washed once in Hanks BSS with 
heparin (10 units/ml) and resuspended in RPMI-1640 Complete Media containing 10% fetal 
bovine serum (FBS). Cell concentration was determined by haemocytometer. The cell suspen
sions were then adjusted to 4 X  10ß eells/ml for “normal” PEC and 2 X  10° cells/ml for “in
duced” PEC. Since fewer “normal” PEC will adhere to glass than “induced” PEC, greater 
number of “normal” PEC were allowed for so that, after adherence, we would be comparing 
equal cell populations.

2. Adherence to glass macrophage purification technique. Since macrophages adhere to 
glass or plastic, this can be used as a purification procedure.

(a) For 51Cr-Cytotoxicity Test: 0.5 ml of the “normal” or “induced” cell suspension was 
added to a 16 mm tissue culture well (Tissue Culture Cluster, 16 mm dia., Costar, Cambridge, 
Mass.). After all wells were filled with cells, an additional 0.5 ml of RPMI-1640 Complete Media 
with 10% FBS was added, bringing the total volume per well to 1 ml. For the 5lCr-Cytotoxicity 
Test, there should be a minimum of 6 “normal cell” (control) wells and 6 “ induced cell” (test) 
wells per experiment. The tissue culture wells were then incubated for 2 h at 37 °C in a 5% C02 
incubator.

(b) Chemoluminescence — Leighton Tube Coverslips. 0.5 ml of the cell suspension (“nor
mal” or “induced” cells) was added to the Leighton tubes containing coverslips. An additional
0.5 ml of RPMI-1640 Complete Media with 10% FBS was added. The Leighton tubes were 
placed in a Leighton tube holder and incubated at 37 °C in a 5% C02 incubator for 2 h.

After 2 h incubation, tissue culture wells and Leighton tubes were removed from the 
incubator and the media aspirated off. The cells were washed 3 times with gentle agitation to 
remove nonadherent cells. One ml of RPMI-1640 Complete Media containing 10% FBS was 
then added to the macrophage monolayers. By morphological examination, the cell population 
was more than 90% macrophages.

Mithramycin assay for cell counting. In order to ensure that comparative cell numbers 
were being used, it was necessary to determine the number of macrophages present on the glass 
after nonadherent cells were remoed.

The mithramycin assay was performed as described by Hill and Whatley [6] and Kulisek 
[7]. Mithramycin was reconstituted with 0.3 M MgCl2 to a final concentration of 500 f i g /ml. 
The drug was further diluted to 100 f ig /m l  using 0.3 M  MgCl2 immediately prior to use.

Fluorescence was determined using a fluorometer (Turner Model 111, G. K. Turner 
Associates, Palo Alto, Ca.). Filter combinations Wratten #47  and #2A  were used for an exci
tation wavelength of 436 nm and filters #55 and #2A -15 for an emmision wavelength of 540 
nm. AH readings were done at 30 X intensity for maximum sensitivity. A 10 X  75 mm glass 
tube was used as a cuvette.

Three Leighton tubes or tissue culture wells containing macrophage monolayers were 
used to determine the cell number present. The medium was removed and the monolayers 
gently washed three times with 0.01 M phosphate buffered saline (PBS) pH 7.2. The macrophage 
monolayers were frozen and thawed three times. The cells were scraped off the surface after
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being frozen and thawed, in 0.5 ml of 0.01 м PBS with a flat-edge spatula. The cell lysate was 
brought to a final volume of 1.8 ml using 0.01 м PBS.

The cell lysate was sonicated (Sonifier Model W-350, Branson Instrumental In., Melville,
N. Y.) for 10 s using a microtip head at 150 Watt power. A 0.9 ml sample was taken and 0.1 ml 
of mithramycin (100 /ig/ml) was added. Mithramycin at 10 /tg/ml in 0.01 м PBS served as a 
blank.

Fluorescence was determined in a Turner Fluorometer. Fluorescence units were referred 
back to Fluorescence-DNA standard curves and macrophage cell numbers derived from the 
DNA standards. The DNA content of macrophages was taken as 8.7 X 10~12 gins 13N’A/ 
macrophage.

Some Leighton tube coverships were removed from the media and gently washed in
O. 01 M PBS pH 6.4. Cells were stained with a 1 : 40 dilution of Giemsa stain (diluted with 01 
M PBS, pH 6.4) for 25 min. Cell counts were then made by microscopic examination of the 
coverslips.

51 Cr~cytotoxicity test.
1. B-16 Melanoma target cell. The B-16 was originally a spontaneous skin tumour in 

C57B1/6J mice. It is a pigmented spindle-shaped cell often producing haemorrhagic soft grey 
tumour masses. The B-16 tumour is syngeneic to C57B1/6J mice and is passed as a subcutaneous 
implant. The tumour was received from Jackson Laboratory (Bar Harbor, Maine) as a sub
cutaneous implant.

2. 3lCr-cytotoxicity test. B-16 tumour cells grown as monolayers were harvested using 
0.25% trypsin in 'Fris phosphate buffered saline (Tris-PBS). The cells were centrifuged at 200 
g for 10 min, washed once in Tris-PBS and resuspended in Tris-PBS. Cell concentration and 
viability was determined by a haemocytometer and 0.2% trypan blue. The cell suspension 
was then diluted to 3 X 10(i cells/ml with Tris-PBS.

To 1.0 ml of cell suspension, 100 /tC of 51Cr as sodium chromate (5lCr-sodium chromate in 
saline, specific activity 300-500 /tC//£g, 1 mC/ml, New' England Nuclear, Boston, Mass.) was 
added and the cell suspension incubated at 37°C in a 5% C02 incubator for 45 min with occasion
al shaking. The cells were then centrifuged at 200 g for 10 min, washed four times with 
RPMI-Complete Media containing 10% FBS, and resuspended in RPMI-Complete Media plus 
10% FBS.

The cell concentration was determined by use of a haemocytometer and then diluted 
to give a final concentration of 4 X  101 cells/ml; 0.5 ml of the cell suspension was added to 
each tissue culture well of macrophage monolayers. To an additional 6 wells which did not 
contain macrophages, 0.5 ml of the labelled tumour cells were added and the final volume made 
up to 1 ml using RPMI-Complete Media with 10% FBS. The six wells were used to calculate 
the spontaneous release of 01 Cr from the tumour cells.

The macrophage monolayers containing 5lCr labelled tumour cells were then incubated 
for 18 h at 37 °C in a 5% C02 incubator.

After 18 h, the medium was removed from the cells. The cells were washed twice with 
0.01 M PBS and the supernatant and washings of each tissue culture well were combined. 
The supernatant was then centrifuged at 200 g for 10 min to remove any remaining cells. The 
supernatant was decanted into plastic microscintillation vials. A 1% solution of Triton X100 
was added to the six wells “with tumour cells only” and to their six corresponding centrifuge 
tubes containing residual cells removed by the washings. The Triton X100 fluid was collected 
and placed into liquid scintillation vials. These vials represent “total 5lCr label” left in the 
tumour cells after spontaneous release. Total r,1Cr label present was calculated by adding the 
cell 5lCr label to the spontaneous released 51Cr label. This activity represents 100% of releasable 
51Cr. The vials were then placed in a Gamma Scintillation Spectrometer (Packard Model 5375, 
Downers Grove, 111.): channel Setting E-F, 400-700; amplification 50%; time of counts 5 min).

The percent cytotoxicity can be calculated according to the formula of Cerottini and 
Brunner [4].

% Cytotoxic effect / /*  \ R “ Xi 100

IR: the immune release from activated macrophages and 51Cr labelled tumour cells; NR: the 
normal release from nonimmune macrophages and 5lCr labelled tutnour cells; MR: the maximum 
release from tumour cells when they are lysed with 1% Triton X100.

Chemoluminescence
1. Preparation of FBS-Luminol. Luminol (5-amino 2, 3-dihydro 1, 4 phthalazinedione) 

(Eastman-Kodak, Rochester, N. Y.) was added to fetal bovine serum (FBS) that had been 
previously heat inactivated (56 °C waterbath for 30 min). Luminol was added to the FBS at a
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concentration of 0.2 g per 10 ml of FBS; this is to obtain saturation of the FBS withl uminol. 
The FBS—luminol solution was incubated for 1 h on a rocking platform mixer.

After one hour, the FBS-luminol solution was centrifuged at 700 g for 30 min, to remove 
any particulate matter. After centrifugation, the luminol saturated FBS was kept at room 
temperature (25 °C) until the chemoluminescence test could be performed. At room temperature 
the FBS-luminol solution will remain stable for 12 h.

2. C h e m o lu m in e s c e n c e  — L e ig h to n  tu b e  c o v e r s l ip s . Leighton tube coverslips containing 
macrophage monolayers were removed from the Leighton tubes and placed into a glass liquid 
scintillation vial containing 17 ml of Hanks BSS without heparin. The coverslip was placed 
into the scintillation vial in such a manner as to form a 45° angle with the bottom of the vial 
with the cells on the top side of the coverslip. Each coverslip for the chemoluminescence assay 
was added to a scintillation vial in the same manner. These vials were then placed in a 37 °C— 
5% C 02 incubator until the chemoluminescence assay could be performed.

At the time of the chemoluminescence assay, a scintillation vial containing cells was 
removed from the incubator and 2.5 ml of FBS-luminol was added. The vial was placed in a 
Nuclear Chicago Scintillation Counter (Model Unilux II-A, Nuclear Chicago). The counter was 
placed out-of-coincidence by disconnecting one photomultiplier tube and adjusting the window 
openings to maximum range. The refrigeration was also disconnected; thus the inner tempera
ture of the machine remained at 35 °C. The scaler was programmed for continuous 1 min counts. 
The point of addition of FBS-luminol is marked Time =  —20 min.

The counting sequence was run for 20 min to establish a FBS-luminol plus cell base 
line of chemoluminescence. After 20 min (Time =  0 min) 100 /Л of appropriate opsonizing 
antiserum (undiluted), 100 p \  of bacteria (2 X 109 cells/ml), and 50 /d of guinea pig complement 
was added to the cells. Chemoluminescence counting was reinstated and continued for 45 min.

R esults

T w o procedures w ere used  to  m easu re  m acrophage a c tiv a tio n . P u re  
m o n o la y e rs  (> 9 5 % )  o f m acrophages w ere u sed  in  th e  51Cr c y to to x ic ity  te s t  
a n d  in  th e  chem olum inescence assay . D iffe ren t resu lts  w ere o b ta in e d  u s in g  
th e se  m e th o d s .

Chemoluminescence. W hen  m acro p h ag es becom e a c tiv a te d , one o f  th e  
in i t ia l  changes to  occur is an  increase  in  g lucose o x ida tion  th ro u g h  th e  hexose 
m o n o p h o sp h a te  sh u n t (HM S) [8]. A llen a n d  Loose [9] show ed t h a t  a ch em o 
lu m in escen ce  response occurs in  a c tiv e ly  p h ag o cy tin g  m acro p h ag es. T h is 
chem olum inescence  response  follow ing ph ag o cy to sis  co rre la tes d ire c tly  w ith  
th e  m e ta b o lic  a c tiv a tio n  o f th e  H M S. B y  m easu rin g  th e  chem olum inescence  
re sp o n se , i t  is possible to  m easu re  q u a n ti ta t iv e ly  th e  degree o f  m e tab o lic  
a c t iv i ty  o f th e  HM S th ro u g h  its  g en e ra tio n  o f oxidizing rad ica ls (%  0 2, H O O H , 
O H , 0 2). T he lum inol w ill re a c t w ith  th e se  ox id izing  rad ica ls b y  re leasin g  a 
p h o to n  w hich can he d e tec ted  in  an  ou t-o f-co incidence  liqu id  sc in tilla tio n  
c o u n te r . T he n u m b er of p h o to n s  e m itte d  w ill he a d irec t m easu re  o f th e  q u a n 
t i t y  o f  ox id izing  rad ica ls  p roduced  b y  th e  HM S and  th u s  an in d ica tio n  o f th e  
cells a c tiv ity .

A  “ n o rm a l”  m ouse m acro p h ag e  chem olum inescence response  cu rv e  is 
c h a ra c te r iz e d  b y  a ra p id  increase  in  p h o to n s  p e r m in u te  (ppm ) s ta r t in g  a t  
2—3 m in  follow ing th e  in itia tio n  of ph ag o cy to sis . T he curve rises from  a b ase lin e  
o f  2000 p p m  ^ 5 6 0  p rio r  to  th e  in it ia tio n  o f phagocy tosis . T he cu rv e  p eak s in  
8 -1 2  m in  an d  has a m a g n itu d e  o f 49 X base lin e  ( ± 3  X baseline) a f te r  p eak in g ,
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o— •  Normal m ac ro p h ag e  
□— □ RNAstimulated macrophage 
a— * Thioglycollate stimulated 

macrophage

Fig. 1. C hem olum inescence of m acrophages from  th io g ly co lla te  and  R N A  s tim u la te d  m ice

th e re  is a g ra d u a l decrease in  th e  chem olum inescence, as m easured  b y  th e  
n u m b er of p h o to n s  p er m in u te  (F ig . 1).

C ontrols consisting  o f opsonized b a c te r ia  in th e  absence of m acro p h ag e  
m onolayers an d  m acrophage  m onolayers w ith o u t b a c te ria  being p re se n t w here  
perfo rm ed . In  no ex p erim en ts  w ith  these  co n tro ls  d id  th e  chem olum inescence 
(CL) response  p e a k  a t  a m ag n itu d e  g rea te r  th a n  5 X baseline i l  X  b ase lin e .

T im e sequence  o f R N A  s tim u la te d  m ouse m acrophages is show n in  F ig . 2. 
B o th  n o rm al an d  s tim u la te d  m acrophages go th ro u g h  a tim e seq u en ce , d e 
pend ing  on how  long th e  cells h av e  been u n d e r  tissu e  cu ltu re  cond itions.

Since G ram -n eg a tiv e  organism s w ere u sed  in  th is  s tu d y , i t  w as n ecessa ry  
to  d e te rm in e  w h e th e r th e  lip o p o lysaccharide  (L P S ) co n ta in ed  on th e  b a c te r ia l  
cell w all w as in d u c in g  th e  response. In  p lace  o f  b a c te r ia  5.4 X lO ~3 g E . coli 
L P S  w as ad d ed  to  th e  m onolayers along w ith  a n tise ra  an d  com plem en t. A CL 
response o ccu rred  a t  4 m in w ith  a 6.5 X b ase lin e  m ag n itu d e . I t  w as fu r th e r  
show n th a t  th e  CL response can  be in h ib ited  a t  an y  p lace in th e  cu rv e  w ith  
200 m g N a azide an d  th a t  a m ax im um  CL response  occurs when th e  b a c te r ia  
are  fu lly  opsonized  w ith  specific an tise ra  an d  СЛ O ur re su lts  in d ica te  t h a t  fo r 
CL to  occur, th e re  h as  to  be an  in ta c t  fu n c tio n a l m acrophage a c tiv e ly  in  th e  
process of p h agocy tosis .

D ouble s tra n d e d  R N A  [10] and  th io g ly co lla te  w ere used to  a c t iv a te  
m acrophages.
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ДО I

32  -

Time (min)
Normal macrophage Stimulated macrophage 
д— д 3 h • — •  Д h
0 - - 0  6 h ■ — ■ 5 h
—  n 8 h

F ig . 2 . T im e  sequence o f chem olum inescence of R N A  s tim u la te d  m ouse m acrophages com p ared
to  n o u -s tim u la ted  a n im a ls

R N A  a c tiv a te d  m ouse m acrophages ex p ressed  a CL response t h a t  p eak ed  
w ith in  14 m in a t  141 X  baseline  ( i l l  X  b ase line) m ag n itu d e  (F ig . 1). T his 
re p re se n ts  a 187%  in c rease  above th a t  rece iv ed  fo r th e  sam e n u m b e r o f n o rm a l 
m ouse  m acrophages.

