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RENAL FUNCTION IN NORMAL AND 
KIDNEY TRAUMATIZED GERMFREE RATS*

M a r i a  Y i s y , R. F . W i s e m a n  a n d  H . A . G o r d o n

Departm ent o f  Pharmacology, College o f  M edicine , University o f  K en tucky , 
Lexington , K e n tu cky , U S A

(R eceived D ecem b er 4, 1985)

A co m p arativ e  s tu d y  was m ade b e tw een  k id n ey -trau m a tiz ed  (un ila te ra l n ep h rec to m y , 
c o n tra la te ra l lig a tio n  of ren al a rte ry , and re lease  a f te r  120 m in) germ free (G F) and  co n v en tional 
(CONY) ra ts , and no rm al control G F and CONY ra ts . In  th e  k id n ey -trau m a tized  an im als the  
follow ing tren d s w ere ind ica ted , (i) D ea th s  in  3 to  5 days occurred  app ro x im ate ly  25%  of 
th e  tim e  in G F  and  60%  in  th e  CONV groups, (ii) T w o to  4 days po st-o p eratio n  th e  re n a l blood 
flow  was essen tia lly  unchanged  in  G F  in  com p ariso n  to norm al contro ls, while i t  w as 30%  
of th e  norm al values in  CONV ra ts , (iii) B lood u re a  n itro g en  was ap p ro x im ate ly  4 tim es th e  
n o rm al values in  G F  and  28 tim es in  CONV anim als, (iv) T he ra tio  of u rine  and blood p lasm a  
o sm olality  in d ica ted  th a t  th e  co n cen tra tin g  a b ility  o f th e  k idneys was well m ain ta in ed  in  G F  
w hile i t  was v ir tu a lly  lo st in  CONV tra u m a tiz e d  ra ts , (v) T he clearance of in tra v en o u s ly  
adm in iste red , labe lled  th io u rea  in to  th e  u rin e  an d  caecal lum en of G F ra ts  was m ark e d ly  
e lev a ted  in  com parison  to  th e  low clearance o f th is  labe l in  CONV ra ts . No essential differences 
in  k id n ey  fu n c tio n  w ere n o ted  am ong n o rm al (u n o p e ra ted  or sh am -opera ted ) G F an d  CONV 
groups. The resu lts  in d ica te  th a t  the  absence o f th e  in te s tin a l flo ra  is adv an tag eo u s to  th e  host. 
T h is effect m igh t be caused  by  relief from  m icrob ial b u rd e n  and by  th e  enlarged caecum  o f G F  
r a ts  acting  as an  a u x ilia ry  “ dialysis m em b ran e ” . B ased  on these d a ta  th e  role o f o ra l a n ti ­
b io tic  tre a tm e n t in  th e  m anagem en t of h u m a n  u ra em ia  is w o rth  investiga ting .

I t  is w idely  know n th a t  as a re su lt o f th e  g astro in te s tin a l m icro flo ra  
a lte r in g  th e  m etabo lism , num erous co m pounds m ay  be observed  in  th e  u rin e  
or faeces of exp erim en ta l anim als [1]. F ew  observations have  been m ad e  on 
th e  ren a l fu n c tio n  of germ free (G F) an im als . E a rly  w ork  conducted  in  a co lony  
o f  G F  ra ts  fed a special au to c lav ed  dip t [2] in d ica ted  h igh u r in a ry  calc ium , 
c itra te  and  o x a la te , as well as low  p h o sp h a te  excre tion . These cond itions w ere 
associa ted  w ith  h igh  incidence of u r in a ry  b la d d e r stone fo rm atio n , p a r tic u la r ly  
in  m ales. C onven tional (CONV) c o n tro l ra ts ,  fed th e  sam e d ie t, w ere free from  
th is  anom aly . T hese findings suggested  th a t  am ong conditions w hich  p re-

M a r ia  V is y

S econd  D e p a r tm e n t o f  P e d ia tr ic s ,  Sem m elw eis U n iv e rs i ty  M e d ic a l S choo l 
T ű z o ltó  u . 7 - 9 ,  H -1094 B u d a p e s t,  H u n g ary

R .  F .  W isem a n

D e p a r tm e n t o f M icrobio logy, H u n t  M organ I n s t i tu te  o f  B io lo g ic a l S c ien ces , U n iv e rs ity  o f K e n tu c k y  
L ex in g to n , K e n tu c k y  40506, U SA

H . A . Gord on

D e p a r tm e n t o f P h a rm a c o lo g y , H u n t  M organ I n s t i tu te  o f  B io lo g ic a l S ciences, U n iv e rs ity  o f  K e n tu c k y  
L e x in g to n , K e n tu c k y  40506 , U SA

* T h is  w o rk  w as su p p o rte d  b y  th e  N a tio n a l I n s t i tu te s  o f  H e a l th ,  U .S . P u b lic  H e a lth  Service G ra n t  AM  14621
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4 V ISY  e t al.

dispose an im als to  u r in a ry  calculus fo rm a tio n , th e  absence of th e  in te s tin a l 
m icrob ia l flo ra  is a c o n tr ib u tin g  fac to r.

R ep o rts  dealing  w ith  G F an im als fed  d iffe ren t diets (including th e  w orks 
lis ted  below ), g en era lly  failed to  observe  th e  ten d en cy  o f u r in a ry  calculus 
fo rm a tio n . In  one s tu d y , co n cen tra tin g  on card io v ascu lar p a ram e te rs  o f  G F 
ra ts , ren a l b lood flow  w as found to  be e ssen tia lly  com parab le  to  th a t  o f CONV 
con tro ls  [3].

O th e r ex p e rim en ts  carried  ou t on th e  ren a l func tion  of G F an im als w ere 
u n d e rta k e n  to  te s t  th eo rie s  on th e  ro le o f th e  m icrobial flo ra  in  th e  u raem ic  
h o st. A fte r b ila te ra l n ep h rec to m y  in  food  an d  w a te r dep rived  ra ts , i t  was 
show n th a t  th e  su rv iv a l tim e  of th e  G F  g ro u p  w as sig n ifican tly  longer th a n  
th a t  of th e  CONV c o n tro l anim als [4]. In  an  ex tension  o f th is  w ork  [5] i t  was 
found  th a t  in  n ep h rec to m ized  G F ra ts  b lood  u rea  n itro g en  rem ain ed  low er 
an d  th e  co n cen tra tio n  o f  urea in caecal c o n te n ts  was h igher in  com parison  to  
CONV c o u n te rp a rts . I n  uraem ic ra ts , in te s tin a l lesions (e.g. in flam m atio n , 
u lcera tio n ) w ere fo u n d  only  in  CONV an d  no t in  G F groups. On th e  o th e r  
h a n d , ca rd io v ascu lar lesions associated  w ith  u raem ia  (m yocard ial an d  a r te r ia l 
necrosis an d  ca lc ification ) had  an  earlie r o n se t and  h igher occurrence in  th e  
G F group . In  genera l, these  observ a tio n s su p p o rted  th e  th eo ry  th a t  th e  
p resence of th e  m icro b ia l flo ra  in th e  an im al d u rin g  u raem ia  is d e tr im e n ta l to  
th e  an im al. I t  ap p ea red  th a t  in  th is  c o n te x t th e  G F s ta te  m ay  resu lt in  tw o 
b en efits  for an  an im al, (a) W hen defenses are  im p aired  by  u raem ia , G F an im als 
escape m icrob ia l inv asio n , (b) The in te s tin a l e lim ination  of n itrogenous w aste  
is enh an ced  in  G F an im als , possib ly  b y  th e  m ark ed  caecal en la rg em en t and 
th e  chronic  m ild d ia rrh o e a  w hich arc d isp lay ed  b y  G F ro d en ts  [6]. The cause 
o f th e  m ore severe ca rd io v ascu lar lesions observed  in  uraem ic G F ra ts  was 
n o t clear.

T he purpose  o f th e  p resen t w ork  w as to  s tu d y  th e  effect o f th e  m icrob ia l 
flo ra  of ren a l fu n c tio n  an d  on re la ted  p a ra m e te rs  in  ra ts  th a t  w ere e ith e r in ta c t  
o r exposed to  a defined  b u t  less d rastic  u raem ic  episode th a n  in  th e  p rev io u sly  
m en tio n ed  ex p erim en ts . D ea th  ra te , blood u rea  n itrogen , co n cen tra tin g  a b ility  
an d  blood flow  o f th e  k id n ey  were observed  on u n ila te ra l n ep h rec to m y  an d  
on te m p o ra ry  lig a tio n  an d  successive release o f th e  vessels of th e  o th e r k id n ey . 
In  ad d itio n , th e  ren a l a n d  in tes tin a l c learan ce  of in trav en o u sly  ad m in is te red  
th io u re a  was s tu d ied . T h is  w ork  was co n d u c ted  as a co m p ara tiv e  s tu d y  b e tw een  
G F and  CONV ra ts .

M aterials and m ethod s

A n im a ls . The G F a n d  CONV anim als in c lu d ed  in  these experim en ts were C D F ra ts  
(C harles R iv er B reeding L ab o ra to ries , W ilm ington, MA, USA). T hey  w ere m ale, 9-10 m o n th s 
old, fed au to c lav ed  L -462  d ie t  [7] ad lib itum . T he G F  ra ts  were m ain ta in ed  in  flexible p las tic  
iso la to rs [8] using  ro u tin e  p rocedures for rearing  [9] a n d  of s te rility  tes tin g  [10]. T he CONV
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co n tro ls  were k e p t in  th e  open en v iro n m en t in  th e  sam e air-conditioned room . In  th is w ork  a 
to ta l  o f 62 G F and  53 CONV ra ts  were used.

Surgical procedures. Surgical p rocedures w ere  carried  ou t un d er p e n to b a rb ita l sodium  
an aesth es is  (35 m g/kg  body  w eight, in tra m u sc u la rly ) . T he GF anim als w ere o p era ted  w ith in  
th e  s te rile  iso la to rs w here th ey  rem ained  u n til th e  te rm  of the  experim ent. T he surgical proce­
d u res in  CONY ra ts  were carried  o u t in  th e  o p en  environm en t, m a in ta in in g  conditions of 
su rg ical asepsis. K id n ey  and sham -contro l t r a u m a  to  th e  ra ts  were in flic ted  by  an a d a p ta tio n  
of a p rev iously  described m ethod  [11]. The o p e ra tiv e  procedures were as follows.

(a) In  k id n ey -trau m a tized  (K T R ) ra ts , a f te r  m ed ia l laparo tom y, th e  r ig h t renal a rte ry , 
v e in  and  u re te r  w ere liga ted  and th e  k id n ey  rem o v ed . On the  left side th e  re n a l a r te ry  was 
lig a ted , occluding b lood flow  com pletely. A fte r  120 m in  th e  blood flow in  th e  left k id n ey  was 
re s to red  by  rem ov ing  th e  liga tu re  w ith o u t d am ag in g  th e  involved tissue. T h en  th e  abdom inal 
incision  w as closed and  th e  an im al was allow ed to  reco v er from  the  anaesthesis . V ia p rev ious 
experience  in  CONY ra ts , th is  type  of ren al t r a u m a  p rec ip ita ted  signs o f u raem ia  w ith in  2 -4  
d ay s, re su ltin g  in  5 0 -60%  m o rta lity  w ith in  3—5 d ay s  a fte r  the  operation .

(b) S h am -o p era ted  con tro l ra ts  were exp o sed  to  anaesthesis, lap a ro to m y  and co m p a­
ra b le  m an ip u la tio n  of th e  abdom inal o rgans w ith o u t  ad d itio n al surgical in te rv en tio n .

(c) In  b o th  K T R  and  contro l ra ts  (e x ce p t th o se  th a t  p a rtic ip a te d  in  th e  d ea th  ra te  
s tu d y ) , p rio r to  te rm , in  th e  anaesthetized  an d  lap a ro to m ized  anim als, a po lye th y len e  can n u la  
(ID  1.19, OD 1.70, len g th  75 m m, resp ec tive ly ) w as in se rted  and tied  in to  u r in a ry  b lad d er, 
a n d  u rine  was collected  for a period  of 2—3 h , fo llow ing th e  ligation of th e  u re th ra .

Parameters studied, (a) D eath  ra te . K T R  ra ts  w ere set aside fo r th is  purpose  and  th e  
n u m b er of an im als spon taneously  ly ing  w ere re co rd e d  daily .

(b) B lood u re a  n itro g en  was de te rm in ed  te rm in a lly  in  blood serum  sam ples o b ta in ed  
b y  card iac  p u n c tu re , using  th e  d iacety l m eth o d  [12].

(c) O sm olality  was de term ined  in  h ep arin ized  blood plasm a (500 U /m l) and in  u rin e , 
u sing  a  freezing p o in t depression-type o sm o m ete r (A dvanced In s tru m e n ts , In c ., N ew ton  
H ig h lan d s , MA).

(d) T h io u rea  c learance. A s ta n d a rd  dose of labelled  th iourea  (5 pc, 14 C T H U ) w as 
in je c te d  in to  th e  ta i l  vein  of anaesthetized  ra ts . A fte r  one hour, blood sam ples were o b ta in ed  
a n d  th e  ra ts  w ere killed b y  d ecap ita tion . T he c o n te n ts  of the  caecum  w ere collected and  th e  
caecal lu m en  w as rep ea ted ly  rinsed  w ith  sa line . C on ten ts  and rinsings w ere com bined and  
cen trifu g ed  a t  15 000 g  for 10 m in and th e  s u p e rn a ta n t  decanted . T he sed im en t was rep ea ted ly  
w ashed  w ith  saline and  recen trifuged , p e rm ittin g  th u s  th e  transfer of th e  c leared  label to  th e  
com bined  su p e rn a ta n ts . The activ ities of v a rio u s  sam ples were de term ined  (L iq u id  S c in tilla tion  
S p ec tro m ete r, P a c k a rd  In s tru m en ts , D ow ners G rove , IL ).

(e) C ardiac o u tp u t  w as de term ined  b y  c o n s tru c tin g  h aem oconcen tra tion  curves of a labe l 
(400 000 cpm ) 100 g body  w eigh t of 86RbCl, in tra v e n o u s ly , in  anaesth e tized  ra ts  by  an e s ta b ­
lish ed  m eth o d  [13].

(f) R egional blood flow  was assessed b y  an  extension  of th e  sam e m ethod  [13], on 
d e te rm in in g  th e  d is tr ib u tio n  of the  label in  v a rio u s  organs.

In  reference to  all p a ram ete rs  stu d ied , s e p a ra te  groups of ra ts  w ere used  in  case of th e  
d e te rm in a tio n s  lis ted  u n d e r (a), (b -c), (d), (e) an d  (f), respectively. F o r d e ta ils  on the  n u m b er 
o f  ra ts  p a r tic ip a tin g  in  various groups, see T ab les  I —I I I .

R esu lts

T he o b se rva tions m ade on d e a th  ra te /su rv iv a l o f th e se  an im als are  
show n  in Fig. 1. A m ong th e  G F ra ts  2 fro m  7 died after ren a l t ra u m a  w hereas 
am ong  CONV ra ts  6 were lost from  10 fo llow ing th a t  episode. In  th e  G F group  
d e a th  occurred  on th e  f if th  day , w hile in  th e  CONY group th e  ra ts  died w ith in  
1 -3  days a fte r  th e  opera tion . All sh a m -o p e ra ted  contro l ra ts  su rv ived  and  
recovered  p ro m p tly  from  th e  o p e ra tio n  (n o t show n in Fig. 1).

The d a ta  on blood u rea  n itro g e n  an d  on the  k id n e y ’s co n cen tra tin g  
a b ility  are g iven in  T able I. In  CONV K T R  ra ts , blood u rea  n itrogen  rose to  
27 tim es th e  con tro l value. In  G F K T R  ra ts  th is  increm ent w as ap p ro x im a te ly
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Fig. 1. D eath  ra te /su rv iv a l o f  germ free and co n v en tio n al ra ts  d u rin g  10 days following k id n e y  
tra u m a . Fu ll circles a n d  squares =  dead an im a ls ; open circles an d  squares — su rv iv o rs

4-fo1(l. In  CONV K T R  ra ts  blood p lasm a  o sm ola lity  w as found a s ig n ifican t 
2 7 %  higher th a n  in  co n tro ls , w hereas th is  e leva tion  w as 13%  in G F  K T R  
ra ts . T he c o n c e n tra tin g  ab ility  of th e  k id n ey  d u rin g  p o s t- tra u m a tic  p e rio d  
(i.e. th e  u rine /p lasm a o sm o la lity  ra tio ) w as found  red u ced  in  b o th  K T R  g ro u p s, 
b u t  to  a som ew hat sm a lle r  ex ten t am ong  G F  ra ts  th a n  in  CONY con tro ls .

T he resu lts o f th e  th io u rea  c learance  are given in  T ab le  I I .  In  re fe rence  
to  sh am -opera ted  ra ts ,  th e  u rin a ry  e lim in a tio n  o f th is  m ark e r was genera lly  
h ig h er in  th e  G F g ro u p  th a n  in  CONY con tro ls . A fte r k idney  tra u m a  th e

Table I

Blood urea nitrogen, blood p lasm a  and urine osmolality

C o n v en tio n a l G erm free

B lood u rea  n itrogen, m g/100 m l blood

B lood p lasm a, mOsm

U rine, mOsm

U rine /p lasm a osm olality

K T R 336 ± 2 7 (6 ) 60 +  26(10)
contro l 1 2 ± 4 (7 ) 14 +  2(4)
%  diff. + 2 7 0 0 +  328

K T R 389 +  30(6) 332 +  13(12)
contro l 306 + 9 (7 ) 295 +  8(4)
%  diff. +  27 + +  13

K T R 389 +  30(5) 474 +  138(11)
contro l 1818+ 297(7) 1932 +  257(4)
%  diff. - 7 9 - 7 5

K T R 1.03+0.05(5) 1.43+0.61(11)
control 5 .93+ 0 .94(7 ) 6 .73+0.93(4)
%  diff. - 8 7 - 7 9

A rithm etic  m eans a n d  stan d ard  dev ia tions given; in  paren thesis , num ber o f ra ts . 
K T R  =  k idney  trau m atized  ra ts ;  control =  sham  operated  norm al con tro ls; %  diff. =  p e rce n t 
d ifference betw een K T R  a n d  contro l values. All differences betw een K T R  and controls, n u m eri­
cally  listed , are s ta tis tica lly  sign ifican t (p <  0.02); non-significant differences (p >  0.02) a re  so 
in d ica ted  (NS).
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Table I I

Distribution o f  intravenously adm inistered  14C thiourea (dose: 5 fiC) in  urine, 
caecal contents and blood serum , observed at one hour post-injection

C onven tiona l G erm free

C learance in to  (ерш  X Ю3) 
urine

K T R  
co n tro l 
%  diff.

11.2 ± 8 .4 (4 ) 
191.2+44.3(5) 

- 9 6

121.1 +  132.6(8) 
341.6 +  55.9(5) 

- 6 5

ceacal co n ten ts K T R
co n tro l
%  diff.

60.2 +  26.5(5)
31.3 +  3.7(4) 

+ 9 2

346.8 +  197.6(8) 
195.6 +  31.6(5)

+ 7 7

C oncentration  in  (cpm  X 103/m l) 
blood serum

K T R
con tro l
%  diff.

35 .3+4 .2(5)
25 .4+4 .6(4)

NS

45.4 +  13.1(8) 
29.7 +  5.5(5) 

NS

Same legend as in  Table I

Table I I I

Cardiac output and regional blood flo w

C onven tional G erm free

C ardiac o u tp u t, m l/m in/kg body 
weight

K T R  
co n tro l 
%  diff.

224 +  5(3) 
180 +  28(6)

-(-25

209 +  14(4) 
130 +  23(6) 

+ 6 1

R egional blood flow , /d /m in/g  tissue 
k idney

K T R
con tro l
%  diff.

1490 +  170(3) 
4750 +  1330(4) 
- 6 9

2530+ 710(7) 
2900 +  380(6) 

NS

h e a rt(c o ro n a ry ) K T R  
con tro l 
%  diff.

1860 +  200(4) 
1750 +  250(7) 

NS

1690 +  110(6) 
1250 +  370(10)*

NS

caecum K T R
con tro l
%  diff.

660 +  140(4) 
630 +  150(3)

NS

460 +  170(10) 
409+ 65(10)*  

NS

* D a ta  ob ta in ed  from  3 m onths old v is te r  ra ts ,  com parable to  th e  CDF ra ts  p resen tly  used  
O ther legends as in  Table I

decrease of th io u re a  clearance in to  th e  u rin e  o f G F ra ts  am o u n ted  to  a p p ro x i­
m a te ly  — 65 %  of th e  sh am -co n tro l r a ts ’ va lu e , w hereas in  CONY K T R  ra ts  
th is  drop co rresponded  to  a b o u t — 96 %  o f  th e  level observed  in  CONV sham - 
con tro ls. In  te rm s  o f th io u rea  c learan ce  in to  th e  caecal sack , b o th  G F  va lu es  
w ere su b s ta n tia lly  h igher th a n  in  th e  CONV co u n te rp a rts . A fte r k id n ey  t r a u m a  
th e  p e rcen tag e  increase of caecal c learan ce  o f th e  m ark e r was a p p ro x im a te ly
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Fig. 2. Selected ch ara c te ris tic s  in  k idney  tra u m a tiz e d  germ free ra ts  (closed colum ns) and  
c o n v en tio n a l ra ts  (open co lum ns). C onventional: 100%

th e  sam e in  b o th  G F  a n d  CONY ra ts  (a b o u t 9 2 -9 7 % ). H ow ever, considering  
to ta l  am o u n ts , a f te r  k id n e y  tra u m a  th e  G F  caecum  was capab le  of c learing  
five tim es m ore th io u re a  th a n  its  CONY c o u n te rp a r t. T he co n cen tra tio n  o f th e  
labe l in  b lood show ed essen tia lly  sim ilar va lu es  b o th  in  G F and  CONV sham - 
o p e ra ted  ra ts . A fte r k id n e y  tra u m a  th e  m a rk e r averaged  som ew hat h ig h er 
levels in  b o th  groups o f  ra ts .

T he observ a tio n s o n  cardiac o u tp u t  a n d  regional blood flow are given 
in  T ab le  I I I .  A m ong sh am -o p era ted  ra ts ,  ca rd iac  o u tp u t w as su b s ta n tia lly  
low er in  th e  G F g roup  in  com parison to  CONV contro ls. On k idney  tra u m a , 
ca rd iac  o u tp u t increased  b o th  G F and  CONV ra ts , th is  w as p a rtic u la r ly  co n ­
sp icuous in  th e  G F g roup . Regional b lood  flow  in th e  k id n ey  tissue o f CONV 
K T R  ra ts  w as fo u n d  red u ced  b y  over 6 0 %  in  com parison  to  CONV sham - 
con tro ls , w hereas no s ig n ifican t drop w as fo u n d  in  th is  co n tex t be tw een  G F  
K T R  an d  sh am -co n tro l ra ts . B lood flow  te s te d  in  o th e r areas (co ronary  an d  
caecal w all) d id  n o t in d ic a te  sign ifican t d ifferences in  an y  o f these  o rgans 
be tw een  K T R  sh am -co n tro l ra ts  (Fig. 2).

D iscussion

T his w ork  confirm s prev ious fin d in g s w hich  in d ica ted  th a t  in  G F h o sts  
u raem ic  episode to o k  a m ild e r course th a n  in  CONV con tro l an im als. I t  ap p ears  
th a t  th e  re lie f experienced  b y  GF ra ts  as i llu s tra te d  b y  th io u re a  clearance , is
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in  p a r t  due to  th e  increased p e n e tra tio n  o f n itrogenous w aste  in to  th e  gu t- 
lu m en , n o ta b ly  in to  th e  en larged  caecum  o f these  an im als (w hich is generally  
c h a ra c te ris tic  o f ro d en ts  m a in ta in ed  in  th e  G F  sta te ). In  G F  ra ts  th e  surface 
a rea  o f th e  caecal sack is a p p ro x im a te ly  3 tim es g rea ter th a n  in  CONV contro ls 
[14], its  c o n ten ts  w eigh 5-10  tim es m ore , and  because o f w a te r  ab so rp tio n  
in h ib itio n  an d  m ark ed  w a te r sec re tio n  in to  th e  lowel bow el, G F  ro d en ts  
d isp la y  chronic  m ild  d iarrhoea  [15]. I n  ad d itio n , it  is possib le th a t  th e  b e tte r  
m a in ta in e d  b lood  circu la tion  in th e  rem a in in g  k idney  of th e  tra u m a tiz e d  G F 
r a t  also co n tr ib u te s  to  th e  m ilder course o f  th e  u raem ic episode (in sp ite  o f th e  
red u ced  card iac  o u tp u t w hich is ty p ic a l o f G F ra ts  vs CONY con tro ls  [16]). 
T h is  w as in d ica ted  b y  th e  essen tia lly  u n ch an g ed  renal b lood  flow  in  G F K T R  
r a ts  in  com parison  to  G F sh am -co n tro ls . In  co n tra s t to  th is , in  CONV K T R  
ra ts  th e  ren a l b lood flow  fell to  a p p ro x im a te ly  1/3 of th e  CONY sh am -co n tro l 
v a lu e . The re la tiv e ly  high ren a l b lood  flow  in  GF K T R  ra ts  m ay  well have 
b een  th e  reason  for a b e tte r  u r in a ry  c learance  of th io u rea  (w hich is know n 
to  essen tia lly  follow th e  p a th w a y  o f u r in a ry  urea e lim in a tio n  [17]), in  com ­
p ariso n  to  CONV contro ls. I t  m ig h t be specu la ted  th a t  th e  b e tte r  m a in ta in ed  
ren a l b lood flow  in  G F anim als u n d e r  th e se  c ircum stances re su lts  from  th e  
re frac to rin ess  of th e ir  v ascu la r sm o o th  m uscle to  v a so co n stric tiv e  agonists 
(n o rep in ep h rin e , vasopressin , an g io ten s in  [18]). This could h av e  a p ro tec tiv e  
effect on th e  v ascu la r shu t-d o w n  w h ich  is know n to  occur a fte r  te m p o ra ry  
ischem ia o f th e  k id n ey  (19-21). T h is specu la tio n  is su p p o rte d  b y  a n o th e r 
o b se rv a tio n . I t  w as show n th a t  sev erin g  th e  sp lanchnic n e rv e , p reced ing  th e  
te m p o ra ry  lig a tio n  o f th e  ren a l a r te ry , im p ro v ed  th e  re n a l b lood  flow  [22]. 
I t  is te m p tin g  to  consider sim ilar ex p e rim en ts  in  caecectom ized G F  ra ts , f irs t 
because th e  large  “ caecal d ialysis m e m b ra n e ” in  these an im als  is p e rm a n e n tly  
rem oved  [6], an d  secondly, because th e  rem oval of th e  la rg e  poo l abso rbab le  
v a so co n stric tiv e  agon is t-in h ib ito ry  su b stan ces  in  caecal c o n ten ts  [23] has been 
show n to  re su lt in  v ir tu a lly  n o rm al se n s itiv ity  of v ascu la r sm o o th  m uscle in  
G F  ra ts  [24]. A t th is  po in t it  is assum ed  th a t  th e  caecectom ized G F  ra ts , a fte r 
co m p arab le  k id n ey  tra u m a  will lose to  som e ex ten t th e  ad v a n ta g e s , w hich 
w ere d isp layed  b y  th e  non-caecectom ized  G F  ra ts  in  th is  c o n te x t. This ex p eri­
m e n ta l ap p ro ach  m igh t help to  p in -p o in t m icrobial com ponen ts am ong u raem ic  
to x ic  substances [25].

In  concluding , p re lim in ary  re su lts  o b ta in ed  in our la b o ra to ry  from  com ­
p a rab le , CONV, K T R  and  sh am -o p e ra ted , o ra lly  a n tib io tic - tre a ted  ra ts  should  
be  m en tioned . T hese an im als, as p rev io u sly  show n [6, 26, 27], on p a r tia l  
n e u tra liz a tio n  o f th e ir  in te s tin a l flo ra , d isp lay  q u a lita tiv e ly  G F-like c h a ra c ­
te ris tic s . P re se n tly  estab lished  ro u tin e s  o f th e  im plica ted  a n tib io tic  tre a tm e n t 
w ere used  (for 4 days p reo p e ra tiv e ly  a n d  during  th e  e n tire  p o s to p e ra tiv e  
period  th e  follow ing were added  to  th e  d rink ing  w a te r w hich  w as ta k e n  ad  
l ib itu m : b ac itrac in , s trep to m y c in  4 m g/m l o f each, n y s ta t in  1 m g/m l [28]).
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T he resu lts  in d ic a te d  th a t  th e  K T R  a n tib io tic - tre a te d  ra ts  aligned c learly  
w ith  th e  G F K T R  an d  n o t w ith  th e  CONV K T R  g roup . T h u s in  th e  an tib io tic - 
t re a te d  CONV ra ts  th e  follow ing tre n d s  w ere observed  ( th e  details o f o b se rv a ­
tio n  as well as th e  u n its  are  th e  sam e as g iven in  T ab les I - I I I ) .  B lood u re a  
n itro g en , K T R : 6 2 ± 4 0 ,  sh am -con tro l: 1 4 ± 2 .  B lood p lasm a  osm olality , K T R : 
321-^27 , sh am -co n tro l: 2 9 7 ± 9 . T h iou rea  c learance  in to  th e  caecum , K T R : 
126 ± 4 2 , sh am -co n tro l: 45 ± 1 0 . A m ong six  an tib io tic  t r e a te d  CONV K T R  
ra ts ,  one died on th e  5 th  d ay  and  fiv e  su rv iv ed . A ccord ing ly , th e  q u a lita tiv e  
G F  sim ila rity  o f a n tib io tic  tre a te d  CONV ra ts  can  be ex te n d e d  to  ch arac teris tics  
d isp layed  follow ing th e  p re sen tly  used k id n ey  tra u m a . B ased  on these fin d in g s, 
o ra l an tib io tic  tr e a tm e n t  gains an  added  ju s tif ic a tio n  in  th e  clinical m an ag e­
m en t of u raem ia  [28].
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STABILITY OF THE HUNGARIAN NATIONAL 
BCG REFERENCE PREPARATIONS 

TREND OF VIABILITY DURING 
4-7 YEARS STORAGE AT +4 °C

L . L u g o s i

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

(R eceived J a n u a ry  3, 1986)

T he s ta b ili ty  of th e  v ia b ility  of th e  H u n g a rian  BCG R eference P re p a ra tio n s  (Vaccine 
Bch. Nos: 265, 456, 505) w as te s te d  according to  th e  reco m m en d a tio n  of th e  W orld  H e a lth  
O rgan iza tion . T he BCG v iab le  u n its  of th e  vaccines were e s tim a te d  fro m  th e  colony co u n ts  
de te rm in ed  on solid m edium . T he con tro l d a ta  o f th e  BCG viab le  u n its  expressing  th e  s ta b ili ty  
in  106/m l v a lu es were analysed  u p  to  7 y ears in  a  th ree -s tep  s ta tis tic a l m odel app ly ing  u n b iased  
p a ram e te r e stim a tes , va lid  h y p o th esis te s t  and  m u ltip le  com parison. T he p resen ted  m odel 
verify ing  th e  s ta b ili ty  of th e  reference p re p a ra tio n s  ensures th e  re liab ility  of th e  assays to  
accep t or re je c t th e  v iab ility  a t  con tro lling  ro u tin e  BCG vaccines in com p ariso n  w ith  th e  reference 
p repara tio n s.

T he s ta b ility  and  th e  in te r-am p o u le  hom ogeneity  o f th e  active su b stan ce  
are th e  basic  req u irem en ts  for th e  in te rn a tio n a l and  for th e  n a tio n a l s ta n d a rd  
and  reference  biological p rep a ra tio n s  [1—3]. These tw o  ch arac te ris tic s , th e  
s ta b ility  an d  u n ifo rm ity  ensure th e  re liab ility , i.e. th e  precision  an d  th e  
accu racy  in  th e  biological assays to  co n tro l th e  te s t p rep a ra tio n s .

T he In te rn a tio n a l R eference P re p a ra tio n  of BCG V accine (IR P -B C G ) 
was e stab lish ed  in  1966 an d  its  s ta b ility  has been co n tro lled  [4-10]. H ow ever, 
d a ta  on N a tio n a l BCG R eference P re p a ra tio n s  from  m a n u fac tu rin g  lab o ra to ries  
and  from  N a tio n a l C ontro l A u tho rities  h av e  no t y e t b een  pub lished .

T he aim  of th is  p a p e r  is: (i) to  re p o rt th e  d a ta  on s ta b ility  o f v iab ility  
of th re e  b a tch es  of th e  H u n g arian  N a tio n a l BCG R eference P rep a ra tio n s  
(H U N -B C G -R P ’s) co n tro lled  from  1970 in  th e  BCG L a b o ra to ry  of th e  N a tio n a l 
In s t i tu te  o f H ygiene, B u d a p e s t, an d  (ii) to  p resen t th e  th re e -s te p  s ta tis tic a l 
m odel used  in  th e  q u a lity  con tro l o f th e  IIU N -B C G -T P ’s.

M aterial and m ethods

BCG strain . T he F re n c h  1173-P2 BCG s tra in  o f th e  P a s te u r  In s t i tu te  P a ris  is u sed  in  
H u n g a ry  fo r vaccine p ro d u c tio n  since 1960 and  as H U N -B C G -R P ’s since 1970 [11, 12].

BCG vaccine. T he p ro d u c tio n  of th e  H u n g a rian  freeze-d ried  BCG vaccine w as 
described  a n d  th e  H U N -B C G -R P ’s w ere p re p are d  w ith  th e  sam e m eth o d  [13, 14].

L ászló  L u g o si 
N a t io n a l  I n s t i tu t e  o f  H yg iene  
H -1966  B u d a p e s t,  P .O .B . 6 4 , H u n g a ry
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T h e  b a tc h  num bers and  th e  co n tro l period  of th e  th ree  ba tch es o f th e  H U N -B C G -R P ’s 
w ere as follows: (i) 265/220970-281174, (ii) 456/250973-230277, (iii) 505/020774-230781. The 
v ia ls  o f th e  dried vaccines w ere s to red  a t  +  4 °C to  + 1 0  °C.

D etermination o f  the v iab ility . BCG v iab ility  is expressed in  v iab le  u n its  of 106/m l values 
(Y U  106/m l) and is e s tim a ted  fro m  th e  colony coun ts . The m eth o d  of th e  d e te rm in a tio n  of

Table I

Stab ility  o f  the viability expressed in  V U X  106/m l o f  the H ungarian BCG Reference Preparation 
( Bch. N o. 265-220970) stored at 4 °C during 1527 daysa

C ontro l Sam -
pling
d a y

BCG C o n tro l Sam -
pling
d a y

BCG
V U

106/m l

C o n tro l Sam -
pling
d ay

BCG
V U

10e/m lN o. d a te 106/m l N o. d a te N o. d a te

i 03 11 70 35 3.517 39 08 09 72 707 0.523 78 30 11 73 1162 0.668
40 13 09 72 712 2.483 79 07 12 73 1169 2.491

2 19 06 71 263 3.763 41 15 09 72 715 2.991 80 14 12 73 1176 1.794
42 20 09 72 720 2.458 81 21 12 73 1183 1.950

3 24 01 72 513 2.732 43 27 09 72 727 1.938 82 30 12 73 1192 0.608
4 30 03 72 547 2.666 44 04 10 72 734 2.975
5 07 04 72 555 0.089 45 11 10 72 741 1.188 83 08 01 74 1201 1.990
6 13 04 72 561 2.490 46 18 10 72 748 2.700 84 11 01 74 1204 0.900
7 19 04 72 567 0.990 47 20 10 72 750 1.485 85 18 01 74 1211 2.883
8 22 04 72 570 4.750 48 25 10 72 755 1.710 86 23 01 74 1216 0.650
9 26 04 72 574 0.625 49 04 11 72 765 3.250 87 25 01 74 1218 0.941

10 04 05 72 582 0.225 50 15 11 72 776 2.183 88 05 02 74 1229 0.491
11 06 05 72 584 0.750 51 22 11 72 783 1.482 89 08 02 74 1232 0.625
12 11 05 72 589 2.050 52 29 11 72 790 2.650 90 15 02 74 1239 1.441
13 18 05 72 596 1.418 53 06 12 72 797 0.450 91 22 02 74 1246 0.483
14 24 05 72 602 2.016 54 14 12 72 805 1.266 92 01 03 74 1255 0.841
15 25 05 72 603 1.108 93 08 03 74 1262 3.000
16 26 05 72 604 0.450 55 06 01 73 834 3.058 94 15 03 74 1269 5.287
17 02 06 72 611 2.908 56 28 02 73 887 2.866 95 22 03 74 1276 1.233
18 08 06 72 615 1.483 57 14 03 73 901 2.258 96 29 03 74 1283 2.533
19 14 06 72 621 3.366 58 16 03 73 903 4.150 97 06 04 74 1291 2.858
20 15 06 72 622 1.108 59 23 03 73 910 1.866 98 12 04 74 1297 2.791
21 17 06 72 624 4.158 60 30 03 73 917 2.933 99 20 04 74 1305 2.250
22 21 06 72 628 3.708 61 06 04 73 924 1.670 100 26 04 74 1311 1.716
23 22 06 72 629 1.825 62 10 05 73 958 8.562 101 03 05 74 1318 3.016
24 28 06 72 635 0.383 63 17 05 73 965 1.750 102 10 05 74 1325 2.200
25 29 06 72 636 0.800 64 26 05 73 974 2.116 103 17 05 74 1332 2.150
26 06 07 72 643 2.375 65 31 05 73 979 3.283 104 06 06 74 1352 1.275
27 07 07 72 644 4.140 66 21 06 73 1000 1.191 105 13 06 74 1359 1.208
28 13 07 72 650 3.080 67 21 09 73 1092 2.900 106 20 06 74 1366 2.791
29 19 07 72 656 0.840 68 29 09 73 1100 2.900 107 26 06 74 1372 1.762
20 27 07 72 664 .0833 69 08 10 73 1109 0.966 108 10 07 74 1386 3.433
31 03 08 72 671 2.041 70 12 10 73 1113 2.397 109 24 07 74 1400 1.466
32 10 08 72 678 0.533 71 16 10 73 1117 6.400 110 12 09 74 1450 3.616
33 11 08 72 679 3.666 72 19 10 73 1120 1.915 111 19 09 74 1457 2.533
34 17 08 72 685 2.258 73 22 10 73 1123 1.375 112 21 11 74 1520 3.116
35 24 08 72 692 1.216 74 30 10 73 1131 1.112 113 28 11 74 1527 3.850
36 28 08 72 696 2.280 75 02 11 73 1134 1.625
37 30 08 72 698 2.433 76 17 11 73 1149 1.625
38 06 09 72 705 2.245 77 29 11 73 1161 1.467

a M ean YU 106/m l values w ere estim a ted  from  colony counts d e term ined  on BOAA m edium  
from  reconstitu ted  vials. B a tch  consists of 10 000 vials divided in to  8 lo ts (1250 vials). C oncentra­
tio n  p e r v ial before lyophilization  is 1.0 m g sem i-dry w eight of P a s te u r BCG stra in  (Seed-Lot 
S ystem ) in  0.3 ml sodium  g lu tam ate , d e x tra n  and  glucose m edium . R eco n stitu tio n  before v ac ­
c in a tio n  in 1.0 ml A qua dest. p ro  in j. V ial: 2.0 m l w hite n eu tra l glass. R u b b e r stopper: P h arm a, 
1188 p H  182 grau, w ith  a lum in ium  seeling capsule
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Table II

Stability o f  the viability  expressed in V U  X  10G/m l o f  the H ungarian BCG Reference Preparation  
( B ch. N o. 456-27 09 73) stored at 4  °C during 1270 daysa

Control Sam- BCG Control Sam-
pling
day

BCG Control Sam- BCG
VU

10e/mlNo. date day 10e/ml No. date 10e/ml No. date day

l 0 6  12  73 7 0 3 . 0 9 1 29 25  0 6  7 5 6 6 3 1 . 9 4 8 5 8 13  0 4  76 9 5 4 3 . 5 0 0
30 2 4  0 7  7 5 6 9 1 1 . 9 9 0 5 9 2 3  0 4  76 9 6 4 2 . 3 1 6

2 2 9  0 3  7 4 1 8 3 2 . 3 8 1 31 31 0 7  7 5 6 9 8 1 . 8 2 0 6 0 2 8  0 4  76 9 6 9 2 . 3 3 5
3 0 6  0 4  7 4 1 9 2 2 . 6 3 3 32 0 6  0 8  7 5 7 0 4 2 . 7 3 0 61 0 5  0 5  76 9 7 6 5 . 6 1 4
4 1 2  0 4  7 4 2 2 2 2 . 4 0 8 33 21  0 8  7 5 7 1 9 3 . 0 8 3 6 2 2 6  0 5  76 9 9 7 2.1 14
5 2 0  0 4  7 4 2 3 0 0 . 3 8 0 34 0 3  0 9  75 7 3 2 3 . 5 9 1 6 3 01  0 6  76 1 0 0 3 1 . 7 9 2
6 2 6  0 4  7 4 2 3 6 1 . 9 6 6 35 10  0 9  7 5 7 3 9 2 . 9 7 1 6 4 16  0 6  76 1 0 1 8 2 . 2 1 4
7 0 3  0 5  7 4 2 4 3 3 . 4 1 6 36 17  0 9  75 7 4 6 2 . 3 7 1 6 5 2 5  0 6  76 1 0 2 7 1 . 9 7 6
8 1 0  0 5  7 4 2 5 0 2 . 4 6 6 37 2 4  0 9  7 5 7 5 3 1 . 8 2 1 6 6 3 0  0 6  7 6 1 0 3 2 2 . 4 5 7
9 17  0 5  7 4 2 5 7 1 . 1 5 0 38 01 1 0  7 5 7 6 0 6 . 5 5 7 6 7 0 6  0 7  76 1 0 3 8 2 . 6 0 6

10 2 9  0 5  74 2 6 9 1 . 6 1 2 39 1 0  1 0  7 5 7 6 9 2 . 9 6 0 6 8 15  0 7  76 1 0 4 7 1 . 7 1 6
11 0 6  0 6  7 4 2 7 7 1 . 0 6 6 40 2 3  10  7 5 7 8 2 3 . 3 4 3 6 9 2 0  0 7  76 1 0 5 2 2 . 4 2 8
12 1 3  0 6  7 4 2 8 4 1 . 1 7 5 41 12  11 7 5 8 0 2 2 . 0 2 0 7 0 0 2  0 9  76 1 0 9 6 2 . 0 0 1
13 2 0  0 6  7 4 2 9 1 2 . 2 9 1 42 18 11 75 8 0 8 3 . 7 4 0 71 2 0  10 7 6 1 1 4 4 2 . 4 3 5
14 2 6  0 6  7 4 2 9 7 1 . 5 2 5 43 0 3  12  7 5 8 2 3 2 . 3 8 5 7 2 2 3  1 0  76 1 1 4 7 0 . 7 9 3
15 1 0  0 7  7 4 3 1 1 0 . 8 5 0 4 4 19 12  75 8 3 9 3 . 5 5 0 73 2 7  1 0  76 1 1 5 1 1 . 1 5 7
16 2 4  0 7  74 3 2 5 4 . 4 2 5 7 4 0 2  11 76 1 1 5 7 2 . 7 5 0
17 2 9  0 8  7 4 3 6 1 3 . 7 8 3 45 0 2  0 1  7 6 8 5 3 2 . 5 7 1 75 10  11 76 1 1 6 5 1 . 8 9 2
18 1 2  0 9  7 4 3 7 6 3 . 4 8 3 46 14  0 1  7 6 8 6 5 3 . 1 3 5 7 6 2 4  11 76 1 1 7 9 1 . 9 4 2
19 1 9  0 9  74 3 8 3 2 . 3 2 7 4 7 21  0 1  7 6 8 7 2 2 . 9 4 2 7 7 01  12  7 6 1 1 8 6 2 . 1 9 2
2 0 2 1  1 1 7 4 4 4 4 3 . 6 6 6 48 27  0 1  7 6 8 7 8 4 . 5 1 4 7 8 0 8  12  76 1 1 9 3 1 . 1 3 5
21 2 8  11  7 4 4 5 3 3 . 8 5 0 4 9 0 4  0 2  7 6 8 8 6 2 . 6 4 2 7 9 15  12  7 6 1 2 0 0 2 . 2 5 0

50 11 0 2  7 6 8 9 3 3 . 9 6 4 8 0 21  12  76 1 2 0 6 3 . 1 8 1
2 2 1 9  0 2  75 5 3 7 2 . 6 4 1 51 2 5  0 2  7 6 9 0 7 3 . 5 8 0
2 3 2 6  0 2  75 5 4 4 3 . 3 7 0 52 0 5  0 3  7 6 9 1 5 3 . 0 5 7 81 1 2  01  7 7 1 2 2 8 2 . 0 3 1
2 4 0 5  0 3  7 5 5 5 1 2 . 6 3 3 53 10  0 3  7 6 9 2 0 1 . 3 8 6 8 2 19  01  77 1 2 3 5 1 . 7 7 2
2 5 1 2  0 3  75 5 5 8 5 . 4 3 3 54 1 7  0 3  7 6 9 2 7 4 . 5 9 2 8 3 2 5  01  77 1 2 4 1 2 . 1 3 5
2 6 1 9  0 3  75 5 6 5 2 . 6 1 6 55 2 4  0 3  7 6 9 3 4 2 . 3 4 5 8 4 0 2  0 2  77 1 2 4 9 1 . 0 7 9
2 7 1 6  0 5  75 6 2 3 4 . 5 5 0 56 31  0 3  7 6 9 4 1 3 . 7 3 0 85 2 3  0 2  7 7 1 2 7 0 2 . 8 2 1
2 8 2 8  0 5  7 5 6 3 5 2 . 3 3 3 57 0 7  0 4  7 6 9 4 8 2 . 7 1 4

a M ean YU 10ü/m l values were estim ated  from  colony counts determ ined on BOAA m ed ium  
from  reco n stitu ted  v ials. B a tch  consists of 10 000 vials d iv ided in to  8 lots (1250 vials). C oncen tra­
tion  pe r v ial before lyophilization  is 1.0 m g sem i-dry  w eight o f P asteu r BCG stra in  (Seed-L ot 
System ) in  0.3 m l sodium  glu tam ate, d e x tra n  an d  glucose m edium . R econstitu tion  before v a c ­
cina tion  in  1.0 ml A q u a  dest pro inj. V ial: 2.0 m l w h ite  n e u tra l glass. R ubber stopper: P h a rm a , 
1188 p H  182 grau , w ith  alum inium  seeling capsule

cu ltu rab le  p a rtic les i.e . th e  colony counts of th e  vaccine on B lood-O leic A cid -A lbum in  A g ar 
(BO A A ) m edium  in  P e tr i  dishes during sto rag e  w as described [15-17]. In  o rder to  te s t  th e  
s ta b ili ty  o f th e  v ia b ility  o f  th e  th ree  H U N -B C G -R P ’s, th e ir  Y U  106/m l values w ere e s tim a te d  
from  colony coun ts p a ra lle l w ith the  ro u tin e  b a tc h es  m an u fac tu red  for H u n g a ry  using  th e  
sam e co n tro l tech n iq u e .