R N A  ac tiv a tio n  o f m acrophages re su lts  in  a nonspecific en h an ced  b a c te 
r ic id a l s ta te  110]. O ur re su lts  in d ica te  t h a t  R N A  causes a c tiv a tio n  o f m ac ro 
p h ag es . M acrophages o b ta in e d  from  R N A  tr e a te d  anim als show  an  increase  
in  th e ir  CL response. T h e  CL corresponds to  an  increased  p h ag o cy tic  r a te  and 
m e ta b o lic  ac tiv a tio n  o f th e  HM S. T he h e ig h t o f  th e  CL response re la te s  to  th e  
deg ree  o f  m etabo lic  a c t iv i ty  o f th e  HM S.

T h io g lyco lla te , a chem o tac tic  ch em ical, is used w idely to  in d u ce  p e r i
to n e a l e x u d a te  cells. T h io g lyco lla te  in d u ced  Sw iss m ouse m acrophages d id  n o t 
sh a re  th e  ty p ic a l CL response . CL d id  n o t  rise  above 5 X  ( i l  X )  b ase lin e
(F ig . 1).

5lC r-T um ouricida l assay. To show th a t  th io g ly co lla te -in d u ced  m acrophages 
h a v e  n o t  lo st th e ir  a c t iv a te d  s ta te  we d ec id ed  to  in v estig a te  th e ir  tu m o u r  
k illin g  a b ility . W hen  m acrophages becom e a c tiv a te d , th e y  express a n o n 
specific  cy to to x ic  effect on tu m o u r cells [11]. T h e  51Cr-release assay  is b ased  
on th e  o b se rv a tio n  t h a t  w hen  a cell m e m b ra n e  ( tu m o u r cell) is d am ag ed  or 
a lte re d , 51Cr is re leased  in to  th e  su rro u n d in g  m ed ia  [12]. The a m o u n t o f specific
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re lease  caused b y  a c tiv a te d  m ac ro p h ag es  w ill serve as a m easu re  o f  th e ir  
tu m o u ric id a l c a p a c ity  an d  th u s  th e i r  degree o f a c tiv a tio n . T he p e rc e n t c y to 
to x ic ity  caused b y  a c tiv a te d  m ac ro p h ag es  w as ca lcu la ted  acco rd ing  to  th e  
fo rm u la  of C ero ttin i an d  B ru n n e r [13 ]. R esu lts  are expressed  as p e rc e n t c y to 
to x ic  effect [С Е ].

O ur p re lim in a ry  resu lts  in d ic a te d  th a t  th e  m ax im u m  se n s itiv ity  o f  th e  
51C r-release assay  could he ach iev ed  w hen th e  m acro p h ag e  to  tu m o u r  cell 
ra tio  was 50 : 1 an d  a 18 h in c u b a tio n  period  was used.

T h iog lyco lla te-induced  m ouse  m acrophages w ere te s te d  a g a in s t a B-16 
allogenic tu m o u r. B-16 tu m o u r cells w ere labelled  an d  p laced  in  c o n ta c t  w ith  
Swiss W ehster m ouse m acrophages a t  a ra tio  o f 50 : 1.

T h iog lyco lla te-induced  m ac ro p h ag es  show ed a c y to to x ic  effect o f  27% . 
In  ad d itio n  to  th e  cy to to x ic  e ffec t, m acrophage  m ono layers w ere c h a ra c te r 
ized  by  ex tensively  sp read ing  cells w ith  a h ig h ly  v a c u o la ted  cy to p la sm .

O ur re su lts  in d ica te  th a t  th io g ly c o lla te  w ill a c tiv a te  ce rta in  fu n c tio n s  
o f  m acrophages h u t  n o t o thers. W e fo u n d  th a t  th io g ly co lla te  causes an  in crease  
in  adherence, sp read in g  on glass, d eg ree  of vacu o la tio n  an d  increased  tu m o u r 
ic idal a c tiv ity  all m orphological a n d  physio logical in d ica to rs  o f a c tiv a tio n . 
In  c o n tra s t, i t  supp ressed  the  r a te  o f  phagocy tosis  and  th e  m e tab o lic  a c t iv i ty  
o f  th e  IIMS.

M acrophages were a c tiv a te d  also  hy  double  s tra n d e d  R N A  an d  te s te d  
for th e ir  cy to to x ic  effect. R N A  a c t iv a te d  Swiss m ouse m acrophages show ed  no 
in crease  in th e ir  cy to to x ic ity  (CE — 0) w hen te s ted  a g a in s t B-16 tu m o u r  cells. 
O u r re su lts  in d ica te  th a t  double  s tr a n d e d  R N A  does n o t  cause an  in c rea se  in 
th e  tu m o u ric id a l a c tiv ity  of Swiss m ouse m acrophages w hen te s te d  a g a in s t 
B -16 tu m o u r cells.

A lthough  R N A  does s tim u la te  im m u n ity  to  in tra c e llu la r  p a ra s ite s  [10] 
we failed  to  d e m o n s tra te  a c tiv a tio n  o f  m acrophages as m easu red  h y  an  increase  
in  th e ir  tu m o u ric id a l effect. W h en  R N A  a c tiv a te d  m acrophages w ere te s te d  
lo r  CL a c tiv ity  th e re  was an  e n h a n c e d  m etabo lic  a c tiv ity  o f th e  H M S and  
th e  ra te  of phagocy tosis . M icroscopically , R N A  a c tiv a te d  m acrophages a p p e a r  
m orpho log ica lly  sim ilar to  n o rm a l m acrophages an d  th e re  is no in c rease  in 
p e rc e n t adherence  to  glass as c o m p a re d  to  th e ir  no rm al c o u n te rp a r t.

Discussion

T he accu m u la tio n  of re sea rch  d a ta  over th e  y ears  has p ro v id ed  a g rea t 
dea l of in fo rm atio n  on th e  role o f th e  m acrophage  in h o st defense m ech an ism s. 
I n  response to  an  in v ad in g  p a th o g e n , m acrophages will undergo  c e r ta in  m e t
abo lic  and  m orphological changes re su ltin g  in a co n d ition  te rm ed  “ a c t iv a te d ” 
[11, 14, 15].
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Since M etchn iko f’s [16] f irs t m en tion  o f  th e  m acrophage , th e  m easu re
m e n t o f ac tiv a tio n  h as  p re se n te d  a special p ro b lem . Q u a n tita tiv e  assay  te c h 
n iq u es  o f ac tiv a tio n  a re  b a se d  on the  m ea su re m e n t of a p a r tic u la r  enzym e or 
en zy m e system . In  o rd e r  to  perform  these a ssay , a m in im um  n u m b e r of cells 
m u s t b e  p resen t; u su a lly  ^ > 5 x lO e. In  m a n y  ex p erim en ts  on m acrophage 
a c tiv a tio n , m ouse m odels a re  used. Since th e  h a rv e s t o f p e rito n ea l cells re 
p re se n ts  only  3-5 X lO (i cells p e r  m ouse, a c tiv a tio n  ex p erim en ts  are lim ited  by  
th e  n u m b e r  of an im als  n eed ed .

In  ou r re su lts , w e h a v e  p resen ted  tw o  assay  system s w hich  m eet th e  
re q u ire m e n ts  of sh o rt d u ra t io n  (< 2 4  h) an d  a rc  q u a n ti ta t iv e  and  sensitive  
« 1  X lO (i cells/assay). O ne assay  system , chem olum inescence , m easures th e  
deg ree  o f m etabolic  a c t iv i ty  o f  the  HM S, w hile  th e  o th e r, cy to lysis , m easures 
th e  tu m o u ric id a l a c t iv i ty  o f  ac tiv a ted  m acro p h ag es.

T h e  chem olum inescence  assay is a ra p id  an d  sen sitive  assay  th a t  requ ires 
m in im al p rep a ra tio n  to  be perfo rm ed . U tiliz in g  th e  fa c t th a t  lum ino l will re ac t 
w ith  ox id izing  rad ica ls  (4  2 0 £, H O O H , O H , 0 2) g en era ted  b y  th e  HM S, i t  is 
p ossib le  to  m easure th e  re sp ira to ry  b u rs t in  m acrophages.

T h e  assay  can be  in h ib ite d  w ith  sodium  az id e  a t  an y  p o in t d u rin g  p h ag o 
cy to s is ; add ing  c redence  to  th e  fact th a t  fo r a chem olum inescence response to  
o ccu r, m acrophages m u s t possess a fu n c tio n a l m em b ran e  an d  enzym e system s. 
W h en  sodium  azide w as a d d e d  a t  th e  sam e tim e  as th e  in it ia tio n  of p h ag o cy to 
sis, no  chem olum inescence response ap p eared . I f  sod ium  azide w as added  a t  a 
p o in t w hen  the  m ac ro p h ag es  were a c tiv e ly  p h ag o cy tin g , th e  chem olum i
nescence  response d ec reased  d rastica lly  to  b a c k ro u n d  levels. T h e  effects of sodi
um  az id e  on p o ly m o rp h o n u c lea r  leukocy tes in d ic a te s  th a t  chem olum inescence 
is d e p e n d e n t on fu n c tio n a lly  in ta c t cells [17].

O ur resu lts  a long  w ith  those of S ch leu p n er e t al. [18] and  S chadelin  and  
M andell [19] in d ica te  t h a t  no rm al in ta c t  p h a g o c y tin g  m acrophages ex h ib it 
a chem olum inescence resp o n se  th a t  is specific  an d  can on ly  be  elic ited  from  
m acro p h ag es th a t  a re  in  th e  process of p h ag o cy to s is . T h is chem olum inescence 
resp o n se  does no t o ccu r p r io r  to  or su b se q u e n t to  phago cy to sis  [9].

T h e  chem olum inescence  response w as te s te d  on a c tiv a te d  m acrophages 
in  o rd e r  to  estab lish  if  i t  could  serve as a q u a n t i ta t iv e  m easu re  of m acrophage 
a c tiv a tio n . The chem olum inescence  response  fo r  R N A  a c tiv a te d  Swiss m ouse 
m acro p h ag es was 187%  h ig h e r th a n  th a t  fo r n o rm a l m acrophages. T he general 
sh a p e  o f th e  chem olum inescence  response cu rv e  fo r a c tiv a te d  m acrophages 
w as s im ila r to  th a t  g iv en  b y  norm al m acro p h ag es, b u t  th e  m ag n itu d e  a t  th e  
p e a k  chem olum inescence response was h ig h e r. W hen  m acrophages becom e 
a c tiv a te d  th ere  is a co rresp o n d in g  increase  in  th e  m etab o lic  a c tiv ity  of th e  
H M S. T h is resu lts  in  in c re a se d  p ro duc tion  o f  ox id iz ing  rad ica ls . These rad ica ls 
a re  responsib le  for th e  g en era tio n  of p h o to n s from  lum ino l. T h u s w ith  lum inol, 
we a re  m easuring  th e  p ro d u c tio n  of ox id izing  rad ica ls  g en era ted  by  th e  HMS
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in  response to  phagocy tosis . S ch leu p n er e t al. [18] have  show n th a t  Coryne- 
bacterium p a rvu m  a c tiv a te d  m acro p h ag es show  a g rea te r  chem olum inescence  
w hen p h ag o cy tin g  Candida albicans o r zym osan  as com pared  to  n o rm a l m acro- 
P h a  ges in th e  p rocess o f p h ag o cy to sis . O ur re su lts  an d  tho se  o f S ch leu p n er 
e t  al. [18] in d ic a te  th a t  chem olum inescence  is a q u a n ti ta t iv e  m easu re  of 
m acrophage a c tiv a tio n . The p eak  o f  th e  chem olum inescence response  curve  
is in  p ro p o rtio n  to  th e  degree o f a c tiv a tio n .

T he 51C r-release assay  for m easu rin g  m acrophage  a c tiv a tio n  p ro v e d  to  be 
sensitiv e  and  o f sh o rt d u ra tio n . T h e  assay , a lth o u g h  n o t as sen sitiv e  as th e  
chem olum inescence assay , has th e  ad d ed  a d v a n ta g e  o f m easu rin g  a d irec t 
e ffec t o f m acro p h ag e  ac tiv a tio n , th e  a b ility  to  kill tu m o u r  cells. T h e re  w ere 
tw o  d isad v an tag es  w ith  th e  51C r-re lease  assay . O ur in itia l p rob lem  w ith  th e  
a ssay  was th e  h igh  degree of 51Cr- sp o n tan eo u s  release from  th e  tu m o u r  cells. 
U n d e r th e  b es t co n d itions i t  w as n o t  possible to  red u ce  th is  re lease  to  less 
th a n  1.5%  per h o u r; th u s  using a 18 h assay  period , th e  sp o n tan eo u s  release 
acco u n ted  for 2 8 %  o f th e  to ta l in c o rp o ra te d  label. C ero ttin i and  B ru n n e r  [13] 
fu r th e r  show ed th a t  each tu m o u r cell line w ill release th e  51Cr label a t  a ra te  
d ep e n d e n t on how  well th e  cells a re  a d a p te d  to  tissue  cu ltu re  co n d itio n s . In  
ad d itio n , our re su lts  have show n t h a t  u n d e r m ax im um  con d itio n s th e re  was 
on ly  a 27%  increase  in release d u e  to  th e  cy to to x ic  effect o f a c tiv a te d  m ac ro 
phages. T hus u n d e r ex p erim en ta l co n d itio n s, th e  sp o n tan eo u s re lease  was 
a lm o st as high as th e  cy to to x ic  e ffec t release. T he 51C r-cy to tox ic  re lease  assay  
d id  n o t show a cy to to x ic  effect fo r RNA a c tiv a te d  m acrophages, a lth o u g h  
th e re  was an increase  in cy to to x ic  re lease  w hen  th io g ly co lla te -in d u ced  m ac ro 
p h ag es were used.

O ur resu lts  h av e  show n th a t  th e  51C r-release assay  records a c y to to x ic  
e ffec t w hen th io g ly co lla te -in d u ced  m acro p h ag e  are  used, h u t  no c y to to x ic  
effect w hen m acrophages are a c tiv a te d  b y  R N A . U sing th e  chem olum inescence  
assay , R N A  a c tiv a te d  Swiss m ouse m acrophages express a 187%  in c rea se  in 
th e  a c tiv ity  o f th e  HM S as co m p ared  to  th e ir  n o rm al c o u n te rp a r ts , w hereas 
th io g ly co lla te -in d u ced  m acrophages w ere sup p ressed  in  th e ir  a c t iv i ty ;  th e  
rev erse  s itu a tio n  w hen the  olC r-release assay  w as used. W e p ropose, in  a d d itio n  
to  ou r tw o assay  system s m easu ring  d iffe ren t effects of a c tiv a tio n , t h a t  th io - 
g lyco lla te  and  R N A  do n o t a c tiv a te  m acrophages b y  th e  sam e m ech an ism .

W c conclude from  our re su lts  th a t  b o th  m eth o d s, chem olum inescence  
an d  51C r-release, q u a n tita tiv e ly  m easu re  m acrophage a c tiv a tio n . T h e  ch em o 
lum inescence assay  w as th e  m ore sen s itiv e , less v a riab le , sim pler a n d  m ore 
ra p id  of th e  tw o  m ethods.
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BACTERIAL MODULATION 
OF THE CELLULAR IMMUNE RESPONSE IN MICE

I .  T H E  C O U R SE  O F  LY M PH O C Y TIC  C H O R IO M E N IN G IT IS  V IR U S  IN F E C T IO N  IN  
B O R D E T E L L A  P E R T U S S I S  V A C C IN E  P R E T R E A T E D  M IC E W IT H  P H Y S IO L O G IC A L

T H Y M U S  IN V O L U T IO N

I l o n a  S z e r i , P ir o s k a  A n d e r l i k , Z s u z s a n n a  B á n o s  and Má r ia  W e s s e l y  
In stitu te  o f  Microbiology, Sem m elw eis U niversity M edical, School,

B udapest

(R ece iv ed  A pril 18, 1983)

T he cellu lar im m une response to  ly m p h o cy tic  choriom ening itis  v iru s in fec tio n  was 
fo u n d  to be no rm al in 6-m onth-old m ice  w ith  physiological th y m u s in v o lu tio n , w hile  i t  w as 
red u ced  in 18-m onth-o ld  mice. The B ordetella  pertussis  vaccine e lic ited  im m u n o su p p re ss io n  in 
6 -m on th -o ld  mice w ith  norm al im m uno log ica l responsiveness, while i t  failed to a ffec t th e  p h y s 
io logically  d im in ished  cellular im m une resp o n se  in 18-m onth-old m ice. T he e x te n t o f  im m u n o 
su p p ress io n  e lic ited  by  th e  vaccine c h an g e d  paralle l to  its co n co m itan t spleen h y p e r tro p h y  
inducing  effect.

A cellu lar im m une reac tio n  u n d erlie s  th e  le th a l ly m p h o cy tic  c h o rio m en 
in g itis  (LCM) w here  th e  T cells p la y  an  essen tia l role in  th e  d ev e lo p m en t o f th e  
d isease  [1 -3 ]. T h e  course of th e  v iru s  in fec tion  depends on th e  h o s t’s ce llu la r 
im m u n e  responsiveness and , c o n se q u e n tly , on th e  h o s t’s age. A d u lt m ice 
w ith  in ta c t im m u n e  system  d ev e lo p  acu te  LCM w ith  fa ta l  ou tco m e , w hile 
suck ling  m ice w ith  th e ir  im m a tu re  im m u n e  system  su rv iv e  th e  v iru s  in fec tio n  
an d  becom e v iru s  carriers [4].

O ur p rev io u s stud ies of o ld  m ice w ith  physio logical th y m u s  in v o lu tio n , 
i.e . lym pho id  a tro p h y  due to  ag in g , h av e  revealed  a reduced  ce llu lar im m u n e  
responsiveness to  LCM v irus; th e  c h a rac te ris tic  neuro log ica l sy m p to m s o f 
LMC v iru s  in fec tio n  w ith  its  c h a ra c te r is tic  h isto log ical changes w ere p re se n t 
in few  an im als [5].

T he Bordetella pertussis  v acc in e  is know n to  have an  im m u n o m o d u la to ry  
e ffec t w hich m ay , how ever, w ork  n o t  on ly  in  one d irec tio n ; i t  m ay  cause  b o th  
s tim u la tio n  or suppression , d e p e n d in g  on th e  c ircum stances [6—9 1.

A ccord ing  to  our previous s tu d ie s , th e  effect o f p e rtu ss is  v acc ine  on th e  
course  o f LCM v iru s  infection  v a rie s  w ith  th e  h o s t’s age; i t  re s tr ic ts  th e  ce llu la r 
im m u n e  response  to  th e  v irus in fe c tio n  in  a d u lt mice w ith  in ta c t  im m u n e  sy s
te m  an d  am plifies i t  in suckling m ice  w ith  im m atu re  im m u n e  system  [10, 11 ].

I l o n a  Sz e r i, P ir o sk a  A n d e r l ik , Zsuzsanna  B á n o s , M á r ia  W e s s e l y  
Institute of Microbiology, Semmelweis University Medical School 
Nagyvárad tér 4, H-1089 Budapest, Hungary
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T h e p resen t e x p e rim e n ts  were concerned  w ith  th e  in fluence  of B . per
tu ssis  vaccine on th e  cou rse  o f  LCM virus in fec tio n  in mice o f various ages b u t 
a ll in  th e  s ta te  of physio lo g ica l thy m u s in v o lu tio n .

M aterials and m ethods

E xperim ental an im a ls. C 57B L  mice of d ifferen t ages an d  b o th  sexes w ere used.
The B . pertussis vaccine  c o n ta in ed  30 X 109/m l k illed  b ac te ria  su spended  in physiologial 

sa lin e (H u m an  In s ti tu te  fo r Serobacterio log ical P ro d u c tio n  an d  R esearch , B udapest). T he mice 
rece iv ed  single in tra p e rito n ea l in jec tio n  of 0.3 m l v acc in e  each , co n ta in in g  9 X 109 bac teria . 
C o n tro l m ice were tre a te d  w ith  physiological saline p H  7.0 ad m in iste red  in  th e  sam e w ay and  
q u a n ti ty .

L C M  virus infection. T h e  app lied  W. E . s tra in  w as m a in ta in ed  in  serial m ouse b ra in  
passag es . Physiological sa lin e  w as used to p rep are  th e  b ra in  suspensions and  v irus d ilu tions. 
T h e  e x p erim en ta l an im als w ere ino cu la ted  in tra ce re b ra lly  w ith  100 L D 50 in  0.03 ml o f p re t i t r a t 
ed v iru s . Control an im als rece iv ed  in  th e  sam e w ay  b ra in  suspensions o f un in fec ted  mice. T he 
neu ro lo g ica l sym ptom s c h a ra c te ris tic  of LCM (trem o r, convu lsion ) w ere checked tw ice daily  
a n d  th e  incidence of d e a th  w as reg iste red .

V irus recovery. B ra in  suspension  prepared  from  su rv iv in g  and  th e n  sacrificed an im als 
w as in o cu la ted  in tra c e re b ra lly  in  1 : 10 d ilu tion  to  sev e ra l g roups o f m ice. C h arac terstic  
n eu ro log ica l sym ptom s a n d  d e a th  confirm ed th e  reco v e ry  o f LCM virus.

E xam ina tion  o f  the lym p h o id  system. Mean re la tiv e  ly m pho id  o rg an  w eights and  spleen 
ind ices w ere de term ined :

R e la tiv e  lym pho id  o rg a n  w eigh t
m ean ly m p h o id  organ  w eigh t (m g) 

m ean  b o d y  w eigh t (g)

Spleen index
m ea n  re la tiv e  spleen w eigh t in  th e  vaccine tre a te d  group  

m ean  re la tiv e  spleen w e igh t in  th e  con tro l group

Statistical evaluation. F o r  s ta tis tic a l ev a lu a tio n  S tu d e n t’s tw o sam ple  t te s t  was app lied . 
T h e  significance level w as p =  0.05.

Results

S ix-w eek-old (I) , six -m on th -o ld  ( I I )  an d  18 -m onth-o ld  ( I I I )  mice w ere 
t r e a te d  w ith  p e rtu ssis  vacc in e . On the  n e x t  d a y  som e o f th e m  were in fec ted  
w ith  LCM virus. T h e  ex p e rim en ta l g roups an d  tre a tm e n ts  a re  p resen ted  in 
T a b le  I.

T he ex p erim en ts  w ere  concluded on th e  21st d ay  a f te r  LCM v irus in 
fec tio n . A t th e  tim e  o f v iru s  infection  th e  u n tre a te d  (u n v acc in a ted ) con tro l 
m ice w ere sacrificed  an d  th e  re la tive  th y m u s  w eigh t w as d e te rm in ed  in  th e  
th re e  age groups. T h e  d a ta  o b ta in ed  are p re se n te d  in  T ab le  I I .

As it  can be seen  fro m  Table I I  th e  re la tiv e  th y m u s  w eigh t was sign if
ic a n tly  h igher in  th e  6-w eek-old  mice (g roup  I) th a n  in  th e  g roups I I  and  I I I ;  
w h ile  th e re  was no s ig n if ic a n t difference in  re la tiv e  th y m u s  w eight betw een  
th e  18-m onth-o ld  a n d  6 -m on th -o ld  mice.
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Table I

Th e experimental mouse groups and their treatments

Groups Age No. of’ mice
Intraperitoneal Intracerebral

(mouth) inoculation

I 1.5 20 B . pertussis LCM

P-LCM - I I 6 20 vaccine virus

— I I I IK 20

I 1.5 20 PBS LCM

LCM II 6 20 virus

I I I 18 20

- 1 1.5 20

P -  II 6 20 B . pertussis norm al b ra in

- I I I 18 20 vaccine suspension

- I 1.5 20

c -11 6 20 PB S norm al  b ra in

- I I I 18 20 suspension

U n trea ted - I 1.5 10 — —

- I I 6 10

- I I I 18 10

Table  II

Relative thym us iveight in the age groups

Group Mean relative thymus
weight Significance

- I

U n trae ted  II
3.8 +  1.3 1

— Л  p <  o.ooi
1.8 +  1.0 ]

I I I 1.6 Hh 0.5 J p >  0.05

The r a te  an d  tim e  curve  of  d e a th s  in th e  LCM in fected  groups a re  p re s 
en ted  in Fig. 1.

I n  g roups  LCM-I and L C M -II all th e  mice d ied be tw een  th e  6 th  a n d  8 th  
d a y  a f te r  th e  infection. In  ag reem en t  w ith  our p rev ious experim en ts ,  in  g roup  
L C M -II I  5 0 %  of th e  mice su rv ived  th e  infection and  deatli  occurred  la te r  
b e tw een  8 an d  18 days. In  P-LCM -I a n d  P-L C M -II  g roups o f  v a cc in a ted  mice 
d e a th  occurred  betw een  th e  7 th  a n d  11th  d a y  w ith  15 an d  2 0 %  of th e  mice 
su rv iv ing  th e  v irus  infection, respectively .  In  group P -L C M -III  the  d e a th

5 A c ta  M ic r o b io lo g ic a  H u n g á r i á i  3 0 ,  1 9 8 3
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100 ________ t________ t__________ T___________t
-1 LCM v i r u s  5 10 15 (ja y S 21

B .p e r t u s s i s  v a c c in e

Fig. 1. R a te  an d  tim e of d e a th  a f te r  LCM v iru s in fection

o ccu rred  betw een  th e  9 th  an d  13th d ay  w ith  a 60 %  su rv iv a l ra te . N eurological 
sy m p to m s  c h a ra c te r is tic  o f  LCM could be o b se rv ed  in  all dy ing  m ice.

H a lf  o f th e  g ro u p s P  and  C w ere sacrificed  on th e  7 th  d ay  o f th e  experi
m e n t, th e  o th e r h a lf  on  th e  21st day . No sp o n ta n e o u s  d e a th  occurred  in  these  
g ro u p s . R e la tiv e  sp leen  w eig h t and  indices o f  th e  sacrificed  an im als are  p re se n t
ed  in  F ig . 2.

E x p ressed  sp leen  h y p e r tro p h y  w as o b se rv ed  on th e  7 th  d a y  a f te r  v acc in a 
tio n  in  b o th  th e  ag e-g ro u p s I  and I I ,  w hile  th e  h y p e r tro p h y  due to  pertu ssis  
v acc in e  was s ig n ifican tly  slig h te r in ag e-g roup  I I I .  B y  th e  21st d ay  spleen 
h y p e r tro p h y  decreased  as com pared  to  its  7 th  d a y  v alue; th e  ra te  of decrease 
w as th e  low est in  g ro u p  I I I .
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Fig. 2. E ffec t o f  B . pertussis  vaccine on th e  spleen in m ice of various ages

Discussion

L y m p h o cy tes  are  kn o w n  to  leave  the  cen tra l ly m p h o id  organs such  as 
th e  th y m u s  and m ig ra te  to  th e  p e rip h era l lym pho id  o rg an s, s im u ltan eo u sly  
w ith  th e  beg inning  o f th y m u s  inv o lu tio n . In  th e  p re se n t ex p erim en ts  th e  
ce llu la r im m unological responsiveness to  LCM v iru s  w as s tu d ied  in  m ice of 
d iffe ren t ages in d iffe ren t th y m ic  s ta te s  as well as th e  e ffec t o f  th e  B . pertussis  
vacc ine  on th e  course of LCM in fec tio n  was observed  in  th e  d iffe ren t age groups. 
In  sp ite  o f the fac t th a t  th e  p e rip h e ra l lym phoid  sy s tem  of 6 -m on th -o ld  
m ice was a lread y  in  th e  th y m u s  invo lu tio n  s ta te , th e y  s till h a d  a com plete  
ce llu la r im m unological c a p a c ity  (100%  d ea th  ra te  in g ro u p  L M C -II). On th e  
o th e r  h an d , th e  ce llu la r im m u n e  responsiveness o f 18 -m onth-o ld  m ice is 
a lre a d y  on th e  decline, in  g ro u p  L C M -III su rv iv a l w as 5 0 % . T he im m u n o 
m o d u la to ry  effect of B . pertussis  vaccine elicited  im m unosuppression  in 
6-w eek-old and  6 -m o n th -o ld  m ice, th u s  these v a cc in a ted  an im als died la te r  
th a n  th e ir  u n v acc in a ted  c o u n te rp a r ts  and  p a r t  o f th e m  su rv iv ed  th e  v iru s 
in fec tion  as v irus ca rrie r. In  18-m onth-o ld  mice th e  ra te  an d  tim e cu rv e  of 
d e a th  did n o t show  an y  s ig n if ican t difference be tw een  v a c c in a ted  an d  u n 
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v a c c in a te d  anim als, i.e . th e  vaccine  failed  to  affect th e  physio log ica lly  de
c lin ed  cellu lar im m uno log ica l cap ac ity .

E v a lu a tio n  of th e  re la tiv e  spleen w eigh t show ed th a t  B . p ertu ssis  vaccine 
c a u se d  sligh ter spleen h y p e r tro p h y  in  18 -m onth-o ld  m ice th a n  in  6 -m on th  or 
6 -w eek-o ld  ones. T he im m u n o su p p ressiv e  an d  spleen h y p e r tro p h y  inducing  
e ffec ts  o f B . pertussis  v acc in e  seem  to  ru n  p ara lle l. In  th e  age g roups I  and 
I I ,  n a m e ly , expressed  sp leen  h y p e rtro p h y  (spleen in d ex  2.5) cou ld  be observed 
s im u ltan eo u s ly  w ith  im m u n o su p p ressio n . On th e  o th e r h a n d , th e  th ird  age- 
g ro u p  show ed no change in  ce llu la r im m unolog ical c a p a c ity  a n d  spleen h y p e r
t r o p h y  w as also s lig h t (sp leen  in d ex  1.6).
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BACTERIAL MODULATION 
OF THE CELLULAR IMMUNE RESPONSE 

IN MICE

II . ST IM U L A T IO N  BY E N D O T O X IN  O F T H E  R E D U C E D  C E L L U L A R  
IM M U N E  R E S P O N S E  TO LCM V IR U S  IN F E C T IO N  IN  A G ED  M IC E

Z s u z s a n n a  B á n o s , P ir o s k a  A n d e r l i k , I l o n a  S z e r i , Má r ia  W e s s e l y
and L. B e r t ó k

In s titu te  o f  M icrobiology, Sem m elw eis U niversity  M edical School B u d a p es t, and  
Frédéric Joliot-C urie N ational Research Institu te  fo r  Radiobiology and Radiohygiene, B udapest

(R eceived  A pril 18. 1983)

A ging m ice tre a te d  w ith  rad io -d e to x ified  en d o to x in  and  su b sequen tly  in o cu la te d  in tra -  
c ereb ra lly  w ith  ly m p h o cy tic  ch oriom en ing itis  (LCM) v iru s died earlier and  in a h ig h er ra te  
th a n  th e  v irus in fec ted  and  o therw ise  u n tre a te d  con tro ls. T hus, in mice w ith  in su ffic ien t T 
ly m p h o cy te  fu n c tio n  due to  aging, th e  rad io -d e to x ified  en d o to x in  p re tre a tm e n t c o n tr ib u te d  to  
th e  o u tcom e of LCM v iru s in fection  in  th e  form  o f le th a l m ening itis. T h a t ind ica tes a  s tim u la to ry  
effec t on  th e  reduced  cellu lar im m unolog ical reac tio n  to  th e  v irus infection.