Statistical evaluation. The stab ility  o f v ia b ility  of H U N -B C G -R P ’s was ev a lu a ted  in  a 
th ree -s tep  s ta tis tic a l m odel: (i) from  colony co u n ts  u nb iased  p a ram ete r p o in t e s tim a te s  o f 
YO 10(i/m l values an d  95%  confidence lim its  w ere co m p u ted ; (ii) w ith  u nb iased  log10 t r a n s ­
form ed Y U  106/m l v a lu e s  (dependent v a riab le )  lin ea r regression  analyses (R eg ran a l) w ere 
p e rfo rm ed  in  fu n c tio n  of th e  storage tim e (d ay s, in d ep e n d en t va riab le ) to  te s t  th e  tre n d  of 
v iab ility ; (iii) th e  h y p o th es is  of the  eq u ality  o f th e  regression  coefficients (paralle lism ) an d  of 
th e  a d ju s te d  group  m ean s (AGM, id en tity )  o f th e  regression  lines were tes ted  by  analysis o f 
v a rian ce  (A nova) ap p lied  for R egranal, th e n  a f te r  re jec ted  nu ll hypo thesis (non-para lle lism ), 
G abrie l’s S im ultaneous T es t Procecure (ST P) w as p e rfo rm ed  fo r th e  m ultip le  com parison  of 
th e  ra n k ed  regression  coefficients and of AGM  v alues in  o rder to  dim inish  th e  risk  o f T y p e  I  
e rro r [18-22].
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Table III

S tab ility  o f  the viability expressed in V U  • 106/m l o f  the H ungarian BCG Reference Preparation  
( Bch. N o. 505-02 07 74) stored at 4 °C during 2533 daysa

C o n tro l Sam -
pHng
d a y

BC G Contro l S am -
p lin g
d a y

BCG
VU

10e/m l

C ontro l Sam -
p lin g
d a y

BCG
V U

10e/m lN o. d a te 1 0 « /iil N o. d a te N o. d a te

l 06 08 74 35 2.800 52 30 03 77 959 2.529 104 14 06 78 1390 1.757
53 06 04 77 966 2.186 105 21 06 78 1397 1.871

2 05 02 75 218 7.300 53 06 04 77 966 2.186 106 02 08 78 1439 1.100
3 09 07 75 372 1.150 54 15 04 77 975 4.586 107 23 08 78 1460 1.943
4 19 12 75 535 2.625 55 20 04 77 980 2.443 108 12 10 78 1510 1.929

56 28 04 77 988 2.652 109 25 10 78 1523 2.100
5 02 01 76 549 2.842 57 04 05 77 994 1.693 110 01 11 78 1530 3.500
6 14 01 76 561 2.228 58 10 05 77 1000 2.941 111 10 11 78 1539 2.857
7 21 01 76 568 2.514 59 20 05 77 1010 1.386 112 06 12 78 1565 1.686
8 27 01 76 574 2.400 60 01 06 77 1022 1.400 113 22 12 78 1581 3.900
9 04 02 76 582 2.500 61 08 06 77 1029 1.826 114 28 12 78 1587 1.600

10 11 02 76 589 2.800 62 15 06 77 1036 2.743
11 20 02 76 598 3.592 63 22 06 77 1043 1.843
12 25 02 76 603 3.059 64 13 07 77 1064 1.826 115 18 01 79 1609 1.392
13 05 03 76 611 2.685 65 19 07 77 1070 2.063 116 31 01 79 1622 2.000
14 10 03 76 616 2.828 66 20 07 77 1071 2.286 117 21 02 79 1643 2.300
15 17 03 76 623 2.457 67 27 07 77 1078 1.278 118 08 03 79 1658 1.829
16 24 03 76 630 2.266 68 03 08 77 1085 2.337 119 20 03 79 1670 1.500
17 31 03 76 637 3.070 69 10 08 77 1092 1.828 120 10 04 79 1691 0.400
18 07 04 76 644 2.342 70 17 08 77 1099 2.185 121 18 04 79 1699 2.543
19 13 04 76 650 2.091 71 31 08 77 1103 2.654 122 09 05 79 1720 1.710
20 17 04 76 654 3.700 72 07 09 77 1110 1.893 123 16 05 79 1727 2.200
21 23 04 76 660 2.800 73 14 09 77 1117 1.768 124 23 05 79 1734 2.329
22 28 04 76 665 3.214 74 22 09 77 1125 1.884 125 05 06 79 1747 1.074
23 05 05 76 671 3.428 75 27 09 77 1130 2.178 126 13 06 79 1755 1.074
24 13 05 76 679 2.075 76 06 10 77 1139 2.593 127 21 06 79 1763 3.186
25 26 05 76 692 1.594 77 12 10 77 1145 1.550 128 04 07 79 1776 1.655
26 01 06 76 698 1.871 78 19 10 77 1152 2.707 129 12 07 79 1784 1.871
27 16 06 76 703 1.357 79 26 10 77 1159 2.823 130 25 07 79 1797 1.458
28 25 06 76 712 1.765 80 02 11 77 1166 2.049 131 07 08 79 1810 2.571
39 30 06 76 717 1.903 81 10 11 77 1174 2.564 132 08 08 79 1811 1.072
30 06 07 76 723 2.985 82 16 11 77 1180 1.361 133 28 08 79 1839 1.614
31 15 07 76 732 2.085 83 25 11 77 1189 1.514 134 01 09 79 1843 2.457
32 20 07 76 737 2.628 84 30 11 77 1194 3.113 135 10 09 79 1852 1.500
33 02 09 76 750 1.090 85 07 12 77 1201 1.250 136 18 09 79 1860 0.828
34 30 09 76 778 3.071 8 6 10 12 77 1204 0.929 137 20 09 79 1862 1.350
35 20 10 76 798 2.008 87 21 12 77 1215 1.000 138 04 10 79 1876 1.228
36 23 10 76 801 1.550 8 8 28 12 77 1222 2.028 139 07 10 79 1879 1.350
37 27 10 76 805 2.142 140 21 11 79 1923 3.857
38 02 11 76 811 2.257 89 04 01 78 1229 1.571 141 12 12 79 1944 1.228
39 10 11 76 819 1.891 90 11 01 78 1236 1.704 142 19 12 79 1951 2.800
40 24 11 76 833 2.307 91 20 01 78 1245 0.300
41 01 12 76 840 1.771 92 25 01 78 1250 1.757 143 24 01 80 1987 4.980
42 08 12 76 847 1.228 93 02 02 78 1258 1.448 144 25 03 80 2027 2.071
43 15 12 76 854 1.514 94 09 02 78 1265 1.628 145 12 03 80 2034 2.814
44 21 12 76 860 1.075 95 22 02 78 1278 1.450 146 26 03 80 2048 1.843

96 01 03 78 1285 1.207 147 09 04 80 2062 0.733
45 12 01 77 882 1.061 97 08 03 78 1292 1.178 148 16 04 80 2069 1.029
46 19 01 77 889 1.800 98 19 04 78 1334 1.714 149 28 04 80 2081 2.443
47 25 01 77 895 1.542 99 17 05 78 1362 1.600 150 21 05 80 2104 1.786
48 02 02 77 903 2.757 100 21 05 78 1366 1.871 151 29 05 80 2112 3.114
49 23 02 77 924 4.171 101 24 05 78 1369 1.285 152 19 06 80 2133 0.515
50 26 03 77 945 2.700 102 31 05 78 1376 1.107 153 26 06 80 2140 2.200
51 22 03 77 951 2.657 103 07 06 78 1383 1.864 154 10 07 80 2154 1.586
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Table III (continued)

C o n tro l S am - BCG C o n tro l Sam - BC G  C ontro l Sam - BC G
— p lin g  VU  -------------------- ------------  p lin g  V U  -------------------------------- p lin g  V U

N o . d a te  d a y  10e/m l N o. d a te  d a y  10e/m l N o. d a te  d a y  10e/m l

155 17 07 80
156 24 07 80
157 06 08 80
158 13 08 80
159 28 08 80
160 12 1180
161 19 1180

162 29 01 81
163 12 02 81

2161 0.736
2168 0.743
2181 1.028
2188 1.043
2203 1.777
2279 0.483
2286 2.042

2358 0.843
2372 0.957

164 20 02 81
165 26 02 81
166 06 03 81
167 12 03 81
168 19 03 81
169 26 03 81
170 02 04 81
171 09 04 81
172 16 04 81
173 24 04 81

2380 1.250
2386 1.486
2394 0.821
2400 1.457
2407 0.357
2414 0.071
2421 2.243
2428 1.936
2435 0.557
2443 0.866

174 07 05 81
175 21 05 81
176 04 06 81
177 11 06 81

178 24 06 81
179 02 07 81
180 09 07 81
181 17 07 81
182 23 07 81

2456 1.778
2470 1.421
2484 0.478
2491 0.471

2504 0.514
2512 0.850
2519 1.164
2527 0.164
2533 1.490

a M ean VU  106/m l values were e s tim a ted  from  colony counts de term ined  on BOAA m edium  
from  reco n stitu ted  vials. B atch  consists o f 10 000 vials d iv ided in to  8 lo ts (1250 vials). C oncen tra­
tio n  p e r v ia l before lyophilization  is 1.0 m g sem i-dry w eigh t of P a s te u r BCG stra in  (Seed-L ot 
System ) in 0.3 m l sodium  g lu tam ate , d e x tra n  and glucose m edium . R eco nstitu tion  before v a c ­
c in a tio n  in  1.0 ml A qua dest pro in j. V ial: 2.0 m l w hite  n e u tra l glass. R u b b er stopper: P h a rm a , 
1188 p H  182 g rau , w ith  alum inium  seeling capsule

Computation. Com m odore 64 co m p u te r was used  for d a ta  processing  an d  s ta tis t ic a l  
analysis. P rogram m es and  co m p u te r p r in te d  tab le s  a re  availab le  on  re q u est from  th e  BCG 
L a b o ra to ry  of B u d ap est.

R esults

I t  is a p re req u is ite  in  c o n tro l assays to  know  in d iv id u a l e s tim a ted  
V U  106/m l values and  th e  s ta b ility  o f a BCG R eference P re p a ra tio n  d e te rm in ed  
d u rin g  s to rage . T herefore, all BCG  VU con tro l d a ta  will he lis ted  an d  also 
R eg ran a l o f each b a tc h  th e n  A no v a  follow ed b y  STP will he p resen ted .

T ab les I , I I  and  I I I  lis t th e  BCG V U  106/m l estim ates of th e  th ree  H U N - 
B C G -R P ’s b a tch es  in  a chronological o rder. I t  is seen th a t  b a tch  265 w as 
used  d u rin g  1527 days (4.2 y ea rs), b a tc h  456 during  1270 days (3.5 years) 
and  b a tc h  505 d u rin g  2533 days (6.9 years) as R P .

T ab le  IV  p resen ts  th e  R e g ra n a l o f th e  BCG VU 10е/m l values on s to rag e  
tim e  o f th e  th ree  ba tches. F o o tn o te s  ex p la in  th e  s ta tis tic a l an d  m icrobiological 
m ean in g  o f th e  e s tim a ted  p a ra m e te rs . I t  is show n th a t  th e  v ia b ility  of b a tch es  
265 an d  456 is s tab le . T he tre n d  o f th e  BCG V U  106/m l values of b a tc h  505 
d rops u n d e r th e  m ean  (1 690 X 10e) a fte r  2 000 days (5.5 years) i.e. th e  s ta b ili ty  
has b eg u n  to  decrease.

T ab le  V has tw o p a rts . T h e  u p p e r p a r t  p resen ts th e  A nova app lied  for 
R eg ran a l te s tin g  th e  eq u a lity  of th e  regression  coefficients o f th e  th ree  b a tch es . 
Since th e  v ia b ility  of b a tch  505 h as  a regression i t  is seen th a t  th e  slopes are  
u n eq u a l, i.e. th e  null hyp o th esis  on p ara lle lism  is re jec ted . T he low er p a r t  
p re sen ts  th e  S T P  of th e  ran k ed  p a ra m e te rs  show ing th a t  th e  “ B ” va lu es  of 
b a tc h e s  265 an d  456 form  a hom ogeneous su b se t while a fte r  analysis o f c o v a ri­
ance th e  “ AGM ” values of b a tch es  456 an d  505 are in  th e  sam e subset.
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Table IV

Regranal o f  V U  10e/m l values on storage time o f  the three

R eg ra n a l
Vacc.
B ch . I n te r c e p t R eg r. coeff.

a (95% conf. lim it) b (95%  conf. lim it)

265 1.496 (1.021 2.280) 0.000070 ( —0.000118 0.000259)
456 2.371 (1.849 3.048) 0.000008 (-0 .0 0 0 1 2 2 0.000138)

505 3.304 (2.748 3.972) — 0.000209* (-0 .0 0 0 2 6 1 -0 .000156)

* Sign, a t  5%  level
a In tercep ts  express V U  106/m l values a t  th e  origins
b  Regression coefficients express in  log VU I Oe/in l values th e  daily  decrease (increase) of 

th e  v iab ility , i.e. the  s ta b ility

D iscussion  and con clu sion s

T he s tu d y  h ad  tw o  a im s: (i) to  con tro l th e  s ta b ility  o f th e  BCG YU 106/m l 
values of th e  H U lN -B C G -R P’s, and  (ii) to  p resen t th e  th ree -s tep  s ta tis tic a l 
m odel considered to  be  essen tia l in  th e  analysis  of th e  con tro l d a ta  o f th e

Tabic V

A nova  o f  the equality o f  the regression lines and S T P  fo r  multiple comparison o f the estimated 
parameters o f the three H U N -B C G -R P . A n a lysis o f  data fro m  Tables I ,  I I ,  I I I  and I V

A nova applied for R eg ran a l

S ource ss D F MS F

E q u a lity  of slopes 0.99 2 0.49 8.14*
E rro r  1 22.61 373 0.06
T o ta l 23.60 375 0.06

E q u a lity  of ad ju s ted  m eans 0.66 2 0.78 5.26*
Common slope 2.04 1 2.04 32.42*
E rro r 2 23.60 375 0.06

T o ta l 26.30 378

STP of th e  e s tim a te d  and ran k ed  “ b ” and  “ AGM” values

R a n k  B ch “b” H S B ch “ AG M ”  H S

1 265 0.000070 1 456 0.328

2 456 0.000008 1 505 0.271

3 505 - 0.000209 1 265 0.211

* P < 5 %
HS V ertical b a rs  ind ica te  hom ogeneous subsets o f G abriel’s STP
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H U N -B C G -R P 's  A n a ly sis  o f  data fro m  Table I ,  I I  and I I I

A n o v a

r* T  1/2
d a y Y  % /X

V U su rv iv a ls  
a t  d a y  1825 

10e/m l
R egr.

MS
R esid.

MS D F

0.0049 4 262 0.016 2.010 0.0477 0.097 110
0.0002 37 555 0.002 2.453 0.0004 0.04 83
0.2562 1 438 0.048 1.374 2.97* 0.05 180

r2 C oefficients o f d e te rm in a tio n  express in  %  th e  v a ria tio n  of y  (YU) due to  th e  lin ea r 
regression on x  (day )

T l/2  E x p ress  in  day  th e  50%  re d u c tio n  of YU 106/m l values 
Y % /X  A verage daily  decrease o f  VU  expressed in  %
Y U  S u rv iva ls a t  d ay  1825 (5 y ears) are estim ated  from  the  regression  equations

biological p ro d u c ts  for h av in g  an  ob jective in te rp re ta tio n  from  s ta tis tic a l 
inference.

T he s ta b il i ty  of th e  b io logical s ta n d a rd  an d /o r re ference  p rep a ra tio n s  is 
a basic re q u ire m e n t to  co n tro l rep ro d u c ib ility  of th e  ex p e rim en ta l designs, th e  
sen s itiv ity  of th e  reag en ts , th e  precision  of th e  te ch n iq u e , th e  sam pling an d  
th e  ex p e rim en ta l e rro r in  th e  biological assays to  d e te rm in e  th e  p o tency  of 
th e  te s te d  b io logical p re p a ra tio n s  [23].

The m ain  ep istem ological an d  p rag m atica l p rob lem s o f th e  s ta tis tic a l 
q u a lity  co n tro l is to  accept or re je c t a te s t p re p a ra tio n  in com parison  w ith  th e  
s ta n d a rd . T herefo re , th e  s ta b il i ty  and  hom ogeneity  of th e  s ta n d a rd  an d /o r 
reference p re p a ra tio n s  and  th e  use of exact s ta tis tic a l m e th o d s , i.e. unb iased  
p a ra m e te r  an d  confidence in te rv a l estim ates, va lid  h y p o th esis  te s ts , m ultip le  
com parison  to  reduce  T ype I  e rro r in  decision, have  to  be ensured .

T he s tu d y  has d e m o n s tra te d  th a t  th e  H U N -B C G -R P ’s can be used 
generally  u p  to  5 years as s ta b le  reference p rep ara tio n s . F u r th e r  stud ies w ill 
analyse th e  fa c to rs  decreasing  th e  s ta b ility  of th e  BCG Y U  106/m l values a fte r  
5 years. Also m ore developed  s ta tis tic a l designs w ill be ap p lied  to  analyse 
in te rac tio n  effects in  ex p e rim en ta l m odels in  te s tin g  th e  s ta b ili ty .
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NOURSEOTHRICIN (STREPTOTHRICIN) 
INACTIVATED RY A PLASMID PIE636 ENCODED 

ACETYL TRANSFERASE: NATURE OF THE 
INACTIVATED NOURSEOTHRICIN

G . S e l t m a n n  and  W .  B e e r

Institu te  fo r  E xperim ental E pidem iology , Wernigerode, GDR  

(R eceived F e b ru a ry  3, 1986)

N o u rseo th ric in , a m ix tu re  of several s tre p to th ric in s , is in a c tiv a te d  by  an  ace ty l t r a n s ­
ferase p roduced  b y  Escherichia coli con ta in ing  th e  p lasm id  p IE 6 3 6 . N o u rseo th ric in  in a c tiv a te d  
in  the  presence of 14C -ace ta te  w as purified  and su b m itte d  to  p a r tia l  hydrolysis. In  th e  h y d ro ­
lysate  besides o th ers  a  ra d io a c tiv e  and n in h y d rin -re ac tiv e  su b s tan ce  m oving only s lig h tly  
tow ards th e  ca th o d e  was fou n d . I t  proved to  be [14C ]-ace ty l b e ta-ly sine .

N o u rseo th ric in , an  an tib io tic  iso la ted  from  Streptom yces lavendulae [1] 
rep resen ts a m ix tu re  o f severa l s tre p to th ric in s , m ain ly  D and  F  [2]. S trep to - 
th ric in  consists o f th re e  m oieties: gu losam ine, s trep to lid in e , and  a /3-lysine 
pep tide  ch a in  d iffering  in  chain len g th  from  1-6  am ino  acid residues 
(s tre p to th ric in  F -А ). A s th e  an tib io tic  a c t iv i ty  of s tre p to th ric in s  depends 
d irec tly  on th e  n u m b e r o f /З-lysine residues i t  is supposed  th a t  th e  p ep tid e  
m oiety  rep re sen ts  th e  bio logically  ac tive  c e n tre  of th e  m olecule [2]. R ecen tly  
we found th a t  Escherichia coli s tra in s  co n ta in in g  th e  p lasm ids p IE 6 3 6  or 
p IE 638 encoding  s tre p to th r ic in  resistance p ro d u ce  a s tre p to th r ic in  a c e ty la tin g  
enzym e [3, 4 ]. T he p re se n t paper describes th e  p u rif ic a tio n  of th e  a c e ty la ted  
s trep to th ric in  and  in v es tig a tio n s  to  localize th e  ace ty l g roup  in  th e  m olecule.

M aterials and m ethod s

P reparation o f  the crude enzyme. E . coli s tra in  IE 956  [3] w as d isru p ted  by  so n ication  
(20 kH z, 250 W , 3 x 3 0  s, [5]) and  th e  sonicate cen trifu g ed  90 m in  a t  105 000 g. To th e  su p e r­
n a ta n t  an  equal a m o u n t o f a  sa tu ra te d  so lu tion  of (N H 4)2S O , in  w a te r  was added , th e  p rec ip i­
ta te  collected b y  c en trifu g a tio n , dissolved in th e  o rig ina l vo lum e of T M E D  buffer (10 m M  
tris (h y d ro x y m e th y l)am in o m eth an e , 10 m M  M gCl2, 0.15 m M  e th y le n ed iam in e te tra ac e ta te , 
and 1 m M  m ercap to e th an o l, [6]) and  d ialyzed o v e rn ig h t ag a in st th e  sam e buffer.

Inactivation  o f  nourseothricin. The in a c tiv a tio n  m ix tu re  c o n ta in ed  0.5 ml of th e  enzym e 
solution, 150 m m ol ace ty l coenzym e A (CoASAc) in  0.1 m l T M E D , an d  20 m g n o u rseo th ric in  
in 0.4 ml T M E D . A fte r in c u b a tio n  overn igh t a t 37 °C th e  so lu tion  w as h ea ted  3 m in a t  100 °C.

Preparation o f  u C-labelled inactivated nourseothricin. T w en ty  /Л coenzym e A (1.6 m g/m l), 
20 //1 1 [14C ]-C H 3COONa (37 M B q/m l; Z e n tra lin s titu t  fü r  K ern fo rschung , D resden G D R ),

Gu ntram  Se l t m a n n , W ie l a n d  B e e r  
I n s t i tu te  fo r  E x p e r im e n ta l  E p id em io lo g y  
B u rg s tra s se  37, D D R -3 7 0 0  W e rn ig e ro d e  (H a rz), GDR
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20 /Л adenosine-5’-triphos:p iiate  (25 m g/m l), 100 fi\ o f  th e  enzym e so lu tion , and  3 0 /(1 nourseo- 
th rie in  (3 m g/m l) were in cu b a ted  and  h an d led  as described  above.

P urifica tion  o f  the inactivated nourseothricin. T he solu tion  of th e  crude in a c tiv a te d  
n o u rseo th ric in  (20 m g) in  w a te r  (co n ta in in g  a b o u t  0.5 M B q/m l 14C-labelled n o u rseo th ric in  as 
a  trac e r)  was d ilu ted  to  o b ta in  an  e lectrical c o n d u c tiv ity  com parab le  w ith  t h a t  o f a 0.05 M NaCl 
so lu tion . This so lu tion  w as filte red  th ro u g h  a  co lu m n  (1 6 x 5 0  m m ) of A inberlite  CG50I ( N a +). 
M ost of th e  so lu tes are n o t  absorbed  u n d e r  th ese  conditions. Som e im p u ritie s  w ere e lu ted  
fro m  th e  colum n w ith  0.2 м  NaCl, th e  in a c tiv a te d  nou rseo th ric in  w ith  0.3 M NaCl. T he frac tio n  
o b ta in e d  th u s  w as co n ce n tra ted  to  ab o u t 5 m l an d  applied  to th e  h ead  of a 26 X 900 m m  
co lum n of Sephadex  G-10 (v 0 =  145 ml, v t =  480 m l). In  th e  e fflu en t (F ig . 1) tw o frac tio n s 
w ere  de tectab le , th e  f i r s t  co n ta in in g  th e  p ra c tic a lly  pu re  in ac tiv a te d  n o u rseo th ric in .

T h in  layer chromatography (T L C ) and th in  layer electrophoresis ( T L E )  w ere pe rfo rm ed  
on 2 0 x 2 0  cm glass p la te s  co a ted  w ith  a 0.5 m m  la y e r  o f cellulose pow d er M N 300 (M acherey , 
N agel & Co., D üren , F R G ). So lven t fo r T LC  w as pyT Íd ine :n -bu tano l:ace tic  a c id :w a te r  =  
=  10:15:3:12 (so lv en t A , [2]) buffers fo r T L E  w ere  fo rm ic  acid :acetic  ac id :w a te r  =  25:75:900, 
p H  2.0 (buffer A, [7]) an d  py rid in e :ace tic  a c id :w a te r  =  10:4:86, p H  5.2 (b u ffer B , [8] slig h tly  
m odified).

A ssa y  methods. F o r  th e  estim a tio n  of to ta l  a ce ty l th e  sam ple w as hydro ly zed  o v e rn ig h t 
w ith  4 N  HC1 a t 100 °C, cooled, and e x tra c te d  w ith  e th e r [9]. To th e  e x tra c ts  p ro p io n ic  acid  
as in te rn a l s ta n d a rd  w as ad ded  and  th e  se p a ra tio n  an d  q u a n tif ica tio n  w as p e rfo rm ed  o n  5%  
D E G A  on C hrom osorb-G -H P  (2 m X 3  m m  co lu m n , 140 °C). F o r th e  e s tim a tio n  of O -ace ty l 
th e  so lu tions of th e  in a c tiv a te d  no u rseo th ric in  w ere reac ted  w ith  h y d ro x y lam in e  an d , a fte r  
a c id ifica tio n  w ith  HC1 to  p H  1.2, w ith  FeC l3 in  0.1 N HC1. The o p tica l d en sity  w as re ad  a t  
540 n m  [10]. Am ino groups w ere q u an tified  b y  m ean s of d in itro fluo robenzene  in  1%  N a ,B 40 7 
b u ffe r  [11], a fte r  30 m in  a t  60 °C th e  sam ples w ere acid ified  w ith  2 N  HC1 and  th e  o p tica l 
d e n s ity  w as re ad  a t  420 nm .

R esu lts

Characterization o f  the inactivated nourseothricin

1. T h in  lay e r e lectrophoresis (bu ffe r A, 45 m in, ~ 2 0  V /cm ). P u rified  
in a c tiv a te d  n o u rseo th ric in  m oves to w a rd s  th e  ca thode, a f te r  s ta in in g  w ith  
n in h y d rin  p roducing  a sim ilar p a t te rn  as unm od ified  n o u rseo th ric in , how ever, 
w ith  reduced  ve lo c ity  (ab o u t 75%  of t h a t  o f th e  unm odified  su b stan ce , F ig . 2). 
[14C ]-acetyl labelled  in a c tiv a te d  n o u rseo th ric in  in each sp o t co n ta in s  ra d io ­
a c tiv ity .

2. T h in  lay e r ch ro m a to g rap h y  (so lv en t A). A fter s ta in in g  w ith  n in h y d rin  
o n ly  one s tro n g ly  e llip tic  spo t is v isib le , con ta in ing  all th e  ra d io a c tiv ity
( R /~ 0 .4 ) .

3. T h in  lay e r e lectrophoresis of th e  hyd ro lyzed  (4 M H Cl, 16 h , 100 °C, 
n in h y d rin e -s ta in in g ) in a c tiv a te d  n o u rseo th ric in  (buffer A, 45 m in, ~ 2 0  Y /cm ). 
T h e  p a tte rn s  of b o th  th e  ac tive  and  in a c tiv a te d  nourseo th ric in s w ere in d is tin ­
gu ishab le  (F ig. 2), in d ica tin g  th e  id e n ti ty  an d  p u rity  of th e  sub stan ce .

4. E s tim a tio n  o f th e  p ercen tage  o f  ac e ty l in  in a c tiv a te d  n o u rseo th ric in . 
In a c tiv a te d  n o u rseo th ric in  con ta in s a b o u t 4 %  acetyl. T his va lue  p o in ts  to  
o n ly  one ace ty l residue  p er m olecule s tre p to th r ic in .

E stim ation  o f  the k in d  o f  linkage o f  the incorporated acetyl residue. 1. N o u r­
seo th ric in  in a c tiv a te d  in  th e  presence o f C oA S-[u C]Ac was d isso lved  in  0.01 N 
N aO H . A fter tw o hours a t  room  te m p e ra tu re  [10] an  excess o f  ace tic  acid  w as 
a d d e d , th e  so lu tion  c o n cen tra ted  b y  e v a p o ra tio n  in  vacuo  a n d  su b jec ted  to
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Fig. 1. E ff lu e n t d iag ram  of c h ro m a to g rap h y  on  Sephadex  G-10 of in a c tiv a te d  n o urseo th ric in . 
------ o p tica l d en sity  (OD ) a t  206 n m ; --------c o n d u c tiv ity  (no abso lu te  d a ta ) ;  frac tio n  size 10 ml

Fig. 2. T h in  lay e r e lectropherogram  (b u ffer A). L an e  1, no u rseo th ric in ; lane 2, in a c tiv a te d  
no u rseo th ric in ; lane 3, hydro lyzed  nou rseo th ric in ; lane  4, hydro lyzed  in ac tiv a te d  n o u rse o th ri­

cin; lan e  5, — a-lysine

T L E  (bu ffer A, 45 m in, ~ 1 0  Y /cm ). T he p herog ram  was s ta in ed  w ith  n in h y d rin  
an d  th e  ra d io a c tiv ity  localized an d  co u n ted  w ith  th e  D ü n n sch ich tscan n er I I  
(F a. B e rth o ld , W ildbad , B H D ). No d ifference could he d e tec ted  betw een  th e  
p herog ram s of n o u rseo th ric in  e ith e r t r e a te d  w ith  N aO H  or u n tre a te d , i.e ., no 
sp littin g  o f th e  linkage betw een  th e  s tre p to th r ic in  m olecules and  th e  ac e ty l 
residues h a d  occurred . S im ilarly  iV -acetylglucosam ine w as stab le  u n d er th e se  
cond itio n s, w hile O -acetylserine and  O -acetylcholine w ere com plete ly  de- 
ace ty la ted .

2. T re a tm e n t of a sam ple of in a c tiv a te d  n o u rseo th ric in  w ith  h y d ro x y l- 
am ine an d  afte rw ard s w ith  H C l/FeC l3 [10] yielded in  an  op tica l d e n s ity  a t
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F ig . 3. T h in  layer e lec tro p h ero g ram  (buffer B). L an e  1, e-am ino caproic acid ; lane 2, p a r tia l ly  
hyd ro ly zed  in a c tiv a te d  n o u rseo th ric in ; lan e  3, m ix tu re  o f a-lysine  (u p p e r  spot) and glycine 
(low er spo t); lane 4, p u rif ie d  unknow n co m p o u n d ; lan e  5, p u rified  u n k n o w n  com pound a f te r  

com plete hyd ro ly sis  ( —► /3-lysine); open a rea : n in h y d rin e  reac tiv e  sp o t; shaded area :
ra d io a c tiv ity

540 nm  co rrespond ing  to  ab o u t 10%  o f th e  ace ty l co n ten t o f th e  sam ple. S olu­
tio n s  of e ith e r iV -acetylg lucosam ine an d  n o u rseo th ric in  rem ain ed  colourless 
u n d e r  these  co n d itio n s ; w hile O -acety lserine p roduced  th e  an tic ip a ted  colour 
y ield .

3. The re su lts  o f  th e  foregoing ex p erim en ts  p o in t to  an  am ide h o und  
ac e ty l causing th e  in a c tiv a tio n  of s tre p to th r ic in . The precise localization  o f th e  
ace ty l group was d e te rm in ed  by  p a r tia l  h y d ro lysis  of th e  [MC ]-aceta te  labelled  
in a c tiv a te d  n o u rseo th ric in  (1 N HC1, 3 h , 100 °C) and  iso la tio n  and  in v es tig a ­
tio n  of th e  labe lled  sp littin g  p ro d u c ts . In  h igh -vo ltage  T L E  (buffer B , l h ,  
<~20 У/cm ) besides u n h y d ro ly zed  in a c tiv a te d  n o u rseo th ric in  only  one labelled  
com pound  m oving  o n ly  slowly to w ard s th e  ca th o d e  could he d e tec ted  (F ig . 3). 
T h is com pound w as p u rif ied  by  p re p a ra tiv e  h igh  voltage p a p e r  electrophoresis 
(buffer B) and su b se q u e n t TLC (so lven t A ; B f ~ 0 .5 )  an d  th e n  su b m itted  to  
com plete  hyd ro lysis  (4 n HCI, 16 h, 100 °C). In  T L E  (buffer A and  B, see Figs 2 
an d  3, resp.), an d  in  TLC (solvent A) o n ly  /З-lysine could  be detec ted  in  th is  
sam ple.

D iscu ssion

One of th e  possib le  m echanism s o f b a c te r ia  to  becom e re s is tan t aga in st 
th e  harm fu l ac tio n  o f  an tib io tics is th e  en zy m atic  m o d ifica tio n  of th e  a n t i ­
b io tic  m olecule. T h e  /З-lactam ases in  th e  case of /З-lac tan i an tib io tics and  
severa l tran sfe rases  (nucleo tidy l, p h o sp h o ry l, acetyl) in  th e  case of am in o ­
glycoside an tib io tic s  [7] are exam ples. T h o u g h  nourseo th ric in  (s trep to th ric in ) 
co n ta in s  an  am inog lycosid ic  linkage i t  c a n n o t be regarded  as an  am inoglycoside 
a n tib io tic  in th e  t ru e  sense. Likewise one c a n n o t an tic ip a te  th a t  nou rseo th ric in
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in a c tiv a tin g  enzym es ac t in  th e  sam e m anner as am inoglycoside an tib io tics 
in a c tiv a tin g  enzym es 17]. R ecen tly  we found th a t  E . coli s tra in s  con ta in ing  
th e  p lasm ids p IE 636  or p IE 6 3 8  in a c tiv a te  n o u rseo th ric in  b y  m eans of an 
a c e ty la tin g  enzym e [3] w hich in  th e  case of E . coli J5 3  as rec ip ien t o f th e  
p la sm id  is localized a t th e  in n e r side of th e  cy top lasm ic m em b ran e  [12]. V ery 
re c e n tly , how ever, we found  w ild ty p e  E . coli s tra in s  c o n ta in in g  a t  least p a r t  
o f  th e  ace ty l tran sfe rase  in  th e  perip lasm ic  space or a t  th e  o u te r  side of th e  
cy to p lasm ic  m em brane  (S e ltm an n  an d  W olter, unp u b lish ed ).

P u rifica tio n  of th e  in a c tiv a te d  nourseo th ric in  y ie lded  a p re p a ra tio n  p ro ­
d u c in g  th e  sam e p a t te rn  in T L E  as th e  unm odified  su b stan ce , how ever, m oving 
w ith  reduced  velocity . A nalysis o f  purified  s tre p to th r ic in  F  u n d e r iden tical 
co n d itio n s  resu lted  in  on ly  one sp o t (n o t show n in “ R e su lts” ). T he T L E  p a tte rn s  
o f th e  to ta lly  hyd ro lyzed  ac tiv e  a n d  in ac tiv a ted  n o u rseo th ric in s  w ere iden tica l 
an d  th a t  of th e  la t te r  co n ta in ed  no ad d itio n a l spots, i.e ., th e  p u rified  in ac tiv a ted  
n o u rseo th ric in  did n o t co n ta in  d e te c ta b le  am ounts o f im p u ritie s . I t  m ust be 
m en tio n ed , how ever, th a t  acidic hydro lysis  of n o u rseo th ric in  does no t cause 
co m p le te  sp littin g  o f th e  m olecule in to  its  th ree  co m ponen ts, because (i) th e  
lin k ag e  betw een  gulosam ine and  s trep to lid in e  is r a th e r  ac id -s tah le  and  th e re ­
fore sp litted  only in  p a r t ;  (ii) besides gulosam ine sign ifican t q u an titie s  of 
1 ,6 -anhydrogu losam ine have  been form ed during h y d ro lysis  [2]. O nly  /3-lysine 
seem s to  be lib e ra ted  m ore or less q u an tita tiv e ly . T herefo re  q u a n tita tiv e  
e s tim a tio n s  of gu losam ine, /З-lysine and  strep to lid ine  in  th e  h y d ro ly sa te  does 
n o t ju s tify  conclusions on th e  ra tio  o f these com ponen ts in  th e  unhydro lyzed  
m olecule. H ow ever, q u a lita tiv e ly  an d  q u an ta tiv e ly  id en tica l T E E  p a tte rn s  of 
b o th  th e  active an d  th e  in a c tiv a te d  nourseo th ric in  shou ld  in d ica te  th a t  no 
v a ria tio n s  in th e  ra tio  of th e  th re e  com ponents h ad  occurred . Speculations 
th a t  th e  enzym e could ac t b y  a c e ty la tin g  one of th e  h y d ro x y  groups of gulos­
am in e  proved  to  be in co rrec t as w e found p rac tica lly  all th e  ace ty l groups to  
be  am ide-bound . T he fac t th a t  m ild  acidic hyd ro lysis  o f th e  [14-C ]-acetate  
lab e lled  in a c tiv a te d  n o u rseo th ric in  libera tes, besides o th e rs , [14C ]-acety l /3-ly­
sine d em o n stra te s  t h a t  a t  leas t p a r t  o f th e  acety l residues in co rp o ra ted  in to  
th e  nou rseo th ric in  m olecules are  b o u n d  to  th e  /З-lysine (pep tide) chain . This 
re su lt is in  ag reem ent w ith  th e  f in d in g  [2] th a t  th e  longer th e  /З-lysine (peptide) 
c h a in  in  th e  s tre p to th r ic in  m olecule th e  higher is i ts  a n tib io tic  ac tiv ity .

F rom  th e  fac ts  th a t  in  th e  p a r tia l h y d ro ly sa te  acetyl-/3-lysine can  be 
fo u n d  and th a t  one m olecule of in a c tiv a te d  n ourseo th ric in  a p p a re n tly  con ta in s 
on ly  one acety l residue  i t  can  be  specu la ted  th a t  o n ly  th e  te rm in a l e-am ino 
g ro u p  of th e  /З-lysine (pep tide) ch a in  is su b s titu ted  b y  th e  p lasm ids p IE 636  
or p IE 6 3 8  dete rm in ed  ace ty l tran sfe ra se . This p o ssib ility  is u n d e r fu rth e r  
in v es tig a tio n .
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H aem olysin  p ro d u c tio n  (H L Y ), m annose re s is tan t h aem ag g lu tin a tin g  a c tiv ity  (M R A ), 
presence of an tigens K1 and K5 and  colic inogenicity  (Col) were co m p ared  w ith  LD 50 fo r m ice 
in  663 Escherichia coli s tra in s , in c lud ing  281 faecal, 129 u r in a ry  a n d  253 o th er e x tra in te s tin a l 
iso lates. Those iso la tes th a t  LD 50 v a lu e  fell in to  < 1 0 6 LD50 c a teg o ry  w ere a rb itra r ily  te rm ed  
h igh ly  v iru le n t (H Y ) and  those  w hich  be longed  to  > 1 0 7 LD 50 c a teg o ry  were considered a v iru ­
le n t (AV). HV iso la tes occurred sig n ifican tly  m ore freq u en tly  (5 8 % ) am ong  stra ins fro m  d iffe r­
en t e x tra in te s tin a l sam ples th a n  from  faeces (14% ) or u rin e  (1 6 % ). T he incidence o f HY 
s tra in s  was sig n ifican tly  h igher in  p a tie n ts  w ith  sepsis (43% ) or m ening itis  (100% ) th a n  in  
p a tie n ts  w ith  e n te r itis  (20% ), u r in a ry  t r a c t  in fections (U T I, 1 6 % ) or in  h e a lth y  su b jec ts  
(28% ). The incidence of HV  s tra in s  in  th e  m o st freq u en t (0 1 , 0 2 ,  0 4 ,  0 6 , 0 7 , 0 1 8 , 0 7 5 ) 
serogroups was sig n ifican tly  h igher (60% ) th a n  in  o thers (10% ). S tra in s  w ith  d ifferen t v iru lence  
m ark ers  (H L Y , M RA, K l ,  K5, Col) be longed  sign ifican tly  m ore freq u e n tly  to  the H V  group  
th a n  those  w hich  fa iled  to  have  th ese  m ark e rs  (44 vs 27% , 51 v s 2 5 % , 83 vs 17% , 78 vs 2 7% , 
52 vs 16% , respec tive ly ). Im p o r ta n t  ro le o f  a n tig en  K1 p lay ing  in  pa th o m ech an ism  o f m en in ­
g itis  w as confirm ed  b y  d a ta  o f analysis acco rd ing  to  w hich s ig n ifican t difference w as rev ea led  
in  th e  incidence o f HV s tra in s  be tw een  g ro u p s of iso lates w ith  M RA  + K 1 + (7 1 % ) and  
M R A  + K 1 “ (44% , p  < 0 .0 2 ), or be tw een  g ro u p s of iso lates w ith  M R A + K 1~  and M R A _ K1 + 
(91% , P <  0 .001). M oreover th e re  w ere s ig n ifican t differences in  th e  incidences o f HV  s tra in s  
in  K l+ C o l-  (7 3 % ) and  K l - C o l + (2 9 % , p  <  0.001), and in  K l + Col+ (86% ) and  K l - C o l  + 
(29% , p <  0.001) g roups. F u r th e r  ev idence w as given by those  d a ta  th a t  th ere  w ere no  sig­
n if ic an t differences betw een  groups of H V  s tra in s  w ith  M RA + K 1 + an d  M R A ~K 1 + (p >  0.05) 
or w ith  K l+ C o l + an d  K l +C o l- (p >  0.1) p ro p erties . Iso la tes t h a t  possessed sim u ltan eo u sly  
tw o  of M RA , H L Y , Col m arkers w ere m ore pa thogen ic  in  LD 50 assay  th a n  those th a t  h a d  one 
or th e  o th e r o f th ese  m arkers alone. S tra in s  in  serogroup 0 1 8  k illed  m ice s ign ifican tly  m ore 
freq u e n tly  th a n  those  of o th e r  serogroups in d ep en d en tly  o f h a v in g  any  v iru lence fa c to r, 
suggesting  th a t  b a c te ria  in serogroups 0 1 8  m u st have some spec ia l v iru lence o th e r th a n  K l ,  
Col, M RA  or K 5. M RA + H L Y + HV  s tra in s  occurred  freq u e n tly  in  ex tra in te s tin a l d iseases 
(42% ) su p p o rtin g  th e  p reconception  th a t  th ese  p roperties p lay  a n  im p o r ta n t  role also in  th e  
p a th o m ech an ism  of ex tra in te s tin a l in fec tio n s o th e r th a n  U T I. H L Y + stra in s  iso la ted  from  
sep tic  p a tie n ts  belonged also in  a  h igh  p ro p o rtio n  to  th e  H V  g ro u p  (63% ). On th e  b asis o f 
special ch a rac te ris tic s  of th e  iso lates, tw o d is tin c t groups of e x tra in te s t in a l  diseases cou ld  be 
d istingu ished  beside U T I: (i) “ m en ing itis  o f n ew born”  where th e  p resence  of an tigen  K l ,  and  
lack  of M RA and  H L Y , serogroups 0 7 , 0 1 8 ; and  (ii) “ sepsis and  in f la m m a tio n ” w here M R A  + , 
H L Y + serogroups or M RA + , H L Y  + , 0 1 8 :K 5 s tra in s  are com m on. S tra in s  causing m en ing itis  
in  elder ch ild ren  or ad u lts  and  U T I belong  also to  th is  category .

In  system ic  in fection  w ith  Escherichia coli it  is w ell know n th a t  v a rious 
b ac te ria l fac to rs  m ay be invo lved . T here  are E . coli w ith  certa in  К  an tig en s 
w hich  possess a p a rtic u la r  p a th o g e n ic ity  and are th e  cause of p e rito n itis , 
cy stitis , p yelitis , m eningitis e tc  [1 -3 ]. The g rea t s ign ificance of haem olysin

É va  Cz ir ó k , H e d d a  M il c h , I stván  V in c ze  
N a tio n a l  In s t i tu te  o f  H y g ien e  
H -1966 B u d a p e s t,  Р .О .В . 64 , H u n g a ry
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p ro d u c tio n  for th e  p a th o g e n ic ity  w as co n firm ed  b y  in v e s tig a tio n s  of m any  
w o rk ers  during  th e  la s t  30 years [4—6]. T h e  general im p o rta n c e  of m icrobial 
ad h esio n  has been recognized in recen t y ea rs  [3, 7, 8]. Colicin У  p ro d u c tio n  
ap p e a rs  also tc  be assoc ia ted  w ith  a b ility  to  cause sep ticaem ia  [3, 9 -12 ]. T here 
a re  several possib ilities to  ap p ro ach  th e  q u estio n  of v iru lence  o f  E . coli [13, 
14], how ever, d e te rm in a tio n  o f th e  m ed ian  le th a l dose (L D 50) in  m ice b y  in tr a ­
p e rito n e a l in jec tion  o f b ac te ria  is one o f th e  com m only ac c e p ted  m ethod  for 
p ro v in g  th e  p a th o g e n ic ity  of an  iso la te . T he aim  of th is  s tu d y  w as to  exam ine 
th e  co rre la tion  of L D 50 w ith  d iffe ren t v iru len ce  fac to rs (haem o ly sin  p roduc tion , 
h aem ag g lu tin a tin g  c ap ac ity , 0  an tig en , K 1 an d  K5 an tigens, colicinogenicity) 
o f E . coli im p lica ted  in e x tra in te s tin a l in fec tions, in iso lates o rig in a tin g  from  
faeca l, u rin a ry  an d  o th e r  e x tra in te s tin a l sources.

M aterials and m ethods

E . coli strains w ere iso la ted  from  faecal sam ples o f  h e a lth y  su b jec ts  (119), or p a tie n ts  
su ffe rin g  from  en te ritis  (162), u rine  of p a tie n ts  w ith  py e lo n ep h ritis  (46), c y s tit is  (62), asy m p to ­
m a tic  b ac teriu ria  (19), an d  253 from  o th er e x tra in te s tin a l sources (b lood  38, cerebrospinal 
f lu id  35, au topsy  m ate ria l 23, w ound sw ab 57, u m b ilica l cord 8, v ag in a  37, u p p e r  re sp ira to ry  
t r a c t  excretions 35, p lac en ta , lochia 20).

Classification  acco rd ing  to  d iagnostic  c r ite ria  o f p a tien ts , sero logical ex am ination  of 
О an tigens, m annose re s is ta n t h aem ag g lu tin a tio n  (M RA ), haem olysin  p ro d u c tio n  (H L Y ), 
d e te c tio n  of K1 and K5 cap su la r an tigens, d e te rm in a tio n  of colicinogenicity  (Col) were carried  
o u t  as described prev iously  [15-17].

LDr)0 assay. F o u r g roups of 10 C F L P  m ice w eighing 16-16 g w ere u sed . E ac h  m ouse was 
in je c te d  in trap erito n ea lly  w ith  0.5 ml of b ac te ria  g row n for 4 -6  h  in  b ro th  a n d  serially  d ilu ted  
10 fo ld  in  physiological sa line  [9, 18]. T he m o rta lity  ra te  was recorded  a f te r  7 days (no ad d i­
tio n a l deaths occurred  la te r  on). T he resu lts  w ere expressed  as th e  v iab le  n u m b er of b ac te ria  
co rresp o n d in g  to LD 50. S ta tis tic a l analysis of L D r>0 w as carried  ou t b y  th e  fo rm ula  of R eed 
a n d  M uench [19]. T hose iso la tes th a t  LD 50 v a lu e  fell <Ç106 category  w ere  a rb itra r ily  term ed  
h ig h ly  v iru len t (HY ), o p p o site ly , those  s tra in s  th a t  L D 50 were > 1 0 7 w ere re g ard e d  as av iru len t 
[AY]. L D 50 values fa llin g  be tw een  106—107 w ere te rm ed  in te rm ed ia te  an d  w ere excluded from  
th e  s ta tis tic a l analysis. N u m b er o f HV  and  AV s tra in s  to g e th e r gave 100% .

System s and program s. T he encoded d a ta  in c lu d ed  th e  p a tie n t’s sex, n a m e , age, diagnosis, 
d a te  o f exam ination , ty p e  o f specim en, place o f iso la tio n  as well as 14 d iffe re n t p roperties o f 
th e  iso la tes (O an tigen , H  an tig en , presence of K1 or K5 an tigens, lac tose  fe rm e n ta tio n , haem o­
ly s in  p roduction , m annose  re s is ta n t h a e m ag g lu tin a tin g  cap ac ity  in  h u m a n  A ery th ro cy tes , 
p h ag e  p a tte rn , phage ty p e , colicinogenicity , colicin ty p e , lysogenicity , v a lu e  of LD50, re su lt 
o f  m ouse lung to x ic ity  te s t).

D a ta  were tra n s m itte d  to  and  e v a lu a ted  b y  use of personal c o m p u te r  analysing s ta ­
t is tic a lly  the  frequency  of c e rta in  co n stitu en ts . R esu lts  were ex am ined  fo r significance in  
n X n  contingency tab le s  b y  th e  chi2 te s t  [20]. T he follow ing d a ta  were an a ly sed :

1. T ype of specim en , diagnosis o f p a tie n t, se rogroup  of s tra in s , Col, H L Y , MRA, K l ,  
K 5 p o sitiv ity  or n e g a tiv ity  fo r w hich L D -0 freq u en cy  d is trib u tio n  w ere ta b u la te d .

2. S im ultaneous occurrence of c e rta in  p ro p e rtie s  (i.e. M R A -K 1, M R A —Col, M R A -H L Y , 
К  1-C ol) for w hich L D 50 freq u en cy  d is tr ib u tio n  w as tab u la te d .

3. S im ultaneous occurrence of c e rta in  se rogroups (i.e. 0 1 8 , 0 4 - 0 6 ,  0 1 - 0 2 - 0 7 )  and 
c e r ta in  p roperties (i.e. К  1-C ol, M R A -K 5, M R A -H L Y ), o r certa in  diseases (m ening itis, sepsis, 
U T I) and  certa in  p ro p e rtie s  (H L Y + and  H L Y - ).
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R esults

E . coli w ith  h igh v iru lence  (HY) occurred  th e  m ost freq u en tly  (58% ) in  
d iffe ren t e x tra in te s tin a l sam ples (Table I). T he difference in  th e  incidence of 
H V  s tra in s  as com pared  to  th e  incidence of av iru len t (AY) ones betw een faecal 
and  u rin a ry  sam ples was n o t sig n ifican t (p >  0.7), b u t  b e tw een  fa e c a l+ u r in a ry  
an d  o th e r e x tra in te s tin a l sam ples was sign ifican t (p <[ 0.001).

T he d is tr ib u tio n  of E . coli s tra in s  accord ing  to  d iffe ren t diseases and  
LD 50 values is d e m o n s tra te d  in  T ab le  I I .  T here was no s ig n ifican t difference 
in  th e  occurrence betw een  H V  s tra in s  iso la ted  from  p a tie n ts  suffering from  
en te ritis  and  h e a lth y  su b jec ts  (p >  0.1), or be tw een  th o se  from  h ea lth y  in d i­
v idua ls and  w ith  u r in a ry  t r a c t  in fec tion  (U T I, p >  0.3). H ow ever, th e  in c i­
dence of H V  s tra in s  in  g roup  o f p a tie n ts  w ith  sepsis (p <  0 .01) or in  g roup  of 
p a tie n ts  w ith  m eningitis (p <  0.001) was s ig n ifican tly  h ig h er th a n  in  th e  
above-m en tioned  groups.

The serogroup  d is tr ib u tio n  of E . coli s tra in s  fa lling  in to  d ifferen t L D 5H 
categories is p resen ted  in T ab le  I I I .  The incidence o f s tra in s  belonging to  HV 
group in  th e  seven  m ost fre q u e n t (0 1 , 0 2 , 0 4 , 0 6 , 0 7 , 0 1 8 , 075) serogroups

Table I

Grouping o f  E . coli strains o f  different origin according to L / !- ,)

Specim en
N o. o f  s tra in s  in  L D 50 groups

T o ta l
< 1 0 6 10e- 1 0 7 ^ 1 0 7

Faeces 29 81 171 281
U rine 16 30 83 129
O ther ex tra in te s tin a l 

sources 93 93 67 253

T otal 138 204 321 663

D istribution o f  E . coli strains

Table II

according to diseases and  L D 50 categories

N o. o f  s tra in s  in  L D 60 group
T o ta l

:"1 él“ul's < 1 0 6 106- 1 0 7 ^ 1 0 7

P a tie n ts  w ith  en te ritis 23 48 91 162
H ealth y  persons 42 61 107 210
U rin a ry  tra c t  infection 16 30 83 129
Sepsis 22 36 29 87
M eningitis 23 8 0 31
O ther 12 21 11 44

T ota l 138 204 321 663
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Table II I

Serogroup distribution  o f  E . coli strains in  different L D 50 categories

N o . o f  s tra in s  in  L D 50 group

^ 1 0 « 10e- 1 0 7 ^ ;1 0 7

01 4 17 9 30
02 28 9 7 44
0 4 0 24 12 36
0 6 16 33 14 63
07 7 8 7 22
018ac 55 12 13 80
075 0 4 12 16
Others* 28 97 247 372

T ota l 138 204 321 663

* O ther serogroups (see ref. [17]) and stra in s  no t typab le  and ag g lu tin a tin g  spontaneously

Table IV

Correlation between different virulence markers and incidence o f  E . coli strains in  different
L D m groups

N o. o f  s tra in s  in  L D 50 group
M arkers ----- T o ta l

^ 1 0 6 10e- 1 0 7 ^ 1 0 7

HLY  + 34 83 42 159
IIL Y - 104 121 279 504
MRA + 48 96 46 190
M R A - 90 108 275 473
K1 + 75 34 15 124
K l - 63 170 306 539
K5 + 18 14 5 37
K 5 - 120 190 316 626

Col + 91 91 83 265
C o l- 47 113 238 398
C ol+V + 22 16 12 50
C o l+ V - 69 75 71 215

w as v e ry  high (60% ), s ig n if ican tly  h igher (p < 0  .001) th a n  in  o th e r sero- 
g ro u p s (10% ).

T here  was a m ark ed  co rre la tio n  betw een  th e  presence of d ifferen t v iru ­
lence m arkers (e.g. H L Y , M R A , K l ,  K 5, Col) and  th e  freq u en cy  o f stra in s 
belong ing  to  th e  HV ca te g o ry  (T able IV ): 44%  of H L Y +, 51%  of M RA + , 
8 3 %  o f K l +, 78%  of K 5 +, 52%  o f C ol+ s tra in s belonged  to  H V  groups, 
w hereas iso lates th a t  fa iled  to  h av e  these  v irulence m ark ers  belonged less 
f re q u e n tly  (27, 25, 17, 27 a n d  16% , respectively ) to  H V  categories. T he dif­
ference in  th e  incidence w as s ta tis tic a lly  sign ifican t (p <  0 .01 -p  <[ 0.001).
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T here  w as no sign ifican t difference in  frequency  of H V  s tra in s  e lab o ra tin g  
colicin Y (65% ) or o th e r  ty p e  o f colicin  (49 % ; p  >  l . i ) .

In  a prev ious s tu d y  [17] a close association  w as observed  betw een  
M R A -K 1 , M R A -C ol, M R A -H L Y  an d  K l-C o l p roperties. In  th e  p resen t w ork 
i t  w as s tu d ied  how do th ese  s im u ltan eo u sly  occurring  p ro p e rtie s  in fluence  th e  
to x ic ity  of E . coli s tra in s  fo r m ice.

Correlations betiveen M R A - K 1  properties and L D 5n. I t  w as revealed  th a t  
71%  of M RA+ K1+, 44%  of M RA+ K l >  88%  of M RA ~ K1+ and  11%  of 
M RA K 1 ~ iso lates belonged to  th e  H V  g roup  (Table Y). T h e  d ifference betw een  
th e  incidence of K 1 +M R A + and  K 1 +M R A _ in  HV ca te g o ry  w as n o t sign ifi­
c an t (p > 0 .0 5 ) .  H ow ever, a s ig n ifican t difference w as found  betw een  th e  
frequencies in  M RA + K 1 + an d  M R A + K 1 -  (p <7 0.02), o r be tw een  th e  fre ­
quencies in  M R A _ K 1 + an d  M RA + K1 ~ (p <  0.001) g roups o f iso lates.

The sim ultaneous occurrence o f  K l —Col properties an d  th e ir  re la tio n  to  
to x ic ity  for mice is show n in T ab le  V I. The d ifference in  th e  incidence of 
K l +C ol+ (86% ) and  K l +C ol_ (74% ) s tra in s  in  H V  ca te g o ry  w as n o t s ta t is t i ­
cally  sign ifican t (p > 0 .1 ) .  H ow ever, th e  difference b e tw een  th e  frequency  of 
s tra in s  w ith  K l +Col~ an d  K l~ C o l + (29% ) p ro p ertie s  w as sign ifican t (p <  
0 .001) .

Correlation betiveen M R A - Col properties and L D 50. As d em o n stra ted  in
T able V II , a s ign ifican t d ifference w as found in th e  occurrence  o f s tra in s
belong ing  to  th e  HV group  betw een  M R A  + Col + (70% ) an d  M R A -C o l+ (46% ;

Table V

Correlation between M R A -K 1 markers and incidence o f E . coli strains in  different L D 50 groups

No. of strains in LD5n group
Total

1̂0* 10«-107 S K F

M R A +K 1+ 17 19 7 43
M R A + K 1 - 31 77 39 147
M R A -K 1  + 58 15 8 81
M R A -K 1 - 32 93 267 392

T ab le  VI

Correlation betiveen K l-C o l markers and incidence o f E . coli strains in  different L D 50 groups

No. o f strains in LD50 group
Total

1̂0« 10°-107 ^107

K l+ C o l+ 6 i 28 10 99
K l+ C o l- 14 6 5 25
K l- C o l+ 30 63 73 166
K l - C o l - 33 107 233 373
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p << 0.01) or b e tw een  M R A  + C o l+ and  M R A +C o l- (3 6 % ; p 0.001). T he 
d ifference in th e  inc idence  of H Y  s tra in s  be tw een  M RA + Col~ and  M RA ~Col + 
g ro u p s was no t s ta tis t ic a lly  s ig n ifican t (p >  0.2).

Correlation between M R A - H L Y  properties and L D -0. T ab le  V I I I  shows 
t h a t  no sign ifican t d ifference could  be d em o n stra ted  in  th e  incidence betw een  
g ro u p s  of HV s tra in s  w ith  M R A  + H L Y + (41% ) an d  M R A ~ H L Y + (36% ; 
p > 0 .3 ) ,  or b e tw een  th o se  w ith  M RA + H L Y ~  (63% ) a n d  M R A ~H L Y  + 
(p >  0.3). On th e  c o n tra ry , th e re  w as a sign ifican t d ifference in  th e  incidence

Table VII

Correlation between M R A  Col markers and incidence o f  E . coli strains in  different LD Ü0 groups

N o. o f  s tra in s  in  L D 50 group
T o ta l

< 1 0 « 10«-107 ^ ;1 0 7

M R A +C ol + 29 48 12 89
MRA + C o l- 19 48 34 101
M R A -C ol + 62 43 71 176
M R A -C o l- 28 65 204 297

Table VIII

Correlation between M R A  H L Y  markers and incidence o f  E . coli strains o f  different origin
in  different LD Ü0 groups

M arkers O rig in  o f  s tra in s
N o. o f s tra in s  in  L D 5o g ro u p

<10« 10«-107 ^;107

M R A +H L Y + Faeces и 18 19 48
U rine 1 6 5 12
O ther
ex tra in te s tin a l

10 36 7 53

T ota l 22 60 31 113

M R A + H L Y - Faeces 7 14 7 28
U rine 4 7 2 13
O ther
ex tra in te s tin a l

15 15 6 36

T otal 26 36 15 77

M R A -H L Y + 4 6 4 14
U rine 2 3 1 6
O ther
ex tra in te s tin a l

6 14 6 26

T otal 12 23 11 46

M R A -H L Y - Faeces 7 43 141 191
U rine 9 14 75 98
O ther
ex tra in te s tin a l

62 28 48 138

T otal 78 85 264 427
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Table IX

Correlation between K l ,  C ol, 018  or M R  A , K 5 , 018 markers and 
incidence o f  E . coli strains in  different LD 50 groups

Markers
No. of strains in LD50 group

Total
”8 P <10e 10e-107 ^10’

K l+ C o l+ 018 31 l 1 33
O thers 30 27 9 66

K l - C o l - 018 13 6 11 30
O thers 20 101 222 343

M R A +K 5+ 018 8 5 0 13
O thers 3 4 0 7

M R A -K 5 - 018 33 1 6 40
O thers 50 102 264 416

Table X

Correlation between K l ,  Col markers, serogroups 01 , 0 2 , 0 7  and  
incidence o f  E . coli strains in different LD -0 groups

Markers Serogroup
No. of strains in LD50 group

^10" 10«-107 ^;107

K l+ C o l+ O l. 0 2 , 0 7 22 19 4 45
O thers 39 9 6 54

K l - C o l - 0 1 , 0 2 , 0 7 2 5 12 19
O thers 31 102 221 354

of Н У s tra in s  w ith  M R A + H L Y +  and  M R A -H L Y “ (2 1 % ; p  <  0.01), w ith  th e  
exception  of s tra in s  o rig in a tin g  from  e x tra in te s tin a l in fec tio n  o th e r th a n  U T I, 
w here 56%  o f M R A ~ H L Y ~  isolates belonged to  HV ca teg o ry .

In  v iew  o f th e  close co rre la tio n  ex isting  betw een  se ro g ro u p  0 1 8  and  K l ,  
Col possession on th e  one h an d  and  betw een  serogroup  0 1 8  and M RA, K5 
p o sitiv ity  on th e  o th e r [17], i t  seem ed in te re s tin g  to  an a ly se  th e ir  re la tio n  to  
m ouse to x ic ity  (Table IX ) . In  serogroup  0 1 8  K l +C o l+ group of s tra in s  
belonged sig n ifican tly  m ore  freq u en tly  to  H V  ca tegory  (p <  0 .01) th a n  tho se  
in o ther serogroups. T he sam e held tru e  fo r K l - Col~ 018 (p <  0.001), or 
M R A -K 5 -  0 1 8  (p <  0.001) groups of iso lates.

I t  has also been  show n [17, 21-23] th a t  K l + s tra in s  occurred  m ain ly  in  
serogroups 0 1 , 0 2 , 0 7  an d  th is  coexistence seem ed to  p la y  an  im p o rta n t role 
in  th e  p a th o g en ic ity  of E . coli. As seen in T ab le  X , HV s tra in s  w ith  K l +Col + 
p ro p e rty  o ccu rred  no s ig n ifican tly  fre q u e n tly  (85% ) in  serogroups 0 1 , 0 2 , 0 7  
as com pared  to  tho se  fa lling  in to  o th e r serogroups (8 7 % ; p  >- 0.99). S im ilarly  
th e re  was no sign ifican t difference in  th e  incidence in  H V  p ro p e r ty  of K l~ C o l~  
s tra in s  be longing  to  0 1 , 0 2 , 0 7  (14% ) or o th e r serogroups (12 % ; p  > 0 .7 ) .
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Table XI

Correlation between M R  A , H L  Y  markers, serogroup 04 , 0 6  and  
incidence o f  E . coli strains in  different LD 50 groups

M arkers
N o. o f  s tra in s  in  L D 50 group

T o ta l
<iio* 10e-107 ^107

M RA +H LY + 0 4 , 0 6 6 39 18 63
O thers 16 21 13 50

M R A -H L Y - 0 4 , 0 6 2 3 2 7
O thers 76 82 262 420

Table X II

Correlation between H L Y  production , disease and
incidence o f  E . coli strains in  different L D -0 groups

D iagnosis M ark e rs
N o. o f  s tra in s  in  L D 50 group

T o ta l
<,10'» 10«-107 ^107

U T l* H L Y  + 2 9 6 17
H L Y - 13 20 79 112

Sepsis H LY + 7 19 5 31
H L Y - 15 17 24 56

M eningitis H L Y  + 1 2 0 3
I I L Y - 22 6 0 28

* U rinary  t ra c t  in fec tion

O n th e  co n tra ry , a sig n ifican t difference w as show n in th e  incidence of s tra in s  
w ith  K l +C ol+ and  K l _ C ol“ p ro p ertie s  in  H V  category , in d ep en d en tly  of th e ir  
serogroup  d is trib u tio n  (p  <  0.001).

In  a previous s tu d y  [16] a m ark ed  co rre la tion  w as rev ea led  also betw een  
M R A -H L Y  p o s itiv ity  a n d  serogroups 0 4 , 0 6 . A nalysing  th e  co rre la tion  of 
th e se  m arkers w ith  th e  p a th o g e n ic ity  o f s tra in s  for m ice (T able X I) i t  was 
observed  th a t  those s tra in s  th a t  possessed M RA + H L Y + p ro p e rtie s  and  fell in 
serogroups o ther th a n  0 4 ,  0 6 ,  belonged sign ifican tly  m ore freq u en tly  (55% ) 
to  th e  H Y  category , th a n  s tra in s  of serogroups 0 4 , 0 6  (2 5 % ; p  -< 0.05). H ow ­
ev er, th e  difference in th e  incidence  of s tra in s  belonging to  serogroups, 0 4 , 0 6  
an d  tho se  belonging to  th e  o th e r  serogroups in  th e  HV g roup  of iso lates w as 
n o t s ta tis tic a lly  s ig n ifican t w hen  th e y  failed to  have  e ith e r  MR A o f H L Y  
p ro p e r ty  (p > 0 .2 ) .

Several d a ta  in d ic a te d  [4-6 ] t h a t  haem olysin  p ro d u c tio n  m u st be 
reg a rd ed  as a v iru lence fa c to r  p lay ing  role in  th e  p a th o g en esis  o f e x tra in te s ti­
n a l in fections. T hus an  a p p ro p r ia te  analysis was m ade for show ing  th e  co rre la ­
tio n  betw een  m ouse to x ic ity  an d  haem olysin  p roducing  c a p a c ity  of s tra in s  
considering  th e  clinical d iagnosis. R esu lts  are  show n in  T ab le  X I I .  I t  w as
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rev ea led  th a t  s tra in s  iso la ted  from  p a tie n ts  w ith  U T I an d  h av in g  H L Y  + 
p ro p e r ty  belonged s ig n ifican tly  m ore  freq u en tly  to  H Y  group  (25% ) th a n  
s tra in s  no t p roducing  H L Y  (14 % ; p  <  « .001). A t th e  sam e tim e , in  p a tien ts  
w ith  m eningitis, H L Y ~  s tra in s  fell m ore freq u en tly  in to  H Y  g roup  th a n  those 
w ith  H L Y + p ro p erty .

D iscussion

E . coli is a m u ltifac to ria l p a th o g en  causing disease in  severa l body  
sy stem s. There are  d iffe ren t m echan ism s of pathogenesis . T he v iru lence  of 
E . coli w as exam ined  as early  as 1954 b y  Row ley [24]. H e in fec ted  m ice in tra -  
p e rito n ea lly  w ith  14 h b ro th  cu ltu re  an d  estim ated  th e  L D 50. The m ost v iru len t 
s tra in s  were toxic for m ice in d ilu tio n  1 : 100 (i.e. <  106 cells). Since his p u b li­
ca tio n  several o th e r p ap ers  have  g iven  account of e x am in a tio n s  o f E . coli 
to x ic ity  for mice, how ever, th e  m e th o d s differed from  each  o th e r. V an  den 
B osch e t al. [25] in fec ted  a d u lt m ice b y  in trav en o u s in jec tio n  an d  de te rm ined  
th e  v iab le  counts in  th e  m ouse k id n ey . L a te r on, v a n  den  B osch e t al. [14] 
a d a p te d  several o th e r procedures to  show  th e  d ifferen t m echan ism s of p a th o ­
gen ic ity : lung to x ic ity  assay , ch icken  em brió v iru lence  te s t , an d  th e  u rin a ry  
b la d d e r in jec tion  m e th o d  in  suck ling  m ice.

W e applied in tra p e rito n e a l in jec tio n , and  m easu red  th e  L D 50 for mice 
to  u n d e rs ta n d  b e tte r  th e  role of d iffe ren t v irulence m ark ers . O ur re su lts  con­
cern ing  th e  high incidence o f H V  s tra in s  in e x tra in te s tin a l specim ens o ther 
th a n  u rine , or in  p a tie n ts  w ith  sepsis and  m eningitis co rresponded  to  lite ra ry  
d a ta  [1 4 ,2 1 -2 3 ,2 5 ] an d  su p p o rted  o u r previous concep tion  th a t  th e re  m ay  be 
a p ara lle lism  betw een  low  L D 50 an d  p a th o g en ic ity  of s tra in s  associa ted  m ain ly  
w ith  e x tra in te s tin a l diseases.

I t  has been kn o w n  from  p rev io u s stud ies [15] th a t  E . coli serogroups 
0 1 , 0 2 , 0 4 , 0 6 , 0 7 , 0 1 8  and  0 7 5  are  th e  com m onest [26-28] an d  th a t  an 
in ta c t  0  an tigen  m ay  be  one of th e  v iru lence  fac to rs o f  th e  o rg an ism  in  U T I 
an d  also th a t  О an tig en  de te rm ines th e  viru lence of E . coli in  m en ing itis  [21, 
29—32] as well as th a t  s tra in s  belong ing  to  serogroups 0 2 , 0 6 , 0 7 , 0 1 8  cause 
bac te riaem ia  in  ra ts  [30] and  o th e r  an im al m odels [33]. In  ag reem en t w ith  
th e  d a ta  cited, we observed  th a t  s tra in s  of th e  m ost f re q u e n tly  occu rring  sero­
g roups (especially 0 2  an d  018) p ro v e d  to  be m ore p a th o g en ic  fo r m ice th a n  
th o se  belonging to  th e  o thers.

O ur resu lt th a t  iso la tes h av in g  d ifferen t v iru lence  fac to rs  (H L Y , M RA, 
K l ,  K 5 , Col) are f re q u e n tly  v iru le n t for mice and  m a y  also be freq u en tly  
responsib le  for e x tra in te s tin a l E . coli infections is also co n sis ten t w ith  d a ta  of 
m a n y  o th e r au th o rs  [6, 10, 14, 21, 32-36]. H ow ever, in  c o n tra s t to  d a ta  of 
S m ith  an d  H uggins [9, 37], w ho s ta te d  th a t  all th o se  s tra in s  th a t  lacked  th e
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Col Y  p lasm id  were m uch  less v iru le n t th a n  th e  p a re n t form , ou r su rv ey  revealed 
no s ign ifican t difference in  th e  incidence betw een  H V  s tra in s  p roducing  colicin 
Y  an d  those th a t  e la b o ra te d  colicin  o th e r th a n  V ty p e . T h is re su lt m ay be 
co n sis ten t w ith  th e  ro le o f  c e r ta in  colicins w ith  iron  u p ta k e  sy stem s of bacteria  
[38, 40].

A lthough  v a rio u s  c a n d id a te  v iru lence m ark ers  h av e  been  discussed 
se p a ra te ly , the  ou tcom e o f an  E . coli infection  depends n o t on one virulence 
fa c to r  acting  alone b u t  on  a co m b in a tio n  of these  d e te rm in a n ts  ac tin g  together. 
T h e  fac t th a t  M RA p o s itiv ity  and  K1 p o s itiv ity  co rre la tes , has been show n 
in  a p rev ious w ork [17]. W hile  analysing  how  d id  th e se  s im u ltan eo u sly  occur­
r in g  v iru lence m ark ers  in flu en ce  th e  to x ic ity  o f an  iso la te  in  m ice, it  was 
rev ea led  th a t  only possession o f  K1 p layed  an im p o r ta n t role in  pa thogen ic ity . 
T h e  sam e was d e m o n s tra te d  w hen  th e  effect on v iru lence  o f th e  sim ultaneous 
occu rrence  of K1 an d  C ol w as exam ined . N am ely , th e  incidence of stra in s 
h a v in g  e ith er K1 alone or K1 w ith  M RA or C ol an d  belonging  to  th e  HY group, 
w as s ign ifican tly  h ig h er th a n  th o se  th a t  possessed only  M R A  or only Col 
p o s itiv ity .

In  a previous w o rk  [17] th e  freq u en t coexistence o f K1 an d  Col in  sero- 
g ro u p s 0 1 , 0 2 , 0 7  an d  0 1 8  o rig in a tin g  m ain ly  from  e x tra in te s tin a l sources 
offered  an  ex p lan a tio n  fo r th e  e x tra in s te s tin a l p a th o g e n ic ity  o f these  sero- 
g roups. C orrelation  o f  th e se  p h en o m en a  w ith  th e  h igh p a th o g e n ic ity  of stra ins 
d esc rib ed  in th is  p a p e r  su p p o rts  o u r prev ious concep tion , an d  is a t th e  sam e 
tim e  in  agreem ent w ith  th e  d a ta  o f Sm ith and  H uggins [37].

As to  co rre la tio n  b e tw een  H V  of s tra in s  an d  M R A -C o l p roperties, it 
w as found  th a t  iso la te s  w hich  possessed b o th  v iru lence  m ark ers  w ere m ore 
p a th o g en ic  in LD 50 assay  th a n  th o se  th a t  had e ith e r  M RA  or C ol p o sitiv ity  
a lone . S im ilarly , our su rv e y  also revealed  th a t  M R A  + H L Y + s tra in s  were m ore 
v iru le n t for mice th a n  th o se  th a t  failed to  have e ith e r  M RA  or H L Y . The value 
o f L D 50 was in d ep en d en t o f  th e  presence of M R A , C ol or H L Y . I t  m ust be 
em phasized , how ever, t h a t  H Y  s tra in s  lack ing  th e  ab o v e-m en tio n ed  properties 
w ere  iso lated  fre q u e n tly  from  e x tra in te s tin a l sources.

On th e  basis o f re su lts  o f  th e  p resen t s tu d y  and  also consisten t w ith  
d a ta  o f o th e r a u th o rs  a close association  has been  d e m o n s tra te d  betw een 
m a rk e rs  of p a th o g e n ic ity  an d  m ouse to x ic ity  of s tra in s . H ow ever, in  our p re ­
v io u s  w ork [16, 17] i t  w as also d iscovered  th a t  b a c te ria  can  h a rb o u r  d ifferent 
v iru len ce  factors s im u ltan eo u sly . O n th e  basis o f p re se n t analysis  i t  m ust be 
em phasized  th a t  th e  v iru len ce  m ark ers  can  be a rran g ed  in  an  o rd er of im p o r­
ta n c e . A ntigen  K1 sh o u ld  be considered  as th e  m o st im p o r ta n t p ro p erty . All 
th e  o th e r m arkers (M R A , H L Y , C ol) can  s tre n g th e n  th e  effect o f each o ther. 
H ow ever, it rem ains to  be answ ered  w h e th e r th ese  m ark ers  cover o ther, as 
y e t  undefined  fac to rs th a t  are m ore d irec tly  responsib le  fo r d is tin c t pa tho - 
m echan ism s of th e  diseases.
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S tra in s  belong ing  to  serogroups 0 4  an d  0 6  occur fre q u e n tly  in  U T I. 
B esides, th e re  is a close association  b e tw een  M R A , H L Y  possession and  th ese  
sero g ro u p s [16]. T h e  observation  th a t  M R A  + H L Y +  s tra in s  w ith  H V  occurred  
m ore fre q u e n tly  in  serogroups o th e r th a n  0 4  and  0 6 , suggests th a t  M RA  an d  
H L Y  p ro p e rtie s  p la y  an  im p o rta n t ro le  also in  th e  p a th o m ech an ism  o f e x tra -  
in te s t in a l  in fections o th e r th a n  U T I.

As early  as 1921 D udgeon e t al. [41] suggested  th a t  h aem o ly tic  a c tiv ity  
m ig h t p la y  a p a r t  in  th e  v iru lence o f  E . coli in  th e  h u m an  u r in a ry  t r a c t .  
S im ila r o b serv a tio n s w ere described b y  M inshew  et al. [5] and  v a n  den  B osch 
e t a l. [14]. In  ag reem en t w ith  th e ir  d a ta ,  th is  s tu d y  also in d ica tes  a close 
a sso c ia tio n  am ong v iru lence  for m ice, H L Y  p o s itiv ity  and  u r in a ry  orig in  of 
a s tra in . In  th e ir  p a p e r  v an  den B osch  e t al. [13] s ta te d  th a t  H L Y  p ro p e rty  
d id  n o t  seem to  be an  im p o rta n t v iru len ce  fac to r  fo r th e  m ore v iru le n t g roup  I I I  
(i.e. s tra in s  causing  ex tra in te s tin a l d iseases, m a in ly  sepsis). In  c o n tra s t to  th e ir  
o b se rv a tio n s  our su rv e y  revealed th a t  a h igh p ro p o rtio n  o f H L Y + E . coli 
s tra in s  iso la ted  from  septic  in fections belonged to  th e  Н У group . H ow ever, 
s tra in s  iso la ted  from  p a tie n ts  w ith  m en in g itis  an d  belonging to  th e  Н У  g roup  
w ere n o t fre q u e n tly  haem oly tic . T h ere fo re  th e ir  conclusion o u g h t to  he com ­
p le te d  w ith  th e  s ta te m e n t th a t  H L Y  p ro p e r ty  is no t an im p o r ta n t v iru lence  
fa c to r  fo r s tra in s  t h a t  cause m e n in g itis , b u t  i t  p lays an  im p o r ta n t ro le in  
p a th o g e n ic ity  of s tra in s  th a t  cause se p tic  in fec tions.

F o r th e  b e tte r  u n d ers tan d in g  th e  m echan ism  by  w hich E . coli causes 
e x tra in te s tin a l in fec tio n s, it m ust be  ta k e n  in to  considera tion  th a t  th e  p a th o ­
genesis o f diseases m ay  be m u ltifac to ria l. C lassifying diseases of m an  due  to  
E . coli, in  his p a p e r  Sussm an [10] d is tin g u ish ed  several d iffe ren t clin ical fo rm s: 
u r in a ry  tr a c t  in fec tio n , m eningitis o f  new b o rn , sep ticaem ia in  th e  absence of 
m en in g itis , w ound in fec tion  and  h ae m o ly tic  u raem ic  syndrom e. In  accordance  
w ith  th is  c lassifica tion  one can also classify  E . coli w ith  d iffe ren t v iru lence  
fa c to rs  in to  d iffe ren t p a th ogene tica l g roups. I t  seem s w orth-w hile  to  em phasize 
tw o  d is tin c t g roups o f diseases in  th is  re sp ec t: m eningitis in  th e  new born  and  
sep ticaem ia  w ith  d iffe ren t o rg an o tro p ism  in  ad u lts .

O n th e  basis  o f our p resen t s tu d y  an d  also of observ a tio n s of several 
a u th o rs  [2, 4, 7, 14, 17, 21, 42] it  c an  be s ta te d  th a t  in m en ing itis  o f “ y o u n g ” 
n ew b o rn  (i.e. w ith in  one m on th  o f  life) c e rta in  serogroups an d  K 1 an tig en  
m a y  be  ch a ra c te ris tic  of th e  iso la tes. T h e  p resence  of S fim b riae  [42] is a qu es­
tio n  to  be answ ered . In  th is  resp ec t o u r p rev ious find ing  [17] th a t  34 ou t of 
36 0 1 8 a c , K1 +M R A ~ stra ins h a rb o u re d  f im b ria l s tru c tu re s , and  also our 
p re se n t o b se rva tions th a t  18 ou t o f 19 0 1 8 a c : K1 s tra in s o rig in a tin g  from  CSF 
w ere iso la ted  from  new borns u n d er one m o n th  o f age, are rem ark ab le . B esides, 
th e  o b se rv a tio n  [42] th a t  b o th  th e  n e o n a ta l b ra in  and  th e  K1 an tig en  are 
co n sis ted  of a sialic acid polym er w h ich  is v e ry  sim ilar to  S f im b ria l recep to rs  
s tro n g ly  suggests t h a t  in the  p a th o m ech an ism  o f m eningitis o f young  new borns,
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b o th  th e  S fim b ria  a n d  K l  an tigen  p lay  a s ig n ifican t role. In  ag reem en t w ith  
d a ta  o f K orhonen  e t a l. [42] 4 ou t o f ou r 5 0 7 :  K1 s tra in s  o rig ina ted  from  CSF 
o f new borns w ith  fa ta l  m en ing itis u n d e r one w eak  of age.

T he close c o rre la tio n  betw een  Н У  o f s tra in s  an d  presence of K1 an tig en , 
fu r th e r  on betw een  se rog roup  0 7  and  0 1 8  an d  H Y , an d  betw een  m ening itis 
a n d  H Y , as well as th e  lack  of co rre la tio n  b e tw een  M RA + K 1 - , M R A  + C o l~  
p ro p ertie s  and  th e  H V  o f th e  s tra in s , beside, th e  h igh  incidence in H V  group 
o f M R A ~ H L Y ~  s tra in s  of e x tra in te s tin a l orig in , all su p p o rt th a t  LD 50 in  m ice 
w ell reflec ts all th o se  p ro p erties  needed  fo r causing  m eningitis in  new borns, 
th a t  is, serogroups 0 7 ,  or 0 1 8 ac , possession o f K1 an d  lack  of M RA an d  H L Y  
c a p a c ity . A t th e  sam e tim e , th is  co rre la tio n  m ay  in d ica te  th a t  clones exist 
w ith  certa in  special p ro p e rtie s  and  also th a t ,  associa tion  of these  well ch a rac ­
te rized  b u t in  de ta ils  n o t  well know n p ro p e rtie s , in  these  clones p lay  an  im p o r­
t a n t  ro le in  new born  m ening itis.

S tra in s belonging  to  serogroup 0 7 8  w ith o u t h a rb o u rin g  K1 an tig en  b u t 
f re q u e n tly  producing  Colicin V [11, 12, 43, 44] iso la ted  from  also y o ung  new ­
b o rn s  w ith  fa ta l m e n in g itis  fu r th e r  com plica tes th e  question  of p a th o - 
m echan ism .