I t  is know n th a t  several m icrobes and  m icrobial substances can  m odify  
im m unolog ica l re a c tiv ity . T h ey  a re  im p o r ta n t as n a tu ra l s tim u la to rs  o f th e  
develop ing  im m une  system . T he b a c te r ia  and  th e ir  non -tox ic  p u rified  p ro d u c ts  
can  be used as a d ju v a n ts  an d  non-specific  s tim u la to rs  in in fec tions, especia lly  
in  v iru s  in fec tions, in im m une  defic iency  s ta te s  an d  in th e  case o f tu m o u rs .

L ipopo lysaccharide  (L PS) en d o to x in s  o rig in a tin g  from  G ram -n eg a tiv e  
b a c te r ia  are  know n  to  in fluence  th e  im m une responsiveness. T h e re  a re  d a ta  
on increases and  decreases o f th e  im m u n e  response to  hetero logous a n tig e n s  [1].

I t  is also know n th a t  th e  course of in tra c e reb ra l ly m p h o cy tic  cho rio 
m en in g itis  (LCM) v iru s in fec tion  depends on th e  cellu lar im m une re sp o n siv e 
ness o f  th e  h ost and  hence on his age. In  a d u lt m ice w ith  in ta c t im m u n e  sy stem  
a c u te  LCM has a fa ta l ou tcom e. T h e  disease and  d e a th  are  th e  consequences 
o f th e  cy to to x ic  reac tio n  of T -ly m p h o cy tes , specific  to  LCM v iru s  a n tig e n , to  
cells t h a t  express v ira l an tigens on th e  lep to m en in x  [2—4].

In  mice w ith  in su ffic ien t T -ly m p h o cy te  fu n c tio n , like new borns o r su ck 
lings w ith  im m atu re  im m une sy stem  or aged m ice or those h av in g  received  
im m u n o su p p ressiv e  tre a tm e n t, LCM fails to  develop , an d  th e  m ice su rv iv in g  
th e  in fec tio n  becom e v iru s  carrie rs  [5 -8 ]. S u b stan ces w ith  a d ju v a n t a c tiv ity , 
like Bordetella pertussis  vaccine or en d o to x in  p re p a ra tio n s  (b o th  th e  p a re n t
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an d  th e  rad io -d e to x ified  en d o to x in ) c o n tr ib u te  to  th e  deve lopm en t o f m en ing i
tis  fo llow ing  in tra c e re b ra l LCM v irus in fec tion  in  suckling  m ice [9—11].

I n  th e  p resen t e x p e rim e n t th e  effect o f rad io -d e to x ified  en d o to x in  was 
s tu d ie d  on th e  course o f  LCM virus in fec tion  in  aged  mice w ith  physio logical 
th y m u s  in v o lu tion .

M aterials and m ethods

E n do tox in  ( L P S )  p rep ara tion . L PS w as iso la ted  b y  th e  h o t p h e n o l-w a te r  m eth o d  of 
W e s tp h a l e t al. [12] fro m  a  fe rm e n to r  cu ltu re  of Escherichia  coli 0 8 9 . T he p re p a ra tio n  was 
p u rif ie d  b y  rep ea ted  u l tra c e n tr ifu g a tio n  a t  100 000 g.

Production o f rad io-detoxified  endotoxin (r d L P S )  preparation  (T olerin  ® , H u m án , B u d a 
p e st) . L P S  was “ d isso lved”  in  d is tilled  w a ter and ir ra d ia te d  (15 M rad =  150 kG y) a t  a concen
t r a t io n  o f 10 m g/m l in  a fi0Co source  for rad io -d e to x ifica tio n  [13-15].

E xperim en ta l a n im a ls. Y o u n g  (2 m on ths old) an d  aged  (18 m on ths old) C57B1 inbred  
m ice o f  b o th  sexes w ere u sed .

L C M  virus infection . T h e  app lied  W . E . s tra in  w as m a in ta in ed  in  serial m ouse b ra in  
passag es . V irus t i t r a tio n  w as perfo rm ed  by in tra c e re b ra l in o cu la tio n  of y oung  a d u lt  mice. 
D u rin g  th e  ex p erim en t th e  d ev e lo p m en t of neuro log ica l sy m p to m s c h arac te ris tic  o f LCM 
( tre m o r, convulsions) an d  d e a th  w ere contro lled  tw ice d a ily .

E xam ina tion  o f  the lym p h o id  system. The re la tiv e  sp leen  and th y m u s  w eigh ts an d  th e  
sp leen  a n d  th y m u s ind ices o f  m ice were de term ined  as follow s:

R e la tiv e  ly m p h o id  o rg an  w eight
ly m p h o id  o rg an  w eight (m g) 

b o d y  w eigh t (g)

m ean  re la tiv e  lym phoid  o rg a n  w e igh t in th e  ex p erim en ta l group
L y m p h o id  organ index  =  --------------- =—;--------------;—.-,------------------ —------;----- ;----------

m ean  re la tiv e  1 y m pho id  o rg an  w eigh t in  th e  co n tro l group

Statistica l evaluation  w as done  by  S tu d e n t’s tw o  sam p le  1 te s t. T he a cc ep te d  level of 
s ig n ifican ce  was p =  0.05.

R esults

In  o rd er to  in v e s tig a te  th e  s ta te  o f th e  th y m u s  in m ice, 10 young  (2 
m o n th s  old) and  10 aged  (18 m o n ths old) m ice w ere  sacrificed  and  th e ir  re la tiv e  
th y m u s  w eight an d  th y m u s  index  were d e te rm in e d . T he m ean re la tiv e  th y m u s 
w e ig h t w as s ig n ifican tly  low er in th e  aged th a n  in  th e  y oung  m ice ( th y m u s 
in d e x  =  0.4).

T o  s tu d y  th e  e ffec t o f  endo tox in  on th e  cou rse  of LCM v irus in fec tion  in  
ag ed  m ice, th e  an im als rece iv ed  a single in tra p e r ito n e a l in jec tion  o f th e  rd L P S  
p re p a ra t io n  in a dose o f 10 m g/kg body  w e igh t. C on tro l an im als received  PB S  
in  th e  sam e w ay. On th e  follow ing day  th e  m ice w ere infected  in trace reb ra lly  
w ith  th e  p re ti tra te d  100 L D 5n of LCM v iru s .

S im u ltan eo u sly  w ith  th e  LCM in fec tio n , m ice were in o cu la ted  in t r a 
c e re b ra lly  w ith  v iru s-free  m ouse b ra in  su spension . O f these  m ice, th o se  rece iv 
in g  rad io -d e to x ified  e n d o to x in  form ed th e  rd L P S  group and  those  tre a te d  
w ith  p h o sp h a te -b u ffe red  sa line  (PB S) th e  C g ro u p .

T h e  infected  m ice p re tre a te d  w ith  rad io -d e to x if ied  LPS belonged to  th e  
rdL P S -L C M  group.
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T he exp e r im en t  w as te rm in a te d  on th e  21st d a y  a f te r  v irus  infection. 
T he  neurological sy m p to m s  cha rac te r is t ic  o f  LCM as well as d e a th s  were 
reg is tered  in th e  v irus  in fec ted  groups. The groups and  t r e a tm e n ts  are  p re se n t 
ed  in  Tab le  I.

Table I

M ouse groups and their treatment

Groups No. of mice I ntraperitoneal 
treatment

Intracerebral
inoculation

rdLPS-LCM 20 rd L P S LCM virus

LCM 20 X LCM virus

rd L P S 20 rd l.P S X X

<: 20 X X X

X PBS
X X =  V irus-free m ouse b ra in  suspension

R a te  and  t im e  cu rve  of  d e a th  in th e  v irus  in fec ted  groups are  p resen ted  
in Fig. 1.

Typical neurological sy m p to m s  of in tra c e reb ra l  LCM virus  infection  
were a p p a re n t  before d e a th  in each anim al succum bing  d u r ing  the  ex p e r im en t .

S ix ty  per  cen t o f  th e  mice infected w ith  v irus  b u t  n o t  t r e a te d  w ith  
rd L P S ,  died betw een th e  7 th  and  15th day  a f te r  inocu la t ion . H u n d re d  pe r  cen t  
o f  th e  v irus infected and  rd L P S  trea ted  mice d ied be tw een  th e  7 th  and  
11 th  d a y  following v irus  in fec tion . Thus, th e  m o r ta l i ty  ra te  was h igher  and  
d e a th  occurred earlier t h a n  in th e  u n trea ted  LCM group .

S im ultaneously  w ith  infection  of aged mice, paralle l t i t r a t io n  was p e r 
fo rm ed  on young  an im als . H u n d re d  per cent o f  th e  mice infected w i th  100 
L D 50 of LCM virus d ied on th e  7 th  to 9 th  d ay  following infection.

A c t a  M i c r o b i o l o g i c a  H u n g a r i c a  3 0 ,  1 9 8 3

Fig. 1. R a te  a n d  tim e of d e a th  a f te r  LCM v iru s infection
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N e ith e r  disease n o r  d e a th  occurred  in  th e  un in fec ted  i.e . in  th e  rd L P S  
t r e a te d  or contro l g roups.

T o  s tu d y  th e  e ffec t of t r e a tm e n t  on th e  lym p h o id  sy stem , 10 an im als of 
th e  g ro u p s  no t su b jec ted  to  v iru s  in fec tion  w ere sacrificed  on th e  7 th  d a y  a fte r  
in o c u la tio n  and  th e  re la tiv e  sp leen  w eight an d  spleen in d ex  w ere d e te rm in ed . 
As c o m p a re d  to  th e  u n tre a te d  con tro ls , rd L P S  tr e a te d  an im als d isp lay ed  in 
c re a se d  spleen w eigh t (sp leen  in d ex  =  1.8).

D iscussion

T h e  resu lts show ed t h a t  d e a th  occu rred  earlie r an d  its  ra te  w as h ig h er in 
ag ed  m ice  tre a te d  w ith  rd L P S  an d  su b seq u en tly  in fec ted  w ith  LCM v iru s  th a n  
in  th e  v iru s  in fected  b u t  u n tre a te d  co n tro l m ice. T hus, in  m ice w ith  th y m u s 
in v o lu tio n  and  in su ffic ien t T  ly m p h o c y te  fu n c tio n  due to  ag ing , th e  rd L P S  
t r e a tm e n t  c o n tr ib u te d  to  th e  ou tcom e o f LCM in fec tio n  in  th e  fo rm  of le th a l 
m e n in g itis , i.e. i t  e n h an ced  th e  reduced  ce llu la r im m une  re a c tio n  to  v iru s  
in fe c tio n .

T h e  resu lts o b ta in e d  a re  in ag reem en t w ith  o u r earlie r o b se rv a tio n  th a t  
rd L P S  co n trib u tes  to  th e  d ev e lo p m en t o f th e  s till in su ffic ien t ce llu la r im m une 
re sp o n se  of suckling m ice [11]. O ur earlie r s tu d ies  have also show n th a t  B. 
p er tu s s is  vaccine has no e n h an c in g  effect on th e  red u ced  ce llu la r im m une 
re sp o n se  to  LCM in fec tio n  [8]. B o th  rd L P S  an d  B. pertussis  vacc in e  caused , 
h o w e v e r , spleen h y p e r tro p h y  in  aged m ice.

T h e  im m u n o m o d u la to ry  effect of L PS  p re p a ra tio n s  an d  B. pertussis  on 
th e  im m u n e  response to  LCM  v iru s  in  m ice is sum m arized  in  T ab le  I I .

Table II

Immunomodulatory effect o f B. pertussis vaccine and LPS preparations on the immune response to
L C M  virus

Age of mice
The immune system Effect of

State Function LPS B. pertussis

S u ck lin g U ndeveloped Insu ffic ien t Increased  [11] Increased  [9, 10]

Y o u n g  a d u lt D eveloped N orm al No effect* D im inished [8]

O ld In v o lu ted Insufficien t Increased No effect [8]

* U npublished d a ta

L P S  p rep a ra tio n s  e n h an ced  th e  in su ffic ien t im m une  response  to  LCM 
v iru s  in  b o th  aged an d  suck lin g  m ice. T he im m u n o m o d u la to ry  effect o f B. 
p er tu s s is  vaccine d ep en d ed  on  th e  age o f th e  an im als.
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EFFECT OF AN IRRADIATE]) 
ESCHERICHIA COLI

ENDOTOXIN PREPARATION ON THE SENSITIVITY TO 
A LYMPHOTROPIC CYTOSTATIC AGENT IN GERMFREE 

AND CONVENTIONAL MICE
P ir o s k a  A n d e r l i k , I l o n a  S z e r i , Z s u z s a n n a  B á n o s , Má r i a  W e s s e l y ,

L .  B e r t ÓK and B. R a d NAI

Institute o f Microbiology, Semmelweis University Medical School, Budapest, Frédéric Joliot-Curie 
National Institute of Radiobiology and Radiohygiene, Budapest and István Municipal Hospital,

В  u d a p e s t

(R eceived  April 18. 1983)

A 18 m g/kg  dose of d ian h y d ro d u lc ito l, a ly m p h o tro p ic  c y to s ta tic  a g en t p ro d u ced  the  
sam e d e a th  r a te  am ong germ free as a 12 m g/kg dose d id  in  co n v en tio n al mice. P re tre a tm e n t w ith 
th e  sam e dose of an  irrad ia te d  im m u n o m o d u la to ry  en d o to x in  p re p a ra tio n  h ad  increased  the 
sen sitiv ity  to  these d ian h y d ro d u lc ito l doses in th e  sam e degree in  germ free as in co n v en tio n a  
m ice. A s tu d y  of th e  ly m pho id  organs and  th e  in te s tin a l wall in d ica te  th a t  b o th  in  germ free  
and co n v en tio n al m ice th e  d ian h y d ro d u lc ito l sen sitiv ity  increasing  effect of the  en d o to x in  p re 
p a ra tio n  was due to  its  s tim u la tio n  of th e  ly m pho id  system . T he h igher resis tan ce  of germ free 
mice to  d ian h y d ro d u lc ito l is ascribed  to  th e ir  lack of a norm al in te stin a l flora.

S everal physio logical an d  a rtific ia l co n d itions m ay  influence  th e  d rug  
se n s itiv ity  o f th e  o rgan ism . A ccord ing  to  our ea rlie r s tud ies th e  p resence  or 
absence o f th e  m icrobial f lo ra  p lay s a decisive role in th e  d ru g  re s is ta n c e  of 
y o u n g  a d u lt m ice. T he se n s itiv ity  of germ free m ice to  d ia n h y d ro d u lc ito l (D A D ), 
a ly m p h o tro p ic  c y to s ta tic  a g en t, w as nam ely  found  to  be reduced  as co m p ared  
to  th a t  o f co n v en tio n a l m ice. On th e  basis o f th e  h isto log ica l p ic tu re  o f  th e ir  
in te s tin a l w all, th e  h igher re s is tan ce  to  th e  d ru g  o f germ free m ice w as assum ed  
to  be due to  th e  lack  o f e n d o to x in  from  th e ir  in te s tin e  [1].

T he p re sen t s tu d y  w as u n d e rta k e n  to  exam ine th e  effect o f en d o to x in  
on th e  se n s itiv ity  to  D A D  o f germ free an d  c o n v en tio n a l mice.