T he second la rg e  g roup  th a t  is rem ark ab le  in th is  respect, is th e  g roup  
o f sep ticaem ia  asso c ia ted  w ith  w ound in fec tio n , abscess etc. In  ag reem en t 
w ith  d a ta  of K o rh o n en  et al. [42] on p a tie n ts  w ith  pneum on ia , we observed  
th a t  s tra in s  iso la ted  from  blood of sep ticaem ic  p a tie n ts  belonged freq u en tly  
to  serogroups 0 4  and  0 6  an d  possessed M R A  an d  H L Y  properties. F u r th e r ­
m ore , in ad d itio n  to  p a tie n ts  w ith  p n eu m o n ia , we h ad  p a tie n ts  who developed  
sep ticaem ia  associa ted  w ith  renal abscess, gall b lad d e r in flam m atio n , en d o ­
ca rd itis  le n ta , g lu tea l abscess or o th e r ph legm onous processes of bo d y  cav ities. 
In  th is  respect, s tra in s  causing  m ening itis in  o lder ch ild ren  or adu lts  belonged 
also to  th is  ca tego ry . Iso la te s  of th is “ sepsis and  in fla m m a tio n  causing”  group 
w ere v e ry  sim ilar in  ch a rac te ris tic  to  th o se  th a t  cause U T I: M RA p o s itiv ity  
(i.e. presence of P  f im b ria ) , p ro d u c tio n  o f  a lp h a  haem olysin , possession of 
a n tig e n  K5 in se rog roup  0 1 8 . U nlike s tra in s  o f “ new born  m en in g itis”  th e y  
occu rred  less u n an im o u sly  in  th e  H V  g roup . A nyw ay , s im ultaneous occurrence 
o fM R A  + H L Y + p ro p e rtie s , especially  to g e th e r  w ith  C ol p o s itiv ity  is associa ted  
n o t on ly  w ith  an  in c reased  frequency  o f th e se  s tra in s  in  H V  group, b u t  also 
w ith  th e  outcom e o f th e  disease th e y  cause.
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A COMPARISON OF CEFONICID WITH OTHER 
BETA-LACTAMS REGARDING THE EFFECT OF 

HUMAN AND MOUSE SERA ON ANTIRACTERIAL
ACTIVITY

J . У . U r i

Research and Development D iv is io n , Sm ith  K line  and French Laboratories, 
P hiladelph ia , P A , U SA

(R eceived  M arch 26, 1986)

T he effect of th e  ad d itio n  of 50%  h u m a n  or m ouse se ru m  on  th e  a n tib a c te r ia l  a c tiv ity  
o f cefonicid, th ree  f irs t  g en era tio n  cep halosporins and am picillin  w as s tu d ied . H u m a n  serum  
added  to  th e  te s t system  considerab ly  re d u ce d  th e  a c tiv ity  o f cefonicid ag a in s t Staphylococcus 
aureus and  Staphylococcus epiderm idis s t ra in s , and to a lesser degree ag a in s t Proteus m irabilis, 
Escherichia coli and  Klebsiella pneum oniae  s tra in s . H um an  serum  also reduced , a lb e it to  a lesser 
e x te n t, th e  activ ities of cep h a lo th in , cefazolin , and am picillin , w hereas i t  in creased  th e  a c tiv ity  
o f cephalorid ine. In  c o n tra s t ,  m ouse se ru m  d id  no t or only in s ig n ifican tly  red u ced  th e  a c tiv ity  
of cefonicid against som e o f th e  b ac teria l iso la tes; th is is re flec ted  in  th e  ex ce llen t p ro tec tiv e  
effect o f cefonicid in  e x p erim en ta l m ouse in fec tions.

Cefonicid (M onocid®, SK & F 75073, Fig. 1) is a second g en era tio n  p a re n ­
te ra l  cephalosporin  w ith  a p ro longed  serum  half-life  of a p p ro x im a te ly  four 
h ou rs [1]. I t  is h ig h ly  bound  to  se ru m  pro teins (a b o u t 98% ) com pared  w ith  
cefazolin  (86% ). H ig h  serum  p ro te in  b inding u su a lly  affects th e  p h arm aco ­
k in e tic s  of drugs, re su ltin g  in h igh  an d  prolonged serum  levels an d  p ro b ab ly  
in flu en ces th e  b io av a ilab lity  of th e  free u n b o u n d  p o rtio n  of th e  d rug  w ith  
possib le altered  th e ra p e u tic  p o te n tia l. The purpose o f th is  s tu d y  w as to  provide 
ex p erim en ta l d a ta  to  th e  above consid era tio n s.

M aterials and m ethods

All the  cephalosporins and am pic illin  em ployed in th ese  ex p erim en ts  w ere com m ercial 
p rep ara tio n s . T heir aq u eo u s solutions w ere  sterilized b y  M illip o re -filtra tio n  an d  added in  
d o ub ling  d ilu tions (0.1 to  200 //g/m l) to  M u elle r-H in to n  b ro th  w ith  and  w ith o u t serum . T he 
sem i-au to m ated  m ic ro d ilu tion -techn ique  w as used for th e  m in im al in h ib ito ry  co n cen tra tio n  
(M IC) determ inations. T h e  te s t  m edia w ere  buffered to  p H  7 by  M cllv a in e ’s c itric  a c id -  
p h o sp h a te  buffer [2] to  in su re  a higher deg ree  of un ifo rm ity  in  th e  assay. M ICs w ere de term ined  
a f te r  o v ern igh t (ab o u t 18 h) in cubation  a t  37 °C and reco rded  as th e  low est co n cen tra tio n s o f 
co m pounds (^ag/ml) p ro d u c in g  no v isible g ro w th .

T he hum an  and m ouse sera w ere pooled  ba tches an d  w ere h e a t in a c tiv a te d  a t  58 °C 
fo r 30 m in  prior to  use. T hese  sera p ro d u ced  no in h ib ito ry  a c tiv ity  on th e  g ro w th  of th e  b ac teria l 
s tra in s .
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T he bacteria l s tra in s  em ployed  in  th is  s tu d y  were th e  sam e s tra in s  re g u la rly  used in our 
lab o ra to rie s  and p u b lish ed  earlie r [1, 3, 4]. T he inocula fo r  th e  M IC d e te rm in a tio n s  were 
p re p a re d  by  d ilu ting  b ro th  cu ltu res  in  th e  logarithm ic  g ro w th  phase  to  o b ta in  th e  colony 
fo rm in g  u n it (c.f.u.) p e r  m l as specified in  each  T able. T he m ouse p ro tec tiv e  effec t o f cefonicid 
(a g a in s t various in fec tio n s) expressed  as E D 50 in  m g/kg w as estab lish ed  w ith  th e  conventional 
m e th o d  [1, 4, 5].

R esu lts and d iscussion

T able I  p resen ts  th e  MIC d a ta  fo r cefonicid an d  cefazolin  a g a in s t selected 
G ram -positive  an d  G ram -n eg a tiv e  b a c te ria  in  M u e lle r-H in to n  b ro th  w ith  and 
w ith o u t 50%  m ouse o r h u m an  se ru m . W hen m ouse serum  w as ad d ed  to  th e  
t e s t  system , th e  M IC va lu es  fo r b o th  cefonicid a n d  cefazolin  u su a lly  did no t 
ch an g e  or increased w ith  one d ilu tio n  fac to r. H ow ever, in  th e  p resence  of hum an  
se ru m  th e  a c tiv ity  o f  cefonicid decreased  eigh t to  te n  fold w hereas cefazolin 
show ed  a tw ofold loss o f  a c tiv ity . Cefazolin, in  fa c t, h a s  a g rea te r  a c tiv ity  th a n

Table I

In  vitro activity  o f  cefonicid and cefazolin against selected bacterial isolates 
in M ueller-H in ton  broth without and with mouse or hum an serum

Bacterial strains8. Compound
MIC 0*g/ml)

Mueller-Hinton
broth

50%
Mouse serum

50%
Human serum

Staphylococcus aureus Cefonicid 1.6 3.1 25
ATCC 25923 Cefazolin < 0 .1 0.2 0.4

Staphylococcus aureus Cefonicid 3.T-6.3 3.1 50
127 Cefazolin 0.2-0.4 0.2-0 .4 0.4-0 .8

(Penicillin G re s is tan t)

Staphylococcus aureus Cefonicid 0.8-1.6 1.6 25
674 (Tour) Cefazolin < 0 .1 < 0 .1 0.2-0 .4

Staphylococcus aureus Cefonicid 6.3 6.3 6.3
872 Cefazolin 0.4 0.4 1.6

(Penicillin G sensitive)

Staphylococcus aureus Cefonicid 0.4 1.6 12.5
873 Cefazolin < 0 .1 < 0 .1 0.2

(Penicillin G re s is tan t)

Escherichia coli Cefonicid 0.4 0.2-0 .4 3.1
12140 Cefazolin 0.4-0.8 3.1 3.1-6 .3

Escherichia coli Cefonicid 0.8-1.6 1.6 12.5-25
33779 Cefazolin 0.8-1.6 3.1 6.3

Proteus mirabilis Cefonicid < 0 .1 0.2 3.1
416 Cefazolin 3.1 6.3 12.5

Proteus mirabilis Cefonicid < 0 .1 0.8 3.1
442 Cefazolin 1.6 3.1 12.5

Klebsiella pneum oniae Cefonicid < 0 .1 < 0 .1 1.6
4200 Cefazolin 0.8 0.8-1.6 3.1-6.3

a Inocula were for S . aureus, E . coli, P . m irabilis and  Klebsiella  sp. ap p ro x im ate ly  6 X 105,
3.4 X 10s, 5 X105 and 1.2 X Ю5 c.f.u ./m l, respec tive ly
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cefonicid  against S . aureus s tra in s . T he tw o cephalosporins h av e  th e  sam e 
o rd e r o f a c tiv ity  a g a in s t E . coli s tra in s , b u t cefonicid is m ore ac tiv e  against 
P . m irabilis  and K . pneum oniae  s tra in s .

In  an o th e r series of ex p erim en ts , th e  in fluence  of 50%  h u m a n  serum  
ad d ed  to  M u e llc r-H in to n  b ro th  w as s tu d ied  on th e  a c tiv ity  o f cefonicid in

O Ç H C O N H ^ S ^

J - N ^ A c Hj S ^  J n

c h , s o , h

Fig. 1. C hem ical s tru c tu re  of cefonicid

com parison  w ith  cephalo rid ine , cefazolin , cephalo th in  an d  am picillin  against 
m u ltip le  s tra in s  o f P . m irabilis , th e  species m ost suscep tib le  to  cefonicid, as 
w ell as against S . aureus  and  S . ep iderm id is, th e  le a s t su scep tib le  species to  
cefonicid. In  th e  an ti-s tap h y lo co ccu s s tu d y  am picillin  was n o t inc luded .

T ab le  I I  show s th e  MIC va lu es  of cefonicid, cepha lo rid ine , cefazolin, 
cep h a lo th in  and  am pic illin  in  M u e lle r-H in to n  b ro th  alone an d  w ith  th e  ad d i­
tio n  o f 50%  pooled h u m a n  serum  a g a in s t 24 P . m irabilis  s tra in s  o f w hich four 
are  b e ta -lac tam ase  p roducers. In  M u e lle r-H in to n  b ro th  cefonicid has th e  
g re a te s t ac tiv ity . I ts  m ean  MIC is 1.1 /tg/m l w ith  a range  o f 0.1 to  6.3 /tg/m l. 
O n ly  th e  b e ta -lac tam ase  p roducing  s tra in s  requ ired  co n cen tra tio n s  o f cefonicid 
as 3.1 or 6.3 jUg/ml fo r in h ib itio n . A m picillin  was n o t as ac tiv e  as cefonicid; 
its  m ean  MIC value  w as 2.1 /ig/m l, w ith  a range o f 0.8 to  2.5 jug/ml.

Tabic I I

Effect o f  50%  hum an serum in  M ueller-H in ton  broth on the in  vitro activity o f  cefonicid, 
cephaloridine, cefazolin , cephalothin and am picillin  against 25 P. m irabilis isolates&,b

B e ta -lac tam
a n tib io tic A ssay  m ed iu m

M IC ran g e M ean  M IC

/ig /rn l

Cefonicid M eller-H in ton  b ro th 0.1-6.3 l . i
50%  hu m an  serum 1.6-50 7.0

Cephaloridine M ueller-H in ton  b ro th 6 .3 -> 2 0 0 30.5
50%  hum an  serum 6 .3 -> 2 0 0 23.4

Cefazolin M ueller-H in ton  b ro th 1 2 .5 -> 2 0 0 30.7
50%  hum an  serum 25 - > 2 0 0 53.1

C ephalothin M ueller-H in ton  b ro th 12.5-100 28.9
50%  hum an  serum 12.5-100 36.5

Am picillin M uelle r-H in ton  b ro th 0.8-25 2.1
50%  hum an serum 0 .8 -> 1 0 0 6.5

a Includes 1 s tro n g  and  3 w eak b e ta -lac tam ase  producing stra ins , and  20 /5-lactamase 
negative  strains

b Inocula ranged  from  1 X 106 to  2.4 X Ю5 c.f.u./m l
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Table III

Effect o f  50%  h u m an  serum  in  M ueller—H in ton  broth on the in  vitro activity o f  cefonicid, 
cephaloridine, cefazolin and cephalothin against 24 S. aureus and S. epiderm idis isolates“,l>

Cephalosporin A ssay  m ed iu m
M IC  ran g e M ean  MIC

/ig /m l

Cefonicid M u elle r-H in to n  b ro th 1.6-12.5 5.7
50%  h u m an  serum 12.5-50 44.3

Cephaloridine M u elle r-H in to n  b ro th < ;o .0 5 -i.6 0.38
50%  hu m an  serum ^ 0 .0 5 -0 .8 0.11

Cefazolin M u elle r-H in to n  b ro th 0.1-1 .6 0.55
50%  h um an  serum 0.4-3.1 1.27

Cephalothin M u elle r-H in to n  b ro th 0.1-0 .8 0.49
50%  h um an  serum 0.8-1 .6 1.00

“ Twelve stra ins a re  b e ta -lac tam ase  p ro d u cer and th e  o th e r 12 stra in s  are be ta-lactam ase 
n eg ativ e; none is m eth ic illin  re s is tan t

b Inocula were 5 X 10s c.f.u ./m l

The th ree  c o n tro l cephalospo rin s w ere m uch less ac tiv e . V ery  few stra in s  
w ere inh ib ited  b y  6.3 /tg /m l an d  th e  m a jo rity  of s tra in s  w ere in h ib ited  b y  12.5 
to  50 /tg/m l. The b e ta -la c tam a se -p ro d u c in g  s tra in s  w ere suscep tib le  to  100 /tg/m  
o f cephalo th in , b u t  th e y  w ere n o t in h ib ite d  even b y  200 /tg/m l of cephalo­
r id in e  or cefazolin.

In  the  p resence o f  h u m an  seru m  cefonicid’s M IC increased  ab o u t e ig h t­
fo ld , b u t  these se ru m  levels are o b ta in ab le  in  m ouse an d  in  m an  as well. 
A m picillin ’s MICs a re  m uch  less in flu en ced  b y  th e  presence  of h u m an  serum . 
T h e  generally  po o r M ICs of cefazolin  and  cep h a lo th in  do n o t change sign ifi­
c a n tly  in  the  p resence o f  h u m an  scru m , w hile th e  MIC. o f cephalo rid ine appears 
to  im prove against c e r ta in  iso lates.

The effect o f 5 0 %  h u m a n  serum  on th e  MIC, values o f th e  cephalosporins 
m en tio n ed  above a g a in s t 24 s tra in s  o f  S . aureus an d  S . epiderm idis  are p re ­
se n te d  in  Table I I I .  H a lf  o f th e  s tra in s  produce b e ta -la c tam a se  an d  th e  o th e r 
h a lf  do not. N one o f  th e  s tra in s  w as know n to  be m e th ic illin  re s is tan t. The 
d a ta  o f th e  Table show  th a t  th e  in  v itro  a c tiv ity  o f cefonicid w as s ign ifican tly  
in fluenced  w hen 5 0 %  h u m a n  serum  w as added to  th e  M ueller—H in to n  b ro th . 
T h e  m ean  MIC in  M u e lle r-H in to n  b ro th  was fo u n d  to  be 5.7 /tg/m l w ith  a 
ra n g e  of 1.6 to  12.5 /tg /m l, w hich  increased  in  th e  presence o f h u m an  serum  
to  44.3 /tg/ml w ith  a ran g e  d is tr ib u tio n  of 12.5 to  50 /tg/m l, ab o u t an  e ig h t­
fo ld  loss in a c tiv ity . R ecen tly  B a rry  e t al. [6] also fo u n d  th a t  th e  add itio n  of 
5 0 %  h u m an  serum  to  M u e lle r-H in to n  b ro th  s ig n ifican tly  reduced  (ab o u t 
e igh t-fo ld) th e  b a c te r io s ta tic  a c tiv ity  an d  alm ost e lim in a ted  th e  bac te ric id al 
a c t iv i ty  of cefonicid in  a te s t u sing  52 S . aureus iso la tes. Cefonicid was less 
ac tiv e  against b e ta -la c tam a se -p ro d u c in g  th a n  ag a in s t b e ta -lac tam ase-n eg a tiv e  
s tra in s  [6].
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T h e ac tiv ity  o f  cephalo rid ine , a v e ry  p o te n t an ti-s tap h y lo co cca l agen t 
(m ean  MIC 0.38 p g /m l;  range <(0.05 to  1.6 jUg/ml) w as increased  (m ean MIC 
0.11 /tg /m l; range <Ç0.05 to  0.8 //g /m l) b y  th e  presence o f 50%  h u m an  serum  
in  th e  te s t  system . I t s  a c tiv ity  was also som ew hat increased  b y  h u m an  serum  
ag a in s t P . m irabilis s tra in s  (Table I I ) .

C ephalo th in  a n d  cefazolin a re  p o te n t an ti-s tap h y lo co cca l agen ts w ith  
re la tiv e  s tab ility  to  th e  chrom osom al b e ta -lac tam ases . In  M u e lle r-H in to n  b ro th  
th e ir  m ean  MIC.s a g a in s t these 24 iso la tes  w ere found to  he 0.49 /ig/m l and
0.55 jitg/ml, re sp ec tiv e ly ; th e ir  M ICs increased  in  th e  p resence  of 50%  h u m an  
seru m  to  1.0 and 1.27 ,Mg/ml. resp ec tiv e ly . This red u c tio n  in  a c tiv ity  is in sig n ifi­
c an t in  te rm s of th e  th e ra p e u tic  consequences.

T ab le  IV sum m arizes the  in  v itro  a c tiv ity  (MICs in  //g/ml) o f cefonicid 
in M u e lle r-H in to n  b ro th  w ith  an d  w ith o u t 50%  h u m an  or m ouse serum , as 
well as its  p ro tec tiv e  effect (E D 50 in  m g/kg) in  ex p erim en ta l in fections of mice 
w ith  staphy lococcal a n d  G ram -nega tive  b ac te ria l s tra in s  reg u la rly  used in  our 
la b o ra to ry  for th e  ch em o th e rap eu tic  ev a lu a tio n  of b e ta - la c ta m  an tib io tics . The 
d a ta  o f  th e  Table show  th a t  cefonicid is v e ry  active in  v itro  ag a in st th e  G ram ­
n e g a tiv e  bac te ria  in  M u e lle r-H in to n  b ro th  w ith  MICs below  0.1 /ig/inl, w ith  
th e  ra re  exception  o f th e  strong p lasm id -m ed ia ted  b e ta -la c tam a se  producing  
s tra in s  of E . coli as fo u n d  in  o th e r s tu d ies . I t  is, how ever, less ac tiv e  ag a in st 
s tra in s  of S. aureus an d  S. ep iderm id is. H u m an  serum  (50% ) considerab ly  
red u ced  its  a c tiv ity  ag a in s t s taph y lo co cc i and also ag a in st th e  G ram -negative  
bac illi. Since cefonicid , a fte r th e ra p e u tic  p a ren te ra l doses, p roduces h igh and  
p ro longed  serum  leve ls , th e  MIC v a lu es  o b ta in ed  even  w ith  th e  a d d itio n  of 
5 0 %  h u m an  serum  a re  easily ach iev ab le  in  th e  blood an d  m ost tissues.

T he ad d itio n  o f  50%  m ouse se ru m  to  M u e lle r-H in to n  b ro th  does no t 
s ig n ifican tly  reduce th e  MIC va lues. In  line w ith  th is fin d in g , in  in fec ted  m ice,

Table IV

I n  vitro activity and in  vivo effect o f  cefonicid against bacterial strains used in  mouse 
infection  — protection study

MIC (/<g/ml)

A s s a y a S. aureus 
127

S . aureus 
674 (T o u r)

E. coli 
12140

E. coli 
33779

P. mira­
bilis
416

P. mira­
bilis 
442

К. pneu­
moniae 

4200

M u eller-H in ton  b ro th 3.1-6.3 0 .8 -1 .6 0.4 0 .8-1 .6 < 0 .1 < 0 .1 < 0 .1
50%  H u m an  serum 50 25 3.1 12.5-25 3.1 3.1 1.6

50%  Mouse serum 3.1 1.6 0.2-0.4 1.6 0.2 0.8 < 0 .1
M ouse pro tection11

E D 50 ( m g / k g ) 11 8.7 1.6 2.1 0.3 0.24 0.55

a Inocula were th e  sam e as in T ab le  I
b Mice were challenged in tra p erito n ea lly  w ith  a p redeterm ined  le th a l suspension of 

b a c te r ia l cells in 5%  hog gastric  m ucin an d  trea te d  subcutaneously  1 and  5 h  a fte r  infection
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cefonicid  p roduced  ex ce llen t p ro tec tiv e  effects, -with low  E D 50 values of abou t 
2 m g /kg  in  E . coli; 0.3 m g /kg  in  P . m irabilis; 0.5 m g /kg  in  K . pneum oniae  
b u t  on ly  10 tng/kg in  S . aureus  in fec tions. T h u s, th e  in  v itro  d a ta  (MIC values) 
can  d irec tly  p red ic t th e  th e ra p e u tic  efficacy  of cefonicid. W h y  h u m an  serum  
decreases th e  in  v itro  a c t iv i ty  of cefonicid an d  m ouse se ru m  does n o t, is 
p re se n tly  unansw ered .

The m eaning an d  sign ificance o f th e  decrease o f cefonicid’s a c tiv ity  in 
v i tro  w hen th e  c u ltu re  b ro th  co n ta in in g  50%  h u m an  seru m , is no t easy  to  
an sw er. Cefonicid is h ig h ly  b o u n d  to  serum  p ro te in s  b u t  s till diffuses to  tissues 
an d  is effective in  th e  tr e a tm e n t  of so ft-tissue  in fec tions [7] as well as osteo ­
m y e litis  due to  s tap h y lo co cc i, even w hen in jec ted  o n ce-a-d ay  for a pro longed 
p e rio d  of tim e [8]. T he effectiveness of cefonicid in  th e  t r e a tm e n t of s ta p h y lo ­
coccal endocard itis has n o t been  p roven  [9]. T h is h ig h t be a ttr ib u ta b le  to  th e  
lo c a tio n  of th e  in fec tio n , w here  cefonicid c a n n o t easily  p e n e tra te . Cefonicid 
seem s no t to  be t ig h tly  b o u n d  to  serum  p ro te in s , b u t ra th e r  i t  can  be considered 
to  be  loosely bound  to  se ru m  p ro te in s  allow ing easy  d issoc ia tion  to  yield free, 
u n b o u n d  cefonicid. In  th is  re sp ec t, cefonicid b o u n d  to  se ru m  p ro te in s appears 
to  rep re sen t ra th e r  a c irc u la tin g  reservo ir for th e  an tib io tic . I t  is un like ly  
t h a t  h u m an  serum  p ro te in s  b u t  no t m ouse serum  p ro te in s  w ould in fluence 
th e  a tta c h m e n t of cefonicid  to  th e  penicillin  b in d in g  p ro te in s  of th e  b ac ­
te r ia l  cell.
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A NOVEL APPROACH FOR UNDERSTANDING 
THE EFFECTS OF INTERFERONS -  

A WORKING HYPOTHESIS

G. P re m e c z , A n d r e a  M ark o yit s  and I . F ö ld es

Microbiological Research Group o f the N a tiona l Institu te  o f  H ygiene , Budapest 

(R eceived M arch  14, 1986)

E x p erim en ta l re su lts  accum ulated  d u r in g  th e  la s t  two decades p rove  th a t  th ere  are 
no m echanism s specific fo r in te rfero n  (IF N ) ac tio n . T hus, IF N  effects m u st be realized th ro u g h  
th e  re la tiv e ly  lim ited  n u m b e r of m etabolic  p a th w a y s  availab le  fo r cell func tions. T riggering  
th e  re ce p to r  system  in  assoc ia tion  w ith m em b ran e  phospholip id  b reak d o w n , w hich p lays an  
im p o r ta n t role in signal tra n sd u c tio n  for a v a r ie ty  of biologically active  substances, is su itab le  
to  ex p la in  generation  o f th e  pleio tropic IF N  effec ts , too. P revalence of one or th e  o th e r o f th e  
“ p o sitiv e”  and “ neg ativ e”  p a th w ay s of th is  signal tran sd u cin g  sy s tem  depending  on  various 
know n and  up-to-now  u n k n o w n  factors m a y  be responsib le fo r th e  som etim es co n tra d ic to ry  
effects o f IFN s.

In trodu ction

IF N s  are a fam ily  o f closely r e la te d  p ro te in s, w hich  induce  a w ide-range 
o f effects including  e s tab lish m en t o f  an  a n tiv ira l s ta te , in h ib itio n  o f cell 
p ro life ra tio n , m o d u la tio n  of the  cell surface and in flu en ce  on th e  im m une  
sy s tem  [!]■

T h e  firs t s tep  in  IF N  action  is i ts  in te rac tio n  w ith  specific recep to rs. 
T hese recep to rs tr ig g e r  th e  in d u c tio n  o f expression o f d iffe ren t genes, th e  
p ro d u c ts  of w hich m e d ia te  th e ir  v a r io u s  actions. I t  is n o t know n, how ever, 
w h a t m echanism s a re  ta k in g  place a f te r  in te ra c tio n  o f IF N  w ith  its  recep to r 
responsib le  for in d u c tio n  of tra n sc r ip tio n . T hus, th e  follow ing question  arises 
(q u o ted  from  Sen [2]):

“ Is  there  a ‘second  m essenger’ w hich  am plifies an d  tra n sm its  th e  sig n a l 
from  th e  p lasm a m em b ran e  to  th e  nucleus ? Do all effects o f IF N  depend  on 
th is  signal tran sm issio n  or are som e effects such as th o se  on th e  p lasm a m em ­
b ra n e  d irec t effects ?”

H ere  we focused  ou r a tte n tio n  on  these  questions, ta k in g  also in to  co n ­
s id e ra tio n  th a t  th e re  are  several o b se rv a tio n s  suggesting  th a t  IF N -d e p e n d e n t 
enzym es are in v o lved  in  o ther re g u la to ry  system s as w ell [3 -10].

Gy ö r g y  P r e m e c z , A n d r e a  M a r k o v it s , I stván  F ö l d e s  
M icrob io log ica l R esearch  G ro u p , N a tio n a l  In s t i tu te  o f  H y g ie n e  
P ih e n ő  ú t  1, H -1529 B u d a p e s t,  H u n g a ry
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Surface ac tion  of IFN

In  com m on w ith  p ep tid e  horm ones and  n e u ro tra n sm itte rs , th e  in itia l 
s te p  in  IF N  ac tio n  is i ts  in te ra c tio n  w ith  cell m em b ran e  com ponen ts. These 
com ponen ts are re c e p to r  p ro te in s  o f th e  cell surface w ith  a h igh a ffin ity  to  
I F N  molecules [11—19].

I t  has been re p o rte d  th a t  tw o d is tin c t classes of recep to rs  exist for a lpha , 
b e ta  and  gam m a IF N s  [20].

The recep to rs  a p p e a r  to  be a t le a s t in  p a r t  gangliosides w ith  an oligo­
sacch arid e  m oie ty  a t  th e  fu n c tio n a l b in d in g  site  [21-23].

Evidence suggests th a t  b o th  g lycopro te in  and  ganglioside com ponen ts 
a re  im p o rta n t in  th e  I F N  b ind ing  site  [24]. V ery  l i ttle  is know n, how ever, 
concern ing  th e  tra n s fe r  o f  in fo rm atio n  from  th e  recep to r to  th e  cell nucleus. 
T h e  answ er to  th e  q u es tio n  w h e th e r IF N  or its  d e riv a tiv es  arc  im plicated , is 
likew ise not know n.

In te rn a liza tio n  an d  d eg rad a tio n  of recep to r-h o u n d  IF N  has been rep o rted  
[14, 19] and it  w as suggested  [17] th a t  follow ing b ind ing , IF N  is in ternalized  
v ia  th e  know n p a th w a y  o f recep to r m ed ia ted  cndocy tosis. I t  is im p o rta n t to  
n o te  th a t  not all cells b eh av e  sim ilarly . F  1210 cells do n o t show  an y  in te r ­
n a liza tio n  and d e g ra d a tio n  of m urine  IF N  a lp h a  and  b e ta  [12].

P a rtia lly  p u rif ied  IF N  m icro in jec ted  d irec tly  in to  th e  cy top lasm  or 
nu c leu s of cells fa iled  to  induce  an  a n tiv ira l s ta te  [25, 26]. In  ad d itio n , th e  
ro le  of in ternalized  an d  degraded  IF N  can  be queried  b y  ex perim en ts w hich 
rev ea led  th a t m e th y la m in e  —  an in h ib ito r  of in te rn a liz a tio n  [14] —  had  no 
e ffec t on the a n tiv ira l a c tio n  o f IF N  [27] and  ch lo roqu ine —  an  in h ib ito r o f 
d e g ra d a tio n  [14, 17] —  d id  no t in h ib it th e  in d u c tio n  of (2,- 5 ,)-o ligoadeny late  
sy n th e ta se  [14].

Surface ac tion  o f I F N  was also suggested  b y  stud ies w ith  IF N  co va len tly  
coup led  to  sepharose b ead s  [28]. IF N  app lied  th is  w ay  re ta in e d  its  an tiv ira l 
a c tiv ity .

T hus, m ost o f th e  ex p erim en ta l d a ta  in d ica te  th a t  IF N  ac ts  th ro u g h  th e  
cell surface, how ever, i t  c an  n o t be excluded  th a t  in te rn a liz a tio n  of IF N  m ay  
be also required  for i ts  b io logical a c tiv ity  [29]. F o r th e  sake o f sim plic ity  we 
a c c e p t th a t  IF N  ac ts  p r im a r ily  on th e  cell surface. In  th is  case, a f te r  triggering  
o f I F N  recep to is , second  m essenger systein(s) shou ld  he invo lved  in  its actions. 
T h is  th e o ry  gains also su p p o r t from  th e  fac t th a t  it  is possib le to  tra n sfe r  IF N - 
in d u ced  a n tip ro life ra tiv e  and  a n tiv ira l a c tiv ity  from  IF N -tre a te d  cells to  
u n tre a te d  ones. A cco rd ing ly , i t  w as hy p o th esized  th a t  seco n d ary  m essenger 
m olecules are tra n s fe r re d  from  th e  IF N -in d u ced  cells to  th e  rec ip ien t ones 
w h ich  th en  express th e  a n tiv ira l and  an tip ro life ra tiv e  a c tiv ity  [30, 31].

M ost tissues possess on ly  tw o m ajo r ty p es  of recep to rs . O ne class triggers 
th e  p ro d u c tio n  of cyclic A M P (cAM P), w hile th e  o th e r in itia te s  a signal cascade
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reac tio n  resu lting  in  m ob iliza tion  of ca lc iu m , ac tiv a tio n  o f p ro te in  k inase  C, 
release o f  arachidonic acid  (for the  sy n th e s is  of p ro s tag lan d in s , th ro m b o x an es  
and leuko trienes) and  s tim u la tio n  of g u a n ila te  cyclase to  fo rm  cyclic GM P 
(cGM P) [32, 33]. B o th  o f th e se  recep to r-co n tro lled  system s are  obvious can d i­
da tes fo r th e  tran sm ission  of an IF N  signal. A lthough cA M P is know n to  
in flu en ce  a num ber of p rocesses in  a sso c ia tio n  w ith  IF N  [34], th is  sy stem  does 
no t a p p e a r  to  be responsib le  for all IF N  effects. T hus, we focused  our a tte n tio n  
to  th e  signal cascade sy s te m  m entioned  above.

Inosito l trisphosphate and diacylglycérol second messengers. A n u m b er of 
ex tra c e llu la r  signals w h ich  ac tiv a te  ce llu la r functions th ro u g h  in te ra c tio n s  w ith  
cell su rface  receptors h a v e  been re p o rte d  to  induce th e  b reak d o w n  of inosito l 
p h ospho lip id s [33, 35, 36]. As i t  w as show n recen tly , p h o sp h a tid y lin o sito l
4.5- b isp h o sp h a te  is c leaved  following re c e p to r  s tim u la tio n  b y  phospho lipase 
C re su ltin g  in inosito l 1 ,4 ,5 -trisp h o sp h a te  and  d iacy lg lycéro l. B o th  inosito l
1.4.5- tr isp h o sp h a te  an d  d iacylglycérol a p p e a r  to  func tion  as second m essengers. 
In o s ito l 1 ,4 ,5 -trisphospha te  changes th e  in te race llu lar level o f calcium  w hich 
is an  im p o rta n t s tep  in  in itia tin g  cell p ro life ra tio n  [37]. I n  a n o th e r  line of th e  
signal p a th w a y  p ro te in  k inase  C a c tiv a te d  b y  d iacylglycérol p lay s a crucial 
role [33]. T u m o u r-p ro m o tin g  phorb o l esters  w hich h av e  d iacy lg lycero l-like 
s tru c tu re s  are also ab le  to  stim u la te  th is  enzym e. One consequence of th is  
s tim u la tio n  is a c tiv a tio n  o f  a N a +/ H + ca rrie r w hich exchanges p ro to n s  for 
sodium  ions [38]. D ue to  ac tiv a tio n  o f  th is  carrier th e  in te ra c e llu la r  p H  and 
sod iu m  ion co n cen tra tio n  rap id ly  in c rease . Such an  increase  o f p H  is a ch a rac ­
te r is tic  fea tu re  of th e  ac tio n  of g ro w th  fac to rs hav ing  an im p o r ta n t role in  
s tim u la tin g  of cell g ro w th  [39, 40]. T h u s , th e  en zy m atic  reac tio n s  based  on 
in o sito l lip id  tu rn o v e r rep resen t a b ifu rc a tin g  signal p a th w a y , ac tiv a tio n  of 
w hich  resu lts  in s tim u la tio n  of cell g ro w th . This p a th w a y  rep re sen ts  positive  
signals, w hich in som e tissues can be  b locked  by  n eg a tiv e  signals ac tiv a tin g  
a d e n y la te  cyclase [33].

D iacylglycérol is o n ly  tra n s ie n tly  p roduced  in  th e  m em b ran e  an d  is 
rem o v ed  e ither b y  conversion  to  p h o sp h a tid ic  acid b y  a d iacy lg lycéro l k inase 
or b y  hydrolysis to  m onoacy lg lycero l b y  a d iacy lg lycéro l lipase  [36]. This 
la t te r  reac tio n  resu lts  in  th e  release o f  arach idon ic  acid w hich  m ig h t be t r a n s ­
form ed to  p rostag lan d in s  b y  cyclooxygenase and /o r to  leu k o trien es  b y  lypoly- 
genase [41]. I t  is m ore lik e ly  th a t  a rach id o m ic  acid perox ide  an d  p ro s tag lan d in  
endoperox ide  ac tiv a te  g u an y la te  cyclase  [42].

T h e  role of cG M P as well as th e  m echan ism  b y  w h ich  cG M P is e levated  
is n o t  clearly  u n d e rs to o d . I t  was su g g ested  th a t  cG M P serves as a n egative  
e n te race llu la r m essenger [33, 43—4 5 ], accord ingly  cA M P an d  cG M P do no t 
an tag o n ize  each o th e r. M oreover, it is w ell know n th a t  p ro s ta g la n d in  E  s tim u ­
la te s  adeny la te  cyclase and  th u s  in c reases  th e  level o f cA M P in fib ro b lasts  
[46, 47].
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Possible rela tionships o f  inositol trisphosphate a n d  diacylglycérol second 
messengers with I F N  action.

P lasm a m em b ran es  h av e  been im p lica ted  as possib le ta rg e ts  fo r  
m a n y  actions o f IF N  [1, 48, 49]. T im e-d ep en d en t IF N -in d u ced  s tru c tu ra l  
changes in  th e  p la sm a  m em b ran e  lip id  b ilay e r w ere show n in  c u ltu re d  
cells using sp in  lab e l e lec tro n  sp in  resonance  tech n iq u es  [50]. T re a tm e n t 
o f h u m an  H eL a-S 3 cells in  suspension  cu ltu re  w ith  h u m a n  /1-IFN  fo r 30 m in  
caused  an increase in  th e  r ig id ity  of th e  p lasm a m em b ran e  lip id  b ilayer. T h e  
p lasm a  m em brane r ig id ity  o f IF N -tre a te d  cells re tu rn e d  to  th e  level o f co n tro l 
cells w ith in  3 to  5 h , b u t 24 h  a fte r  beg inning  o f tre a tm e n t ,  th e  rig id ity  o f th e  
p la sm a  m em b ran e  w as increased  again  and  rem ain ed  so fo r a t  least 2 d ay s . 
T h is IF N -in d u ced  p e r tu rb a tio n  of m em brane  s tru c tu re  p ro v ed  to  be species- 
specific . An o th e r ev idence o b ta in ed  in  S-180 m ouse sa rcom a cells tre a te d  
w ith  m ouse |9-IFN  ex p la in s  th is  increased  m em b ran e  r ig id ity  [51]. T he com po­
s itio n  of cellu lar p h o sp h o lip id s  w as a lte red  as a re su lt o f t re a tm e n t w ith  m ouse 
/5-IFN . The u n s a tu ra te d  f a t ty  acid  co n ten t o f a ll of th e  m a jo r phospho lip ids 
decreased , re su ltin g  in  an  increase in  th e  re la tiv e  p ro p o rtio n s  of th e  s a tu ra te d  
acy l side chains. F a t ty  acyl side chains o f m em b ran e  phospho lip ids are th e  
p rin c ip a l s tru c tu ra l co m p o n en ts  reg u la tin g  m em b ran e  tra n s itio n s . I t  m u st be  
s tressed  th a t  a ra c h id o n a tc  w as co n sis ten tly  reduced  in  all phospho lip id  classes 
a f te r  IF N  tre a tm e n t. T hese changes w ere p rev en ted  b y  a n ti- in te rfe ro n  a n t i ­
b o d y  and th e y  w ere n o t observed  a fte r  t re a tm e n t w ith  h u m a n  IF N .

A n increased  m em b ran e  phospho lip id  h y d ro lysis  in v o lv ed  in  IF N  ac tio n  
w as described b y  W allach  an d  R evel, to o  [52]. C orticostero ids, p ro s tag lan d in  
E j, cAM P and  ca lf  se ru m  ab ro g a ted  th is  effect, w hereas a sp irin  and  in d o m eth a- 
c in  increased th e  cell d am ag e  am plified  b y  IF N . As corticostero ids p re v e n t 
m em b ran e  lip id  h y d ro ly sis  [53] an d  asp irin  and  in d o m e th ac in  in h ib it co n v er­
sion  of arach idon ic  acid  to  p ro stag lan d in s  an d  th u s  p re v e n t e levation  of th e  
leve l of cellular cA M P, i t  has been  supposed  th a t  changes in  m em brane lip id  
ca tab o lism  could h a v e  a role in  th e  phenom enon  observed .

F igures 1, 2 an d  3 show  th e  know n p a th w a y s  assoc ia ted  w ith  inosito l 
phospho lip id  b reak d o w n . T hree  basic w ays can  be d is tin g u ish ed ; tw o o f these  
m a y  be considered as p o sitiv e  ones (Figs 2, 3) as th e y  re su lt in  D N A  syn thesis  
a n d  cell p ro life ra tion  an d  th e  th ird  w ay as a n eg a tiv e  one (F ig . 1) w ith  a conse­
c u tiv e  in h ib itio n  o f nucleic  acid and  p ro te in  syn thesis .

IF N s are p rim a rily  kn o w n  as “ n eg a tiv e”  signals in d u c in g  an a n tiv ira l 
s ta te  and  a n tip ro life ra tiv e  effect. W e discuss f ir s t ,  th e re fo re , th e  p a th w a y  
asso c ia ted  w ith  th e se  p h en o m en a  (Fig. 1). T h is is n o t a h e a v y  ta sk , since all 
o f  th e  details are  su m m arized  in  T ovey’s excellen t rev iew  [34]. W e give, th e re ­
fo re , only a sh o rt o u tlin e  to  show  th a t  IF N  acts  rea lly  th ro u g h  th is  p a th w ay .

I t  has been  show n th a t  IF N s  induce a v e ry  ra p id  an d  m arked  increase 
in  th e  in trace llu la r c o n c e n tra tio n  of cGM P in  m ouse leu k aem ia  L 1210 cells
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F ig . 1. A  possible m ech an ism  by  w hich  I F N  in duced  a n tiv ira l a n d  a n tip ro life ra tiv e  effects 
m a y  h e  elicited. ( P td l  4,5 P ) =  p h o sp h a tid y lin o sito l 4 ,5 -b isphosphate ; P . lipase  C =  p h o sp h o ­
lipase  C; DG  =  diacy lg lycéro l; AA =  a rach id o n ic  acid ; I P 3 =  in o sito l, 1 ,4 ,5 -trisp h o sp h a te ; 
PG , P G G 2 and P G H 2 =  p ro stag lan d in s; (2 ’- 5 ’)-oligo A =  (2’- 5 ’)-o ligoadeny la te . T he d ashed  

lines rep re sen t th e  in h ib i to ry  aspects of th e  p a th w ay s

[54]. T he accu m u la tio n  of cGM P w as tra n s ito ry  and  as a sp irin  and  in d o m e th a ­
cin ab ro g a ted  cG M P increase, th is  m ig h t he due to  a rach id o n ic  acid release and  
p ro s tag lan d in  sy n th esis . In d u c tio n  o f  cGM P syn thesis  in  IF N -tre a te d  L 1210 
cells p roved  to  be d ep en d en t on in tra c e llu la r  calcium .

cGM P p ro d u c tio n  due to  IF N - tre a tm e n t ap p ears  to  be an  im p o r ta n t 
fa c to r  in  estab lish ing  th e  a n tiv ira l s ta te  o f cells, as in  IF N -re s is ta n t D au d i 
cells no increase o f cG M P level, b u t  a n  unchanged  a b ility  to  induce  (2’- 5 ’)-oligo- 
a d e n y la te  sy n th e ta se  an d  (2’- 5 ’)-phosp h o d ieste rase  w as observed  [55].

In h ib itio n  o f th e  e s tab lish m en t o f IF N -m e d ia te d  a n tiv ira l s ta te  by  
in h ib ito rs  of Cyclooxigenase also in d ic a te s  th e  role o f  cG M P, as th is  enzym e 
a c tiv a te s  guan ila te  cyclase th ro u g h  p rostag lan d in s  [56]. T he re la tio n sh ip  
b e tw een  stim u la tio n  o f  p ro s tag lan d in  fo rm atio n  and  IF N  ac tio n  was confirm ed  
also b y  o ther a u th o rs  [57, 58].