M ateria ls and m ethods

Experimental animals. T he e x p erim en ts  w ere carried  o u t on 5-6-w eek-o ld  germ free 
(Gf) and  co n v en tio n a l (Cv) m ice of b o th  sexes w eighing 20—25 g, pu rch ased  from  th e  Zootech- 
n ical In s t i tu te  fo r L ab o ra to ry  A nim als (L A T I, G ödöllő, H u n g a ry ). The germ free  s ta te  was 
m ain ta in ed  as described  earlier [1].
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Treatment with dianhydrodulcitol (N S C -1 3 2 3 1 3 ). D ia n h y d ro d u lc ito l (D A D ) is th e  epoxide 
of D B D , a ly m p h o tro p ic  c y to s ta t ic  ag en t of th e  a lk y la tin g  group  [2]. T he su b s tan ce  (C hinoin, 
B u d a p e s t)  w as dissolved in d is tilled  w a te r  and  used w ith in  30 m in.

Endotoxin preparation. T he en d o to x in  was iso la ted  b y  th e  h o t p h e n o l-w a te r  m ethod  of 
W es tp h a l e t al. [3] from  a fe rm e n to r  cu ltu re  of Escherichia coli 0 89 . T he p re p a ra tio n  was 
p u rif ie d  by  rep ea ted  u ltra c e n tr ifu g a tio n  a t 100 000 g. T h is n a tiv e  (p a re n t)  en d o to x in  was d is
so lved in  d istilled  w a ter an d  ir ra d ia te d  (15 M rad =  150 kG y ) a t  a c o n cen tra tio n  of 10 m g/m l 
in a ß(,Co gam m a source fo r ra d io d e to x ifica tio n  [4-5 ]. P re ilim in a ry  experim en ts  show ed th a t  
th e  p a re n t  end o to x in  in a 10 m g/kg  dose was h ighly  to x ic  for m ice w ith  50%  o f th e  m ice dy ing  
on th e  3 rd  d ay  a fte r t r e a tm e n t.  T he rad iodetox ified  e n d o to x in  (rd L P S ) used  in a 10 m g/kg 
dose h a d  no tox ic  effect w h a tev e r . T he la t te r  was used in th e  p resen t w ork.

. , m o rta lity  ra te  in  th e  rd L P S -D A D  group
Mortality index =  —  —%---------- :---- г—к  ГК

m o r ta l i t y  r a t e  in  t h e  D A D  g ro u p

Study of the lymphoid system, (a) T he abso lu te  ly m p h o c y te  co u n t w as d e te rm in ed  in 
b lood  o b ta in e d  from  th e  c au d a l ve in  u n d e r s ta n d a rd ize d  conditions, (b) R e la tiv e  sp leen  and  
th y m u s  w e ig h ts and  th e  sp leen  an d  th y m u s  indices o f m ice d ied  or sacrificed  d u rin g  th e  ex p eri
m e n t w ere  d e te rm in ed  as follow s:

R ela tive  ly m p h o id  o rg an  w eight
ly m p h o id  o rg an  w eight (m g) 

b o d y  w eigh t (g)

. m ean  re la tiv e  lym phoid  o rg an  w eigh t in th e  ex p erim en ta l group
L y m p h o id  organ  index  =   — — ,----- , . . ----------------— — ; . ----------------------------

m e a n  r e l a t i v e  ly m p h o id  o r g a n  w e i g h t  in  t h e  c o n t r o l  g ro u p

Histological examination. T h e  sm all in te stin e  w as p re p a re d  as described  by  Shira i e t al. 
L6] th e n  fix ed  and sta in ed  w ith  h aem atoxy lin -eosin .

Statistical evaluation w as done  by  S tu d e n t’s tw o  sam ple  t te s t. T he accep ted  level of 
S ign ificance w as p =  0.05.

Experiments and results

G erm free (Gf) a n d  co n v en tio n a l (Cv) m ice w ere tre a te d  in tra p e rito n e a lly  
w ith  10 m g/kg  rd L P S . O n th e  n e x t d ay  som e o f th e  G f mice received  18 m g/kg , 
w hile  som e of th e  Cv m ice received  12 m g/kg  o f D A D  in tra p e rito n e a lly . T he 
c o n tro l m ice received  physio log ica l saline in  th e  sam e w ay  an d  q u a n tity .

Table I
Mouse groups and treatments

Group
Treatment

1st day 2nd day

rdL P S -D A D rdL P S DAD

G f —DAD phys. NaCl DAD

rdL P S rdL PS phys. NaCl

- C phys. NaCl phys. NaCl

rd L P S -D A D rdL PS DAD

Cv - D A D phys. NaCl DAD

rd L P S rdL P S phys. NaCl

- C phys. NaCl phys. NaCl
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E ach  group consisted  o f  25 m ice. The m ouse g ro u p s an d  th e ir  tre a tm e n ts  
are  d em o n stra ted  in  T ab le  I .

F o u r days a f te r  D A D  tre a tm e n t ,  th u s 5 d a y s  a f te r  rd L P S  tr e a tm e n t, 5 
m ice from  each g roup  w ere sacrificed  and th e ir ileu m  w as processed for h is to l
ogy. In  th e  DAD tre a te d  g ro u p s deaths were reg is te re d , and  th e  re la tiv e  
spleen and  th y m u s  w eigh ts an d  indices of the  d ied  m ice w ere de te rm in ed . T he 
ex p e rim en t w as te rm in a te d  on th e  21st day a fte r  D A D  tre a tm e n t.

On th e  8 th  d a y  a f te r  rd L P S  tre a tm e n t, w hen d e a th s  occurred  in  th e  D A D  
tre a te d  groups, 10 m ice each  w ere sacrificed from  th e  rd L P S  and  C g roups. 
B efore sacrifice, b lood  w as ta k e n  for ly m phocy te  c o u n t d e te rm in a tio n . A fte r
w ard s th e  re la tiv e  spleen an d  th y m u s  wreights an d  ind ices were d e te rm in ed . 
T h ere  was no d e a th  in  th e  m ouse-g roups rd L P S  an d  C d u rin g  th e  21 d ays of 
th e  ex p erim en t.

T he ra te  an d  tim e  cu rv e  o f  m o rta lity  in  th e  D A D  tre a te d  g roups are 
p re sen ted  in F ig . 1, show ing  an  ap p ro x im ate ly  s im ila r d e a th  ra te  am ong  Gf 
an d  Cv mice in sp ite  o f th e  d ifferences in the  dosage o f  D A D  (groups Gf-D A D  
and  Cv-D A D ).

T he m o rta lity  ra te  o f G f m ice p re trea ted  w ith  rd L P S , w as 100%  w hile 
it w as 90%  in Cv m ice (g roups G f-rdL PS-D A D  and  C v-rdL P S -D A D ). T here  
w as no s ign ifican t d ifference in  th e  tim e curves o f  d e a th  in th e  re sp ec tiv e  
groups.

T he d a ta  for re la tiv e  sp leen  w eight and th e  in d ices  o f th e  died an d  sac
rificed  mice are  listed  in T ab le  11, showing th a t  rd L P S  tre a tm e n t induced  a

G e r m f r e e C o n v e n t i o n a l

s?
>.

0

=  5 0 -

100.

-1
r d L P S  f

t DAD 
-------- /А—

Í r d  L P S - D A D
I L УА-

f D A D  1 8 m g / k g

10 21 
d a y s

M o r t a l  i t y  
i n d e x

. L P S - D A D  n - n 
g e r m f r e e  — „ ------ = 0 . 3 0

DAD

c o n v e n t i o n a l
L P S - D A D  

DAD =
0 . 2 7

Fig. 1. D e a th  r a te  and tim e curve in  th e  DA D  
tre a te d  groups
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s ig n if ic a n t  h y p e rtro p h y  in  b o th  Cv an d  G f m ice (groups rd L P S  a n d  C). DAD 
t r e a tm e n t  caused severe sp leen  a tro p h y  in b o th  th e  rd L P S  t r e a te d  and  u n 
t r e a te d  m ice (groups G f-D A D , C v-D A D , G f-rdL P S -D A D  a n d  C v-rdL PS- 
-D A D ).

Table II

Relative spleen weight and spleen-indices in  various mouse groups

S p leen -in d ex

G roups
R e la tiv e  spleen 

w eig h t DA D rd L P S rdL P S -D A D
c C rdL P S

rd L P S -D A I) 1.9 +  0.6

G f D A I)

rd L P S

- C

1.6 +  0.4 

6.2 +  1.4
P <  0.001

3.6 +  0.9

0.4 1.7 0.3

rd L P S -D A D 2.4 +  0.5
Cv D A D

rd L P S

-  C

2.1 +  0.6 

6.1 +  1.1
1) <  0.001

3.8 +  1.0

0.5 1.6 0.4

T h e  rd L P S  tre a tm e n t fa iled  to  cause a sign ifican t change in  th e  abso lu te  
ly m p h o c y te  count an d  th e  re la tiv e  th y m u s  w eigh t in  th e  g ro u p s G f-rdL P S  and 
C v -rd L P S  as com pared  to  th e  va lu es  o b ta in e d  in th e  g roups Gf-C and  Cv-C.

G ra v e  th ym us a tro p h y  w as o bserved  in  th e  m ice th a t  h a d  d ied  of DAD 
t r e a tm e n t  (thym us ind ices w ere a b o u t 0.3) as com pared  to  th e  u n tre a te d  
g ro u p s . T h e  rdL P S  tr e a tm e n t  failed  to  a ffec t th e  degree o f th y m u s  a tro p h y .

O n th e  4 th  day  a f te r  D A D  tre a tm e n t th e  ileum  was e x a m in e d  in  5 mice 
eacli f ro m  th e  respective  g ro u p s. T he f in d in g s concern ing  th e  in te g r i ty  of the 
in te s t in a l  m ucosa and  th e  e v e n tu a l changes in d ica tin g  th e  e ffec t o f  endo tox in , 
like in f la m m a to ry  in f il tra tio n s  or oedem a, w ere m arked  b y  crosses. The ob
ta in e d  re su lts  are su m m arized  in T ab le  I I I .  I t  is seen th a t  rd L P S  tre a tm e n t 
cau se d  in flam m atio n  an d  o ed em a in th e  G f m ice while in  th e  Cv m ice no changes 
cou ld  be  observed th a t  w ould  h a v e  been a t tr ib u ta b le  to  rd L P S  (g ro u p s C v-rdLPS 
a n d  C f-rdL P S ). P resu m ab ly  th e  G f m ice w ere sensitive to  rd L P S  since these 
a n im a ls  m e t the  en d o to x in  effect fo r th e  f irs t tim e. D A D  tr e a tm e n t  caused 
in f la m m a tio n , oedem a, a n d  necrosis b o th  in  Cv and  Gf m ice (g roups Cv-DAD 
a n d  G f-D A D ). T hough G f m ice h ad  received  a h igher dose, th e ir  in flam m ato ry  
c h a n g e s  w ere sligh ter th a n  th o se  observed  in Cv mice. O n th e  o th e r  hand , 
th e  D A D  elicited necrosis in  th e  G f m ice t r e a te d  w ith  a h ig h e r dose was one 
g ra d e  g ra v e r  ( +  +  + )  th a n  in  th e  Cv m ice t re a te d  w ith  a sm alle r dose ( + + ) •  
T h e  m o re  serious changes could  be eq u a lly  observed  in th e  G f an d  Cv mice
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rece iv ing  a com bined  t r e a tm e n t  (g roups C v-rdL P S -D A D  an d  G f-rdL P S -D A D ). 
T h e  m easu re  o f a lte ra tio n s  w as e q u a l am ong  th e  tw o ty p e s  o f m ice as to  in 
f la m m a tio n  and  necrosis h u t  o ed em a  w as g rav er in G f m ice th a n  in  Cv m ice.

Table III

In testinal changes in  the various mouse groups

G roups In fla m m a tio n O edem a
M ucosal
necrosis

Cv-C + — —

Gf-C -

C v-rdL PS ± — —

G f-rdL PS + +  +

Cv-DAD +  +  + + +  +
Gf-DAD + + +  +  +

C v-rdL PS-D A D +  +  + +  + +  +  -)-
G f-rdLPS-D A D +  +  + -^ +  + +  +  +

Discussion

In  p rev ious ex p e rim en ts  [1 | th e  sam e dose o f DAD p ro d u ced  a low er 
m o rta li ty  ra te  an d  la te r  d e a th  am o n g  G f th a n  am ong Cv m ice. G rave  sp leen  
a n d  th y m u s  a tro p h y  developed  in  b o th  Cv an d  G f m ice dy ing  o f D A D  t r e a t 
m en t. O n th e  o th e r h an d , th e  changes o f th e  in te s tin a l t r a c t  w ere s ig n if ican tly  
s lig h te r  in G f m ice th a n  in  Cv m ice. N ecrosis o f th e  ileum  w as less severe  in 
w all o f th e  G f m ice and  th e re  w as no in flam m atio n  or oedem a. C o n seq u en tly , 
♦he h ig h er res is tan ce  to  D A D  of G f m ice m ay  be exp la ined  by  th e ir  germ free 
c o n d itio n , since in  th is  s ta te  th e  a c u te  to x ic  effect o f DAD is n o t am p lified  b y  
th e  a c u te  d am ag ing  effect o f en d o to x in  as i t  occurs in th e  n o rm al in te s tin e .

P rev ious ex p erim en ts  h av e  show n th a t  th e  se n s itiv ity  to  D A D  o f Cv 
m ice w ith  spleen h y p e rtro p h y , d u e  to  th e  im m u n o m o d u la to ry  Bordetella p er 
tussis  vaccine , will increase as co m p ared  to  u n v acc in a ted  con tro ls . T h e  ly m 
pho id  a tro p h y  inducing  effect o f D A D  w as m ore expressed  on th e  p e rtu ss is  
v acc in e  s tim u la ted  ly m pho id  sy s tem , and  th e ir  com bined  a d m in is tra tio n  caused  
a v e ry  g rave  th y m u s  a tro p h y  w h ich  m ay  have  acco u n ted  fo r th e  h ig h e r d e a th  
ra te  [7].

P rev ious s tud ies of rd L P S  h av e  d e m o n s tra te d  its  im m u n o m o d u la to ry  
effect, f t  s tim u la te s  th e  ce llu la r im m u n e  response in  v ivo [8, 9], in creases  th e  
h u m o ra l im m une response [10, 11], an d  leads to  ly m p h o c y te  p ro life ra tio n  [12].
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W ith  our p rev ious re su lts  in  m ind , th is  t im e  we used a h igher DAD dose 
(18 m g/kg) in th e  t r e a tm e n t  of G f m ice th a n  in  th a t  o f Cv m ice (12 m g/kg). 
T h e  d e a th  ra te s  in th e  tw o  m ouse groups (G f-D A D  an d  Cv-D A D ) w ere n ea rly  
e q u a l w ith  th is  t r e a tm e n t  schedu le , again  co n firm in g  th e  h igher re s is tan ce  of 
G f m ice to  th e  app lied  c y to s ta tic  agen t.

T h e  sam e dose o f  rd L P S  increased  th e  d ru g  se n s itiv ity  of G f and  Cv 
m ice in a sim ilar degree. A fte r  d ifferen t D A D  doses, th e  m o rta lity  index  w as 
0 .30 in  th e  Gf, and  0.27 in  th e  Cv mice.