A num ber o f d a ta  ind ica te  t h a t  cAM P w hich is kn o w n  to  be reg u la ted  
by  p rostag lan d in s  [59] is also asso c ia ted  w ith  th e  a n tiv ira l an d  an tip ro life ra tiv e  
a c t iv i ty  of IF N  [34].

As no s tr ic t co rre la tio n  w as fo u n d  betw een  th e  c a p a c ity  o f IF N  to  induce  
cA M P and its  a n tiv ira l  and /o r an tip ro life ra tiv e  a c tiv ity , T o v ey  cam e to  th e  
conclusion th a t  changes in  th e  in tra c e llu la r  c o n cen tra tio n  o f cA M P is a conse­
quence  ra th e r  th e n  cause of th e  IF N -m e d ia te d  effects.

B y  adm in is te rin g  adrenaline  —  an  in a c tiv a to r  o f a d en y la te  cyclase —  or 
teo p h y llin e  — an  in h ib ito r  of cA M P p hosphod iesterase  —  an  increase o f in t r a ­
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ce llu la r cAMP levels w ith  a consecu tive increase of (2’- 5 ’)-o ligoadenylate  
sy n th e ta se  a c tiv ity  w as described  [9, 10].

These o b se rv a tio n s  seem  to  be in  c o n tra s t  w ith  T o v ey ’s conclusion. In  
a d d itio n , th ey  in d ic a te  —  to g e th e r  w ith  o th e r d a ta  —  [7, 8] th a t  (2’- 5 ’)- 
o ligoadeny la te  is n o t a u n iq u e , IF N -sp ec ific  su b stan ce  h u t  one of th e  agents 
con tro lling  the ra te  o f  cell d iv ision . O bviously , th e  cA M P-(2’- 5 ’)-o ligoadenylate  
sy n th e ta se  re la tio n sh ip s  are reg u la ted , since (2’- 5 ’)-o ligoadeny la te  syn th e tiscd  
in  th e  cell by th e  a c tio n  of IF N  a c tiv a te s  cA M P -phosphod iesterase , too  [60]. 
T h is  effect of (2’- 5 ’)-o lig o ad en y la te  rep resen ts  a neg a tiv e  feed b ack  m echanism  
in  th e  regu la tion  o f th e  cA M P-(2’- 5 ’)-o ligoadeny la te  system .

All these d a ta  a re  in  line w ith  th e  concep tion  th a t  th is p a th w a y  of th e  
in o s ito l phospholip id  b reak d o w n  d ep en d en t recep to r sy stem  is a t  least p a r tly  
responsib le  for som e IF N  effects.

M uch less d a ta  h a v e  accu m u la ted  re fe rrin g  to  re la tio n sh ip s  betw een  
o th e r  pa thw ays o f th e  signal cascade reac tio n  and  IF N  ac tio n . I t  has been 
show n  th a t  IF N s re lease  calcium  from  th e  in tra c e llu la r  m em branes and  thu s 
fre e  calcium  ions becom e av a ilab le  to  induce  d iffe ren t m echan ism s (Fig. 2) [24].

Effects of ca lc iu m  are o ften  m ed ia ted  b y  th e  ca lc ium -b ind ing  pro te in  
ca lm odu lin . Follow ing ca lm o d u lin  a c tiv a tio n  severa l enzym es are  ac tiv a ted , 
i.e . adeny la te  cyclase an d  cyclic nucleo tide  phosph o d ieste rase  [61]. C alm odu­
lin  ac ts  also d irec tly  on  th e  re g u la to ry  su b u n it o f cA M P -dependen t p ro te in  
k in ase  [62].

A rachidonic acid  release is an  o th e r m echan ism  w here calcium  p lays an 
im p o r ta n t  role, as b o th  d ig lyceride lipase an d  phospho lipase  A 2 are  stim u la ted  
b y  calcium . P h o sp h o lip ase  A 2 is a non-specific  phospho lipase  cleaving arachi- 
d o n a te  from  p h o sp h a tid y lin o s ito l, p h o sp h a tid y lch o lin e , an d  p h o sp h a tid y l-

(Ptd/A.5P)

__P lipase C
DG

endoplasmic 
reticulum Ç

guanylate cyclase -
V  г
------  Ca2 mobilization------

I
2 TCa -calm - dep. kinase

DNA synthesis 

cell proliferation

IFN-induced ) . . . adenylate cyclase. nKIA . prot. kinase 1 1ds-RNA dep.J
cyclic nucleotide 
phosphodiesterase

F ig . 2. A general schem e fo r th e  m ob iliza tion  of m em b ran e  b o u n d  Ca + + . C a+ +-calm -dep. 
k in ase  =  Ca++ ca lm o d u lin  d ep en d en t p ro te in  k inase. O th er a b b rev ia tio n s  as in  Fig. 1
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P lipase C
DG 1

Ш — rm
prot kinase

IFN-induced 
ds RNA dep. 
prot. kinase

.Ouabain

Na/K*
pump

pH,

DNA synthesis 

cell proliferation

Fig. 3. Show ing in d uction  an d  fu n c tio n  of p ro te in  k inase  C. PMA =  p h o rb o l m y ris ta te  ace ta te ; 
p H i =  in te rac e llu la r  p H . O th e r  abb rev ia tio n s as in  F ig . 1

e th an o lam in e , th u s  en h an c in g  th e  p ro d u c tio n  of arach idon ic  acid [63]. These 
exam ples su p p o rt th e  hyp o th esis  th a t  in  IF N  induced  cells inosito l tris- 
p h o sp h a te  is involved  as a second m essenger reg u la ting  th e  release of m em - 
b ran ce-b o u n d  calcium .

In  an  o ther line o f  th e  signal p a th w a y  p ro te in  k inase C is th e  k ey  enzym e 
(Fig. 3). This is a ca lc iu m -ac tiv a ted , p h o sp h o lip id -d ep en d en t p ro te in  kinase 
[64], w hich  is a c tiv a te d  by  d iacy lg lycéro l p roduced  in  th e  m em b ran e  during  
th e  signal induced tu rn o v e r  of inosito l phospho lip id . T u m o u r-p ro m o tin g  p h o r­
bol es te rs  d irec tly  a c tiv a te  th is  enzym e, w hich  p ro b ab ly  serves as a recep to r 
for p h o rb o l esters [33]. W e have  p red ic ted  th a t  if  IF N  u tilises  th e  inosito l 
phospho lip id -d iacy lg lycero l p ro te in  k in ase  C p a th w ay , th e n  p h o rb o l m y ris ta te  
a c e ta te  should  h av e  an  effect on cells s im ilar to  th a t  o f IF N . S tu d y in g  th e  
c y to p a th ic  effect o f v esicu la r s to m a titis  v iru s on UAC cells we could  dem on­
s tra te  t h a t  phorbol m y r is ta te  a c e ta te  ex h ib its  an  a n tiv ira l effect synerg istic  
w ith  th e  an tiv ira l effect o f h u m an  IF N  [65].

T here  is an o th e r  observ a tio n  su p p o rtin g  th e  idea  th a t  p ro te in  kinase 
C m ay  be involved in  th e  reg u la to ry  ac tio n  of IF N . I t  w as show n th a t  m urine 
p e rito n ea l m acrophages tre a te d  w ith  reco m b in an t IF N -y  ex h ib ited  a su b s ta n ­
tia l in crease  in p ro te in  k inase  C a c tiv ity . T h is a c tiv ity  w as enhanced  as m uch 
as 5-fold over th a t  seen in  u n tre a te d  m acrophages [67].

In  add ition , m a n y  o th e r resu lts  suggest th e  IF N -like  p ro p e rtie s  of phorbol 
ester. P h o rb o l m y r is ta te  ace ta te  an d  th e  biologically  ac tiv e  pho rb o l esters 
have  a v a r ie ty  of effects —  includ ing  s tim u la tio n  of sy n th esis  o f m acrom ole­
cules, m o du la tion  o f  th e  m etabo lism  o f polyam ines an d  cyclic nucleo tides, 
s tim u la tio n  of p ro s ta g la n d in  syn th esis  —  sim ilar to  th o se  o f IF N s  [67]. I t  is 
w o rth  m en tion ing  th a t  tu m o u r-p ro m o tin g  phorbo l esters h av e  been  rep o rted
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to  ac t as enhancers o r in h ib ito rs  o f IF N  in d u c tio n  rem in d in g  to  th e  p rim in g  
a n d  blocking effects o f  IF N  [68, 69]. Im m u n m o d u la to ry  effects o f pho rb o l 
es te rs  are also k n o w n  [70, 72]. IF N  and  p h o rb o l e s te rs  enhance  th e  cy to to x ic  
a c tiv ity  of h u m a n  b lood  ly m p h o cy tes  and  m o d u la te  n a tu ra l  k iller (N K ) a c tiv ity  
[73, 74]. In  a d d itio n , p h o rb o l es te rs  and  IF N  m ay  in d u ce  d iscrete an d  ea rly  
changes of th e  c y to sk e le to n  s tru c tu re  [75, 76].

T u m o u r-p ro m o tin g  p h o rb o l esters and  sy n th e tic  d iacy lg lycéro l —  p o te n t 
a c tiv a to rs  of p ro te in  k in ase  C —  m im ic th e  ac tio n  o f m itogens e leva ting  th e  
in trace llu la r p H ; th is  in tra c e llu la r  p H  sh ift is m ed ia ted  b y  a N a +/ H + ca rrie r  
a n d  m ay serve as a com m on signal in  th e  ac tio n  o f ho rm ones w hich elicit th e  
b reak d o w n  of in o sito l p h o sp h o lip id s [38]. In  th is  re sp ec t i t  is im p o rta n t th a t  
I F N  also elevates th e  in te ra c e llu la r  p H  b y  in d uc ing  p ro to n  efflux  and  induces 
a n  increased ra te  o f  so d iu m -d ep en d en t glycine u p ta k e  [24]. T hus, i t  is n o t 
su rp ris in g  th a t  am m o n iu m  ch lo ride p rev en ts  th e  dev e lo p m en t of a n tiv ira l 
s ta te  in  IF N - tre a te d  cells or ab ro g a tes  it  w hen  a lre a d y  estab lished  [77], as 
N H + in flux  causes acid  lo ad in g  o f th e  cells [78]. A fte r rem o v al of N H  4C1 th e  
a n tiv ira l s ta te  becam e rees tab lish ed . I t  can  be th u s  h y po thesized  th a t  N H 4C1 
in h ib its  d ev e lopm en t o f th e  IF N -in d u ced  a n tiv ira l s ta te  b y  its  effect on in t r a ­
ce llu la r pH .

O uabain  —  specific  in h ib ito r  o f N a +/ K + tra n s p o r t  — also in h ib its  
e s tab lish m en t o f th e  IF N -in d u c e d  a n tiv ira l s ta te  [79]. T h is is in  accordance

F ig . 4. A possible ro le  o f p h o sp h a tid y lin o sito l d eg rad a tio n  in  IF N  in d u ced  tran sm em b ran e  
processes. (2’- 5 ’) A =  (2’- 5 ’)-o ligoadenylate . O th e r a b b rev ia tio n s  as in  Figs 1, 2 an d  3
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w ith  th e  o b se rv a tio n s  described  above, as e lev a ted  in tra c e llu la r  p H  induces 
an  increased  N a +/ K + p u m p  ra te  [78].

In  genera l, IF N  is considered to  be an  in h ib ito r  o f no rm al cell g row th  [80]. 
T riggering  o f inosito l phospho lip id  b reak d o w n  b y  exogenous signals m ay  
induce, how ever, m echan ism s resu ltin g  in  s tim u la tio n  o f D N A  rep lica tio n  an d  
cell p ro life ra tio n  [32, 33, 36]. The q u estio n  arises, w h e th e r IF N  can  a c t as 
such a s ig n a l?  Som e experim en ta l d a ta  are  in  fav o u r of giving a po sitiv e  
answ er. S tu d y in g  th e  effect of h u m an  leukocy te  IF N  on В cell p ro life ra tio n  it  
was found  th a t  100-1000 U /m l IF N  increased  th e  spA  Co 1 (Staphylococcus 
aureus s tra in  Cow an 1) induced  p ro life ra tio n  o f В cells. A n o th e r su b ty p e  of 
IF N  a lp h a  and  IF N  b e ta , how ever, decreased th e  spA  Co 1 induced p ro life ra ­
tio n  [81]. T he p o te n tia l  o f IF N  to  e ith e r  in h ib it or en h an ce  g row th  of tu m o u rs  
in  m ice in d u ced  b y  M oloney sarcom a v iru s tran sfo rm ed  cells w as also d em o n ­
s tra te d . T he effect of IF N  proved to  be d ep en d en t on th e  ro u te  and  tim in g  of 
IF N  a d m in is tra tio n  re la te d  to  tu m o u r cell in o cu la tio n  [82].

T here  are  also d a ta  in d ica tin g  th a t  IF N  can  d irec tly  s tim u la te  p ro life ra ­
tio n  o f tu m o u r  cells in  v itro , especially  w hen  low IF N  doses (50-100 U /m l) 
w ere ap p lied . T he effect was d ep en d en t on th e  ty p e  an d  co n cen tra tio n  o f IF N  
used an d  th e  tu m o u r  cells s tud ied  [83, 84].

Conclusion

I t  can  he s ta te d  th a t  a considerab le  n u m b er o f exp erim en ta l d a ta  is in  
h a rm o n y  w ith  th e  h y po thesis  th a t  tr ig g e rin g  o f th e  inosito l phospho lip id - 
d iacy lg ly cero l-p ro te in  k inase C signal tra n sd u c in g  p a th w a y  by  IF N  m ig h t be 
responsib le  fo r severa l effects o f IF N s . N a tu ra lly , we c o n cen tra ted  on resu lts  
su p p o rtin g  th is  h y p o th es is , b u t are  fu lly  aw are of th e  fac t th a t  o th e r m e c h a n ­
ism s, as fo r ex am p le  ac tiv a tio n  o f d o u b le s tran d ed  R N A  dep en d en t p ro te in  
k inase  ac tio n , p la y  also a role in  IF N -a c tio n . R e la tio n sh ip s  of these  m e c h a n ­
ism s w ith  d iffe ren t chains of th e  inosito l p hospho lip id -d iacy lg lycero l-p ro te in  
k inase C signal tra n sd u c in g  p a th w a y  should  be rev ea led  in  oncom ing researches. 
I t  shou ld  also be ta k e n  in to  co n sid e ra tio n  th a t  th e  d ifferen t b iochem ical 
p a th w a y s  can  be se p a ra te d  only  for d id ac tic  pu rp o ses; in  re a lity  th e y  are  
closely re la te d  an d  th e  end -resu lt is d ep en d en t on th e  a c tu a l s ta te  of th e  cells, 
m acro- an d  m icro -en v iro n m en t, ro u te  an d  tim in g  o f IF N  ad m in is tra tio n  an d  
d iffe ren t o th e r  fac to rs  (F ig. 4).
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EFFECT OF FIGHT QUAFITY, ANAEROBIOSIS AND 
GLUCOSE ON NITROGEN-FIXATION BY THE 

RICE FIELD CYANOBACTERIUM 
AULOSIRA FERTILISSIMA  GHOSE

Me e n a k s h i  B a n e r j e e  and H . D. K um ar  

Department o f  B o ta n y , B anaras H indu  U niversity , V aranasi, Ind ia  

(R ece ived  M arch 27, 1986)

A naerobiosis enh an ced  th e  n itro g en ase  a c tiv ity  o f th e  rice  fie ld  alga A u losira  fertiliss im a  
bo th  in  lig h t and dark . T he a c tiv ity  w as m ax im u m  in  w hite  lig h t, lesser in  red , b lue  and  green  
lig h t an d  least in  the  d a rk . G lucose s tim u la te d  th e  a c tiv ity  b o th  in  lig h t an d  d a rk .

T he ab ility  to  red u ce  th e  d in itro g en  m olecule is re s tr ic te d  to  p ro k ary o tes  
am ong w hich cy an o b ac te ria  p la y  a m ajo r role p rin c ip a lly  because of th e ir  
p h o to sy n th e tic  ab ility . Such tro p h ic  independence w ith  reg a rd  to  C and  N , 
com bined  w ith  th e  g re a t a d a p ta b il i ty  to  v a ria tio n s  in  e n v iro n m en ta l fac to rs, 
p e rm its  th ese  organ ism s to  be u b iq u ito u s  and  a t th e  sam e tim e  gives th e m  a 
un iq u e  p o te n tia l to  c o n tr ib u te  to  p ro d u c tiv ity  in  a v a r ie ty  of ag ricu ltu ra l and  
ecological s itu a tio n s . T h e  rice fie ld  ecosystem  is a m icrob ia l b ab y lo n  w ith  a 
v a r ie ty  o f N 2-fix ing m icroo rgan ism s, th e  m a jo rity  o f w hich  are  cy an o b ac te ria  
w hich  grow  well u n d e r th e  p re v a le n t w aterlogged an d  red u c in g  cond itions [1], 
an d  are  considered to  be  p o te n tia l  co n trib u to rs  of fix ed  n itro g en  to  soil [2—5].

O ne such h e te ro cy sto u s  fo rm  is A ulosira  fe r tilis s im a  w hich  has been 
claim ed to  be th e  s tro n g e s t N 2-fix er o f In d ia n  p a d d y  fie lds [4]; th e  m ain ten an ce  
of fe r tility , h igher crop  y ie ld  an d  increased  soil N 2 c o n te n t in  th ese  fields seem s 
to  be due to  th e  a b u n d a n t g ro w th  o f  th is  alga. S u rp ris in g ly  l ittle , i f  any , w ork, 
has been  done on th e  g ro w th , physio logy  and  n itro g en ase  a c tiv ity  of th is  v e ry  
im p o r ta n t organism . In  v iew  o f th e  g rea t p o te n tia l ag ronom ic im p o rtan ce  of 
th is  alga we have iso la te d  i t  in  axen ic  cu ltu res an d  s tu d ied  its  g row th  and  
n itro g en ase  ac tiv ity .

M ateria l and  m ethods

Organism and growth. A ulosira  fe r tilis s im a  Ghose w as iso la ted  fro m  th e  rice fields of 
R a m n a g a r (L at. 25°18’ N  a n d  L ong. 83°11’ E ) n ea r V aranasi. C lonal cu ltu res  w ere ra ised  
from  single spores and m ad e  axen ic  b y  s ta n d a rd  m icrobiological m eth o d s. C ultu res were grow n 
a t 2 7 rfcl °C, 2500-3000 lu x . T he organ ism  grew  b est in  th e  m ed iu m  of H ughes e t al. [6]. I ts

M e e n a k s h i B a n e r je e , H . D . K u m a r  
D e p a r tm e n t o f  B o ta n y , B a n a ra s  H in d u  U n iv e rs i ty  
V aran asi-2 2 1 0 0 5 , In d ia
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g ro w th  was estim a ted  b y  e x tra c tin g  chla in  80%  aqueous acetone an d  m easu ring  the  abso rb ­
ance a t 663 nm.

Heterocyst frequency. T h e  cu ltu res  w ere f ir s t  m ade n o n h e te ro cy s to u s b y  growing the  
a lga  in  m edium  su p p lem en ted  w ith  5 т м  K N 0 3. E x p erim en ts  w ere th e n  se t up  b y  transferring  
i t  in to  n itrogen-free m ed iu m , and  th e  h e te ro cy s t frequency  was m easu red  as p e rcen t of the  
to ta l  cells by  coun ting  10 f ilam en ts .

Nitrogenase activity. T h is w as e s tim a te d  by  m easu ring  th e  n itro g en ase-ca ta ly zed  con­
v ersio n  of acetylene to  e th y len e  [7]. T he in cu b a tio n  tim e for th e  assay  w as 1 h. Gas sam ples 
w ere  analyzed for e th y len e  in  a CIS gas ch ro m a to g rap h  (B aro d a) f i t te d  w ith  a P orap ak  
R  co lum n and h y d rogen  flam e  io n iza tio n  de tec to r. T he n itrogenase  a c tiv ity  u n d e r anaerobic 
c o n d itio n s was m easu red  a f te r  in cu b a tio n  of th e  alga u n d e r 99%  N 2 and  1%  C 0 2 atm osphere.

Monochromatic light treatm ent. E x p o su re  to  m onochrom atic  lig h t w as m ade in  a wooden 
b o x  (30 cm2) lined in te rn a lly  w ith  a lu m in iu m  shee t and  covered e x te rn a lly  w ith  black paper. 
T h e  box had a 9 cm2 a p e r tu re  in  th e  u p p e r w all over w hich th e  desired  f i lte r  was placed. The 
lig h t  source was a 150 W  P h ilip s  co m p ta lu x  lam p  w ith  a m ercu ry  coated  re flec to r producing 
100 (лW /cm 2 of energy  a t  th e  ex p erim en ta l site. E q u al energy  levels of th e  lig h t trea tm e n ts  
w ere ob ta in ed  b y  a d ju s tin g  th e  d is tan ce  be tw een  th e  lig h t source and  th e  sam ple. Betw een 
th e  lig h t source and th e  f i l te r ,  a glass co n ta in e r w as in te rp o sed  th ro u g h  w hich  ru nn ing  w ater 
flow ed  continuously . T h ree  f i lte rs  (b lue 450 nm ; green 545 nm ; and red  650 nm ) o b ta ined  from  
C aro lina  Biological S u p p ly  Co., B u rlin g to n , U SA , w ere used.

Heterotrophy. D(-f~)Glucose w as dissolved in  double d istilled  w a te r  w ith o u t heating , 
f i lte re d  th rough  sterile  M illipore filte rs  (0.45 ^ m  pore size) and  a sep tica lly  ad d ed  to th e  culture 
tu b e s  to  ob ta in  the  desired  f in a l co n cen tra tio n . One se t of tu b es w as k e p t in  th e  ligh t and 
a n o th e r  se t in th e  d a rk . A t d iffe ren t tim e  in te rv a ls  n itrogenase  a c tiv ity  w as m easu red  in bo th  
th e  se ts. 3(3,4 -D ich lo ro p h en y l)-l,1 -d im eth y l u re a  (DCM U) was m ade up in  e th an o l to give a 
f in a l co ncen tra tion  of 1 X 1 0 -5 M.

Glutamine synthetase activ ity . T he w hole cell tran sferase  a c tiv ity  o f g lu tam in e  sy n the tase  
w as m easured  by th e  m e th o d  of Shapiro  an d  S ta d tm a n  [8] as m odified  b y  S tacey  e t al. [9].

Nitrate reductase activ ity . In  v ivo  n i tra te  red u ctase  a c tiv ity  was m easu red  b y  th e  m ethod 
of C am m  and S tein [10] as slig h tly  m odified  b y  K u m a r and  K u m a r [11].

R esults

Growth and heterocyst frequency. T he organ ism  grew  well in  H ughes 
m ed iu m . The h e te ro c y s t freq u en cy  in  ex p o n en tia lly  grow ing cu ltu res was 
fo u n d  ab o u t 3 .4%  (T ab le  I).

Induction and inh ib ition  o f  nitrogenase activity . Follow ing tran sfe r of 
INO.j-grown m a te ria l in to  n itro g en -free  m edium , n itro g en ase  a c tiv ity  (3.5 
nm oles C.,H4/pg ch la /h ) o ccu rred  a t ab o u t 24 h (F ig . 1) and  reach ed  a m axim um  
(21.7 nm oles of C.,H j//tg  ch la/h ) on th e  6 th  d ay  (T able I I ) . T he n itrogenase

Table I

Heterocyst frequency o f  Aulosira fertilissim a

H e te ro c y s t freq u en cy o n  d ay s

0 1 2 4 6 8 10

N itra te  grown 0 1 1 .8 2.6 3.4 3.3 3.2

cu ltu res  
tran sfe rre d  into

n itro g en  free m edium

± 0 .0 0 1 * ± 0 .0 2 ± 0 .0 4 ± 0 .0 4 ± 0 .0 1 ± 0 .02

* P e rc e n t ± S E
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F ig. 1. In d u c tio n  an d  effect o f d iffe ren t com bined n itro g en  sources on n itrogenase  a c tiv ity . 
•  •  C ontrol: О — О induction  of N 2ase a c tiv ity ; A —A R epression by  n itra te  (5 т м  K N 0 3);

Д  — Д  R ep ressio n  by am m onia  (2 т м  NH,,C1); X —  X per cen t h e te ro cy s t freq u en cy

a c tiv ity  w as in h ib ite d  b y  b o th  n itra te  and  am m onium , th e  la t te r  being m ore 
effective. N itr a te  (5 т м  K N 0 3) in h ib ited  th e  a c tiv ity  to  0.33 nm oles 
ch la /h  and  am m o n iu m  (2 т м  N H 4C1) to  0.27 nm oles C 2H  J/tg  ch la /h  in  24 h

Table II

E ffect o f  monochromatic light and anaerobiosis on nitrogenase activity

L ig h t control* 6.3Д 0.11** 9.7 ± 0 .0 7 21.7 ± 0 .1 4 12.7Д0.15 8 .3 ± 0 .2 1

L ig h t +  anaerobiosis 11.5Д0.15 14.6±0.1L 32.8Д 0.12 19 .2±0 .13 5.9 ± 0 .0 8

R ed 3.7Д 0.08 4.8Д 0.22 5 .9 ± 0 .0 7 2.8 ± 0 .1 0 1.2 ± 0 .0 7

R ed  anaerobiosis 5.3Д 0.27 6.2Д 0.10 9.3Д 0.11 3.7 ± 0 .0 9 0 .6 ± 0 .1 3

Blue 5 .4Д 0.07 3.2Д 0.11 1.8Д 0.14 1.2 ±0 .21 1 .0 ± 0 .1 5
B lue +  anaerobiosis 9.5Д 0.08 5.2Д 0.22 2 .2 ± 0 .0 7 1 .6±0 .07 0 .5 ± 0 .1 0

Green 5 .2Д 0.13 3.0Д 0.15 1.5 ± 0 .11 0 .9 ± 0 .1 2 0 .6 ± 0 .0 8
G reen 4~ anaerobiosis 5 .9Д 0.09 3.6Д 0.29 2 .2 ± 0 .1 1 1.7 ± 0 .1 0 0.5 ± 0 .1 3

D ark З.ЗД 0.21 2.4Д 0.11 2 .2 ± 0 .1 4 1 .7±0 .11 0.7 ± 0 .0 7
D ark  -f“ anaerobiosis 3 .7Д 0.08 2.6Д 0.15 2 .4 ± 0 .1 3 2 .1 ± 0 .0 9 0.5 ± 0 .2 1

* The v a lu e  for ligh t contro l a t  d ay  zero was 2.97 Д 0 .07 SE 
** N itrogenase  activ ity  (nm oles CJBiJ/ig  ch la/h) ± S E

Acta Microbiologica Hungarica 34, 1987



60 B A N E R JE E  and KUM AR

as com pared  to  co n tro ls  (4.3 nm ole C 2H 4/p g  ch la /h ; F ig . 1). A naerobiosis 
g re a tly  enhanced  n itro g en ase  a c tiv ity  till th e  6 th  d ay  w hich th e n  g rad u a lly  
declined  on th e  8 th  an d  10 th  day  (T able I I ) .

E ffect o f  m onochromatic light on nitrogenase activity. In  red  lig h t n itro ­
genase a c tiv ity  w as h ig h es t on th e  6 th  d ay  w hereas blue and  green lig h t 
show ed no such effect. A fte r an  in itia l s tim u la tio n  on th e  2nd day , th e  a c tiv ity  
g rad u a lly  decreased  in  b lue  and  green lig h t. R ed  lig h t p lus anaerobiosis in ­
creased  th e  n itro g en ase  a c tiv ity  till th e  6 th  d ay  w h ereafter it  g rad u a lly  fell. 
B lue an d  green lig h t p lus anaerobiosis show ed th e  sam e tre n d  as aerob ically  
grow n tre a tm e n ts  b u t  th e  values w ere h ig h e r u n d e r anaerobiosis. T he n itro ­
genase a c tiv ity  u n d e r all these  m o nochrom atic  ligh t cond itions w as less th a n  
in  flu o rescen t lig h t (T able  II) .

H eterotrophy. G lucose a t  1 -3 %  (w/v) g rea tly  increased  th e  n itrogenase  
a c t iv i ty  w hich reach ed  a m ax im um  on th e  6 th  day . H ighest a c tiv ity  was 
o b ta in e d  w ith  3%  glucose while 4 %  a n d  5 %  did n o t cause an y  sign ifican t 
change in  a c tiv ity  (T able I I I ) .  In  all cases n itrogenase  a c tiv ity  w as low er in  
d a rk n ess  th a n  in  th e  lig h t.

E ffect o f  DC M U  and  glucose. T re a tm e n t w ith  DCMU (1 X 10 ~5 m )  in h ib ited  
n itro g en ase  a c tiv ity  b u t  th e  sam e w as en h an ced  in  DCM U +  3 %  glucose. 
W ith  glucose alone th e  a c tiv ity  was m ax im u m . A sim ilar tre n d  w as seen in  
th e  d a rk  ex p erim en ts . A fte r a 6 h in c u b a tio n  in  th e  d a rk , glucose (3% ) was 
added  to  2 sam ples, one being  th en  in c u b a te d  in  th e  lig h t and  th e  o th e r in

Table II I

E ffect o f  glucose on nitrogenase activity

T re a tm e n ts
N itro g e n a se  a c tiv ity  on days

2 4 6 8 10

L igh t control* 6 .7 ± 0 .0 5 * * 10 .4±0 .04 2 2 .2 ± 0 .0 5 13 .5±0 .03 9.0 ± 0 .0 4

L +  1% 1 2 .0 ± 0 .0 4 18.7 ±0.01 2 3 .6 ± 0 .0 7 13 .0±0 .05 9.2 ± 0 .0 2
L j 2% 1 2 .0 ± 0 .0 4 19 .0±0 .04 25 .6 ± 0 .0 0 7 15.3 ± 0 .02 10.3 ± 0 .0 2
L  +  3% 1 5 .7 ± 0 .0 1 24 .1±0.007 30.06 ± 0 .0 5 19 .6±0 .02 15 .45±0.05
L  +  4% 6.9 ± 0 .0 5 11.9 ±0 .02 I9 .8 ± 0 .0 0 7 12 .8± 0 .02 6.8 ± 0 .0 4
L ±  5 % 6 .6 ± 0 .0 4 10.2±0.05 18.6 ± 0 .01 11 .6± 0 .04 5.2 ± 0 .0 7

D ark  contro l 3 .5 ± 0 .0 3 2.4 ±0 .02 1 .3 ± 0 .0 0 5 0 .6± 0 .005 —

D +  1% 4 .0 ± 0 .0 0 5 4 .2± 0 .02 4 .4 ± 0 .0 5 4.0 ± 0 .0 4 2.1 ± 0 .0 5
D +  2% 4 .5 ± 0 .0 5 4.7 ±0.005 4 .9 ± 0 .0 2 4 .2 ± 0 .0 7 2 .3 ± 0 .0 2

D +  3% 6 .3 ± 0 .0 0 7 7 .5± 0 .04 8 .9 ± 0 .0 2 6 .8 ± 0 .0 2 4 .5 ± 0 .0 0 7
D +  4% 4 ± 0 .0 6 3.7 ± 0 .0 4 3 .8 ± 0 .0 5 1 .9±0 .02 0.5 ± 0 .0 0 7
D +  5% 3 .5 ± 0 .0 5 3 .3± 0 .02 2 .8 ± 0 .0 0 7 1 .4 ± 0 .0 6 0 .2 ± 0 .0 5

* N itrogenase a c tiv ity  in  lig h t control on d ay  zero was 3 .2 ± 0 .0 2  SE 
** N itrogenase a c tiv ity  (nm oles C2H J/ng ch la /h ) ± S E
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Table IV

Effect o f  D C M U  on nitrogenase activity

I n  light

T re a tm en t
N itrogenase  a c tiv ity  a t  h o u rs

0 6 12 24

L ig h t control

L ig h t +  3%  glucose
L ig h t +  DCMU ±  3%  glucose
L ig h t +  DCMU

3 .18± 0 .03**

3 .1 8 ± 0 .0 3
3 .1 8 ± 0 .0 3
3 .1 8 ± 0 .0 3

3 .78±0 .02  

4.86 ± 0 .05  
2 .63±0 .01  

1 .9±0 .01

3.81 ± 0 .0 2  

5 .1 6 ± 0 .0 4  
2 .9 8 ± 0 .0 2  

0 .8 ± 0 .0 1

3.97 ±0 .01  

6.96 ±0 .04  
3 .54±0 .02  
0 .5± 0 .01

I n  dark

T re a tm en t
N itro g en ase  a c t iv i ty  a t  h o u rs

0 6 7 8

D ark  control 3 .1 8 ± 0 .0 3 1 .8±0 .02 0 .9 ± 0 .0 2 0.6 ±0 .007
D ark  -f- 3%  glucose 3 .1 8 ± 0 .0 3 3.27±0.05 4 .3 3 ± 0 .0 2 4.52 ± 0 .02
D ark  +  DCMU 3 .1 8 ± 0 .0 3 1.7 ± 0 .0 4 0 .8 ± 0 .0 3 0.5 ± 0 .0 3
D a rk -lig h t -f- *3% glucose 3.18 ± 0 .0 3 1 .8±0 .02 2 .5 ± 0 .0 4 3.1 ± 0 .05
D ark —d a rk  -f- *3% glucose 3 .1 8 ± 0 .0 3 CO H

- p О о Cu 2.1 ± 0 .0 0 7 2 .4±0 .01

* Cultures were g row n in  th e  d a rk  fo r 6 h  and then  in cu b a ted  fo r 1 an d  2 h  in  ligh t and 
d a rk  w ith  3%  glucose

** N itrogenase a c tiv ity  (nm oles chla/h) ± S E

th e  (lark. S urprising ly , th e re  w as s tim u la tio n  in n itro g en ase  a c tiv ity  in b o th  
th e  se ts  (Table IV).

G lu tam ine sy n th e ta se  a c tiv ity  was found to  be 0.824 nm oles y-g lu tam yl 
h y d ro x am a te /p g  ch la /30  m in. N itra te  reductase  a c tiv ity  reach ed  a m ax im um  
o f 0.29 /tg n itr ite /p g  ch la  on th e  2 n d  day.

D iscussion

The n i f  genes w h ich  encode th e  m achinery  o f N .,-fixa tion  are sub jec t in  
all N ,-fix in g  p ro k a ry o te s  to  end p ro d u c t repression b y  am m o n ia  [12]. R em oval 
o f exogenous com bined  N 2 source w hich depletes th e  in tra c e llu la r  am m onia 
pool, is necessary  to  tr ig g e r tra n sc r ip tio n  and tra n s la tio n  o f genes and th u s  
elicits N 2-fixa tion  (i.e ., in d u c tio n ). F ro m  our d a ta  i t  ap p ears  th a t  th e  induc tio n  
o f n itrogenase  a c tiv ity  u n d e r aerob ic  conditions in  lig h t is closely co -related  
w ith  th e  appearance  o f  m a tu re  h e te ro cy sts  and  th e  d ev e lo p m en t of n itrogenase  
a c tiv ity . W ith  th e  ap p e a ra n ce  o f h e te ro cy sts  (1% ) a t  24 h  th e re  w as in d u c tio n  
o f n itrogenase  a c tiv ity  (F ig . 1) on th e  6 th  d ay  w hen h e te ro c y s t frequency  was 
m ax im u m  (3.4% ) an d  th e  n itro g en ase  a c tiv ity  w as h ig h est. W hen  grow n in  
th e  presence of 5 т м  n i t r a te  or 2 т м  am m onia, A ulosira  f ilam en ts  lack  h e te ro ­
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cy sts . A m m onia w as a m ore effective rep ressor o f h e te ro c y s t d iffe ren tia tion  
th a n  n itra te . W hen n itro g en ase  a c tiv ity  w as m easured  u n d e r anaerobic  con­
d itio n s  (see S tew art a n d  P earso n  [13]) th e re  was considerab le  increase of 
specific  ac tiv ity . T his m a y  be due to  th e  fac t th a t  u n d e r  an aero b ic  conditions 
b o th  v eg e ta tiv e  cells a n d  h e te ro cy sts  syn thesize  n itro g en ase . R ed  lig h t s tim u ­
la te d  g row th  and hence th e  n itro g en ase  ac tiv ity , in  c o n tra s t to  b lue and  green 
lig h t. T he in h ib ition  o f  n itro g en ase  a c tiv ity  w ith  b lue  lig h t seem s consisten t 
w ith  th e  observations t h a t  b lue lig h t in h ib its  C 0 2-fix a tio n  and  N 2-m etabolism  
[14]. G reen lig h t in h ib its  g row th  an d  hence th e  n itro g en ase  a c tiv ity . F lu o ­
re scen t ligh t was m ost fav o u rab le  for n itrogenase  a c tiv ity  as i t  perm its  m ax i­
m u m  p h o to syn thesis . T h e  s tim u la tio n  b y  red  lig h t could  be due to  th e  fac t 
th a t  i t  supports  h e te ro c y s t d iffe ren tia tio n  [15, 16], w hereas green lig h t is 
in h ib ito ry . The n itro g en ase  a c tiv ity  increased  g rea tly  w ith  th e  a d d itio n  of 3%  
glucose. The reason fo r th is  could be  th e  d irect ass im ila tio n  o f th e  su b stra te . 
T h a t  glucose provides th e  r e d u c ta n t for N 2-fix ing process is also show n by  th e  
a d d itio n  of DCMU w h ich  blocks P S I I  system  leav ing  P S I  fu n c tio n a l. U nder 
th e se  conditions A T P sy n th es is  b y  cyclic p h o to p h o sp h o ry la tio n  con tinues b u t 
th e  genera tion  of p h o to re d u c ta n t (N A D P H ) is a rrested  an d  N 2-fix a tio n  decli­
nes. W ith  th e  ad d itio n  o f glucose th e re  is rap id  recovery  of n itro g en ase  ac tiv ity . 
E n h a n c e d  n itrogenase  a c tiv ity  in  glucose w as also observed  in  th e  dark . 
N itro g en ase  a c tiv ity  also occurred  in  sam ples w ith o u t glucose ad d ition . The 
p re se n t observations w ith  A u losira  suggest th a t  b o th  th e  ra te  and du ra tion  
o f n itro g en ase  a c tiv ity  in  th e  d a rk  m ay  be affected  b y  th e  ra te  of p h o to ­
sy n th es is  and carbon  assim ila tion  d u rin g  th e  light period . T he decline in 
n itro g en ase  a c tiv ity  a f te r  tra n s fe r  o f A ulosira  from  lig h t to  d a rk  can be 
assoc ia ted  w ith  th e  sp eed y  d ep le tio n  of energy and  re d u c ta n t  supplies for 
n itro g en ase  action . C o n tin u ed  n itro g en  f ix a tio n  in th e  d a rk  w ould  therefore  
d ep en d  on m ob iliza tion  o f  reserve  p ro d u c ts  and  on th e  ra te  a t  w hich carbon  
m oves from  its reserv o ir to  th e  site  o f n itrogenase  a c tiv ity . A d d itio n  of glucose 
w ould  he expected  to  su p p o r t and  s tim u la te  n itrogenase  a c tiv ity . T his is borne 
o u t b y  our d a ta . T he n itro g en ase  a c tiv ity  observed in  th e  d a rk  w ith o u t th e  
ad d itio n  of glucose m a y  be due to  a large endogenous pool of red u c tan ts  
p re se n t in  Aulosira. T h e  h igh  g lu tam in e  sy n th e ta se  a c tiv ity  can  be co rre la ted  
w ith  h igh  n itrogenase  a c tiv ity ;  co n seq u en tly , th e  n i t r a te  red u c ta se  ac tiv ity  
is low .

M ost cy an o b ac te ria  are  believed to  be obligate p h o to a u to tro p h s . H ow ev­
er, iso la ted  reports  on  th e  g row th  o f in d iv idua l s tra in s  on o rganic  m edia [1, 
18] to g e th e r  w ith th e  re su lts  of su rv ey s of th e  h e te ro tro p h ic  p o te n tia l [19, 20] 
h av e  p rov ided  am ple p ro o f  th a t  som e cy an o b ac teria  are  capab le  of g row th  on 
exogenous low m olecu lar w eigh t o rgan ic  com pounds.

H ere in  we re p o rt th a t  A u losira  fertilissim a  is n o t an  ob liga te  p h o to ­
a u to tro p h  b u t a fa c u lta tiv e  h e te ro tro p h  w hich can grow  an d  f ix  N 2 in  th e
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presence o f glucose b o th  in lig h t an d  d a rk . T he resu lts  o b ta in e d  in  th is  s tu d y  
are  con sis ten t w ith  th e  earlier find ings [17] on th e  stim u la tio n  o f N 2-fix a tio n  b y  
o rgan ic  su b stra te s .
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IN VIVO AND IN VITRO EFFECT OF TOXIC AND 
RADIO-DETOXIFIED ENDOTOXIN PREPARATIONS 

ON CHEMILUMINESCENCE OF PERITONEAL 
CELLS OF MICE

E r z sé b e t  E l e k e s , K a t a l in  Me r é t e y  and L. B ertók

Frédéric Joliot-C urie N ational Institu te  fo r  Radiobiology and  Radiohygiene, and  
N a tiona l In stitu te  fo r  Rheumatology and P hysio therapy, Budapest

(Received April 30, 1986)

C hem ilum inescence (CL) of p e rito n ea l cells w as in v es tig a te d  one and five days a f te r  
in jec tion  of to x ic  and  rad io -d e to x ified  endotox in . T h e  CL w as trig g ered  by  toxic  and  rad io - 
detox ified  end o to x in . The rad io -d e to x ified  en d o to x in  h as less p ronounced  in  v ivo  a c ti­
v a tin g  effect th a n  th e  to x ic  endo tox in . As triggering  a g en t th e  to x ic  endotox in  w as m ore 
effective th a n  th e  rad io -d e to x ified  endotoxin . H ow ever, th e  rad io -d e to x ified  endo to x in  h as 
p reserved some in  v ivo  a c tiv a tin g  and  in  v itro  triggering  effect.

B ac te ria l endo to x in s  (L PS) are p o te n t a c tiv a to rs  o f th e  im m une response . 
A m ong o th e r effects th e y  influence th e  fu n c tio n  of m acrophages such as th e  
enzym atic  fu n c tio n  an d  th e  o x ida tive  m etabo lism  [1, 2].

In  v ivo an d  in  v itro  tre a tm e n t o f p e rito n ea l m acrophages w ith  en d o ­
to x in  d isp lays a g re a tly  enhanced  ab ility  to  g en era te  superoxide (0;T) in  
response to  s tim u la tio n  b y  opsonized zym osan  or b y  p h o rb o l m y s tra t a c e ta te  
(PMA) [1, 3]. Such a c tiv a te d  m acrophages also e x h ib it H 20 2 release [4, 5]. 
The influence  o f in tra p e r ito n e a l and  subcu tan eo u s in j ec tion  of LPS on p e rito n ea l 
and  spleen cells has b een  in v es tig a ted  in  L P S  sensitiv e  an d  resis tan t m ice b y  
CL of la te x  pa rtic le s  [6]. L P S  is able to  gen era te  chem ilum inescence b y  p o ly ­
m orphonuclear leu k o cy tes  (PM N) d irec tly , n o t o n ly  th ro u g h  th e  a c tiv a tio n  
process b y  p rev ious in c u b a tio n  w ith  L PS [7].