T h e  fac t th a t  th e  im m u n o m o d u la to ry , ly m p h o id  p ro life ra tio n  inducing  
rd L P S  increases th e  s e n s it iv ity  to  DAD m ig h t be  b ro u g h t in to  connection  w ith  
i ts  sp leen  h y p e rtro p h y  in d u c in g  effect th a t  w as sim ilar in  th e  G f and  th e  Cv 
m ice in  accordance  w ith  p rev ious re su lts  w ith  B. pertussis  vaccine. T he ly m 
p h o id  a tro p h y  in d u c in g  e ffec t of DAD could be  observed  m ore o ften  in  an im als 
w ith  s tim u la te d  ly m p h o id  system  and sp leen  h y p e r tro p h y  due to  rd L P S  
tr e a tm e n t ,  th a n  in th e  m ice n o t tre a te d  w ith  rd L P S . T h a t w ould exp la in  th e  
h ig h e r  m o rta lity  ra te  o f com bined  D A D -rd L P S  tre a tm e n t in  b o th  G f and  
Cv m ice.

T h e  histo log ical s tu d ie s  show ed th a t  th e  t r e a tm e n t w ith  rd L P S  had  
o n ly  s lig h tly  affected  th e  D A D  elicited in te s tin a l changes in  co n v en tiona l mice 
w hile  it h ad  exp ressed ly  increased  th em  in germ free  mice as ev idenced  by  
o ed em a an d  in fla m m a tio n , ch a ra c te ris tic  o f an  en d o to x in  effect. T h a t confirm s 
o u r  sug g estio n  th a t  th e  in creased  d rug  resis tan ce  o f germ free m ice, as com pared  
to  th e  conven tiona le , is due  to  th e  absence of th e  en d o to x in  effect from  norm al 
in te s t in a l  flo ra . T his m a y  th a n  accoun t fo r th e  D A D  sen sitiv ity  increasing  
e ffec t o f  rd L P S  as w ell as fo r  th e  d ifferences in  D A D  se n s itiv ity  of G f and  
Cv m ice.

In  ag reem en t w ith  th e  resvdts of B. per tussis  vaccine t re a tm e n t [7], 
th e  D A D  sen sitiv ity  in c reas in g  effect o f rd L P S  m igh t be exp la ined  b y  its 
ly m p h o id  system  s tim u la tin g  and spleen h y p e r tro p h y  inducing  effects in  b o th  
Cv an d  G f mice. In  th e  an im als w ith  rd L P S  s tim u la te d  ly m p h o id  system  an 
ir re v e rs ib le  le th a l ly m p h o id  a tro p h y  w as m ore  fre q u e n t th a n  in  th o se  n o t 
t r e a te d  w ith  rd L P S . In  ad d itio n , th is  p re p a ra tio n  increased  th e  sen s itiv ity  
to  D A D  of G f mice b y  p ro d u c in g  an in te s tin a l dam ag e  ch a ra c te ris tic  o f an  
e n d o to x in  effect. T he d ifferences in D A D  se n s itiv ity  betw een  Gf an d  Cv mice, 
an d  th e  h ig h er res is tan ce  o f G f mice can b o th  be ex p la in ed  b y  th e  lack  of endo
to x in  in th e  in testin e .
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EFFECT OF IRRADIATED HAEMOPHIEUS 
INFEUENZAE ENDOTOXIN PREPARATIONS IN MICE
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o f  N eurosurgery, B udapest and Frédéric Joliot-C urie N ational Institu te  fo r  R adiobiology and

Radiohygiene, Budapest

(R ece iv ed  A pril 18, 1983)

A d e to x ified  substance  (rd L P S ) w as p ro d u ced  from  H aem ophilus in fluenzae  en d o to x in  
by  ionizing ra d ia tio n  and  its  c ap a c ity  to  p re v en t a tta c k s  o f d y spnoea  e lic ited  b y  e n d o to x in  
in h a la tio n  in m ice has been  stu d ied . T he rd L P S  p roved  to  be an  effective  s tim u la n t o f  aspecific  
im m une re s is tan ce  of m ice b u t it could  o n ly  p a r tly  p re v en t a tta c k s  o f  dyspnoea.

E n d o to x in  was p rep ared  from  th e  fe rm en to r cu ltu re  o f a H aem ophilus  
in fluenzae  s tr a in  according to  th e  m e th o d  o f W estp h a l e t al. |1 ] . Mice m ade 
to  in h a le  it developed acu te  d y spnoe ic  a tta c k s  lead in g  w ith  tim e  to  in te r 
s titia l p n eu m o n ia . The effect w as a t t r ib u te d  to  th e  d irec t cell d am ag in g  effect 
o f the  en d o to x in  and to  th e  re leased  m e d ia to r  su b stan ces [2, 3].

lla logh  e t al. [4-7] h av e  show n th e  p ro tec tin g  effect o f ra d ia tio n -d e to x i
fied  en d o to x in  p rep a ra tio n  of Escherichia coli (Tolerin®) in severa l en d o to x in - 
induced  d iseases as well as th e  c o n c o m ita n t a c tiv a tio n  of th e  aspecific  p ro te c t
ing  m ech an ism s of th e  o rgan ism .

T his g av e  th e  idea of d e to x ify in g  th e  lip o p o ly sacch arid e-ty p e  II. in f lu 
enzae en d o to x in  (rdL P S ) fo r s tu d y in g  th e  en d o to x in  induced  dyspnoeic  a t ta c k s  
u n d e r Tolerin®  and rd L P S  p ro te c tio n  and  th e  effect of rd L P S  on d y sp n o ea  
s ta te . C hanges in  th e  aspecific  re s is tan ce  of th e  organ ism  w ere also  s tu d ie d .

M ateria ls and  m ethods

B acterial stra in . A n o n cap su la ted  I I .  in fluenzae  s tra in  was iso lated  from  th e  p h a ry n x  of a 
p a tie n t  w ith  ch ro n ic  b ronchitis. T he en d o to x in  p rep ared  from  a fe rm en to r c u ltu re  o f  th is  
s tra in , th e  rd L P S  p repared  from  th is  p a re n t en d o to x in  and  T olerin®  p rep ared  from  E . coli 0 8 9  
e n d o to x in  w ere used.
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M ethods. (A) T he en d o to x in s  were p repared  from  th e  fe rm en to r cu ltu re  o f th e  s tra in s  
w ith  th e  h o t p h e n o l-w a te r  m e th o d  of W estphal e t al. [1]. (В ) The respec tive  Tolerin®  and 
rd L P S  w ere p repared  from  th e  v a rio u s endotoxins by  ir ra d ia t io n  w ith  150 kG y C obalt gam m a 
source  [8].

The combined effect o f  T o lerin® , rd L P S  and endotoxin  w as stud ied  in C FL P  w hite  mice 
(L A T I, Gödöllő). E ach  e x p e rim e n ta l group consisted of 10 an im als .

1. T he E . coli T o lerin®  w as adm in istered  in tra v e n o u s ly , in trap erito n ea lly  or by  in tr a 
tra c h e a l  in h a la tio n  in a dose of 50 fig  in order to d e te rm in e  w h e th e r i t  was able to  p re v en t th e  
d y sp n o e ic  a tta c k  induced b y  1 [ig H . influenzae  en d o to x in  in h a led  48 h afte rw ards.

2.1. I / .  influenzae rd L P S  w as given in tra p e rito n ea lly  in  doses o f 1 fig , 10 fig, 25 fig and  
50 (Лg, resp ec tiv e ly , follow ed b y  H . influenzae  end o to x in  in h a la tio n  in doses o f 1 fig  u n d e r lig h t 
e th e r  an aesth es ia . The in h a la tio n  of endotox in  began  24 or 48 h la te r  and w as rep ea ted  daily  
fo r 10 d ay s .

2.2. rd L P S  was g iven  in tra p e rito n ea lly  in a dose of 25 fig  once daily  for 3 days followed 
48 h la te r  by  th e  in h a la tio n  o f 1 fig  endotox in  daily  fo r 10 d ays.

2 .3 . A nim als show ing severe  dyspnoea due to  th re e  en d o to x in  in h a la tio n  p re tre a tm e n ts  
rece iv ed  1 ,1 0 , 25, or 50 fig  rd L P S  in trap erito n ea lly , fo llow ed b y  renew ed endo to x in  in h a la tio n  
24 o r 48 h  la te r.

3. T w en ty -fo u r o r 48 h  a f te r  the  inhala tion  of 1 f ig , 10 fig , 25 fig , or 50 fig doses of rd L P S , 
th e  m ice  w ere m ade to  in h a le  d a ily  1 fig  endotox in  fo r 10 d ay s.

4. T he mice w ere m ad e  to  inhale  rdL P S  in 1, 10, a n d  25 fig  doses 10 tim es in o rder to  
s tu d y  i ts  d irec t effect on th e ir  re sp ira tio n .

Im m unological sta tus o f  mice treated intraperitoneally w ith 25 fig rd L P S  fo r  3 days.
1. D e term in a tio n  o f th e  to ta l  peripheral W BC a n d  ly m p h o cy te  counts.
2. D e term in a tio n  o f th e  p e rito n ea l cell count. T h e  ab d o m in a l c av ity  w as w ashed w ith 

2 m l P a rk e r ’s m edium . T h e  cell c o u n t was de term ined  in B iirk e r’s cham ber.
3. D e term in a tio n  o f m acro p h ag e  phagocytosis [9]. T h e  overetherized  m ice received 

in tra p e rito n e a lly  2 ml P a rk e r ’s m edium  contain ing  h e p a rin , 10%  calf serum , buffer, Na- 
p y r u v a te  and  L -g lu tam ate . T h e  pe rito n ea l fluid was th e n  a sp ira ted  and  cen trifuged  tw ice a t  
800 g  a t  - f 4  °C for 20 m in  in heparin -free  m edium . T h e  p e lle t was suspended  in 2 ml m edium  
a n d , a f te r  cell count d e te rm in a tio n , cu ltu red  in p las tic  P e tr i  d ishes, th en  in cu b a ted  in a C 0 2 
a tm o sp h e re . N on-adhering  cells w ere w ashed o u t a f te r  2 a n d  24 h, th en  a Candida albicans 
su sp en s io n  was added. Tw o h o u rs  la te r  the  phagocy te  in d ex , i.e. th e  average n u m b er o f phago- 
c y te d  fu n g i pe r cell was d e te rm in e d  un d er a phase c o n tra s t  m icroscope.

4. G ranu locy te  p h a g o cy to s is  [9]. Mice were g iven  2 m l o f 6 %  d e x tra n  so lu tion  (m olecular 
w e ig h t, 200 000) in tra p e rito n e a lly  and  3 h la te r th e  p e r ito n e a l flu id  was a sp ira ted  in to  p las tic  
tu b e s  co n ta in in g  0.1 ml h e p a rin  an d  0.1 ml physio logical sa line  and cen trifuged  a t  800 g for 
15 m in . T h e  pelle t was w ash ed  w ith  H an k s’ so lu tion  th re e  tim e s  (800 g, 10 m in), th e n  suspended  
in  1 m l H a n k s ’ so lu tion  a n d  th e  cell co u n t was d e te rm in ed  in  a B ü rk er cham ber. S ubseq u en tly  
a su sp en s io n  was p rep ared  from  C. albicans, co n ta in ing  10 tim e s  m ore y eas t cell per ml th a n  th e  
g ra n u lo c y te  suspension. T h e  y e a s t suspension was a d d ed  to  th e  g ranu locy tes and  incu b a ted  
a t  37 °C fo r 3 h. F in a lly , sm ears  w ere p repared , s ta in e d  w ith  G iem sa and  th e  n u m b er o f phago- 
c y te d  y e a s t  cells per g ra n u lo c y te  w as determ ined.

Results

T ab le  I shows th e  com bined  effect o f  th e  en do tox in  and  Tolerin®, 
rd L P S  on th e  re sp ira tio n .

1. Tolerin® p re p a re d  from  E. coli p a re n t e n d o to x in  app lied  in  h igh  doses 
an d  g iven  to  the  m ice b y  v a rio u s  rou tes failed  to  reduce  th e  dyspnoeic  a tta c k s  
in d u c e d  b y  en do tox in  in h a la tio n  24 or 48 h  la te r .

2 .1 . T w en ty  fiv e  an d  50 fig rdL P S  p re p a re d  from  H. influenzae  endo tox in  
a d m in is te re d  in tra p e rito n e a lly , m itiga ted  th e  dyspnoeic  a tta c k s  due to  endo
to x in  in h a la tio n  24 or 48 h la te r . P ro tec tio n  w as m o st expressed  if  50 f ig  rd L P S  
w as ap p lied  a fte r a 48 h  in cu b a tio n  period.
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Table I

Effect o f  Tolerin®  and rd L P S  on the dyspnoeic attacks due to 
endotoxin inhalation in  mice

P re tre a tm e n t P rovocation
D y spnoeic  re sp o n se  a fte r  
10 e n d o to x in  in h a la tio n s

1 . E. coli T olerin®
50 fig  i.v. strong
5 0  /ig i.p. strong
in h ala tio n  of 50 /ig strong

2.1. 11. in fluenzae  rdL PS
1 / i g  i . p . strong

10 / / g  i.p. strong
25 /,g i.p. slight
50 /ig i.p. l / , g  n .

influenzae
slight

2.2. 25 /ig i.p . rd L P S  on th ree  subsequen t days endotoxin
inhala tion

slight

2.3. In h a la tio n  of 1 fig II. influenzae  endo tox in  on 24 or 48 h
th ree  subsequen t days, th en  in trap erito n ea l 
rd L P S  in doses of

la te r

i w strong
10 / , g strong
25 /,g strong
SO /<g strong

3. I I . in fluenzae  rdL P S  inhala tion
1 /'B strong

25 /ig strong
5 0 / , g strong

T he lungs of th e  an im als w ere ex am in ed  histo log ically . T h e  g ro u p s 
p re tre a te d  w ith  25 or 50 /tg rd L P S  show ed a m ild  form  of in te rs ti t ia l  p n e u m o n ia  
w hich deve loped  in  con tro l m ice w ith  severe  dyspnoea  due to  1 fig e n d o to x in  
in h a la tio n . T he p e riv ascu la r and  p e rib ro n ch ia l round  cell in f iltra tio n  co n sis ted  
o f less cells an d  invo lved  sm aller a reas. T h e  ro u n d  cell in f iltra tio n  co n sis ted  
o f ly m p h o cy te s , m acrophages an d  som e leu k o cy tes . T here  w ere m a c ro p h a g e  
an d  ly m p h o c y te  collections in  th e  alveoli, in  th e ir  walls as w ell as in  th e  
a lv eo la r se p ta  (F igs 1, 2).

2.2. In tra p e r ito n e a l rd L P S  a d m in is tra tio n  rep ea ted  th ree  t im e s  fa iled  
to  fu r th e r  m itig a te  th e  dyspnoeic  a tta c k s  due  to  en do tox in  in h a la tio n . T he 
h isto log ica l changes w ere n o t less, e ith e r.

2.3. A n a t te m p t  w as m ade to  t r e a t  th e  m ice th a t  were p re tre a te d  w ith  
en d o to x in  th re e  tim es an d  show ed severe dyspnoea , w ith  v a rio u s  doses of 
rd L P S  in  o rd e r to  in fluence  th e  d y spnoe ic  cond ition . T he a t ta c k s  d id  n o t, 
how ever, im p ro v e  on rd L P S .