T he a d ju v a n t effect of L PS  p rep a ra tio n s , d e to x ified  by  different chem ical 
m ethods w as in v e s tig a te d  as early  as d u rin g  th e  s ix ties. I t  seem ed th a t  th e  
a d ju v a n t a c tiv ity  was connected  w ith  th e  m eth o d  o f d e to x ifica tion . A ccord ing  
to  N ow otny  [8], t re a tm e n t w ith  boron  tr if lu o rid e  in duces an  expressed decrease 
of a d ju v a n t a c tiv ity . O n th e  o th e r h an d , d e to x if ica tio n  b y  po tassium  m e th y la te  
does no t in fluence  th e  a d ju v a n t cap ac ity  of en d o to x in  [8, 9]. W e have observed  
a p ronounced  decrease o f a d ju v a n t a c tiv ity  of L P S  detox ified  by  p o ta ss iu m
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m e th y la te . As a possib le cause o f th is , i t  m aybe supposed t h a t  th e  chem ical 
d e to x if ic a tio n  w as b ro u g h t la te r  to  a s tan d still.

T he to x ic  and  o th e r  deleterious effect o f LPS can be decreased  b y  gam m a 
ir ra d ia tio n . T he d im in u tio n  o f th e  le th a l effect was d ep en d en t on th e  dose of 
ir ra d ia tio n  [10-12].

We exam ined  th e  effect o f to x ic  an d  rad io -d e to x ified  endo to x in s  on 
p e rito n e a l cells. T he to x ic  and  rad io -d e to x ified  endotoxins w ere used  as in  vivo 
a c tiv a to rs  and  as in  v itro  trig g e rin g  ag en ts . R ad io -detox ified  en d o to x in  was 
u sed , because th ese  p re p a ra tio n s  as a d ju v a n ts  enhanced th e  im m u n e  response 
s im ila rly  to  th e  effect o f to x ic  L P S  [13, 14]. T he m acrophages p la y  an  essen tia l 
ro le  in  th e  im m une  response  w hich can  be influenced  b y  v a rio u s doses of 
en d o to x in s . B y  CL te s tin g , th e  questio n  w h e th e r the  tox ic  an d  rad io -d e to x ified  
L P S  influences th e  re sp ira to ry  h u rs t in  th e  sam e w ay and  m an n e r, could he 
answ ered .

D uring  these  ex p erim en ts  lum ino l am plified  CL was used , w hich  reac ts  
m a in ly  w ith  h y d ro g en  perox ide  (H 20 2) an d  p robab ly  th e  sing le t oxygen  
(10 2), b u t it seem s n o t to  reac t w ith  h y d ro x y l radicals (O H -) [15].

M aterials and m ethods

A n im a ls . T h ree  m o n th s  old C57B1X D B A o jF jjL a ti (L ab o ra to ry  A n im als B reed ing  
I n s t i tu te ,  Gödöllő) h y b rid  m ice of b o th  sexes w ere u sed . T he anim als w ere tre a te d  w ith  100 ц g 
o f to x ic  or rad io -d e to x ified  en d o to x in  p re p a ra tio n  in trap erito n ea lly , th e n  sacrificed  on  th e  
f irs t  o r on th e  5 th  day.

Peritoneal cells w ere o b ta in e d  b y  lav ag in g  th e  p e rito n ea l c av ity  o f  m ice w ith  iso ton ic  
N aC l so lu tion . P e rito n ea l cells o f 6—10 m ice w ere pooled  before cell se p a ra tio n  b y  F icoll- 
U ro m iro  g rad ien t c en trifu g a tio n  (1.071 d ensity ). T h e  cells were w ashed a n d  resu sp en d ed  in  
TC 199 m edium  co n ta in in g  T ris  b u ffer an d  glucose (p H  7.2). The f in a l co n ce n tra tio n  o f th e  
cells w as 106 or 4 X 10G per m l.

E ndotoxin ( L P S )  preparation. E n d o to x in  w as p rep ared  by  w arm  p h e n o l-w a te r  m eth o d  
fro m  Escherichia coli 0 8 9  s tra in  [16].

D etoxification o f  L P S  preparation. F o r d e to x ifica tio n , LPS w as d isso lved  in  d istilled  
w a te r  (10 m g/m l) an d  ir ra d ia te d  using  a  “ C o-gam m a source (Sovatom ) b y  th e  m eth o d  of 
P re v ite  e t  al. [17], m odified  b y  us. T he doses o f d e to x ifica tio n  were 50 or 150 kG y.

Chemiluminescence (C L ).  L um inol d e p en d e n t CL was m easu red  in  th e  B eck m an n  
L S 100 liqu id  sc in tilla tio n  c o u n te r , o u t o f coincidence m ode a t  room  te m p e ra tu re . T he re ac tio n  
w as done in  d a rk , in  d a rk  a d a p te d  p las tic  sc in tilla tio n  v ials. The v ials co n ta in ed  L u m ino l a t 
4 x l 0 ~ 8 M fin a l co n cen tra tio n . T he re ac tio n  vo lum e in  th e  te s t tu b es w as 1.1 m l co n ta in in g  
1, 10 or 100 /tg end o to x in  p re p a ra tio n  an d  5 x l 0 5 cells on  th e  f irs t d ay , a n d  2 x 1 0 °  cells on 
f i f th  d a y  a fte r  in  v ivo  en d o to x in  trea tm e n t.

Statistical analysis. M ean i S E  w as d e te rm in ed  and  m a th em a tica l sign ificance w as 
c a lcu la te d  by  S tu d e n t’s t te s t.

R esu lts

CL o f resident peritoneal cells. T he in  v itro  effect of to x ic  an d  rad io - 
d e to x if ied  end o to x in  p re p a ra tio n s  on th e  jte rito n ea l cells of u n tre a te d  an im als 
w ere in v es tig a ted . T ab le  I  d em o n stra te s  th a t  th e  u n trea ted  cells p ro d u ce  only
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Table I

Chemiluminescence o f  peritoneal cells fro m  control mice 
Cells were triggered in  vitro by 10 fig o f  toxic or radio-detoxified endotoxin

T y p e  o f  in  v i tro CPM  X  103, tim e  in m in
trig g e rin g

15 20 25 30 45

PB S 8 .8 ± 0 .8 8.7 ± 0 .8 9.7 ± 0 .8 9 .3 ± 0 .9 9 .3 ± 1 .1

L PS 7 .9 ± 0 .8 8 .0 ± 0 .4 9.1 ± 0 .3 8 .4 ± 0 .4 7.1 ± 0 .4

50 к Gy LPS 8 .2 ± 0 .6 8 .3 ± 0 .9 9 .0 ± 0 .9 9 .2 ± 1 .3 9 .1 ± 1 .3

150 kG y LPS 7.7 ± 0 .7 7 .6 ± 0 .6 7 .8 ± 0 .5 7 .9 ± 0 .5 7 .5 ± 0 .5

T y p e  o f  in  v itro С Р М Х Ю 3, tim e  in m in

trig g e rin g
60 75 90 105 120

PB S 9 .9 ± 1 .4 1 0 .1 ± 1 .3 12 .0±1 .7 10.8 ± 1 .1 1 0 .3 ± 0 .9

L PS 7 .3 ± 0 .6 7 .6 ± 0 .9

COо-HCO 8.7 ± 1 .1 9 .0 ± 1 .1

50 kG y  LPS 9 .3 ± 1 .1 9 .7 ± 1 .8 10 .7±2 .0 1 0 .5 ± 1 .8 1 0 .9 ± 1 .6

150 kG y  LPS 8.0 +  0.8 8 .9 ± 1 .1 9 .2 ± 1 .4 9.5 ± 1 .3 9 .6 ± 1 .5

R esu lts rep resen t m ean  +  SE  of a t  lea s t 4 v ials. E x p erim en ta l anim als were u n trea te d . 
T he peritonea l cells were p rep ared  as given in  “ M aterials and m eth o d s” . Vials con tained  Lum inol, 
2 X 106 cells and 10 fig  o f L PS  p rep ara tio n

a v e ry  low  level o f CL. A dding  to x ic  or rad io -d e to x ified  en d o to x in  p rep a ra tio n s  
to  th e  cells, no h ig h er CL v alues w ere induced  as co m p ared  w ith  p h o sp h a te  
bu ffered  saline (P B S ).

The background CL o f  peritoneal cells o f  in  vivo treated anijnals. A n im als 
w ere in jec ted  w ith  100 fig of to x ic  or rad io -d e to x ified  L P S  in tra p e rito n e a lly ; 
an  u n tre a te d  g roup  served  as con tro l.

T he b ack g ro u n d  level o f CL in  n o rm a l anim als w as low  (Fig. 1). H ow ever, 
in  an im als tre a te d  w ith  to x ic  en d o to x in  a sign ifican t e leva tion  of b ack g ro u n d  
CL w as observed  on th e  f irs t d ay . R ad io -d e to x ified  endo tox in  caused  an  
exp ressed , h u t less p ro n o u n ced  increase  in  th e  b ack g ro u n d  level th a n  th e  to x ic  
en d o to x in . On th e  f if th  d ay  th e  a c tiv ity  of perito n ea l cells was low er th a n  on 
th e  f irs t  d ay  a f te r  t re a tm e n t. T he e lev a tio n  of th e  b a ck g ro u n d  levels o f b o th  
L P S  tre a te d  groups w as s ta tis t ic a lly  s ign ifican t, in  com parison  to  th e  u n tre a te d  
con tro ls .

The CL o f  endotoxin-activated peritoneal cells in the presence o f  toxic or 
radio-detoxified endotoxin preparations. T he effect o f d iffe ren t doses o f to x ic  
or rad io -d e to x ified  L P S  on cells o b ta in ed  from  L P S  tre a te d  m ice w as also 
in v es tig a ted . O n th e  f irs t  d a y  a f te r  endo tox in  t r e a tm e n t th e  h igher in  v itro  
dose o f LPS (10 fig) could  on ly  m o d era te ly  elevate  th e  CL. One fig L P S  h a d  a 
p ro n o u n ced  effect an d  ind u ce  a h ig h  CL response (F ig . 2). As to  th e  effect of
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150 kG y rad io -d e to x ified  L P S , a t th e  h ig h er (10 fig) in  v itro  dosis th e  CL was 
e lev a ted  in  th e  la te  p e rio d  o f CL response, b u t  a t  1 fig th e  p e a k  ap p eared  in  th e  
e a r ly  period w ith  a second  p e a k  a t  th e  end  o f th e  f irs t h o u r (F ig . 2). In  th e  in  
v itro  presence of to x ic  L P S  th e  early  p e a k  w as expressed.

F ig . 1. C hem ilum inescence o f p e rito n ea l cells from  co n tro l m ice and fro m  an im als trea te d  in  
v iv o  w ith  toxic or rad io -d e to x ified  L PS , w ith o u t in  v itro  triggering  ag en t. On th e  f irs t  day  
5 X 105, on th e  f if th  d a y  2 X 106 cells pe r v ials w ere in v estig a ted . E ac h  p o in t represen ts th e
m ea n  o f a t  least 11 v ia ls . I n  v ivo  tre a tm e n t:  ----------  u n tre a te d  c o n t r o l , ------ L PS, -----------

150 kG y  L P S

Fig. 2. Chem ilum inescence o f p e rito n ea l cells from  an im als trea te d  on th e  p rev ious day  w ith  
100 /ig  o f toxic LPS. Cells w ere  in  v itro  triggered  w ith  1 /<g of toxic o r rad io -d e to x ified  LPS.
E a c h  p o in t represents th e  m ean  of a t  le a s t 5 v ials. I n  v itro  triggering: — ------P B S , ------- L PS ,

-----------50 kG y  L P S , ..............  150 kG y  LPS
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O n th e  f if th  d ay  a fte r th e  in  v ivo  tre a tm e n t of m ice, p e rito n ea l cells w ere 
less sensitive  to  th e  in  v itro  trig g e rin g  of L PS p rep a ra tio n s . A lthough  for in  
v itro  in v es tig a tio n  a four-fod a m o u n t o f  cells w as necessary , th e  response w as 
low er. T he effects o f triggering  to x ic  en do tox in  doses show ed no m ark ed  
differences. V arious doses o f rad io -d e to x ified  L PS  h ad  d iffe ren t effects. T en  
f i g  of 150 kG y rad io -de tox ified  L P S  h a d  a slight effect (F ig . 3).

CL o f  radio-detoxified L P S-activa ted  peritoneal cells in  the presence o f  
toxic or radio-detoxified L P S .  F o r in  v ivo  tre a tm e n t we used  an  L P S  p re p a ra ­
tio n  d e to x ified  b y  150 kG y 60C o-gam m a irrad ia tio n . O n th e  f irs t d ay  a fte r  th e  
T reatm en t th e  basic level of CL w as low er th a n  th a t  o bserved  a fte r  to x ic  L P S  
tre a tm e n t (see F ig . 1). T he a d d itio n  in  v itro  of toxic or rad io -d e to x ified  p rep a- 
ta tio n s  in  a dose o f 10 fig (F ig. 4), h a rd ly  enhanced  th e  CL o f p e rito n ea l cells.

Fig. 3. C hem ilum inescence of p e rito n ea l cells a fte r  add ing  in  v i tro  10 fig  o f to x ic  or rad io - 
de tox ified  L PS  p rep ara tio n s. Mice w ere tre a te d  5 days earlier w ith  100 fig  o f to x ic  L P S  in tra -  
p e rito n ea lly . E ac h  p o in t rep resen ts th e  m ean  o f a t  least 5 v ials. I n  v i tro  triggering : — PB S , 

------ L P S , ---------- 50 k G y  L P S , ...........150 k G y  L PS

Fig. 4. Chem ilum inescence of p e rito n ea l cells a f te r  adding in  v itro  10 fig  to x ic  o r rad io -d e to x i­
fied  L P S  p rep ara tio n s. Mice w ere tre a te d  on  th e  previous day  w ith  100 fig  o f 150 k G y  rad io - 
de tox ified  L PS  in trap erito n ea lly . E ac h  p o in t rep resen ts th e  m ean  of a t  le a s t 5 v ials. In  v itro  

tr ig g e r in g :----------P B S ,------- L P S , -----------50 kG y L P S , ..............150 kG y L PS
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F ig . 5. Chem ilum inescence o f p e rito n ea l cells in  th e  in  v itro  p resence of 100 fig  of tox ic  or 
rad io -de tox ified  L P S  p re p a ra tio n s . Mice w ere tre a te d  5 days earlie r w ith  100 fig  o f 150 kG y 
rad io -de tox ified  L P S  in tra p e rito n e a lly . E ac h  p o in t rep re sen ts  th e  m ean  of a t  lea s t 5 v ials. 

In  v itro  triggering : ---------- P B S , --------L P S , -----------50 kG y L P S , ..............150 kG y  LPS

A t 1 fig dose all p re p a ra tio n s  w ere ineffec tive. O n th e  f if th  d a y  a fte r  th e  in  v ivo 
tre a tm e n t w ith  ra d io -d e to x if ie d  L P S , th e  in  v itro  CL a c tiv ity  o f th e  cells w as 
ev en  lower th a n  on  th e  f ir s t  d a y ’s reac tio n . One or 10 pg L P S  did  n o t induce 
a n y  CL in the  cells, o n ly  th e  h igh  dose o f L P S  (100 /.ig) could evoke a slight CL 
response  (Fig. 5).

D iscussion

E n d o tox in  t r e a tm e n t  causes s ig n ifican t changes in  an im als [5, 18]. F o r 
ex am p le  it  induces to le ra n c e  aga in st rep e a te d  h igh dose tr e a tm e n t and  s tim u ­
la te s  th e  non-specific re s is tan ce . D etox ified  L P S  possesses th e  to le ran ce  inducing  
e ffec t as well [13]. O u r a im  in  th e  p resen t s tu d y  has heen  to  answ er th e  ques­
tio n  how toxic or rad io -d e to x if ied  L P S  m odifies th e  m acrophage functions 
m easu rab le  w ith  CL.

The ac tiv a tin g  effect o f L PS  tre a tm e n t on th e  m ononuclear phagocy te  
sy s te m  was p roven  b y  p h ag o cy to sis  of a c tiv a te d  cells in  th e  p resence of pliorbol 
m y s tra te  acetate  (PM A ) or com plem ent coated  zym osan  [3, 19]. PM N ‘s tr ig g e r­
in g  effect of LPS on  CL w as observed  b y  H erk in s  e t al. (c it. G alanos [20]). 
T h e re  is no e x p la n a tio n  in  th e  l i te ra tu re , how  cells are  a c tiv a te d  in  vivo by  
d e to x ified  LPS an d  how  th ese  cells respond  to  endo to x in s  as trig g erin g  agents.

According to  o u r re su lts , res tin g  m acrophages do no t resp o n d  im m edia te ly  
b y  an  increase o f CL e ith e r  to  th e  rad io -d e to x ified  LPS or th e  tox ic  one in  
v i t ro  (Table I). T he a c tio n  o f L PS  is p ro b ab ly  n o t a d irec t effect b u t i t  w orks 
th ro u g h  the a c tiv a tio n  o f  m acrophages d u rin g  longer in c u b a tio n . O ur resu lts  
show  th a t  the  e x p e rim e n ta l an im als were pa th o g en -free , as CL responses of our
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u n tre a te d  anim als w ere low . T hese re su lts  are in  good ag reem en t w ith  th e  
re p o rt o f  M etzger et al. [19], who considered  th e  lack  o f sp o n tan eo u s  or PM A 
in d u c ib le  CL increase in  th io g ly co la te  induced  cells as th e  co n firm a tio n  of 
p a th o g en -free  s ta te . B ry a n t  an d  H ill [21] also found  on ly  slig h tly  h igher CL 
of m acrophage  m onolayers in  n o n -p rim ed  anim als in th e  presence o f opsonized 
zym osan  th a n  the  b a c k g ro u n d  CL. In  ou r experim en ts p re tre a tm e n t of tox ic  
or rad io -de tox ified  L P S  sig n ifican tly  increased  th e  sp o n tan eo u s CL a t  th e  
f irs t  d a y  following th e  tr e a tm e n t  (F ig . 1). On th e  5 th  d a y  th e  increase  was still 
s ig n ifican t, b u t less m a rk e d . O ur re su lts  were no t su p p o rted  b y  th e  find ing  of 
B ry a n t  and  H ill [21] w ho h av e  s tu d ied  an im als p re tre a te d  w ith  Coryne- 
bacterium  parvum  an d  fo u n d  no sign ifican t differences in  th e  b ack g ro u n d  CL 
values betw een  m acro p h ag e  m onolayers tak en  from  C. p a rvu m  tre a te d  and  
c o n tro l anim als.

In  th e  firs t d ay  fo llow ing p re tre a tm e n t w ith  to x ic  L P S , CL increased 
s ig n ifican tly . This fac t w as observed  in  th e  presence o f 1 pg an d  10 p  g of L PS . 
I t  m a y  be assum ed t h a t  on  th e  f ir s t  d ay  th e  m acrophages becom e ac tiv a ted . 
T his a c tiv a te d  m acrophage  p o p u la tio n  has an  increased  a c tiv ity  in  th e  p ro d u c­
tio n  o f  oxygen rad ica ls  a n d  phagocy tosis . This increased  re a c tiv ity  m anifests 
i ts e lf  in  a higher CL in  th e  presence o f triggering  L P S . T h e  trig g erin g  effect of 
d e to x ified  LPS p re p a ra tio n s  w as decreased . This decrease seem ed to  depend  on 
th e  increase  of th e  dose o f  ir ra d ia tio n  (F ig. 2).

O n th e  5 th  d a y  a f te r  t re a tm e n t w ith  LPS th e  CL in  v ivo , th e  a c tiv ity  
o f th e  cells decreased s ig n if ican tly  (F ig . 2). O ur re su lts  are  in ag reem en t w ith  
th e  re su lts  of F eu ille t-F ieu x  et al. [6], who found th a t  in  h igh  resp o n d er mice 
th e  effect o f LPS on  th e  fo u rth  d a y  a fte r in tra p e rito n e a l in jec tio n  was less 
ex ten siv e  th a n  on th e  second  day , m easu red  by  CL o f la te x  p artic les .

I t  is difficult to  f in d  a co rrec t ex p lan a tio n  of ou r re su lts . One possib ility  
is t h a t  peritoneal cells can  be irresponsive  to  a re p e a te d  trig g erin g  agen t 
because  of th e  developed  en d o to x in  to lerance  on th e  5 th  day . B u t i t  m ay also 
be supposed  th a t  th e  re su lts  on th e  5 th  d ay  co rre la te  w ith  th e  decrease o f th e  
en zy m atic  a c tiv ity  o r enzym e c o n te n t. I t  seems to  be sim ilar to  th e  resu lts  of 
Seim  [22], who, d u rin g  in  v itro  d iffe ren tia tio n  of h u m a n  m onocy tes, observed 
th e  decrease of lu m in o l d ep en d en t CL, possib ly  caused  b y  th e  decrease of 
m yeloperoxidase a c t iv i ty  o f cells. K alag er e t al. [23] found  differences in  CL 
an d  enzym e a c tiv ity  o f  p e rito n ea l leukocytes in d u ced  b y  th e  in jec tion  of 
case in a te , depending  fro m  th e  h a rv es tin g  in te rv a ls . F u rth e rm o re , i t  is possible 
t h a t  th e  d is trib u tio n  o f  cells is fu n c tio n a lly  n o t th e  sam e on th e  5 th  d ay  as on 
th e  f irs t  day. H ow ever, no s ig n ifican t change could  be seen in  th e  d is trib u tio n  
o f cells m orphologically . A nim als p re tre a ted  w ith  to x ic  en d o to x in  produced  
less pronounced  CL response  to  rad io -de tox ified  p re p a ra tio n s  th a n  to  tox ic  
ones. I t  m ay be assu m ed  th a t  th e  in  vivo ac tiv a tin g  effect of d e tox ified  L PS  is 
less th a n  th a t  o f th e  to x ic  L P S . O th e r ex p erim en ta l re su lts  [12-14] su p p o rt
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th a t  detoxified  p re p a ra tio n s  w ith  in ta c t to le ran ce  in d uc ing  cap ac ity  have in 
m a n y  respect on ly  m o d e ra te  effectiveness.

O ur d a ta  show ed a p a r tia l  decrease o f CL o f p e rito n ea l cells collected one 
d a y  a fte r  tre a tm e n t w ith  rad io -d e to x ified  L PS  in com parison  w ith  CL of cells 
o rig in a tin g  from  to x ic  L P S  p re tre a te d  anim als (F ig . 3). H ow ever, detoxified  
p re p a ra tio n s  could tr ig g e r  s ig n ifican tly  CL o f cells in  v itro . T he dim inished 
a c tiv i ty  of cells show  th e  fa c t t h a t  a h igher dose o f L P S  shou ld  be used for th e  
in  v itro  triggering , b ecau se  a low er dose fails to  induce  an y  CL response. On th e  
5 th  d ay  CL could be  induced  on ly  w ith  a h igh dose of to x ic  L P S  (Fig. 5). 
R ad io -de tox ified  L P S  ind u ce  sm all or no t an y  response.

Sum m arizing , d e to x ified  L P S  p rep a ra tio n s  h av e  less p ronounced  a c ti­
v a tin g  and triggering  effect b o th  in  v ivo and  in  v itro  th a n  to x ic  L P S . H ow ever, 
th e  in  vivo effect w as n o t com ple te ly  m issing in  rad io -d e to x ified  L PS p re p a ra ­
tio n , w hich can p ro b a b ly  a c tiv a te  th e  m acrophages to  som e e x te n t.
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THE ROLE OF GENES LACI AND LAC2 IN THE 
BIOSYNTHESIS OF LACTOSE METABOLISM 
ENZYMES BY KLUYVEROMYCES L ACT IS

H . B o z e , D. N i c o l , G. M o u l i n  an d  P . G a l z y  

Chaire de Génétique et Microbiologie I .N .R .A .- E .N .S .A .  M ontpellier, France  

(R ece ived  M arch 27, 1986)

B y  Crossing d ifferen t Kluyverom yces lactis s tra in s , th e  role o f genes L A C I, LAC2 and  
of gene C w ere analyzed . T hese genes are  in vo lved  in  th e  b iosynthesis o f enzym es fo r th e  
m etab o lism  of lac to se  and  galactose. T h ey  c on tro l th e  b iosyn thesis o f th e  lac tose  an d  galactose  
tra n s p o r t,  o f b e ta -g alacto sid ase  an d  o f th e  th ree  enzym es of th e  L eloir p a th w ay . T he presence 
of a t  lea s t one of th e  LAC gene is req u ired  fo r th e  b io sy n th es is to  occur. T h e  gene C seem s 
to  code fo r a n eg ativ e  fac to r w hich  b locks th e  expression  of th e  LA C I an d  LAC2 genes in  th e  
absence of an  inducer.

K luyverom yces lactis V an  der W a lt c an  assim ilate  lac to se  as ca rbon  
source. L actose is hyd ro lyzed  in to  glucose an d  galactose b y  th e  in trace llu la r 
/5-galactosidase (E . C. 3.2.1.23). T he /5-galactosidase is induc ib le  b y  lactose 
an d  galactose [1, 2]. T he m ax im u m  a c tiv ity  level o f /5-galactosidase is o b ta in ed  
follow ing 9 ce llu la r genera tions in  th e  presence o f th e  inducer. I t  is from  100 to  
150 tim es g re a te r  th a n  w hen  th e  cells a re  grow n on a m ed ium  w ith o u t an  
in d u ce r [2]. H e rm a n  an d  H alv o rso n  [3] s tu d ie d  th e  genetic  co n tro l o f th e  
syn th esis  o f /5-galactosidase b y  crossing K luyverom yces lactis (a) Y  1140 and  
(<x) Y  1118 s tra in s . T he segregation  for th e  /5-galactosidase a c tiv ity  an d  n o ­
a c tiv ity  galac tosidase  c h a ra c te r  suggested  th a t  th e re  are tw o  sep a ra te  genes 
fo r /5-galactosidase. T he g en o types a t tr ib u te d  w ere LACI lac2 fo r s tra in  (a) 
Y  1118 and  l a d  LAC2 fo r s tra in  (a) Y  1140. G ene LACI seem s to  be tie d  to  th e  
s tru c tu ra l gene for /5-glucosidase. T ingle and  H alvorson  [1] show ed th a t  th e  
LA C I lac2 /lac l LAC2 diplo ids h av e  an  en zy m a tic  a c tiv ity  eq u a l to  th a t  o f th e  
p a re n t s tra in s . T hese au th o rs  iso la ted  m u ta n ts  o f Y  1118 s tra in  w ith  a reduced  
galac tosidase  a c tiv ity . T hese s tra in s  h av e  th e  LA C I lac2 g eno type . H ow ever, 
th e  L a c i lac2 /lac l LAC2 diplo ids show ed an  a c tiv ity  50%  low er th a n  expected . 
I n  opposition  to  th e  f irs t  case w here th e  au th o rs  observed  a gene dosage 
effect, th e  m u ta tio n  on la c l  w as p a r tia lly  e p is ta tic  on th e  LAC2 gene. Sheetz  
an d  D ickson [4] iso la ted  severa l m u ta n ts  u n ab le  to  a ssim ila te  lac tose  w hich  
th e y  nam ed  la c - . Seven co m p lem en ta tio n  g roups w ere n am ed  LAC3 to  LAC9. 
T hese s tra in s  are  also unab le  to  grow  on galac tose . The LAC4 gene w as show n 
to  be th e  s tru c tu ra l  gene for /5-galactosidase [5]. Also R iley  an d  D ickson  [6]
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iso la ted  and  id en tified  К . lactis m u ta n t s tra in s  w hich are  defective for galacto- 
k in ase  (A TP-D  g a lac tose  1 p h o sp h o tran sfe rase , E . C. 2.7 .1 .6 .), tran sfe ra se  
(u rid in e  d ipho sp h o -g lu co se-D -g a lac to se-l-p h o sp h a te  u rid y ltran sfe ra se , E . C. 
2 .7 .7 .10.) and  ep im erase  (u rid ine d iphosphog lactose-4 -ep im erase). T h e  co rre ­
sp o n d in g  genes w ere re sp ec tiv e ly  n am ed  G Á L I, G A L7 and  GAL10 due to  a 
s im ila rity  to  genes responsib le  for th e  m etab o lism  o f galactose in  Saccharo­
myces cerevisiae. T he  o rd e r of these  genes seem s to  be id en tica l to  th a t  fo u n d  for
S . cerevisiae. D ickson  e t  al. [7] o b ta in e d  c o n s titu tiv e  m u ta n ts  (laclO 6) for 
/?-galactosidase. T h ey  show ed th a t  LAC10 has a n eg a tiv e  con tro l on /3-galactosi- 
dase as well as on galac tok inase , tran sfe ra se  and  lac to se  perm ease.

In  th e  p re se n t w ork , we s tu d ied  th e  in fluence  o f th e  LA C I an d  LAC2 
genes an d  of a gene C (c o n stitu tiv e  ch a rac te r)  on th e  reg u la tio n  o f th e  b io ­
sy n th es is  o f th e  enzym es involved  in  th e  m etabo lism  o f lac tose  an d  galactose.

M aterials and m ethods

Strains and production  o f  spores. T he tw o o rig inal hap lo id  h e te ro th a llic  p a re n ta l  s tra in s  
o f K . lactis Y  1140 (a  l a d  LAC2) and  Y  1118 (aL A C l 1ас2) w ere o b ta in ed  fro m  s tra in  CBS 
C en traa lb u reau  voor Sch im m elcu ltu res D e lft 2359 and  CBS 6315, respectively . Tw o o th er 
s tra in s , Y  11630 (a la c l  LAC2 h is - ) and  Y  11631 (a  LA C I 1ас2 ly s - ) w ere k in d ly  su p p lied  by  
A lb e rta  H erm an n , U . S. D e p a rtm e n t o f A g ricu ltu re  N o rth  R egional R esearch  L ab o ra to ry , 
P eo ria , Illinois, USA. A ll su b seq u en t s tu d ies  in v o lv ed  these  s tra in s  or cu ltu res d e riv ed  from  
m a tin g  be tw een  CBS 2359 X CBS 6315 or Y  11630 X Y  11631.

M edia  and growth conditions. T he com ple te  m ed ium  (Y M E) con ta ined  0 .3 %  y eas t 
e x tra c t ,  0 .3%  m a lt e x tra c t ,  0 .5%  p ep tone  an d  1%  glucose [8]. M inim al m edium  (MM) con­
ta in e d  Difco Y east N itro g en  B ase (0 .7% ), w ith  c a rb o n  0 .5%  source (glucose, glycerol, lac tose , 
o r galactose). M inim al m ed iu m  w ith  L-am ino acid  (M M aa), w as MM supp lem en ted  w ith  0.022%  
lysine  an d  0 .022%  h istid in e . Spore iso lates an d  s to ck  cu ltu res  w ere m ain ta in ed  on  y e as t-m alt-  
e x tr a c t  (YM E) described  b y  W ickerham  [8]. L iq u id  cu ltu res  w ere in cu b a ted  w ith  sh ak ing  
a t  28 °C. Solid m ed iu m  co n ta in ed  3%  agar. Cell g ro w th  w as m o n ito red  by  o p tica l d en sity  
m easu rem en ts  in  an  E lv i co lo rim eter a t  420 nm . 1 OD u n it  co rresponds to  200 X 10e cells/m l 
and  1.8 m g d ry  m atte r/in l.

Genetic analysis. H a p lo id  stra in s  w ere g row n on YM E solid  m ed ium  for 24 h  th e n  th ey  
w ere crossed by  rep lica -p la tin g . A fter in cu b a tio n  fo r 3 to 10 d ay s to  allow  m atin g  an d  sp o ru la ­
tio n , asci appeared . A scus dissection  was pe rfo rm ed  according to  th e  technique  d escribed  by  
Jo h n s to n  and  M ortim er [9]. Asci were su spended  in  1 ml o f physio logical saline (N aC l 0 .9% ) 
w ith  1 m l o f g u t ju ice  o f H elix  pom atia. A fter 10 m in , th e  asci w ere d issected  on Y M E m ed iu m  
u sin g  th e  De F o n b ru n e  m ic ro m an ip u la to r. G enetic  analyses w ere carried  o u t on ly  on  asci 
w ith  all fo u r spores su rv iv in g  on  d ifferen t m edia : M M aa -(- g lucose; M M aa - j-  lac tose; M M aa +  
ga lactose ; M M aa glucose +  lactose  and M M aa glucose - f -  galactose . Segregation  analysis of 
lysine  an d  h istid ine  was p e rfo rm ed  on MM +  glucose -j- h is tid in e  an d  MM -f- glucose +  lysine.

Preparation o f  enzym e extracts. T he ga lac to k in ase , u rid y l tran sferase  and  ep im erase  
assays w ere perform ed on  enzym e e x tra c ts  p re p are d  from  g ro u n d  cells. T he cells w ere h a rv este d  
d u rin g  th e ir  ac tive  g ro w th  phase. A fter w ash ing  tw ice w ith  d is tilled  w a ter th e  p e lle t was 
d ispersed  in  25 ml d is tilled  w ater. The cells w ere h a rv ested  so th a t  th is  suspension show ed an  
OD o f 40 un its . T en  m l o f th is  suspension were g round  w ith  glass bead s in  a B ra u n  a p p a ra tu s  
fo r 5 m in. A  je t  o f C 0 2 snow  was used  every  10 s fo r cooling. Follow ing sep ara tio n  o f th e  glass 
bead s , th e  m ix tu re  w as cen trifu g ed  a t 50 000 g fo r 25 m in. T h e  resu ltin g  su p e rn a ta n t  was 
frozen. A fte r th aw in g  th e  e x tra c t  was cen trifu g ed  a t  140 000 g fo r 45 m in. This f in a l su p e r­
n a ta n t  c o n stitu ted  ou r enzym e e x tra c t. P ro te in  assays w ere perfo rm ed  a t  each step  o f th e  
e x tra c tio n . In  all cases on ly  a l ittle  a c tiv ity  loss (less th a n  5% ) o ccurred  du ring  th e  freez ing  step .

T he assay  of /1-galactosidase a c tiv ity  w as perform ed on perm eabilized  cells. T he cells 
w ere cen trifuged  o u t, w ash ed  tw ice w ith  d istilled  w a te r and resu sp en d ed  in  Z b u ffer (50 mM 
N a H 2P 0 4; 10 m il K Cl; 1 m M  M g S 0 4; 50 m M  m ercap to -e th an o l; p H  7) described by  M iller [10]. 
T he vo lum e used was a d ju s te d  so th a t  th e  OD m easu rem en t w as be tw een  0.1 and  0.5. T h en
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0.5 m l o f an  e than o l/to lu en e  (4/1) m ix tu re  w as ad d ed  to  5 m l of th e  ab ove  suspension an d  th e  
w hole m ix tu re  w as m ixed for 10 s and  in cu b a ted  a t  30 °C for 10 m in. T he /?-galactosidase 
assay  w as th e n  im m ed ia te ly  p e rfo rm ed , w ith  0 -nitro-phenyl-/3-D -galactoside (O N PG ).

A ssay and  in d u ctio n  of th e  g a lacto sid ase  a n d  th e  th ree  enzym e o f L elo ir p a th w a y , in  
cells ren d ered  perm eable  b y  t re a tm e n t  w ith  d im ethy lsu lfox ide  (DM SO) was pe rfo rm ed  as 
described  b y  A dam s [11].

E n zym e  assays. T he assay  of Д-g alactosidase  w as perform ed w ith  cells p rev iously  per- 
m eabilized  w ith  toluene. One m l O N P G  (4 m g/m l) w as added  to  5 m l o f a  perm eab ilized  cell 
suspension. A t reg u la r in te rv a l 1.2 m l o f th e  re ac tio n  m ix tu re  w as ta k e n  an d  0.5 m l o f sodium  
carb o n a te  (1 m ) w as added to  th is  sam ple . T he O -n itrophenyl lib e ra ted  w as m easu red  a t  420 nm . 
One OD u n i t  corresponds to  1.33 /гм lib e ra te d  su b s tra te . One u n it  /î-ga lac tosidase  corresponds 
to  th e  am o u n t o f enzym e req u ired  fo r th e  h y d ro lysis of 1 n m ole O N P G  p e r m in  a t  30 °C 
and  p H  7.

T he assay  of ga lactok inase, o f g a lac to se -l-p h o sp h a te  u rid y ltra n sfe ra se  and  of u rid in e  
d iphospho-galactose  4 epim erase  w ere pe rfo rm ed  according to  th e  m eth o d s described  b y  
R ob ich o n -S zu lm ajste r [12]. One OD u n it  co rresponds to  55.61 /гто !е  ga lactose  este rified  by  
th e  ga lacto k in ase . One OD u n it  a t  340 nm  corresponds to  0.479 /гто1е o f tran sfo rm ed  su b s tra te  
in  th e  case o f th e  u rid y ltran sferase  an d  0.239 //m ole su b s tra te  fo r th e  ep im erase .

T he lac tose  tran sp o rt a c t iv ity  w as d e te rm in ed  as follows: th e  cells w ere h a rv es te d  by  
c en trifu g a tio n  a t  2000 g for 5 m in  an d  w ashed  tw ice w ith  d istilled  w a te r , th e n  re su sp en d ed  in  
a vo lum e o f w a te r  so as to  co rrespond  to  3 u n its  O D ; 2.5 m l of th e  suspension  w ere in cu b a ted  
a t  30 °C in  th e  presence of D -glucose 1JC lac tose  A m ersham  CFA 278, 1 f i d  o r o f D -1 -14C 
galactose  A m ersh am  CFA 435, 1 f i d ;  th e  c o n cen tra tio n  of lactose o r o f ga lactose  in  th e  re ac tio n  
tu b e  w as 1 m l ;  0.5 m l sam ples w ere ta k e n  d u rin g  10 m in; each sam ple  w as filte red  w ith  a 
M illipore 0.45 /г m em brane an d  w ashed  3 tim es w ith  lactose  (10 ш м ) or galactose  (10 т м )  
a t  4 °C; th e  f i lte r  m em branes w ere reco v ered  and  dissolved w ith  0.5 m l soluene 100 (P a c k ard ) 
for 12 h ; follow ing th e  ad d itio n  of 12 m l o f In s ta g e l (P ack ard ) sc in tilla tio n  liq u id , th e  ra d io ­
a c tiv ity  w as m easured .

P ro te in  assay  was pe rfo rm ed  b y  th e  B iu re t reac tio n  according to  S trick lan d  [13].

R esu lts

Segregation o f the L A C  and G A L  phenotypes and ß-galactosidase activity. 
Two ty p e s  o f crosses w ere p e rfo rm ed , one w ith  th e  K . lactis a 2359 and  a  6315 
s tra in s , an d  th e  o th e r w ith  th e  K . lactis a Y  11630 h is -  an d  a  11631 ly s -  
s tra in s . In  th e  la t te r  case, we v e rified  th a t  th e  segregation  of th e  genetic  m a r­
kers w as no rm al. E ach  spore o b ta in ed  w as te s te d  for g ro w th  on MM +  lactose 
an d  MM galactose. T he p resence or absence of Д-galac tosidase  a c tiv ity  was 
also d e te rm in ed  a fte r cu ltu rin g  on MM -[- glucose in  P e tr i  d ish  accord ing  to  th e  
p rocedure  described  by  H e rm a n  and  H alv o rso n  [14]. T he resu ltin g  segregation  
is show n in  T able  I . Spores grow ing  on lactose w ere classed  as Lac + , tho se  
grow ing on  galactose w ere G al + , an d  th o se  show ing a Д-galac tosidase  a c tiv ity  
w ere /?gal + . Two ty p es o f spores w ere o b ta in ed , th o se  w ith  th e  L a c + gal + 
/?Gal + p h en o ty p e  and  th o se  w ith  th e  L a c -  G a l-  /Igal-  p h e n o ty p e . T he segre­
g a tio n  o b ta in ed  agrees w ith  th a t  described  b y  H erm an  an d  H a lvo rson  [3]. All 
th e  spores w ith o u t Д-galac tosidase  a c tiv ity  w ere unab le  to  m etabo lize  galactose. 
In  o rd e r to  de term ine  w h e th e r  th e  gene(s) LA C I an d /o r LAC2 contro l(s) th e  
b io sy n th esis  o f enzym es in v o lv ed  in  th e  m etabo lism  o f lac to se  an d  galactose, 
we s tu d ie d  and  com pared  th e  ac tiv itie s  o f th e  Д-galac tosidase , th e  3 enzym es of 
th e  L elo ir p a th w a y  [15], th e  lac to se  an d  galactose tr a n s p o r t  system s o f th e  
p a re n t s tra in s  and  o f th e  spores w ith  d ifferen t geno types.
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Table I

Genetical analysis o f  the segregation o f  genes L A C I and LA C 2

G enotypes P h e n o ty p e s

P aren t stra ins 

2359 and 11630 lac l LAC2 Lac+ G a l+ ß  g a l+ ( + )
6315 and 11631 LACI lac2 L a c + Gal + ß  gal + (-[-)

Possible LACI LAC2 L a c + G a l+ ß  gal + (-{-)
recom binants lac l lac2 L ac “ Gal -  ß  gal -  ( —)

D ifferent types of asci resu ltin g  from  th e  cross o f two stra in s  w ith  l a d  LAC2 and  LACI 
Iac2 genotypes

P a re n ta l  d ity p e s T e tra ty p e s N o n  p a re n ta l  d ity p es

Genotypes la c l LAC2 la c l  lac2 la c l  lac2
la c l LAC2 la c l  LAC2 la c l  lac2
LACI lac2 LACI LAC2 LA C I LAC2
LACI lac2 LACI 1ас2 L A C I LAC2

Phenotypes 4 + /0 - 3 + /1 - 2 + /2 -
2359x6315 3 7 3
11630x11631 9 19 2

E nzym atic  study o f  the paren t strains. T he m easu rem en ts  of th e  a c tiv ity  
o f /?-galactosidase, th e  th re e  enzym es of th e  Leloir p a th w a y , and  of lactose 
an d  galactose perm eases w ere perfo rm ed  using  cells g row n du ring  15 h  on 
MM -)- glycerol (non -induced) and  on MM -f- galactose (induced). T he assay  
for /?-galactosidase a c t iv i ty  w as perfo rm ed  using  cells w hich  w ere perm eabilized  
w ith  to lu en e . The Leloir p a th w a y  enzym es w ere assayed  using  th e  ground cell 
su p e rn a ta n t. The g rin d in g  y ie ld , i.e. p ro te in s  in the  g round  cell su p e rn a ta n t 
as p e rcen t of w hole cell p ro te in s , was alw ays betw een  55 an d  60%

Follow ing g row th  on g lycerol (Table I I ) , th e  a c tiv ity  o f th e  th ree  enzym es 
o f th e  Leloir p a th w a y  w as n ea rly  n il for all s tra in s  te s te d . H ow ever, th e  a c tiv ity  
o f /З-galactosidase and  th e  ra te s  of p e n e tra tio n  of lac to se  an d  galactose w ere 
g re a te r  in  s tra in  2359 th a n  in  th e  o th e r th re e  s tra in s  (ten -fo ld  for /3-galac- 
to s id a se  an d  th ree-fo ld  fo r lac tose  perm ease). T he /5-galactosidase and  th e  
lac to se  an d  galactose perm eases seem ed to  be p a r tia lly  c o n s titu tiv e  in  s tra in
2359.