3. P re tre a tm e n t w ith  rd L P S  in h a la tio n  follow ed in h a la tio n  o f 1 fig e n d o 
to x in  re su lte d  in  severe dyspnoeic  a tta c k s . T he rd L P S  in h a la tio n  w as n o t  
reac tio n -free , e ither.
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F ig. 1. H isto log ical p ic tu re  o f m ouse lung a fte r 10 in h a la tio n s  o f 1 /tg H . in fluenzae  en d o to x in . 
H a em a to x y lin -eo s in  s ta in in g , X 63. E x ten d ed  p e r ib ro n c h ia l and  p e rivascu lar in fil tra tio n  

ch a ra c te ris tic  o f in te r s t i t ia l  pneum onia . M acrophage  collections a round  th e  alveoli

F ig . 2  .H isto log ical p ic tu re  o f  m ouse lung p re tre a te d  w ith  50 fig  rd L P S  and  48 h  la te r  su b jec ted  
to  10 in h a la tio n  of e n d o to x in . H aem a to x y lin -eo s in  s ta in in g , X 63. T he perib ro n ch ia l and 

p e riv ascu la r ro u n d  cell in filtra tio n s are s lig h te r a n d  less th a n  those  in  F ig  1

4. T he effect o f  se ria l rd L P S  in h a la tio n  w as th e n  s tud ied . A fte r th e  te n th  
in h a la tio n  th e  sam e d y sp n o e ic  a tta ck s  d ev e lo p ed  as in  th e  con tro ls u n d e r th e  
e ffec t o f 1 /tg en d o to x in  in h a la tio n . H isto lo g y  show ed in te rs titia l p n eu m o n ia  
b u t  in  so m ew hat m ild e r  form  th an  a f te r  e n d o to x in  in h a la tio n  (F ig. 3).

T ab le  I I  su m m arize s  th e  ev a lu a tio n  o f  th e  im m unological s ta te  of 10 
m ice tr e a te d  w ith  rd L P S  in tra p e rito n e a lly  3 tim e s . T he 10 con tro l m ice received  
p h y sio log ica l saline in  th e  sam e w ay  an d  q u a n t i ty .
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Fig. 3. H isto log ica l p ic tu re  of m ouse lu n g  a f te r  10 inhala tions o f 1 fig  rd L P S . H a e m a to x y lin -  
eosin sta in ing , X63. I n te r s t i t ia l  pneum onia  o f m ed iu m  in te n s ity

Table II

Im m unological status o f  mice treated with rd L P S  intraperitoneally 3 tim es ( mean values)

Test mice Control mice

P e rip h eria l blood W BC co u n t 7300 ±  500 p <  0.001 4500 ±  300

abso lu te  ly m p h o c y te  
coun t 5000 ±  800 p <  0.001 3400 ±  400

P erito n eal cells T otal cell count 12.5 X 10° cell/im ouse 6 X I06 cell/m ouse

M acrophage p h ag o 
cytosis 28 C. albicans/cell 14 C. albicans/ccll

G ranulocyte p h ag o 
cytosis 15 C. albicans/cell 6 C. albicans/cell

1 .  T h e  ab so lu te  W BC an d  ly m p h o cy te  co u n t in c rea sed  to  doub le  in  
p e rip h e ra l b lood  a fte r  rd L P S  tre a tm e n t .

2. T h e  to ta l  perito n ea l cell c o u n t and  the  a c tiv ity  o f  p e rito n ea l m acro 
p hages a n d  g ranu locy tes also in c reased  to  double.

D iscussion

Tolerin®  is th e  ra d io d e to x if ie d  E . coli 0 8 9  p a re n t en d o to x in  developed  
b y  B e rtó k  e t al. [8]. I t  was show n to  p rev en t successfully  sep tic  an d  h aem o r
rh ag ic  shock , liver dam age in  a c u te  m yocard ial in fa rc tio n , an d  e n d o to x in  
shock  in  an im al experim en ts [4 — 7].
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In  previous s tu d ie s  i t  w as observed  th a t  in h a la tio n  o f H . influenzae  endo
to x in  caused  acu te  d y sp n o e ic  a tta c k s  in  m ice an d  led , in  case of chronic 
t r e a tm e n t ,  to  th e  d e v e lo p m e n t of in te rs ti t ia l  p n eu m o n ia  [2, 3].

S tu d y in g  th e  H . in f luenzae  en d o to x in , R a ich v a rg  e t al. [10, 11], D anny  
[12], a n d  D agre [13] re p o r te d  on sim ilar re su lts  a sse rtin g  t h a t  th e  endo tox in  
im p a ire d  ciliar m o v em en ts  a n d  R E S  fu n c tio n  in  th e  lung . C larke  [14] observed 
h is ta m in  release due to  H .  influenzae  a d m in is tra tio n , w hile  Snella  e t al. [15] 
re g is te re d  an increase in  th e  n u m b er of m acrophages an d  g ran u lo cy te s  in th e  
b ro n c h ia l lavage flu id  a f te r  b ac te ria l lip o p o ly sacch arid e  in h a la tio n .

In  th e  p resen t s tu d y  w e have a tte m p te d  to  p re v e n t o r red u ce  by  rd L P S  
th e  dyspnoeic  a tta c k s  in d u c e d  b y  end o to x in  in h a la tio n . S ince E . coli Tolerin® 
h a d  fa iled  to  in fluence  th e  a tta c k s , th e  rad io d e to x if ied  p re p a ra tio n  of H.  
in f lu en za e  p a ren t e n d o to x in  w as app lied . In  acco rd an ce  w ith  p rev ious resu lts  
[4—7], in tra p e rito n e a l a p p lic a tio n  o f 25 an d  50 /ig doses w ere  found  cap ab le  
to  m itig a te  the  d y spnoe ic  a t ta c k s  elicited b y  en d o to x in  a f te r  a 48 h incu b a tio n  
p e r io d  in  mice. C linical signs an d  h isto log ical s tu d y  show ed th a t  rdL P S  was 
th e  m o s t effective in  a 50 fj,g dose. The effect o f rd L P S  p re tre a tm e n t could be 
so m e w h a t im proved b y  re p e a tin g  it th ree  tim es, b u t  s till so i t  failed  to  offer 
p ro te c tio n  against a fu lly  developed  dyspnoeic  co n d itio n .

S ince rdL P S  b y  in tra tra c h e a l  a d m in is tra tio n  h ad  a d irec t effect, and  
h a d  ev en  provoked  d y sp n o e ic  a tta c k s , seria l rd L P S  in h a la tio n  was a t te m p t
ed  a n d  as an e x p e rim e n t in  v itro , th e  p re p a ra tio n  w as ad d e d  to  a H E p-2  
tis su e  cu ltu re  w hich d isp la y e d  cy to p a th o g en ic  changes d u e  to  11. influenzae  
e n d o to x in  [3].

Serial rdL P S  in h a la tio n  evoked increasing  dyspnoeic  a t ta c k s  and h is to 
lo g ica l changes to o k  p lace  in  th e  lungs. In  th e  H E p -2  tissu e  c u ltu re  degenerative 
ch an g es  h ad  ap p eared . I t  w as concluded  th a t  th e  effect o f en d o to x in  and th a t  
o f  rd L P S  were id en tica l on  th e  lung  tissue  (a lv eo la r ep ith e liu m , m acrophages) 
a n d  on  th e  tissue c u ltu re .

As to  th e  genera l im m unolog ica l s ta tu s  o f th e  an im a ls  a fte r  system ic 
rd L P S  tre a tm e n t, th e  p re p a ra tio n  h ad  increased  n o t on ly  th e  to ta l W RC 
c o u n t an d  th e  a b so lu te  ly m p h o c y te  co u n t b u t  also th e  to ta l  peritoneal cell 
c o u n t an d  th e  p h ag o cy tic  a c t iv i ty  of p e rito n ea l m acro p h ag es an d  granu locy tes. 
T h u s , in  ag reem ent w ith  d a ta  in  th e  l i te ra tu re  we also fo u n d  th a t  rdL P S  was 
c a p a b le  of increasing  th e  non-specific  re s is tan ce  of th e  o rg an ism  [16-19]. This 
g e n e ra l s tim u la to ry  e ffec t does n o t, how ever, m ean  a p e rfec t p ro te c tio n  against 
th e  dyspnoeic  a tta c k s  in d u c e d  b y  en d o tox in .

L o r th e  s tim u la tio n  o f  non-specific  re s is tan ce  on ly  sy stem ic  ad m in is tra 
tio n  is su ited  since th e  changes in th e  lu n g  a fte r  rd L P S  in h a la tio n  showed 
t h a t  irrad ia tio n  of th e  p a re n t  endo tox in  h ad  n o t  s ig n if ican tly  m odified th e  
e ffec t o f the  en d o to x in  on th e  H E p-2  tissu e  c u ltu re  an d  on th e  a lveolar epi-
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th e lia l cells and  m acro p h ag es. T h is m eans in o th e r  w ords th a t  d ire c t cell 
effects occur and  th e  release o f m ed ia to r  su b stan ces m ig h t p rovoke  d y spnoe ic  
a tta c k s .
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RESISTANCE TO BACTERIA OF PLASTICS USED IN
DENTAL PRACTICE

M á r t a  O r só s , I .  G y a r m a t i , J o lá n  B á n ó c z y , I .  N ász  a n d  J .  V i z k e l e t i

In stitu te  o f  M icrobiology and  Conservative D entistry C lin ic , Sem m elw eis U niversity M edica l 
School, B udapest and D istrict Jo in t P olyclinic, Dabas

(R eceived  April 26, 1983)

T he resistance  to b ac te ria  o f com position filling m a te ria ls  (E vicrol® , Iso p ast® , M icro
m ix®  an d  Superlux® ), o f acry lic  base-p la te  used fo r re m o v ab le  den tu res and  o f acry lic  
(M edident® ) te e th  has been  exam ined . O u t o f the  6 sam ples te s te d  w ith  Pseudomonas aeruginosa  
in accordance w ith  th e  H u n g a rian  s ta n d a rd , Evicrol® , S u p e rlu x ®  and  th e  base-p la te  p ro v ed  
to  be re s is tan t; Isopast®  was a tta c k e d  m oderate ly  an d  M ediden t®  tee th  and  M icrom ix®  
show ed in te rm ed ia te  resu lts .

M icrobiological corrosion  of p lastics w h ich  o therw ise  are re s is ta n t  to  
p h ysica l an d  chem ical in fluences has been o b se rv ed  in  an  increasing  n u m b e r  
of cases. D ue to  th e ir  o rgan ic  com position  an d  to  m a te ria ls  used in th e  cou rse  
of th e ir  p ro d u c tio n , p lastics  can  serve as ca rb o n  so u rce  fo r m icrobes. P ro l i f e ra t
ing  m icrobes m ay  d am ag e  th e  p lastics and  th u s  cau se  hygienic and  te c h n ic a l 
in ju rie s  and  ia tro g en ic  in fec tions [1-6].

P lastic s  w ere a d o p te d  in to  d en ta l p rac tice  a b o u t 40 years ago. T h e  b ase  
m a te ria l o f d e n ta l p ro sth eses  is b u ilt up from  ac ry lic  resin  m acrom olecu les, 
com posed o f m e th ac ry lic  ac id  m ethy lester. A cry lic  resin  is used to  m ak e  
crow nw orks, bridges, a e s th e tic  fillings, p a r tia l o r to ta l  d en tu re s ; in th e se  cases 
b o th  th e  te e th  an d  th e  b ase -p la te  consist of a c ry lic  res in . D ue to  its  n u m e ro u s  
d isad v an tag es , how ever, acry lic  resin  has b een  p ra c tic a lly  rep laced  b y  co m 
p o sitio n a l filling  m ate ria ls . T h e ir g round m a te r ia l  consists  o f organic a n d  in 
o rganic  com ponen ts. T he o rgan ic  p a r t  is th e  p ro d u c t  o f a reaction  b e tw een  
m etac ry lic  acid  an d  an  ep o x y  resin ; th e  bond  b e tw een  organic and  a n o rg a n ic  
com pounds is g u a ra n te e d  b y  silans w hich are o rg a n ic  silicon-com pounds.
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B esides th e ir  a d v a n ta g e , d isa d v a n ta g e s  h av e  also been  re p o r te d . T hus, 
P seudom onas  aeruginosa can  p ro life ra te  on  p las tic  d en tu re  b a se -p la te s  th a t  
re m a in  so ft [7] or on th e  tu b e  o f th e  tu rb in e -sp ra y  [8 -11 ].

In  v iew  of th e  ab o v e-m en tio n ed  o b se rv a tio n s , i t  seem ed w o rth w ile  to 
e x a m in e  th e  b eh av io u r of p lastics  used  in  d e n ta l p rac tice  to w a rd s  m icrobes.

M ateria ls an d  m ethods

Tested  samples. A crylic  b ase -p la te  (S p o fa -D e n ta l, Czechoslovakia) u sed  fo r rem ovable  
d e n tu re s ;  surface  45 cm 2. M edident®  te e th  ( In d u s try  fo r D en tal T echnology, H u n g a ry )  used 
fo r re m o v a b le  d en tu re s , surface  5 cm 2. C om position  filling  m ateria ls : E v icro l®  (S p o fa , Czecho
s lo v a k ia ) , w hich  is o rganic—inorgan ic , Iso p ast®  (V iv a d en t, L iech tenstein ), M icrom ix®  (P la tze r 
D e n ta l ,  W ien ) Superlux®  (D en ta l M ateria l Ges., H a m b u rg ) w hich c o n ta in  o rg an ic -o rg an ic  
c o m p o n e n ts .

T h e  filling  m ate ria ls  w ere sm eared  on  b o th  sides o f  a 2.5 X 1 cm coverslip  a n d  th e n  p r in t
ed  f l a t .  T h e  surface  w as 5 cm 2. E a c h  sam ple w as ex am in ed  in  trip lica te .

E xa m in a tio n  o f  microbiological corrosion. W e fo llow ed th e  MSz 8888/25—75 h o m e  s ta n d a rd  
d e v e lo p e d  accord ing  to  in te rn a tio n a l s ta n d a rd s  [12, 13]. O rganic m ate ria ls  as c a rb o n  sources 
w ere  t e s te d  w ith  P . aeruginosa  in  carbon-free  so lu tio n  co n ta in ing  N H 4N 0 3 1 g; K H 2P 0 4, 1 g; 
N a 2H P 0 4, 1 g; NaCl, 1 g; M gSO , • 7 H 20 ,  0.2 g; CaCl2, 0.02 g; sa tu ra ted  FeC l3 so lu tio n , 3 drops 
in  1000 m l o f d istilled  w a ter. T he te s t  s tra in  w as iso la te d  from  a p a tien t.

I f  th e  te s ted  sam ple  co n ta in ed  an  ex p lo itab le  c a rb o n  source, th e  n u m b e r o f v iab le  P. 
aeruginosa  cells w as rising  from  th e  in itia l 105/m l v a lu e . T he m ateria ls w ere q u a lif ied  o n  basis 
o f  th e  v ia b le  cell-m axim um . T he n u m b er o f v iab le  cells d e term ined  in carbon-free  so lu tio n  or in 
a  so lu t io n  co n ta in in g  d iocty l-sebaceic  acid served  as co n tro ls . In  th e  la t te r  so lu tio n  th e  m axi
m u m  g e rm  c o u n t (N max) exceeded 109/m l, w hile in  th e  fo rm er i t  rem ained  u n d e r  107/m l.

T h u s  th e  sam ple  w as considered  re s is ta n t (R )  if  th e  germ  co u n t d id  n o t  ex ceed  107/m l; 
m o d e ra te ly  a tta c k a b le  (M A) w here  N max w as b e tw ee n  107-2  X 108/m l, a n d  a tta c k a b le  (A) 
w h e re  N max exceeded 2 X 108/m l. T he q u a n ti ty  o f  th e  so lu tion  w as 1 m l p e r 1 cm 2 sam ple. 
T h e  e x a m in a tio n  was done a t  37 °C, du rin g  a  p e rio d  o f  28 days.

T h e  b eh av io u r o f sam ples soaked  in  su n flo w er oil w as also exam ined . T h e  sam p les were 
w e ig h ed  a n d  k e p t in  th e  oil fo r 14 d ay s, th e n  th e  r e s t  o f th e  oil was b lo tte d  u p  w ith  p a p e r  and 
th e  sa m p le s  w ere w eighed again . T h ey  all w eighed  m ore  th a n  before t re a tm e n t. A fte r  exposition  
to  P . aeruginosa  a t  37 °C fo r 28 d ay s , th e  excess w e ig h t d isappeared  an d  th e  g e rm  co u n t in 
c rea se d .

R esults

R e s is ta n t  w ere th e  b ase -p la te , E vicrol®  an d  Superlux® . Isopast®  w as 
a t ta c k e d  m o d e ra te ly  an d  M edident®  te e th  an d  Micromix® show ed  in te r 
m e d ia te  b eh av io u r (T able I).

T a b le  I I  show s th e  m ean  w eigh t o f  sam ples, th e  q u a n t i ty  o f  oil fixed  
to  th e  sam ples an d  th e  re su lts  concern ing  th e ir  surface an d  w e ig h t. A  sig
n if ic a n t  q u a n ti ty  o f oil w as fix ed  to  each  sam p le  and  each sam ple  w as a tta c k e d  
b y  P . aeruginosa , th e  germ  c o u n t exceeded  2 X l0 8/m l.

T h e  q u a n tity  o f fixed  oil in  th e  case of Isopast®  an d  M icromix® 
a n d  e x c e p t th e  b a se -p la te  — re su lted  in  an  increase  of th e  germ  c o u n t above 
10a/m l.
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Tabic I

Qualification o f  samples according to M S z  8888/25-75 standard

Samples Cells/ml Qualification

Evicrol® < 1 0 7 R
Isopast® 3 x i o 7 MA
Micromix'® 107 R/M A
Superlux® < 1 0 7 R
M edident®  tooth 107 R/M A
B ase-p la te < 1 0 7 R

C ontrols

D iocty l — sebaceic acid > 1 0 ‘J
Sunflow er oil >10»

C arbon-free solution < 1 0 7

Table II

Samples kept in  sunflow er oil

Samples

Weight of
Fixed 

oil/sample 
per cent

Cells/mlsamples
mg

oil fixed 
mg

oil fixed 
to samples 

mg/cm*

Evicrol® 598 170 34 28.4 <10»

Isopast® 106 174 34.8 43 > 1 0 “

M icromix® 395 178 35.7 45 > 1 0 “

Superlux® 336 178 35.7 53 <10»

M edident®  to o th 1304 174 34.8 13.3 < 1 0 °

B ase-p la te 4800 26 0.57 0.0054 < 10»

Controls

D ioctyl-sebaceic acid >10»

Sunflow er oil >10»

C arbon-free so lu tion < 1 0 7

D u rin g  th e  te s tin g  period each  sam ple  cam e off th e  coverslip su p p o se d ly  
d u e  to  sw elling  caused b y  th e  fix ed  oil.

T h e  fo llow ing sequence could  be  e s tab lish ed  as regards th e  a f f in ity  to  
oil: f illing  m a te r ia l  M edident®  te e th  >  b ase -p la te .
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Discussion

F ro m  th e  ex am in ed  sam ples, Isopast®  p ro v e d  to  he d irec tly  e x p lo it
ab le  b y  m icrobes, th e re fo re  i t  m ay be a c u ltu re  m ed iu m  n o t only  fo r P. aerugi
nosa  b u t  also fo r th e  Candida  species o c c u rrin g  in  th e  oral c a v ity  [7 , 14]. 
D e p e n d in g  on th e ir  a f f in ity  tow ard  oil o r  lip o so lu b le  m ateria ls , th e  o th e r  
sam p les  m ay  also serve  as cu ltu re  m edia. T h e  o ra l f lo ra  can therefo re  be a lte re d  
a n d  as a consequence  th e  incidence of th e se  m icrobes m ay  rise in  th e  d y s 
b ac te rio se s  n o ticed  d u rin g  an tib io tic  th e ra p y  a n d  in  re sp ira to ry  in fec tio n s. 
D ue  to  th e  swelling o f th e  filling -m ateria ls a n  in c rea sed  fo rm ation  o f seco n d a ry  
caries can  be observed . D isco louration  m ay  also  o rig in a te , a p a r t from  p ig m e n t
ed fo ods, from  m icrobes. O ne should n o t d is re g a rd  th e  ep ithe lia l a ty p ia s  due 
to  th e  p e rs is tan ce  o f  p ro b a b le  liposoluble ca rc in o g en s.

N y á ra sd y  e t al. [15] exam ined  338 co m p o sitio n a l fillings, 13%  o f w hich  
d ev e lo p ed  seco n d ary  caries. T hey  found loss o f  m a te r ia l in 73%  o f th e  fillings; 
m a rg in a l sealing w as in su ffic ien t in 77% ; c o lo u r a n d  tran sp a re n c y  w ere p e rfe c t 
o n ly  in  13% .

I t  is supposed  th e re fo re  th a t  on th e  b as is  o f  th e se  observations th e  a t ta c k -  
a b il i ty  o f f illin g -m ate ria ls  an d  m icrobiological corrosion m igh t be b ro u g h t 
in to  co rre la tio n .
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BACTERIAL COLONIZATION 
OL NEWBORN INLANTS IN AN INTENSIVE CARE UNIT

M a r i a n n e  S c h m i d t , Z s u z s a n n a  B o r s  and É va K is  

Second D epartm ent o f  Paediatrics, Semmelweis U n iversity  M edical School, B u dapest

(R eceived M arch 7, 1983)

B acteria l screening o f e x te rn a l ear, um bilical a n d  g a s tr ic  flu id  sam ples fro m  in fa n ts  a t 
adm ission  to  th e  in ten siv e  care  u n it  y ielded o p p o rtu n is tic  p a th o g e n s  in 22%  a n d  1 2 %  in  th e  
y ears 1980 and  1982, resp ec tiv e ly . As a re su lt o f im p ro v ed  h y g ien ic  m easures and  m ore  ra tio n a l 
use o f an tib io tic s , b ac teria l co lon ization  of in fan ts  s ta y in g  longer th a n  3 days d ec reased  from  
56%  to  19% . A n tib io tic  t r e a tm e n t  is n o t ind ica ted  if  o p p o rtu n is tic  pa thogens e x c e p t  Strepto- 
f occus agalactiae (g roup  B), a re  cu ltu red  from  in fan ts  w ith o u t  clinical sym ptom s.

E sta b lish m e n t an d  fu n c tio n in g  of in te n s iv e  care  u n its  for in fa n ts  have  
e ffec tive ly  c o n tr ib u te d  in  th e  la s t years to  d ec reasin g  th e  freq u en cy  o f  p e ri
n a ta l  m o rta lity . In te n s iv e  care , how ever, is closely  associa ted  w ith  a p p a ra tu se s  
an d  an tib io tic  t re a tm e n t, w hich considerab ly  en h an ces th e  chance o f b a c te r ia l 
co lon iza tion  and  n e o n a ta l in fections [1—9]. T h e  cau sa tiv e  agen ts o f n e o n a ta l 
in fec tions in a w ard  v a ry  a t  d ifferen t periods o f  tim e  [10]. To o b ta in  d a ta  for 
a m ore effective con tro l o f p o te n tia l in fec tion  h a z a rd s , in  th e  y ea rs  1980 and  
1982 we conducted  a su rv e illan ce  in our in ten s iv e  care  un it.

Materials and m ethods

B acterio log ical screening o f e x te rn a l ear, u m bilica l an d  gastric  flu id  sam p le s  was 
p e rfo rm ed  on th e  d a y  of adm ission  and  several tim es d u rin g  h o sp ita liza tion . B lood a n d  CSF 
sam ples w ere screened w hen th e  o b ste tr ic  h is to ry  suggested  a p o ten tia l in fection . C a th e te r  tips 
were cu ltu red  a fte r exchange transfu sio n s. P lastic  tu b es , in tra v a sc u la r  ca th e te rs  a n d  can n u lae  
rem oved  from  th e  bab ies w ere also screened. D iagnostic  bacterio log ical e x a m in a tio n s  were 
carried  o u t w henever in d ica ted  by  th e  clinical sy m p to m s (sepsis, local lesions, e tc).

B acterio logical m ethods were as described in S ta n d a rd  M ethods (N a tio n a l I n s t i tu te  of 
H yg iene, B u d ap est). Streptococcus g roup  В stra ins w ere se ro ty p ed  in the  N a tio n a l I n s t i tu te  of 
H ygiene.

Results

Screening cu ltu res  a t  adm ission y ielded  o p p o rtu n is tic  p a th o g en s  in  22%  
in 1980 an d  12%  in 1982. C linical signs of in fec tio n  (sepsis, p n eu m o n ia ) w ere 
reco rded  in 8 and  13 in fa n ts , respective ly . In fa n ts  w ith o u t sy m p to m s were

Ma r ia n n e  Sc h m id t , Zsuzsa nn a  B o r s , É va K is
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Table I

O pportun istic  pathogens isolated at screening from  gastric f lu id ,  external auricular canal andum bilicus
o f  newborn in fan ts

No. of infants positive 
at admission*

No. of 
during

infants colonized 
hospitalization

1980 1982 1980 1982

Pseudom onas aeruginosa 20 14 51 15

E scherichia  coli 18 3 30 9

K lebsiella 10 4 40 19

Staphylococcus aureus 9 1 7 6

Enterobacter 4 — 8 2

Acinetobacter 2 1 6 1

H aem oph ilus influenzae 1 — - —

Streptococcus agalactiae (group B ) 1 6 — —
Streptococcus pyogenes - 1 — —
Streptococcus faecalis - — - 1

Tw o d iffe re n t bacteria 4 3 4 2

T o ta l 69 33 146 55

* No. of infants o lder th a n  24 h: 10 in 1980 an d  7 in  1982

Table I I

Opportunistic pathogens isolated fro m  the blood o f  neu born infants

No. of
1980

infants positive
1982

No. of infants positive

at admission on further 
examination at admission on further 

examinations

K lebsiella l 10 (11) l 6 (7)
P seudom onas aeruginosa l 3 (4) l 3 (4)
Staphylococcus aureus - 3 (3) - —

Staphylococcus epidermidis l 1 (2) 2 4 (6)
Enterobacter l (1) - 1 (1)
H aem ophilus influenzae l (1) - —

E scherichia  coli l (1) - 2 (2)
Streptococcus alpha-haem . l (1) 1 — (1)
Streptococcus agalactiae (group B ) - — 4 — (4)

Streptococcus pyogenes - - 1 — (1)
C andida albicans — 2 (2) — —

T o ta l 7 19 (26) 10 16 (25)

F ig u res in brackets show  th e  to ta l  num ber of b lood  sam ples
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reg a rd ed  as colonized if  one or m ore b ac te ria l species could  be c u ltu re d  a t 
le a s t from  tw o d iffe ren t s ites or on tw o or m ore occasions from  one site .

In fa n ts  s ta y in g  in th e  in ten s iv e  care u n it fo r 3 or m ore day s w ere colonized 
in  56%  in  1980 an d  19%  in  1982. T ab le  I  show s b a c te r ia  c u ltu re d  on screen
ing . As com pared  to  1980, in  1982 th e  n u m b e r o f G ram -n eg a tiv e  b a c te ria  
decreased  w hereas th a t  o f  g roup  В strep tococci in c reased . P o sitiv e  re su lts  w ere 
en co u n tered  m ost fre q u e n tly  in  gastric  flu id  sam ples. W ith  one excep tion , 
in fa n ts  colonized b y  strep to co cc i a t  d ifferen t s ite s , h a rb o u re d  th e  ag en t also 
in th e ir  e x te rn a l a u d ito ry  canal.

As show n in  T ab le  I I ,  th e  incidence of b ac te rio lo g ica lly  con firm ed  se p ti
caem ia w as 26 in  each  y e a r , i.e. fo r th e  to ta l  n u m b e r  o f p a tie n ts , 8 .2 %  in  1980 
an d  9 .0%  in 1982. T he p resence  o f group В s trep to co cc i in blood cu ltu res  in  
1982 was in  co rre la tio n  w ith  th e ir  increase in  o th e r  sam ples. In  9 in fa n ts  th e  
organ ism  cu ltu red  from  blood  w as show n from  o th e r  sites of th e  co rresp o n d 
ing in fa n t. В g roup  strep to co cc i belonged to  se ro ty p es  I /a , I /a - I /b ,  I/c , I I  
an d  I1 F R .

Discussion

In  in ten siv e  care u n its  for new born  in fa n ts  th e  n u m b e r of nosocom ial 
in fec tions is c o m p a ra tiv e ly  h igh . G oldm ann e t  al. [2] described  a 15 .3%  
freq u en cy  of in fec tions asso c ia ted  w ith  G ram -n eg a tiv e  b a c te r ia  (70% ) in c lu d 
ing  k lebsiellae (25% ); stap h y lo co cc i p layed  a less p ro m in e n t, a lth o u g h  im 
p o r ta n t  role. K o rán y i an d  Vörös [11] rep o rted  t h a t  2 4 %  o f new b o rn  in fa n ts  
w ere colonized b y  k lebsiellae . E isenach  et al. [1] d esc rib ed  th a t  in  a 12-m onth  
period  10%  of th e  p a tie n ts  w ere in fected  w ith  a k a n a m y c in  re s is ta n t R  fa c to r  
ca rry in g  en te ric  b a c te riu m ; th e  frequency  of co lo n iza tio n  was 90% .

V árkony i [12] ex am in ed  p e rin a ta l co lon iza tion  in a 15-m onth  period . 
A t adm ission  th e  freq u en cy  o f colonization  w as 2 2 % ; G rain -p o sitiv e  b a c te ria  
w ere p resen t in  61 .2% , G ram -n eg a tiv e  b a c te ria  in  77 .9%  o f th e  colonized 
in fa n ts . In fec tio n s acco m p an ied  b y  clinical sy m p to m s w ere caused  in  11.9%  
b y  G ram -positive  and  17.9%  b y  G ram -nega tive  b a c te r ia .

B o rd éren  e t al. [13] h av e  show n th a t  u n d e r  n o rm a l co n d itio n s new 
b o rn  in fa n ts  are  colonized by  an tib io tic  sensitive  Escherichia coli. As an  effect 
o f a n tib io tic  tre a tm e n t, re s is ta n t E. coli, Klebsiella, Citrobacter and  Pseudo
monas  becom e p red o m in an t.

Screening a t  adm ission  m ay  c o n trib u te  to  th e  p re v e n tio n  of in fec tions 
b y  o p p o rtu n is tic  p a th o g en s . T h e  m ere presence o f  th e se  a t  d iffe ren t sites of 
in fa n ts  d isp lay ing  no clin ical sym p to m s of in fec tio n  does n o t ju s t ify  a n tib io tic  
t re a tm e n t. An ex cep tio n  is S. agalactiae (g roup  B), w hich  is m ore in vasive  
th a n  th e  o th e rs ; acco rd ing ly , we p rescribed  a n tib io tic s  w henever i t  w as iso la ted  
on screening. I f  sepsis is su spec ted , blood c u ltu re  is essen tia l, since b a c te ria l
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sa m p le s  ta k e n  from  d iffe re n t s ite s  m a y  give a n eg a tiv e  re su lt a n d  even  la te r  
th e  co lo n iz in g  agent is n o t  n ecessa rily  id en tica l w ith  th e  o rg an ism  in v ad in g  
th e  b lo o d  stream .

I n  o u r w ard th e  f re q u e n c y  of o p p o rtu n is tic  p a th o g en s  d ecreased  con
s id e ra b ly  in  1982 as co m p ared  to  1980. T he change m ay  be a t t r ib u te d  m ain ly  
to  a r ig o ro u s  checking o f h y g ien ic  m easures in c lu d in g  h a n d  d is in fec tio n  and  
to  a m o re  ra tio n a l a p p lic a tio n  o f an tib io tic s .

Acknowledgement. W e are  in d e b te d  to  D r. J .  Sz ita , N a tio n a l In s t i tu te  o f H y g ien e , B uda- 
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