Follow ing g ro w th  in  th e  presence of an  inducer, th e  /S-galactosidase 
a c t iv i ty  was abou t tw ice  g rea ted  for s tra in  2359 as co m p ared  to  th e  o th e r 
s tra in s  te s ted . The g a lac to k in ase  and  th e  tran sfe ra se  are  also m ore ac tive  for 
th is  s tra in . I t  is n o te w o rth y  th a t  only  s tra in  2359 has a tra n s p o r t  system  for 
galactose.
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Table II

E nzym ic activity o f  parent strains in  the absence (  value above the bar )  and  
in  the presence ( value below the line) o f  an inducer

S tra in s /S-G alactosidasea G alactokinase*1 T ra n sfe ra se 1* Epim erase^
L ac to se  

t r a r  s p o r t0
G alactose

t ra n s p o r t0

20 430 2274 84 130 0.7 1.662 359 1512 0' "T" I T 0.3 1.20

6 315
9 100 101 23 400 0.5 *

130 0 2 1) 0.1 *

7 078 530 28 100 2.0 *
11 630 185 Ö ~4T 5 0.1 *

11 631
6 700 210 40 40 0.5 *

129 0 1 2 0.1 *

a A c tiv ity  expressed  as n  moles of O N PG  hydro lyzed  per m g p ro te in , pe r m in 
b A c tiv ity  expressed  as n  moles su b s tra te  transform ed per m g p ro te in , pe r m in 
c //Moles su b s tra te  p en etra tin g  th e  cells p e r m in, per g d ry  m a tte r . P e n e tra tio n  was 

m easured  during th e  f ir s t  10 m in 
* Non detectab le

Genetic ana lysis o f  the constitutive character. T he  above resu lts  requ ired  
fu r th e r  s tu d y  o f th e  c o n s titu tiv e  c h a ra c te r  of th e  /3-galactosidase and  o ther 
enzym es of s tra in  2359. S tra in  6315 w as crossed w ith  s tra in  2359. T he 9 re su lt­
ing  asci (36 spores) w ere assayed  for th e ir  /З-galac tosidase  a c tiv ity  in  th e  
absence of an  in d u cer. The spores w ith  a high a c tiv ity  (m ore th a n  1000) were 
n am ed  C~, tho se  w ith  a low a c tiv ity  (less th a n  500) w ere n am ed  C +.

T he s tu d y  o f th is  crossing co rresponds in  fact to  th e  s tu d y  o f th e  segrega­
tio n  o f th ree  genes: LA C I and LAC2 an d  gene C coding for th e  co n stitu tiv e  
ch a ra c te r . Tw elve g en o typ ica lly  d iffe ren t asci were o b ta in ed , 6 o f w hich  were 
p h en o ty p ica lly  d is tin g u ish ab le  (T able I I I ) .  A m ong th e  9 asci te s te d , 5 d ifferen t 
p h en o ty p es  w ere o b ta in ed  correspond ing  to  th e  ex p ec ted  p h en o ty p es. The 
h y p o th esis  th a t  th e  co n situ tiv e  c h a ra c te r  is coded b y  a gene seem s p robab le .

A n o th er co m p lem en ta ry  s tu d y  w as perform ed co m p arin g  th e  n u m b er of 
spores of d iffe ren t ex p ec ted  p h en o ty p es  and  those o b ta in ed  from  th e  cross of 
s tra in  2359 (geno type  l a d  LAC2 C _ ) and  6315 (geno type  LA C I lac2 C +). 
T he resu lts  are  sum m arized  in  T ab le  IY . A m ong th e  36 spores to  be te s ted , 
th e re  w ould be 18 spores C~ and 18 spores C + if  th e  c o n s titu tiv e  fea tu re  were 
m onogenic. H ow ever, 11 of th e  re su ltin g  spores w ere la c l  lac2 w ith o u t an y  
/l-galactosidase a c tiv ity . The c o n s titu tiv e  fea tu re  s tu d y  h ad  to  be carried  out 
on th e  rem ain ing  25 spores. I f  th e  genes are un linked , th e re  shou ld  be equal 
n u m b ers  o f C + an d  C _ spores. T he ex p erim en ta l re su lts  w ere 12 spores C~ and 
13 spores C + . T h e  h y po thesis  concern ing  th e  m onogenic c h a ra c te r  for th e  
co n s titu tiv e  c h a ra c te r  is th u s  confirm ed .
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Table III -aoo

Genetical analysis o f  the segregation o f  the 3 genes L A C I , L A C 2  and C

L ia ison  ty p e  be tw een  
LAC1/LAC2

N on p a re n ta l  d ity p e
N P D

P a re n ta l  d ity p e
P D

LACI L A C 2C  + LACI L A C 2 C - LACI LAC2 C + LACI 1ас2 C + LACI 1ас2 C + LACI lac2 C -
G enotype LACI L A C 2 С - LACI L A C 2 C - LACI LAC2 C + LACI 1ас2 C + LACI lac2 C - LACI lac2 C -

lac l 1ас2 C + la c l lac2 C + lac l lac2 C~ lac l LAC2 C - lac l LAC2C + la c l  LAC2 C +
la c l  lac2 C - la c l 1ас2 C + la c l lac2 C~ la c l LAC2 C - la c l LAC2 C - lac l LAC2 C +

Phenotype !- + _ +
0 0 0 —

0 0 0 —

Theorical frequency 1/12 1/12 1/12 3/12

N um ber of asci 0 2 1 1

Tetratype
T T

LACI 1ас2 C + LACI lac2 C - LACI lac2 C + LACI 1ас2 C + LACI 1ас2 C+ LACI Iac2 C -
G enotype LACI LA C 2C  + LACI LA C 2C  + LACI LA C 2C LACI L A C 2 C - LACI LAC2 C + LACI L A C 2 C -

lac l LAC2 C - la c l LAC2 C + la c l LAC2 C + lac l LAC2 C - lac l LAC2 C - lac l LAC2 C +
lac l lac2 C - la c l lac2 C " la c l lac2 C~ la c l lac2 C + la c l lac2 C + la c l lac2 C +

Phenotype — +

0 0

T heorical frequency 3 /1 2 3/12

N um ber of asci 1 4

/?-Galactosidase a c tiv ity  was m easured following spore cu ltu re  on MM -}- glycerol 
( —) W eak ac tiv ity  (less th an  500)

+  S trong  a c tiv ity  (m ore th a n  1000)
0 No ac tiv ity

B
O

Z
E

 et al.
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Table IV

Genetical analyses o f  different spore types resulting fro m  the cross o f  stra in  2359 ( la d  L A C 2  C ~ )
with strain 6315 (L A C I lac2 C +J

G enotype

P h en o ty p e  
/3-galactosidase 

a c tiv ity  in  absence 
o f  inducer

N o . o f  spores 
o b ta in e d

T h eo rica l 
%  spo res

Observed 
%  spores

la c l  lac2 C -  
la c l lac2 C + 0

и 25 30

la c l LAC2 C + 
LAC1 lac2 C + 
LACI LAC2 C +

(less
th a n  500)

13 37.5 36

la c l  LAC2 C -
LAC1 Iac2 C - 
LAC1 L A C 2 C -

+
(m ore

th an  1000)
12 37.5 33

S tu d y  o f  the Leloir pa thw ay enzym es and  the lactose and  galactose transport 
systems. T he  enzym e assays were p erfo rm ed  for 8 d iffe ren t genotype sp o re  
o b ta in ed  from  th e  tw o  above crosses. T he cu ltu re  cond itions were th e  sam e  as 
for th e  p a re n t s tra in s  w h en  th e  spores w ould  grow on galactose. Those w h ich  
could n e ith e r  use la c to se  no r galactose w ere grow n on MM -|- glycerol. A fte r  
th ree  gen era tio n s, ga lac tose  was ad d ed  (5 g/1) to  th e  m ed ium . Enzym es assay s 
were perfo rm ed  fo llow ing  15 h  of cu ltu re  in  th e  p resence  o f th e  inducer. F o r  
these  la t te r  s tra in s , w e verified  th a t  la c to se  and  galac tose  p en e tra ted  in to  th e  
cells b y  passive  tr a n s p o r t .  Three g roups o f  spores could  be d istingu ished  fro m  
each o th e r acco rd ing  to  th e ir  enzym ic ac tiv itie s  and  th e ir  genotypes (T able  Y). 
The la c l  lac2 spores h av e  no a c tiv ity  in  th e  absence o f  inducer and a v e ry

Table V

E nzym atic activities o f  galactokinase, transferase and epimerase o f stra ins with different genotypes 
follow ing growth w ithout inducer (M M  -f- glycerol) and with an inducer ( M M  -f- galactose)

G en o ty p e

N o.
o f

s tra in s
te s te d

G alactokinase* T ransferase* E pim erase*

MM -f 
g lycero l

MM +  
g a lac to se

MM +
glycero l

MM +  
g a lac to se

MM +  
glycerol

MM +
g a la c to se

lac l lac2 C “ l i 0 0 0 10 0 4
lac l lac2 C +

LACI lac2 C+ 10
lac l LAC2 C + 0 415 ± 2 3 0 2 +  1 71 ± 2 0 3.3 ± 1 1 2 ± 5
LACI L A C 2C  + 10

LACI lac2 C - 8
lac l LAC2 C - 0 1085±190 7.1 ± 2 128 ± 2 0 6 .2 ± 3 36 ± 1 0
LACI L A C 2 C - 5

* A c tiv ity  expressed  as nmole su b stra te  transfo rm ed  per m g p ro tein , per m in
T he resu lts  g iven  are  m eans and s ta n d a rd  dev ia tions calcu la ted  from  all spores o f  each

group
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w eak  a c tiv ity  if  th e y  w ere associated  w ith  C + or C “ . T he p resence of a t  least 
one  o f  th e  LA C I o r/an d  LAC2 gene seem s to  be requ ired  fo r th e  in d u c tio n  
o f  th e  enzym e sy stem s s tud ied .

A m ong th e  spores w ith  th e  l a d  LA C 2; LA C I lac2; LA C I LAC2 geno types, 
tw o  groups could be  d istingu ished  acco rd in g  to  th e  C + or C _ ch a ra c te r . 
S ig n ifican t differences could  be observed  fo r  th e  galactok inase, tran sfe rase  an d  
e p im e rase ac tiv ities b e tw een  th e  tw o g ro u p s. The a c tiv ity  level w as found  to  
be  a b o u t tw ice g re a te r  fo r C~ spores th a n  fo r C + spores e ith e r  in  th e  presence 
or in  th e  absence o f an  inducer.

T he tra n sp o rt sy stem s for lactose a n d  galactose w ere th e n  s tu d ied . T he 
a ssay s were perfo rm ed  on cells w hich w ere  grow n as p rev io u sly  described. T he 
re su lts  are  sum m arized  in  T able V I. A gain , th e  spores w ith  th e  la c l  lac2 geno­
ty p e  w ere show n to  h a v e  no lactose or g a lac to se  perm ease a c tiv ity . T he spores 
w ith  th e  LACI lac2 ; l a c l  LAC2 an d  L A C I LAC2 all h ad  a lac to se  perm ease  
a c t iv i ty  inducib le b y  lac to se  and  g a lac tose . O n th e  o th e r h a n d , as on ly  s tra in  
2359 has a galactose tra n s p o r t  system , am o n g  th e  descen d an ts  of th e  2359 X 
6315 cross th ere  w ere spores w ith  a g a lac to se  perm ease a c tiv ity . The s tu d y  of 
th e  galactose tr a n s p o r t  sy stem  of s tr a in  2359 was u n d e r ta k e n  se p a ra te ly  
(u n p u b lish ed  resu lts). T h e  influence of C on  th e  tw o tra n s p o r t  system s w as 
d iff ic u lt to  d em o n stra te . T he an a ly tica l te ch n iq u es  used w ere n o t su ffic ien tly  
sen s itiv e  for such a s tu d y .

T he tw o C + an d  C ~ alleles w ere d e fin ed  according to  th e  /S-galactosidase 
a c t iv i ty  following c u ltu re  in  th e  presence o f  an  inducer. T he ac tio n  of gene C

Table VI
Lactose transport activity and galactose transport activ ity  after growth without ( M M  -{- glycerol)  

or w ith  inducer (M M  -j- lactose)  or ( M M  galactose)

G enotypes

N o.
o f

MM + glycerol мм + lactose MM + g alac to se

spores
te s te d L ac to se

t ra n s p o r t
G alactose
tra n s p o r t

L a c to se
t r a n s p o r t

Galactose
tra n sp o rt

L ac to se
t ra n s p o r t

G alactose
t ra n s p o r t

la c l  lac2 C “ 
la c l  lac2 C + и * * * * * *

L A C I 1ас2 C + 
la c l  LAC2 C + 7 * * 0.5 à 1.2 * OU

0.1 à  0.2
0.5 à 2 * ou

0.2 à  0.3

L A C I LA C 2C + 6 * * 1 à  2 * ou
0.1 à 0.6

1.5 à 3.5 * OU
0.2 à  0.3

L A C I lac2 Co­
lá é i  LA C2 C - 7 * ou

1 à 2
* OU
1 à 1.5

1 à 2 * ou 
1 à 1.5

1.5 à  3.5 * ou 
0.5 à  1

L A C I L A C 2 C - 5

T he ra te s  of ga lactose  a n d  lactose  p e n e tra tio n  w ere ob tained  b y  m easu rin g  th e  p e n e t­
ra t io n  of th is sugar during  th e  f i r s t  10 min. L actose a n d  galactose up tak e  are  expressed as m icro ­
m oles o f lactose or galactose ta k e n  up  pe r g o f d ry  w eigh t and per m in 

* A ssay non sign ifican t
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Table VU

ß-Galactosidase activity o f  strains with different genotypes following growth in  the absence 
( M M  ±  glycerol)  and in  the presence ( M M  ±  galactose)  o f  an  inducer

G enotypes
N o. o f  
s tra in s  
te s te d

)3-G alactosidase (1)

M M  +  g lycero l MM +  g a lac to se

la c l  lac2 C~ 
la c l  1ас2 C +

l i 0 423 ± 2 6 6

la c l LAC2 C + 
LACI 1ас2 C + 
LAC1 LAC2 C +

10
10 3 7 0 ± 1 5 0 9 209 ± 2 8 8 4  

18 254 ± 1 9 9 0

la c l LAC2 C + 
LACI lac2 C - 
LAC1 L A C 2 C -

8
5 1757 ± 5 7 3 22 630 ± 1 2 6 4  

25 9 2 0 ± 1 4 2 8

1 A c tiv ity  expressed as nm oles O N PG  h y d ro lyzed  per mg p ro te in , p e r  m in
2 T he resu lts  given are m eans and  s ta n d a rd  dev ia tions calcu la ted  from  all spores o f each

group

is in  fac t m ore general and  also affec ts th e  a c tiv ity  of th e  ga lac tok inase  t r a n s ­
ferase and  ep im erase enzym es. T he p resence  of LA CI an d /o r LAC2 w as also 
show n to  he req u ired  for th e  sy n th esis  o f  th e  enzym es o f th e  Leloir p a th w a y  
an d  of th e  lac tose  an d  galactose tra n s p o r t  sy stem . In  o rd er to  c larify  th e  ro le of 
th e  C, LA C I an d  LAC2 genes and  th e ir  associa tion  a n o th e r s tu d y  of /J-galactosi- 
dase w as u n d e rta k e n  using  spores o f 8 d iffe ren t genotypes.

S tu d y  o f  the ß-galactosidase activ ity  and  o f  the d ifferen tia l rate o f  biosynthesis 
o f  ß-galactosidase. T he  /S-galactosidase a c tiv ity  w as assayed  on cells w hich  w ere 
grow n as p rev io u sly  described. F o llow ing  cu ltu re  on galac tose , 5 levels of 
a c tiv ity  w ere observed  for th e  follow ing gene associa tions: C + or C -  la c l  lac2 ; 
C+ LA C I LAC2; C+ LA C I lac2 or C+ la c l  LAC2; C~ LA C I LAC2; an d  C~ 
LA C I lac2 o f C~ la c l  LAC2 (T able V II) . T he spore w ith  th e  geno types la c l  
lac2 C~ o r C + h av e  a v e ry  low  level a c tiv ity , sim ilar to  th e  b asa l level o f  th e  
C+ LA C I an d /o r LAC2 spores w hen  these  la t te r  w ere grow n on glycerol. 
S tra in s w ith  th e  C~ geno type h av e  a /S-galactosidase a c tiv ity  2.4 to  2.8 tim es  
g rea te r th a n  th o se  o f th e  C + g en o ty p e  w ith  th e  h a rv e s t a c tiv ity . H ow ever, 
w ith in  th e  C + group or th e  C ~ g roup  th e re  w ere ap p rec iab le  differences w hen  
th e  geno types w ere LA C I LAC2 or LA C I lac2, la c l  LAC2. T he en zy m atic  
a c tiv ity  w as tw ice g rea te r am ong L A C I LAC2 C + s tra in s  com pared  to  s tra in s  
w ith  th e  LA C I lac2 C + and  la c l  LAC2 C + genotypes. A gene dosage effect 
w as observed  w ith  th e  LA C I LAC2 associa tion .

A co m p lem en ta ry  s tu d y  w as p erfo rm ed  in  o rd e r to  d e te rm in e  th e  
d ifferen tia l ra te  of b iosyn thesis o f /S-galactosidase (d E /d D O ) fo r each gen o ty p e  
follow ing cell g row th  on g lycerol an d  follow ing th e  ad d itio n  of galac tose  as 
inducer. T ab le  V I I I  sum m arized  th e  re su lts  o b ta ined . T h e  d ifferen tia l r a te  o f 
b iosyn thesis follow ing cell g row th  on g lycerol was 10-fold g rea te r for s tra in s
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Table V III

Differential rates o f  biosynthesis o f  ß-galactosidase (  1 Е / Î OD) o f  strains with different 
genotypes grown on glycerol and glycerol ±  galactose

N o. o f 
spores 
te s te d

Л Е /Л  DO

G enotypes G row n on  
g lycero l

G row n on 
g lycero l -f- 

galactose

^  Л Е /Л  D O  ga l 
Л Е /Л  DO gly

LACI Iac2 C + 
la c l LAC2 C +

3 2 1 1± 117 2 316±1032 и

LACI L A C 2C  + 6 211 ± 1 1 7 6 633±1877 31

LACI lac2 C -  
la c l LAC2 C -

l 2000 17 900 9

LACI L A C 2 C - 3 2000±178 18 533±3300 9

E  =  enzym atic  a c tiv ity  pe r m l culture 
К  =  in d u ctib ility  fac to r

w ith  C _ geno type co m p ared  to  those  w ith  C + geno type. Follow ing g row th  on 
galactose, th e  a c tiv ity  ap p eared  to  be m ax im u m  am ong C~ spores w hereas its  
level varied  am ong C + spores depend ing  on  th e ir  geno types l a d  LAC2; LA C I 
lac2 or LA C I LAC2. A m ong these  la t te r  s tra in s , th e  in d u c tio n  fac to r w as 
2.8-fold m ore h ig h er fo r th e  LA CI LAC2 s tra in s  com pared  to  those  w ith  th e  
LA C I lac2 and l a d  LAC2 genotypes.

A gene dosage e ffec t w as show n b y  T ingle  and  H a lv o rso n  [1] for d ip lo ids 
fro m  th e  Y 1140 ( l a d  LAC2) and Y  1118 (LA C I lac2) cross. In  our case, an  
id en tica l p h en o m en o n  w as observed am ong  haplo id  s tra in s  w ith  th e  LA C I 
LAC2 C + geno type. T h is effect was m ask ed  in  spores w ith  th e  C “ geno type. 
T he C~ gene alone w as responsib le for a c tiv ity  and  in d u c tio n  levels close to  
m ax im um .

C onclusion

The roles of genes L A C I LAC2 an d  C in  th e  b io syn th esis  of enzym es fo r 
th e  m etabo lism  or la c to se  and  galactose w ere analyzed . H e rm a n  and  H a lvo rson  
[3] perv iously  show ed t h a t  genes LA C I a n d  LAC2 co n tro lled  th e  reg u la tio n  of 
b iosyn thesis of /J-galactosidase. R esu lts re p o rte d  in  th e  p re se n t w ork ind ica te  
th a t  these  tw o genes also contro l th e  b io sy n th esis  of th e  th re e  enzym es o f th e  
L elo ir p a th w ay , th e  la c to se  and  th e  galac tose  tra n sp o r t  sy stem  w hen p re sen t. 
A gene dosage sy s tem  w as d em o n stra ted  fo r /1-galactosidase.

D ickson e t al. [7] d em o n stra ted  th e  presence  of a gene LAC10, th e  p ro d u c t 
o f w hich  was a t le a s t p a r tia lly  requ ired  for th e  reg u la tio n  o f th e  b iosyn thesis o f 
/З-galactosidase, g a lac to k in ase  and  lac tose  perm ease . T hese au th o rs  proposed  
th e  hypo thesis  th a t  a n eg a tiv e  regu la tion  sy stem  was invo lved  concerning gene
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LACIO. T he gene C s tu d ie d  in  th e  p re se n t w ork could be th e  sam e LAC10: 
fu r th e r  co m p lem en ta tio n  te s ts  on d iffe ren t stra ins are to  he p erfo rm ed  in  order 
to  con firm  th is  h y p o th esis . The follow ing regu la tion  schem e is p roposed  
accord ing  to  our re su lts . Gene C w ould  code for a rep resso r (negative  fac to r) 
w hereas LA C I and  LAC2 w ould code fo r a positive fac to r a ffec ting  d irec tly  or 
in d ire c tly  th e  b io syn thesis  of /i-ga lac tosidase , th e  th ree  enzym es of th e  Leloir 
p a th w a y  an d  th e  tr a n s p o r t  system . W h en  th e  C + allele w as p re sen t an d  in th e  
absence of an  inducer, genes LA C I and  LAC2 could no t be expressed . H ow ever, 
in  th e  p resence of an  in d u cer, th e  rep ressio n  by  C + w as p a r tia lly  lifted  so th a t  
th e  a c tiv itie s  of th e  d iffe ren t enzym es w ere no t a t th e ir  m ax im u m  level. W hen 
th e  C~ allele was p re se n t, th e  rep ression  w as w eaker an d  th e  enzym e a c tiv ity  
levels w ere h igher th a n  in  C + s tra in s . In  th e  presence o f an  inducer, th e  rep res­
sion w as com plete ly  lif ted , th e  enzym e ac tiv ities  were th e n  a t th e ir  m ax im um  
levels. In  s tra in s  w ith  gene C +, in  th e  presence of an  in d u cer, th e  p a r tia l 
rep ression  of genes L A C I an d  LAC2 could  he com pensated  b y  th e  s im u ltaneous 
presence o f these  tw o genes; th e ir  p ro d u c ts  would be tw ice g rea te r and  th e  
b io sy n th esis  of th e  d iffe ren t enzym es w ould  increase. T h is w ould  ex p la in  the  
gene dosage effect observed  for th e  L A C I LAC2 stra in s. LA C I an d  LAC2 w ould 
code fo r a fac to r in d ispensab le  for th e  expression of s tru c tu ra l  genes of the  
d iffe ren t enzym es or o f th e ir  p ro d u c ts  A m ong th e  s tra in s  w ith  th e  geno type 
la c l lac2 , th is  fac to r w ould n o t he sy n th e tiz e d , th is w ould  exp la in  th e  absence 
o f a c tiv ity  of th e  enzym es stud ied .
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A NEW HYDROXAMATE SIDEROPHORE FOR 
IRON SUPPLY OF SALMONELLA

W . R a b sc h , P . P a u l  and R . R e iss b r o d t

In stitu te  fo r  E xperim ental E pidem io logy , Wernigerode, GDR  

(R eceived J u ly  7, 1986)

A new  h y d ro x a m a te  sideropliore w as iso la ted  from  Salmonella Stanleyville s tra in  207/81. 
T he o rgan ism  ex h ib ited  an  unusual siderophore  p a t te rn  in  fa iling  to  syn thesize  e n te ro b ac tin  
and aero b actin . T he p u rif ied  siderophore w as ch arac te rized  b y  cross-feeding, p ap er c h ro m a to ­
g rap h y , th in  lay e r ch ro m a to g rap h y  and  p a p e r  e lectrophoresis. In  re sp ec t to  iron  su p p ly  of 
Salmonella  s tra in s  th e re  w ere re la tionsh ips b e tw een  th is  and  o th e r  w ell-know n siderophores, 
e.g. en te ro b ac tin , ae ro b ac tin , rh odo to ru lic  acid  an d  ferrichrom e. T he new  h y d ro x a m a te  s idero ­
phore  w as d e tec ted  in  all Salmonella  s tra in s  te s te d

One of th e  m echan ism s for acquisition  of iro n  b y  b ac teria  is th e  excretion  of iro n  specific 
chela to rs, te rm ed  siderophores, th e  fu n c tio n  of w hich  is to  seq u ester and  tra n sp o r t  iro n  v ia  
specific t r a n s p o r t  p ro te in s  in to  th e  cell. In  Salm onella  s tra in s  tw o  ty p es  of siderophores w ere 
fo u n d  [1, 2]. T h ere  a re  s tra in s  w hich p ro d u ce  e n te ro b ac tin  alone an d  some w hich  p ro d u ce  
en te ro b ac tin  an d  ae ro b ac tin . In  screening in v es tig a tio n s  of Salm onella , in  resp ec t to  th e ir  
“ siderophore  p a t te rn ”  s tra in s  w ith  un u su a l p ro p e rtie s  w ere d e tected . Beside o thers , th e  s tra in  
Salmonella Stanleyville 207/81 was un ab le  to  sy n thesize  e n te ro b ac tin  or aerobactin . In v e s t i­
gations on  th e  e ffective  iro n  supply  system , p re sen te d  in  th is  p ap er, led to  a new  h y d ro x a m a te , 
la te r  fo u n d  in  all Salm onella  s tra in s  tested .

M aterial an d  m ethods

Bacterial strains. T he bac teria l s tra in s  ap p lied  as in d ic a to r s tra in s  in th e  b io assay s are 
listed  in  T ab le  I, th o se  fo r in v estiga ting  th e  new  h y d ro x a m a te  siderophore  are p re sen te d  in  
Table II .

B ioassays fo r  siderophores and relationships between siderophores. In  order to  ch arac te rize  
th e  p ro p e rtie s  of th e  siderophores fu n c tio n ally , we decided to  s tu d y  th e  ab ility  to  cross-feed 
d ifferen t well ch a rac te rized  in d ica to r stra in s . T h e  b ioassays fo r en te ro b ac tin  and  ae ro b ac tin  
were p e rfo rm ed  as described  by L uckey e t al. [3] an d  R absch  and  R e issb ro d t [4]. T he h y d ro x a ­
m ate  b ioassay  w as used  as described by  Pow ell e t  al. [5] w ith  Arthrobacter flavescens  JG -9  as 
in d ic a to r s tra in . In v e stig a tio n s  w ith  S. Stanleyville  207/81 as in d ic a to r  s tra in  w as p e rfo rm ed  
in  tris -su cc in a te  m ed iu m  supplem ented  w ith  glucose (0 .5% ) as described b y  R a b sc h  and 
R e issb ro d t [4]. T he f i lte r  p ap er discs for cross-feeding te s t  were lo ad ed  w ith  5 pi fro m  each  of 
th e  siderophore  so lu tion  ( ^ 1 0 -3 m ) .  R e la tio n sh ip s  be tw een  siderophores in  th e  cross-feeding 
te s t  w ere observed  b y  read in g  th e  b ioassay  p la te s  a f te r  a fu r th e r  in cu b a tio n  a t room  te m p e ra ­
tu re  fo r 24 h. R e la tio n sh ip  betw een  tw o sid e ro p h o res w as in d ica ted  by  a new zone o f g ro w th  
of th e  in d ic a to r s tra in  ou tside  th e  f irs t g ro w th  zones and  be tw een  b o th  siderophores. O n th e  
o th er h a n d , an  in h ib itio n  of one of th e  f ir s t  g ro w th  zones was also considered as a re la tio n sh ip . 
Such re la tio n sh ip s w ere fo u n d  also w ith o u t th e  f i r s t  g ro w th  zones, only from  th e  siderophore  
w hich d iffused  in to  th e  ag ar m edium .

Chemicals. R h o d o to ru lic  acid, fe rrich rom e, N 6-ace ty l-N 6-h y d roxy lysine  and ae ro b ac tin  
were g ifts  o f J .  B. N eilands (B erkeley, C alifo rn ia, USÀ). D esferal (deferriferrioxam ine  В

W . R a b s c h , P . P a u l , R . R e is s b r o d t  
I n s t i tu te  fo r  E x p e r im e n ta l  E p id em io lo g y  
B u rg s tra ß e  37, D D R -3700  W e rn ig e ro d e  (H a rz ) ,  G D R
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m esy la te) was o b ta in e d  from  C iba-G eigy AG, B asel, Schweiz, 2 ,3 -d ihydroxybenzo ic  acid  
(D H B A ) was a g ift o f  H . F e is t ( In s t i tu t  fü r  T ierseuchenfo rschung , Je n a , D D R ). E n te ro b a c tin  
w as self p repared  as described  by  Y oung  e t al. [6].

Isolation o f  the new hydroxamate. T he Salm onella  s tra in s  te s te d  w ere in cu b a ted  in  200 ml 
sh a k e n  liquid tr is -su c c in a te  m edium  su p p lem en ted  w ith  glucose (0 .5% ), p H  7.4, a t  37 °C fo r 
24 h. The cell suspension  w as cen trifuged  a t  5000 rp m  an d  co n cen tra ted  in  a ro ta ry  e v a p o ra to r  
to  10 ml. E x tra c tio n  w as perform ed according to  S im pson  and O liver [7], ion-exchange ch ro ­
m a to g rap h y  as d escribed  b y  B rau n  [8].

The c o n cen tra te  w as e x tra c te d  w ith  10 ml o f p h en o l-ch lo ro fo rm  (1:1) and  th e  e x tra c tio n  
re p ea te d  once m ore. A fte r  ad d itio n  of 50 ml o f d ie th y le th e r , th e  phases w ere se p a ra ted  b y  
a d d itio n  of 10 m l o f  w a te r. T he organic  so lven ts w ere e v ap o ra ted , th e  aqueous so lu tion  w as 
ru n  th rough  an  A m b erlite  X A D -2 colum n (S erva, H eidelberg , G FR ) (1 X 14 cm). T h en  i t  was 
w ash ed  w ith  w a te r , N aC l so lu tion  (2 % ) and  so d iu m  desoxycholate  so lu tio n  (2% ). A fte r  
ex ten siv e  w ashing w ith  w a te r , i t  was e lu ted  w ith  am m o n ia  so lu tion  (2 5 % ): m eth an o l (1:1). 
A f te r  evap o ra tio n  th e  resid u e  was dissolved in  w a te r  a n d  m ixed w ith  ace tic  acid (1% ). T he 
sed im en ted  DN A  w as rem o v ed  by  c en trifu g a tio n . T h e  ro u g h  e x tra c t w as co n cen tra ted . Iso la ­
tio n  and  p u rific a tio n  of th e  new h y d ro x a m a te  w as pe rfo rm ed  by p re p a ra tiv e  p ap er c h ro m a to ­
g ra p h y , carried o u t on  F N 4 -P a p ie r  (V EB  S p ez ia lp ap ierfab rik  N iederschlag , E rzgebirge , D D R ) 
w ith  solution I: am m o n ia  so lu tio n  (25% ): e th an o l: w a te r  (5:80:15) and  so lu tio n  I I :  am m o n iu m  
fo rm ia te  (5% ) in  0 .5 %  fo rm ic  acid. T h in  lay e r ch ro m a to g ra p h y  w as carried  ou t on cellulose 
T L C  (Serva, H eidelberg , G F R ) w ith  am m onia  so lu tio n  (2 5 % ):e th an o l:w a te r  (5:80:15). P a p e r  
electrophoresis w as p e rfo rm ed  on FN 4 p a p e r in  b o ra te  b u ffer pH  9.3, 300 Y, 30 m A, 90 m in. 
A s sp ray  reag en t fo r s iderophores, e th an o lic  FeC l3 so lu tio n  was used.

The colours o f th e  sp o ts a fte r  sp ray ing  w ith  FeC l3 was red -v io le t in  th e  case o f th e  new  
h y d ro x a m a te , all th e  o th e r  h y d ro x am a te s  were v io le t-red , N 6-ace ty l-N 6-h y d roxy lysine  w as 
b lue-v io le t. E n te ro b a c tin  an d  2,3-D H B A  show ed up  as d a rk -v io le t spo ts.

H y d ro x am ates  w ere d e term ined  by  th e  C sáky te s t  [10], and  phenolic  ty p e  siderophores 
b y  th e  m ethod of A rnow  [11]. T he estim a tio n  of p ro te in s  was perform ed as described by  L ow ry  
e t  al. [12]. For in v e s tig a tio n  of th e  am ino acid  co m position , th e  su b stan ce  was h y d ro ly zed  
w ith  6 M HC1 a t 100 °C fo r 18 h and th en  se p a ra ted  b y  th in  lay er c h ro m a to g rap h y  on Cellulose 
DC Alufolie (E . M erck, D a rm s ta d t, G F R ) w ith  n -b u tan o l : acetic  acid  : w a te r (80:20:20); 
th e  sp ray  reagen t w as e th an o lic  n in h y d rin e  so lu tio n  (0 .2% ).

The m icrobiological a c tiv ity  o f th e  se p a ra te d  sub stan ces was d e te rm in ed  b y  cross­
feed in g  te s t on d iffe ren t in d ic a to r s tra in s  in  th e  sam e m an n e r as described by  R absch  e t al. [9]. 
P a p e r  strip s were p laced  on  th e  b ioassay  p la tes . A fte r  in cu b a tio n  o v e rn ig h t th e  g ro w th  of 
th e  in d ica to r s tra in s  a ro u n d  th e  se p a ra ted  effective  siderophores was ev a lu a ted .

R esults

Using d iffe ren t b ioassays in  screen ing  in v estig a tio n s of Salm onella  
s tra in s , d ifferent s iderophore  p a tte rn s  w ere found  (T able I I I ) .  E spec ia lly  
s t r a in  S. Stanleyville 207/81 show ed u n u su a l p roperties. T h is s tra in  fo rm ed  
n e ith e r  e n te ro b ac tin  n o r ae ro b ac tin  an d  cou ld  cross-feed on ly  th e  in d ic a to r  
s tr a in  S. typ h i-m u riu m  enb-7. F o r g row th , glucose su p p lem en ted  liqu id  m ed ium  
p o o r  in  iron w as necessary . T he effective h y d ro x a m a te  s iderophore  could  be 
iso la te d  from  th e  su p e rn a ta n t of S . Stanleyville 207/81 cu ltu re  in  glucose 
su p p lem en ted  tris -su cc in a te  m ed ium  b y  m eth o d s  described above. L a te r , th e  
iso la tio n  of th is  h y d ro x a m a te  was possible from  all Salm onella  s tra in s  te s te d  
(T ab le  I I I ) .

This h y d ro x a m a te , fo rm ed u n d er low  iro n  conditions, лгав able to  c ross­
feed  th e  m u ta n t S . typ h i-m u riu m  enb-7, th e  in d ica to r  s tra in s  Arthrobacter 
flavescens  JG -9 an d  S . Stanleyville 207/81, b u t  n o t th e  m u ta n ts  Escherichia coli 
LG 1522 or S. typ h i-m u riu m  TA2700 (T able IV ). The su b stan ce  p ro m o ted  th e
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Table I

Indicator strains used in  the experiments

S tra in C ross-feeding w ith  s id e ro p h o res  o r  siderophore  p rec u rso rs O rig in

S. typh i-m urium  
LT2 enb-7

en terobactin , 2 .3-dihydroxybenzoic acid 
(DH BA),

ferrichrom e, D esferal® , rhodotoru lic  acid

J . B. N eilands1

S. typh i-m urium  
LT2 TA 2700

enterobactin J . B. N eilands1

E . coli LG 1522 aerobactin , rhodo to ru lic  acid P. H. W illiam s2

Arthrobacter flavescens 
JG -9 m any  h y d roxam ates P. J . Szaniszlo3

1 U niversity  of California, B erkeley, USA
2 U niversity  o f L eicester, E ngland
3 U niversity  o f  T exas, A ustin , USA

Table II

Bacterial strains used in  the experiments

W ild  s tra in s S ource Origin

S. typh i-m urium  80/82 hosp ital in fection R absch e t al. [9]
S. typh i-m urium  330/84 food poisoning R absch  e t al. [9]
S. Stanleyville 207/81 diarrhoea  of c a ttle th is  study
S. memphis unknow n J .  B. N eilands1
S. austin unknow n J .  B. N eilands1
S. typh i-m urium  45/78 h o sp ita l infection th is  study
S. typh i-m urium  1028/78 h o sp ita l in fection th is  study
S. typhi 92/84 from  a c arrie r th is  study
S. montevideo 7770/85 hosp ital in fection th is study
S. heidelberg 5436 hosp ital in fection th is  study
S. typh i-m urium  363/84 salm onellosis of a pigeon th is study

1 U n iversity  of California, B erkeley , USA

grow th  of S . Stanleyville 207/81 (F ig . l a )  an d  in h ib ited  th e  grow th of Salm onella  
m em phis  (Fig. lb ) .

Cross-feeding p roperties and  th e  R p-values o f  th e  h y d ro x am a te  iso la ted  
from  an y  of th e  Salm onella  s tra in s  lis ted  in  T ab le  IV  w ere th e  sam e, as w ell as 
cross-feeding a c tiv i ty  and  th e  red -v io le t colour o f th e  sep ara ted  sp o ts . In  
p a p e r e lectrophoresis th e  h y d ro x a m a te  m ig ra ted  to w ard s  th e  ca th o d e  a t  p H  
9.3 (F ig . 2). The new  h y d ro x a m a te  show ed d ifferen t p ro p erties  as co m p ared  to  
o th e r  siderophores or siderophore p recu rso rs (Tables IV  an d  V). S u rp ris in g ly  i t
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Table I I I

Siderophore pattern o f  different Salmonella strains

S tra in

In d ic a to r  stra ins*

S .  ty p h i-m u r iu m  
enb-7

S . typ h i-m u riu m  
TA  2700

E. coli 
L G  1522

S. typhi-murium  330/84 + + _
S. typhi 92/84 + - j- —
S . montevideo 7770/85 + + —

S . heidelberg 5436 + - j- —
S . typhi-murium  363/84 + + —
S. typhimurium  32/79 + + +
S. memphis — — +
S . typhi-murium  80/82 + — +
S . Stanleyville 207/81 + — —

* For siderophores see Table I

Table IV

Cross-feeding o f siderophores and siderophore precursors including the new hydroxamate compound
from  different Salmonella strains

Siderophore
C ross-feeding w ith

p recu rso r
Arthrobacter  

flavescens  JG -9
E. coli 

L G  1522
S . Stanleyville S . 

207/81
ty p h i-m u r iu m

enb-7
S . typ h i-m u r iu m  

TA  2700

F errich ro m e + _ + +
R h o d o to ru lic  acid + + + + —

D esferal® + — + + —
A ero b ac tin — + — — —
N 6-ace ty l-N G-hydroxylysine — — — — —

E n te ro b a c tin — — + + +
2 ,3-D ihydroxybenzoic acid — — — —

N ew  h y d ro x am a te  from

S. t y p h i - m u r iu m  80/82 + — + + —

S. t y p h i - m u r iu m  45/78 + — + + —

S. t y p h i - m u r iu m  1028/78 - j- — + 4 - —

S. S ta n le y v il le  207/81 + — + + —

w as possib le  to  e x tra c t  th e  h y d ro x a m a te  fro m  th e  su p e rn a ta n t b y  ethy l- 
a c e ta te  a t  p H  1.5.

T h e  h y d ro x am ate -s id e ro p h o re  w as p o sitiv e  in  th e  C sáky te s t ,  nega tive , 
in  th e  A rnow  te s t  an d  gave th e  F olin  re a c tio n . Serine or lysine w ere n o t found  
b u t  iso leucine/leucine, p h en y la lan in e  an d  v a lin e  w ere presen t.

B eside th e  f irs t  g row th  zones w ith  th e  siderophores te s te d , a second 
g ro w th  zone ap p eared  a fte r  fu r th e r  s ta y in g  a t  room  te m p e ra tu re  for 24 h
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Table V

Behaviour o f  different siderophores and siderophore precursors in  the paper chromatography, 
th in  layer chromatography and paper electrophoresis

R f-values1 fo r

M ethod
N ew

S a lm o n e lla  E n te ro -  
h y d ro x a -  b a c tin  

m a te

2 ,3-D i-
hy-

d ro x y -
benzo ic

ac id

A ero b ac tin
N e-A cety l-

N ‘-H y -
d ro x y ly s in e

R h o d o -
to ru lic

ac id

F  erri- 
chrom e D e s fe ra l®

PC sol. I 0.65 n.d. n.d . 0-0.2* 0.57 n.d . n.d. n.d.
sol. II 0.95 0.53 0.63 n.d. n .d . n .d . n.d. n.d.

TLC 0.55 n.d. n.d . 0-0.15** 0.64 0.67 0.64 0.87

P a p e r
electrophoresis

cathode- 
side, 

1.7 cm**

anode side, 
3.3 cm**

* A erobactin  m ig ra ted  in  association  w ith L PS , tw o activ ities  w ere found on th e  p ap er 
ch rom atography  str ip , b u t  only one a c tiv ity  a fte r electrophoresis 

** M igration len g th

F ig. la .  P ro m o tio n  o f th e  g ro w th  of S . Stanleyville 207/81 b y  th e  new  h y d ro x am a te  in  tris - 
su cc in a te  m edium . O rd in a te , e x tin c tio n  a t  620 nm ; abscissa, tim e  in  hours. 0  w ith  th e  new  
h y d ro x a m a te  and  w ith  glucose; О  w ith  glucose on ly ; ▲ w ith  th e  new  h y d ro x am a te  b u t  

w ith o u t  glucose; Д  w ith o u t new h y d ro x a m a te  an d  glucose

F ig. lb . In h ib itio n  o f th e  g ro w th  of S. m emphis b y  th e  new  h y d ro x a m a te  in  tris-succinate  
m edium . O rd inate , e x tin c tio n  a t  620 n m ; abscissa, tim e  in  h ours. 0  w ith  th e  new h y d ro x a ­

m ate ; О  w ith o u t th e  new  h y d ro x a m a te
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Start

New
hydroxamate

Aerobactin

+

F ig . 2. Tw o h y d ro x am ates, s e p a ra ted  b y  p a p e r  electrophoresis in  th e  sam e ru n  (see M aterials 
an d  m ethods). L eft s tr ip : a e ro b ac tin , cross-feeding w ith  E. coli LG  1522; r ig h t s tr ip : new 

h y d ro x a m a te , cross-feeding w ith  S. Stanleyville 207/81

First
growth zone

Second growth First
zone growth zone

Ferrichrome

F ig . 3. R ela tionsh ip  b e tw een  ferrich rom e an d  rhodotoru lic  acid is in d ica ted  
g row th  zone in  cross-feeding te s t  w ith  th e  in d ica to r s tra in  S. Stanleyville

b y  a  second 
207/81

S typhi-murium 
strain 363/8A

Second growth First
zone growth zone

New hydroxamate

F ig. 4. R elationsh ip  be tw een  siderophores ex cre ted  b y  S. typhi-m urium  363/84 and  th e  new  
h y d ro x am a te  in cross-feeding te s t  w ith  th e  in d ica to r s tra in  S. Stanleyville 207/81
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First Inhibition First
growth zone zone growth zone

F ig . 5. In h ib itio n  b y  th e  new  h y d ro x a m a te  o f th e  g row th  zone fo rm ed  a round  th e  rh o d o to ru lic  
acid  filte r p a p e r disc in  cross-feeding te s t  w ith  th e  in d ic a to r s tra in  S. Stanleyville  207/81

(F igs 3 and  4). On th e  o th e r h a n d , th e re  w ere in h ib itio n s o f th e  f irs t g ro w th  
zones betw een  rhodo to ru lic  acid  an d  th e  new  h y d ro x a m a te  (F ig. 5). Such 
re la tio n sh ip s  b e tw een  d ifferen t siderophores w ere found  in  th e  m ost cases w ith  
th e  in d ica to r  s tra in  S. Stanleyville 207/81, b u t also w ith  th e  m u ta n t S . typ h i-  
m u riu m  enb-7.

D iscussion

Some Enterobacteriaceae species such as Escherichia coli (W arner e t al. 
[13]), Shigella sonnei (P e rry  a n d  San C lem ente [14]), Aerobacter aerogenes 
(G ibson and  M agratli [15]), Salm onella typ h i-m u riu m  (Colonna et al. [16], 
R ab sch  e t al. [9]) syn thesize m ore  th a n  one ty p e  of siderophore. Salm onella  
s tra in s  produce  e ith e r  e n te ro b a c tin  or ae ro b ac tin  alone or b o th  (M cD ougall 
an d  N eilands [2]).

T he low am o u n ts  of e n te ro b a c tin  form ed b y  h o s t-a d a p te d  Salm onella  
s tra in s , e.g. S. typ h i  (R absch  a n d  R eissb rod t in  p re p a ra tio n ) led to  th e  co n sid ­
e ra tio n  for fu r th e r  siderophores involved  in  th e  process o f iron  su p p ly . In  
som e w ild s tra in s  o f salm onellae  unu su a l siderophore  p a tte rn s  w ere found  
(T ab le  I I ) . B y e x tra c tio n  and  p u rific a tio n  of th e  su p e rn a ta n t o f th e  e n te ro ­
b a c tin -  and  ae ro b ac tin -n eg a tiv e  s tra in  S. Stanleyville 207/81, an ew  h y d ro x a m a te  
s iderophore  w as iso la ted . T h is h y d ro x a m a te  s iderophore  w as found  in  o th e r  
Salm onella  s tra in s  te s te d , to o . As in d ica ted  chem ically  an d  b y  cross-feeding 
te s ts  th is  su b stan ce  w as d iffe ren t from  e n te ro b ac tin  or ae ro b ac tin , as w ell as 
from  th e ir  p recurso rs. In  liqu id  tris -su cc in a te  m ed ium  poor in iron  th e  fo rm a ­
tio n  o f th is  h y d ro x a m a te  w as d ep en d en t on su p p lem en ta tio n  w ith  glucose 
(0 .5 % ). This w as in  ag reem en t w ith  th e  g row th  o f S . Stanleyville 207/81. 
D iffe ren t com plex fo rm atio n  c o n s ta n ts  am ong s iderophores exp la in  th e  d if­
fe re n t effectiveness of th e  h y d ro x a m a te  for p ro m o tio n  or in h ib itio n  o f g ro w th  
o f Salm onella  s tra in s . This is in  coincidence w ith  th e  re la tio n sh ip s  be tw een  th e  
siderophores observed  in th e  cross-feeding te s ts  (Figs 3 -5 ). B etw een  th e  s id e ro ­
phores iron  is exchanged  in  dependence  of com plex fo rm a tio n  c o n s ta n ts , p H  
a n d  tim e . One o f th e  siderophores can  m edia te  th e  tra n s fe r  ca rrie r of iro n  to  an
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o th e r  sideropliore (R a y m o n d  et al. [17]). R egard ing  th e  o b se rva tions on 
re la tio n sh ip s  betw een  th e  sideropliores, th e  follow ing p re lim in a ry  conclusion 
can  be  d raw n for th e  com plex  fo rm a tio n  co n stan ts : e n te ro b a c tin  > n e w  
h y d ro x a m a te  of sa lm onellae  />  a e ro b ac tin  rhodo to ru lic  acid .

T he significance o f  th e  am ino acid  c o n te n t in  th e  new  h y d ro x a m a te  is 
u n c lea r. A ll th ree  am ino  acids lack  th e  e-am ino  group necessary  for fo rm atio n  
o f h y d ro x am ic  acid g ro u p . As a p re req u is ite  to  an ex ac t chem ical fo rm u la tio n  
of th e  m olecule, a fu r th e r  p u rif ic a tio n  is n ecessary . Reside th is , S. Stanleyville 
207/81 can  he applied  in  th e  cross-feeding te s ts  to  in v es tig a te  s tra in s  for th is  
h y d ro x a m a te . The u p ta k e  system  for th is  h y d ro x a m a te  in  resp ec t to  th e  
re c e p to rs  in  th e  cell w all is u n know n  u n til  now . S . typhi-murium e n b -7  co n ta in s  
recep to rs  for m any  siderop lio res (T able I) . T he ae ro b ac tin  recep to r is no t 
in v o lv ed  in  th e  u p ta k e  o f  th e  h y d ro x a m a te  siderophore , as(i) th e  cross-feed is 
in d e p e n d e n t of cloacin  ad d ed  to  th e  d isc; (ii) th e  ae ro b ac tin  d ep en d en t S. 
memphis canno t use th is  h y d ro x a m a te . T h e  im p o rtan ce  for th e  cell o f th e  new 
h y d ro x a m a te  described  in  th is  p ap e r is u n c lea r  un til now.
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DETECTION OF CHLAMYDIA TRACHOMATIS  
IN THE FEMALE GENITAL TRACT BY 

FLUORESCEIN-LABELLED MONOCLONAL 
ANTIBODY

(A N O T E )

I . S z il l e r , Má r t a  Orsó s, I . N ász  an d  J .  D ömötör

Second D epartm ent o f  Obstetrics and Gynecology o f  the M u n ic ip a l János Hospital and  
Outpatient D epartm ent, a n d  Institu te  o f  Microbiology, Sem m elw eis University  

M edical School, B udapest

(R eceived A pril 8, 1986)

E ndocerv ical sm ears were ex am ined  in  a h igh-risk  group o f w om en  using the  C h lam y se tR 
“ D irect C hlam ydia  A n tig en  D e tec tio n  T es t” . F rom  th e  66 sam ples 42 w ere positive for C hlam y­
dia trachomatis w ith  h ig h est incidence in  th e  in fertile  group  an d  in  p a tie n ts  com plain ing  of 
recu rre n t d ischarge. No co rre la tio n  has been found  be tw een  ch la m y d ia l endocervical in fec tio n  
and  infected  v ag in a l sm ears.

The p a th o g en ic  role o f  Chlam ydia trachomatis h a s  been  described in  a 
n um ber of d isease p a tte rn s . I ts  clinical im p o rtan ce  h as  b een  know n for a long  
tim e in  trop ica l endem ic tra c h o m a  invo lv ing  b lin d n ess . I ts  role in  ly m p h o ­
granu lom a v en ereu m  has b een  recognized la te r . D u rin g  th e  la s t tw o decades 
a tte n tio n  has b een  called to  its  p a r t  in  u ro g en ita l in fec tio n s  [1-5].

A ccording to  severa l au th o rs  [6, 7] ch lam y d iae  a re  th e  m ost fre q u e n t 
sexually  tra n s m itte d  p a th o g en s in  in d u str ia l coun tries. R ep o rts  from  th e  US 
and  W estern  E u ro p e  e s tim a te  th e  occurrence o f C. trachomatis in fec tio n  
1 -7 %  in  h e a lth y  m ales an d  5 -2 0 %  in  w om en [8]. P red o m in an ce  of th e  in fec ­
tions showed in te rd ep en d en ce  w ith  th e  social an d  econom ic conditions, as w ell 
as th e  sexual a c tiv ity  o f th e  p a tie n ts  [4, 8].

In  H u n g a ry  severa l re p o rts  have been  p u b lish ed  on th e  occurrence o f 
C. trachomatis in fec tio n  [3, 9 -1 4 ] , b u t no re p o rt has been  fo u n d  on ex am in a tio n s 
in  gynecological p a tie n t m a te ria l.

I stvá n  Sz il l e r , J e n ő  D ö m ö tö ri
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M aterials and m ethods

T he “ D irect C h lam ydia  A n tig en  D e tec tio n  T es t”  (C hlam ysetR, O rion  D iagnostica, 
E sp o o , F in lan d ) w as used . T h e  re ag e n t co n ta in s freeze-dried , m onoclonal fluoresce in-labelled
C. trachomatis a n tib o d y  p ro d u ced  in  m ice. E v a n s  b lue  was used fo r c o n tra s t-s ta in in g . T he 
a n tib o d y  re ac ts  w ith  all C. trachomatis se ro ty p es b u t  n o t w ith  C. p sitta c i [15, 16] an d  ce rta in  
d iscrepancies can  be  d e tec ted  in  re a c tiv i ty  [17].

Specim ens w ere o b ta in e d  fro m  th e  c e rv ix  a n d  th e  sq u am o co lu m n ar ju n c tio n  of 66 
p re g n a n t  an d  gynecological p a tie n ts . A  sm all a sep tic  dacron  swab (C h lam y se t) w as ro ta te d  
sev e ra l tim es in  th e  cerv ix  to  rem o v e  cellu la r e lem en ts. Sm ears w ere p re p a re d  on special 
slides (C hlam yset), allow ed to  d ry , th e n  f ix ed  in  m eth a n o l for 5 m in. In c u b a tio n  w as perfo rm ed  
a t  ro o m  te m p e ra tu re  in  m o is t ch am b er fo r 15 m in  b y  using  30 p \  flu o resce in -iso th io cy an ate - 
c o n ju g a ted  m onoclonal an tib o d y . A fte r  a  sh o rt w ash  in  distilled  w a ter, a  coverslip  was app lied  
b y  m ean s of 20 /Л adhesive so lu tio n  co n ta in in g  5 0 %  glycerol and 50%  0.1 м  tr is  p H  8.5. T he 
p re p a ra tio n s  w ere exam ined  w ith  Zeiss F lu o v a ll flu o rescen t m icroscope b y  im m ersion  a t  
X 1000 m agnifica tion . P ositiv e  re su lt w as in d ic a te d  b y  a t  least 10 a p p le  g reen  fluo rescen t 
d isk s ag a in s t th e  c o u n te rs ta in ed  red  b ack g ro u n d .

R esu lts and d iscu ssion

T able I  shows th e  occurrence  o f C. trachomatis in  p a tie n ts  w ith  d ifferen t 
degrees of p u rity  of th e  v ag in a l flo ra  an d  w ith  Trichomonas vaginalis  positive 
f in d in g s . N o co rre la tion  w as found  b e tw een  th e  co n stitu tio n  o f th e  vag inal 
f lo ra  and  C. trachomatis p o s itiv ity .

T ab le  I I  shows th e  occurrence o f C. trachomatis p o s it iv ity  accord ing  to  
v a rio u s  clinical cond itions. H igh est p o s it iv ity  was found in  seco n d ary  in fe r­
t i l i ty  an d  in  p a tie n ts  w ith  th e ra p y  re s is ta n t discharge.

C. trachomatis is an  in tra c e llu la r  ob lig a te  parasite  [10]. I n  th e  fem ale 
g e n ita l t r a c t  i t  occurs m ost fre q u e n tly  in  th e  cervix [4, 5] an d  is responsib le 
fo r  en d o m etria l and  tu b a l in fec tions an d  fo r inclusion c o n ju n c tiv itis  o f new ­
b o rn s [18].

M ucopuru len t d ischarge is a sequela  o f endocervical c h lam y d ia l in fec tion . 
S om etim es th e  process subsides w ith o u t a n y  clinical sy m p to m s. C. trachomatis 
is a f req u en t find ing  in  cerv ica l ec tro p io n  [5, 19].

Table I

Occurrence o f  chlamydial cervical infections

N o. o f  p a tie n ts

V agina l sm ea rs* T  vagi naUs

1 I t  I I I  POB1UVe
T o ta l

C. trachomatis positive 11 14 13 4 42

C. trachomatis negative 6 8 8 2 24

T ota l 17 22 21 6 66

* Degree of a lte ra tio n  in  norm al v ag in a l flora
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Table II

Occurrence o f  chlam ydial infections in  various clinical conditions

N o. o f  p a t ie n ts  

C. trachomatis
T o ta l

p o sitiv e n e g a tiv e

E ry th ro p las ia 4 4 8

P reg n an ts  free of com plaints 3 6 9
P reg n an ts  w ith  colpitis 4 4 8

Secondary  in fertility 6 1 7
A dnexitis a fte r  artific ia l abo rtion 8 3 11
R ecu rren t flu o r 17 6 23

T o ta l 42 24 66

T he p re se n t stud ies in c lu d ed  sam ples from  p a tie n ts  o b ta ined  d ire c tly  
befo re  rec o n s tru c tiv e  o p era tio n  due to  ex tensive  e ry th ro p la s ia  of th e  os u te r i  
an d  n eg a tiv e  v ag in a l d ischarge. O u t of th e  eight p a tie n ts  positive  re su lt w as 
o b ta in ed  in  fo u r (Table I I ) .

D u rin g  p reg n an cy  se lf-pu rifica tion  of th e  vag in a  becom es reduced  in  
consequence  o f th e  suppression  of lac tobacilli and  th u s  su scep tib ility  to  
in fec tio n s increases. In  th re e  o u t o f n ine p reg n an ts  free o f  com plain ts and  in  
fo u r o u t o f  e ig h t endocerv ical C. trachomatis was show n (T ab le  II) .

E n d o m e tritis , sa lp ing itis , an d  ad n ex itis  can be seque lae  of endocerv ical 
ch lam y d ia l in fec tion  [20]. T h e  role of th e  organism  in  seco n d ary  in fe r tility  is 
w ell know n. C. trachomatis w as show n in  6 of th e  7 p a tie n ts  w ith  seco n d ary  
in fe r ti l i ty , as w ell as in 8 o u t of th e  11 p a tien ts  w ith  adnex itis  follow ing 
a rtific ia l a b o rtio n  (Table I I ) .

T he m a jo r p a r t  o f gynecological o u tp a tie n t c o n su lta tio n  consists o f 
p a tie n ts  com plain ing  of v ag in a l d ischarge. T w en ty -th ree  o f  th ese  p a tie n ts  w ere 
t r e a te d  re p e a te d ly  due to  rec id iv a tio n . In  sp ite  of a n o rm a l or p a r tly  decreased  
lac to b ac illu s  co n ten t o f th e  v ag in a l sm ears, th ey  com p la in ed  of a re lap se  of 
d ischarge. C h lam ydia l in fec tion  has been  confirm ed in  17 cases (T able I I ) .

T he exceedingly  rap id  perfo rm ance  of th e  te s t re q u ir in g  a lto g e th er 30 to  
40 m in  is o f g rea t ad v an tag e . I t  enab les th e  ex am in a tio n  o f a large a m o u n t 
o f sam ples w ith  ad eq u a te  se n s itiv ity  an d  specificity .

Y ään än en  e t al. [17] found  th a t  sen s itiv ity  of th e  d irec t s ta in ing  m e th o d  
w ith  Chlam yset®  A ntigen  reag en t a m o u n ted  to  89.3%  an d  specific ity  to  98 .7%  
w hen  co m p ared  w ith  cu ltiv a tio n . S im ilar resu lts h a v e  been  rep o rted  b y  
M eurm an  e t al. [16].

In  v iew  o f th e  w idesp read  occurrence of vag inal d ischarge, as ro u tin e  
ex am in a tio n s  used  com m only  in  gynecology will clear th e  aetio logy  only p a r t ly , 
i t  is ad v isab le  to  m ake ex am in a tio n  for th e  presence o f ch lam ydiae.
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M an u scrip ts a re  accepted  on  th e  basis o f sc ien tif ic  significance a n d  su itab ility  for 
p u b lic a tio n  on  th e  u n d e rs tan d in g  th a t  th e y  have  n o t b e e n  pub lished , s u b m itte d  or accep ted  fo r 
p u b lic a tio n  e lsew here. A cceptance d e p en d s  on the  o p in io n  o f  one or m ore re fe rees an d  th e  d eci­
sion  o f th e  E d ito r ia l  B o ard . Papers a cc ep te d  for p u b lic a tio n  are  sub ject to  ed ito ria l rev is ion .

M A N U S C R IP T  S T Y L E

M an u scrip ts  m u st be in E ng lish  a n d  clearly a n d  concisely  w ritten . T h e y  should be ty p e d  
d o ub le  spaced  w ith  w ide m argins. T w o copies of th e  m a n u sc r ip t should be  su b m itte d .

F O R M  O F M A N U S C R IP T

T itle. T h e  t i t le  should  be a c lea r  a n d  concise s ta te m e n t  o f the 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  title  o f n o t  m ore  th a n  40 le t te r s  should also  b e  supplied . T h is  is 
fo llow ed  b y  th e  a u th o rs ’ in itials (full f i r s t  nam e of w o m en ) an d  surnam e, a n d  th e  nam e o f  th e  
in s t i tu t io n  w here  th e  w ork  was done.

A bstract. T h is should  not exceed  200 words a n d  sh o u ld  outline b r ie f ly  th e  purpose o f  th e  
s tu d y  an d  d e ta il im p o rta n t f in d in g s  a n d  th e  a u th o r s ’ principal co n clu sio n s. R e d u n d a n t  
p h ra ses , genera lly  k n o w n  in fo rm atio n  a n d  re p e titio n  sh o u ld  be avoided.

In tro d u c tio n . T his p a r t  shou ld  s ta te  briefly  th e  n a tu re  and p u rpose  o f  th e  work a n d  c ite  
re ce n t im p o r ta n t  w o rk  b y  others.

M aterials a n d  m ethods. D escribe  m icroorgan ism s, m ethods, a p p a ra tu s ,  p rocedure  a n d  
s ta tis t ic a l  m e th o d s  in  sufficient d e ta il to  allow o th e r a u th o r s  to  reproduce  th e  resu lts . T h is p a r t  
m ay  hav e  su b h ead in g s  like “ B ac te ria l s tra in s”  o r “ C u ltu re  m edia” .

R esu lts. T h e  experim ental d a ta  should  be p re se n te d  clearly a n d  concisely. A vo id  re ­
p e a tin g  in fo rm a tio n  presen ted  in  ta b le s  an d  figures.

D iscussion shou ld  be focussed  o n  th e  in te rp re ta tio n  of e x p erim en ta l findings. D o n o t 
re p ea t lite ra ry  d a ta  p resen ted  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 of g ran ts  a n d  technical he lp .
R eferences. C ite only essen tia l references. T h e y  should  be a r ra n g e d  in  num erica l se­

quence as c ited  in  th e  tex t, w here th e  num bers a p p e a r  (in  paren theses) w ith  o r w ith o u t th e  
a u th o r’s n am e. e.g. E d en  and  H a n sso n  [1], F ra n k e l  [2 ]. G elbart e t  a l.  [3] or [1, 2]. T he 
reference list a t  th e  end  of th e  p a p e r  shou ld  co n ta in

— for jo u rn a ls :  nam es and in itia ls  o f  all 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  u se d  in  In d ex  M edicus, vo lu m e n u m b er, p ag in a tio n , y ear.

— for books: nam es and  in itia ls  o f  au th o rs /e d ito rs , title , p u b lish e r, p lace  an d  y e a r  o f
p u b lica tio n , page num ber.
Address o f th e  au thors . T h e  (fu ll) nam e a n d  m ailin g  address o f  th e  au th o rs  sh o u ld  be 

g iven  a fte r  th e  reference list.
Tables. T h ey  should be ty p e d  on  separate  sh e e ts  a n d  have a concise h ead ing  each . T ab les  

a re  to  be n u m b ere d  sequentially  b y  R o m an  n u m bers.
F igures. G ood-quality  glossy p r in ts  of h a lf- to n e  illu stra tio n s a n d  c lea r  line d raw in g s in  

In d ia n  in k  a re  accep ted . The n u m b e r o f th e  figure, th e  a u th o r’s nam e, a n d  th e  to p  of th e  f ig u re  
shou ld  be in d ic a te d  lig h tly  in  soft p en c il on the  b ack . T h e  figures are to  b e  n u m b ered  s e q u e n tia l­
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ISOLATION FROM FOOD AND CHARACTERIZATION 
RY VIRULENCE TESTS OF 

YE R SIN IA  ENTEROCOLIT1CA ASSOCIATED 
WITH AN OUTBREAK*

E l isa b e t h  Ma r ja i, M á r ia  K á l m á n , I rén  K a já r y ,
Á gota B é l t e k y  and M. R odler

Public H ealth  S ta tion , Szeged, and 
N ationa l Institute o f  F o o d  H ygiene and N u trition , Budapest

(R eceived  D ecem ber 15, 1985)

A Y ersin ia  enterocolitica o u tb re a k  assoc ia ted  w ith  “ pork  cheese”  is described. The 
p h o sp h a te -so rb ito l-b ile  m ethod was co m b in ed  w ith  K O H  p re tre a tm en t fo r iso lation  of th e  
a g e n t from  food. T h e  pathogen icity  o f th e  food an d  faecal isolates was v e rified  w ith  v iru lence 
te s ts :  th e  ca lc ium -dependen t p o p u latio n s carried  a 42 M dal plasm id, show ed H E p -2  p e n e tra ­
tio n  an d  d is in teg ra tio n  and were a u to a g g lu tin ab le .

I t  has been  know n for m ore  th a n  h a lf  a  cen tu ry  th a t  Y ers in ia  entero­
colitica  is p a th o g en ic  for m an. M ethods fo r th e  diagnosis o f y e rs in ia  en te ritis  
h ad  a lread y  been  availab le by th e  end  of th e  ’six ties in a n u m b er o f E u ro p ean  
co u n trie s  in c lu d in g  H ungary . N ev erth e less , clinical diagnosis o f yersin iosis still 
m ee ts d ifficu lties [1, 2]. The disease m ay  be accom pan ied  b y  v a rio u s com plica­
tio n s  [3 -5 ], a n d  m a y  have a n u m b e r  of e x tra in te s tin a l m an ifesta tio n s w ith o u t 
e n te ritis , such as th y ro id  illness [6], cho lang itis [7], p h a ry n g itis  [8], a r th r itis , 
u re th r it is , g lom eru lonephritis  [9], sep ticaem ia  associated  w ith  re sp ira to ry  ill­
ness o f ad u lts  [10], pneum onia [11] an d  m uscle su p p u ra tio n  [12]. T he sy m p ­
to m s m ay  p re se n t considerable d iffe ren tia l d iagnostic  problem s in  m edicine 
an d  su rgery  [8, 13, 14].

More re c e n tly  an  intensive re sea rch  w ork  all over th e  w orld , a im ed a t 
ch a rac te riz in g  th e  bacterium , has c o n tr ib u te d  to  th e  carifica tio n  o f  th e  ep i­
dem iology  of Y . enterocolitica in fec tio n s. As em phasized by  sev era l au th o rs  
[1 5 -1 7 ], yersin ia  enterocolitis sh o u ld  be regarded  as a zoonosis. M orris and  
F ee ly  [18] and Lee [19], am ong o th e rs , h av e  p o in ted  ou t th a t  Y . enterocolitica 
m a y  sp read  v ia  th e  food chain. N u m ero u s  a u th o rs  have called a t te n tio n  to  its

E l is a b e t h  M a r ja i , Má r ia  K á lm á n , I r é n  K a já r y  
P u b lic  H e a l th  S ta tio n
D e rk o v its  faso r 7—11, H -6701  S zeged , H u n g ary

Á gota  B é l t e k y , M ik ló s  R o d l e r
N a tio n a l  I n s t i tu te  o f F o o d  H y g ie n e  and  N u tritio n
G y á li ú t  3 /a , H -1476 B u d a p e s t,  H u n g a ry

* P a r ts  o f  th is  p a p e r  w ere  p resen ted  a t  th e  1 2 th  ‘‘B a la to n ”  P u b lic  H e a lth  D ay s , S iófok, 1984, a n d  a t  th e  A n n u a l 
M eetin g  o f  th e  H u n g a r ia n  S o c ie ty  fo r  M icrobiology, N y ír e g y h á z a ,  A u g u s t 2 2 -2 4 , 1984.
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possible presence in  fresh  [20-23] an d  pasteu rized  [24] m ilk. W au te rs ’ sug ­
gestion  [25] th a t  th e  dom estic  pig is th e  m ost im p o r ta n t  reservoir has been 
su p p o rte d  by  o thers [2 6 -2 9 ]. A ldová e t al. [30] iso la ted  so-called “ clin ical” 
an d  “ e n v iro n m en ta l”  s tra in s  of Y ersin ia  from  v ario u s  foodstuffs, d rin k in g  
•waters an d  surface w a te rs .

R ep o rts  from  H u n g a ry  [31] an d  ab ro ad  [32] suggest th a t  de tec tio n  of 
У. enterocolitica in foodstu ff, in  itself, does no t p ro v e  th e  p a th o g en ic ity  of 
th is  b ac te riu m  an d  its  tran sm ission  b y  foodstuff. S tra in s  iso lated  from  fo o d ­
s tu ff  or w ater, e ith e r  “ clin ica l” or “ e n v iro n m e n ta l”  ones, should be te s te d  for 
v iru lence  [33].

B ased on epidem iological investiga tions, a n u m b e r of au th o rs  [3 4 -3 7 ] 
h av e  rep o rted  Y . enterocolitica o u tb reak s  p re su m ab ly  conveyed  by  food. H ow ­
ever, due to  the  lack  o f reliab le m ethods, iso lation  o f th is  organism  en co u n ters  
d ifficu lties even if  sam ples from  th e  susp ec t food are  av ailab le . In  th e  l ite ra tu re  
we fo u n d  only th re e  o u tb re a k s  in  th e  course of w hich  У. enterocolitica had  
been  iso la ted  from  sam ples of th e  food consum ed b y  th e  p a tien ts . All th e  th ree  
w ere ex tensive o u tb re a k s , occurred in  th e  USA a n d  w ere associated  m ain ly  
w ith  s tra in s  of serogroup  0 8  [38-40].

In  the p resen t re p o r t  we describe an o u tb re a k  associated  w ith  th e  con­
su m p tio n  of “ d iszn ó sa jt”  (in lite ra l tra n s la tio n , “ p o rk  cheese” ). “ P o rk  cheese” 
is a m ea t p ro d u c t co n ta in in g  sm all pieces of boiled ch itte rlings stuffed  in to  a 
coa t p rep ared  from  th e  stom ach  of th e  hog; a fte r filling  th e  p roduct is processed 
a t  a tem p era tu re  n o t above  th a t  of boiling  w ater.

T his was the  f irs t  yersin ia  o u tb reak  in H u n g ary , in w hich th e  cau sa tiv e  
a g e n t was iso lated  from  th e  suspect food.

M aterial and m ethods

Bacterial strains. T h e  v a ria n ts  E14651 Ca + +-d ep en d en t (C a-dep.) and E14651 Ca + +- 
in d ep e n d en t (C a-indep.) w ere isolated from  th e  s tra in  У. enterocolitica E14651, w hich  had 
been  iso lated  from  “ p o rk  cheese” . The У. enterocolitica B20187 is a re p re sen ta tiv e  o f th e  
th re e  stra in s  iso lated  fro m  faecal sam ples du rin g  th e  o u tb re a k  u n d e r s tu d y ; th e y  ap p eared  
id en tica l w ith  one a n o th e r  in  all th e  te s ts  app lied  by  us. W e iso la ted  a Ca-dep. and  a C a-indep. 
v a r ia n t  from  s tra in  B 20187. У. enterocolitica s tra in  X 8312 (serogroup 0 3 , b io ty p e  4) is a 
re ference s tra in  m ain ta in ed  in  th e  lab o ra to ry . T he s tra in  Escherichia coli K 12HB101 (p .J B 3 J I )  
is a s tra in  carry ing  a 40 M dal plasm id [41].

N utrient media. M ed iu m  1. P h o sp h a te -so rb ito l-b ile  b u ffered  solution (PS B ), [42]. 
M ed iu m  2. R a p p a p o rt’s en rich m en t m ed ium  [43]. M ed iu m  3. D eo x y ch o la te -c itra te  (DC 
a g a r [43]). M edium  4. M acC onkey’s T w een 80 agar [44]. M ed iu m  5. Sim ple b ro th  [43]. M edia 
u sed  in Ca ++-dependence te s ts : in lack  of M O X ag ar [45] con ta in ing  bound  calcium , we 
e lab o ra ted  m edia 6 -8  fo r th is  purpose. M edium  6. Calcium -free blood agar base: B acto  p ep to n e  
(D ifco), 10 g; L ab-L em co Pow der (O xoid), 15 g; NaCl, 3 g; N a 2H P 0 4 • 2 H 20 ,  2 g; agar 
(D ifco), 15 g; d istilled  w a te r , 1000 ml; au to c lav ed  a t  115 °C fo r 30 m in; p H  7.4. M edium  7. 
B lood ag ar base (B A ) co n ta in in g  Ca ++ (B A  -f- Ca + +): 184 m l calcium -free blood ag ar base  
m elted  and  cooled to  45 °C an d  16 m l o f 0.2 м C a O , ad d ed . M edium  8. Blood agar base  con­
ta in in g  hound calcium  (B A  +  Ca + + +  M O X): 220 ml o f B A  -|- Ca++ agar so lu tion  cooled to 
45 °C -|- 16 ml of 0.25 M calcium  ox a la te  +  8 m l o f 0.5 м M gCl2 [45]. Phosphate buffer diluent:
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T ry p tic a s in  ( try p tic  d ig es t of casein, R e a n a l, B u d ap es t) , 1 g; N a 2H P 0 4 • 7 H 20 ,  10.9 g; 
K H 2P 0 4, 3.5 g; d istilled  w a ter, 1000 m l, p H  7.0; au to c lav ed  a t  115 °C for 30 m in  [46].

Isolation o f  bacteria. The m edia a n d  m eth o d s used in  exam ining b a c te r ia l c o n tam in a ­
tio n  (ex cep t У. enterocolitica co n tam in a tio n ) o f “ pork  cheese”  are described in  a H u n g a rian  
gu ide [46]. F rom  faecal sam ples, У. enterocolitica was iso la ted  on DC agar m edium .

F o r  iso lation  of У. enterocolitica f ro m  “ pork  cheese”  sam ples th ree  d iffe ren t m ethods 
w ere used . M ethod I .  T w en ty -five  g of th e  sam ple  w ere p laced in to  225 ml o f R a p p a p o r t’s 
e n ric h m e n t m edium  a n d  incu b a ted  a t  37 °C for 48 h, su b cu ltu red  on DC ag ar p la te s , w hich  
w ere in cu b a ted  a t  26 °C for 48 h. M ethod I I .  T w en ty  g o f th e  sam ple w ere hom ogenized in 
180 m l PS B  solu tion . T w o m l volum es w ere  m easured  in to  100 ml PSB  so lu tion  in  a 250 ml 
flask s (0.2 g sam ple/100 ml) [47]. The e n ric h m e n t m edia w ere incu b a ted  a t  4 °C for 6 days 
(T ables I ,  I I / l )  or for 14 days (Tables I ,  I I /2 ) .  T hen  u n tre a te d  cu ltu res and  cu ltu res  tre a te d  
w ith  K O H  as described b y  Aulisio e t al. [48] w ere p la ted  on M acConkey’s T w een 80 m edium  
an d  DC agar. In c u b a tio n  las ted  a t  26 °C fo r 48 h. M ethod I I I .  O f each PSB e n rich m en t cu ltu re  
in cu b a ted  a t  4 °C for 6 d ay s or 14 days (see M ethod I I )  1 m l was tran sfe rred  in to  100 m l of 
R a p p a p o r t’s en rich m en t m edium  and in c u b a te d  a t  26 °C fo r 48 h, th e n  u n tre a te d  and  K O H - 
tre a te d  cu ltu res  were in o cu la ted  on M acC onkey’s T w een 80 an d  DC p la tes; these  w ere c u ltu red  
a t  26 °C fo r 48 h. M ethods I ,  I I  and I I I  w ere  used paralle l in th e  experim ents and  w hen food 
po ison ing  w as suspected .

E xa m in a tio n  o f  tem perature-sensitive Ca + + -dependence. V ery  m inu te  a m o u n ts  of 48 h  
c u ltu re s  o f У . enterocolitica grow n on DC m e d iu m  for 48 h  w ere tran sferred  in to  sim ple b ro th  
an d  th e  cu ltu res  were in cu b a ted  a t 26 °C fo r  18 h. T hen , a tenfo ld  d ilu tion  series was p re ­
p a red  u p  to  10~6. F rom  each  dilu tion  0.1 m l w as spread  w ith  a glass rod on th e  surface  of BA 
p la te s  (Series I and I I ) .  Series I was in c u b a te d  a t  26 °C, Series I I  a t  37 °C, b o th  for 48 h. 
T h en  th e  colonies w ere coun ted  and m ark ed  on  th e  b o tto m  of th e  Pe tri dish, an d  th e  p lates 
w ere re -in c u b a te d , b o th  Series I and I I  a t  26 °C for 48 h. On th e  p lates p re in cu b a ted  a t  26 °C 
(Series I )  th e  colonies rem a in ed  unchanged  b o th  in size an d  n u m b er, w hereas in  Series I I  th e  
colonies show ed som e fu r th e r  grow th, an d  new  colonies a b o u t 1 m m  in d iam e te r ap peared . 
T hese a n d  bac teria  u n c ap a b le  of form ing colonies u n d e r such  conditions were reg ard ed  as th e  
C a-dep. p o pu lation . T he to ta l  num ber of co lony-form ing  u n its  was determ ined  a f te r  48 h in cu ­
b a tio n  on  DC m edium .

Detection o f  the 42 M dal virulence p la sm id . Agarose gel electrophoresis [49] was used . 
Colonies o f Ca-indep. iso la tes of У. enterocolitica grow n on B A -agar a t 37 °C an d  m in u te  
C a-dep. colonies develop ing  a fte r  re in cu b a tio n  a t  26 °C on th e  sam e m edium  served  for th is  
p u rp o se . S tra in  p .J B 3 J I  (40 M dal) was used  as p lam id  con tro l.

Penetration into H E p -2  cells and toxic ity  tests. The m eth o d s published by  K a y  e t  al. [50] 
w ere u sed , excep t th a t  18 h  cu ltu res of y e rs in ia  iso lates o f 10s c.f.u. were o b ta in ed  in  sim ple 
b ro th  in s te a d  of b ra in  h e a r t  infusion b row th . T h e  reac tio n  w as regarded  positive  w hen  b ac te ria  
w ere v isib le  by  ligh t m icroscopy  in the  H E p -2  cells w ashed off w ith  phosphate  b u ffe r  90 m in  
a fte r  in fec tion . Cellular d isin teg ra tio n  in d ic a te d  positive  to x ic ity  reaction .

A utoagglutination  test. The tes t as m o d ified  by  Lee e t al. [51] was used , ex cep t th a t  th e  
48 h  У. enterocolitica iso la tes were p re -in cu b a ted  on BA agar in stead  of D N ase agar. T he a u to ­
ag g lu tin a tio n  te s t  w as p e rfo rm ed  at b o th  37 °C and 26 °C an d  read  a fte r 16 h. T he te s t  was 
accep ted  as positive if  th e  b ac teria l cells w ere  se ttle d  and  th e  su p e rn a ta n t was clear or t r a n s ­
p a re n t a t  th e  end of th e  in cu b a tio n  a t 37 °C w hereas in th e  tu b es  incu b a ted  a t  26 °C th e  m e­
dium  w as un ifo rm ly  tu rb id .

M ouse pathogenicity test. Y . enterocolitica b ro th  (26 °C, 18 h) was cen trifuged  and  th e  
cells w ere  resu sp en d ed  in saline up to a d ilu tio n  of 105-1 0 8 cells pe r ml. W ith  th e  d ilu tions 
C F L P  m ice of ab o u t 30 g b o d y  w eight w ere in o cu la ted , each  w ith  0.5 m l, in tra p erito n ea lly . 
The m ice w ere  observed fo r a  week afte r in o cu la tio n . The te s t  w as negative  if th e  m ice rem ained  
free o f sy m p to m s.

R esu lts

C linical and epidemiological f in d in g s .  A t th e  end  of D ecem ber, 1983, a 
susp ec t case of food poisoning was re p o rte d . T he tw o an d  a ha lf-year-o ld  
p a tie n t suffered  from  abdom inal p a in , v o m itu s , severe d iarrhoea , m ild  sore 
th ro a t , a n d  fever up  to  39 °C. The p a re n ts  h ad  been  ill a w eek earlie r w ith  
sore th ro a t ,  e x tre m ita l p a in  and fever u p  to  40 °C as lead ing  sy m p to m s, an d
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ab d o m in a l tenderness. T h e  phy sic ian ’s diagnosis w as in fluenza. A p ed ia tric ian  
ra ised  th e  suspect of food  poisoning an d  th e  p a re n ts  conceived th e  idea th a t  
th e  illness of the  ch ild  m ig h t be a t tr ib u te d  to  “ po rk  cheese” p rep ared  from  a 
pig s lau g h te red  by  th e  fam ily  on D ecem ber 3. T he child consum ed of th e  
“ p o rk  cheese” a few  d ay s  before th e  onset o f his illness, th e  p a re n ts  d id  it  
so m ew h at earlier. T he “ p o rk  cheese” , 3.5 kg  in  w eigh t, was “ h e a t- tre a te d ” 
for h a lf  an  hour an d  sm oked  a fte r  s tu ffed . I t  w as allow ed to  s ta n d  a t  an  a iry  
p lace w ith o u t cooling. Tw o or th ree  w eeks la te r  th e  pa ren ts , and  soon th e re ­
a fte r  re la tiv es  in  fo u r fam ilies, began to  ea t th e  “ p o rk  cheese” . Epidem iological 
e x a m in a tio n  showed th a t ,  besides th e  p a re n ts  a n d  th e ir  child, 14 persons h ad  
consum ed  the “ po rk  cheese” and  fiv e  of th e m  becam e ill. T heir sy m ptom s 
w ere a p p ro x im a te ly  th e  sam e as tho se  show n b y  th e  p aren ts. T he case in c i­
dence p e r num ber o f fam ily  m em bers for th e  five  households was as follows: 
3/4; 2 /4 ; 2/5; 1/3; 0/2.

Isolation o f  yersin iae . Y . enterocolitica was iso la ted  from  faecal sam ples 
of th e  child  who w as a c tu a lly  suffering  from  en te ritis  as well as from  tw o 
faecal sam ples of seven  adu lts  who h ad  recovered  b y  the  tim e o f sam pling. 
T he iso la tes belonged to  serogroup 0 3 , b io ty p e  4 and  phage ty p e  V I I I :  th e y  
w ere re s is tan t to  am pic illin , sensitive to  ch lo ram phen ico l, neom ycin , p o ly ­
m y x in  B, te tracy c lin e , co-trim oxazole  and  gen tam icin .

“ P o rk  cheese”  av a ilab le  for sam pling  w as s till p resen t in re frig era to rs  of 
tw o  households. T he b a c te r ia l coun ts p er g of sam ple were as follows: to ta l  
v iab le  counts, 10s; coliform s, 107; “ faeca l” Escherichia coli, 103; B acillus cereus, 
104; Streptococcus fa eca lis , 105; Staphylococcus aureus, 104.

T he m ethods o f  iso lation  of Y . enterocolitica from  “ pork  cheese” sam ples 
an d  th e  resu lts of th e  te s ts  are show n in T ab le  I. Suspected  colonies o f yersin ia  
w ere n o t seen in th e  m iscellaneous flo ra  grow n of M acConkey’s T w een 80 and  
DC p la te s  in ocu la ted  w ith  cu ltu res en riched  in  R a p p a p o r t’s m edium  (M ethod I). 
D ue to  massive g ro w th  of o th e r b ac te ria , y ers in ia  iso lation  also failed w hen 
M ethod  I I  was ap p lied  so th a t  th e  6 -day  an d  14-day cold PSB  en richm en ts 
w ere n o t tre a te d  w ith  K O H  before sp read  on DC agar or M acC onkey’s Tw een 
80 m edium . W hen, how ever, th e  cold en rich m en ts  were tre a te d  w ith  0 .25%  
K O H  for 2 m in befo re  sp read , th e  th in n in g  of th e  background  flo ra  allow ed 
y e rs in ia  colonies to  a p p e a r; th e  colonies fo rm ed  an  alm ost co n flu en t layer in 
th e  f ir s t  segm ent o f th e  p la tes, an d  iso la ted  colonies appeared  in  th e  second. 
A p re tre a tm e n t o f th e  inocula w ith  0 .5%  K O H  solution for 15 s com pletely  
d e s tro y ed  the co n co m itan t flo ra  and  allow ed on ly  one or tw o y ersin ia  colonies 
p e r  p la te  to  grow. U sing  M ethod I I I ,  we failed  to  iso late yersin ia  w hen cold 
p re -en rich m en t w as follow ed by  p o st-en rich m en t in R a p p a p o rt’s m edium  e ith e r  
w ith  or w ithou t K O H  tre a tm e n t.

The “ pork  cheese”  sto red  in  th e  re frig e ra to r of one of the  re la te d  fam ilies 
y ie ld ed  Y . enterocolitica. The ad u lts  in  th e  fam ily  h ad  suffered from  a severe
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Table I

Isolation o f  Yersin ia  enterocolitica fro m  samples o f  the '"‘‘pork  cheese”  associated
w ith  the outbreak

M ethod

E n ric h m e n t
A m o u n t o f

sam p le  in o c u la te d  m e(iium  ° C tim e , 
(ml) d a y s

Y ers in ia  co lonies grow n a t  28 °C, fo r  48 h  on 

M acC onkey’s T w een  80 ag a r  DC ag a r

K O H  p re tre a tm e n t

n il 0 .2 5 % , 2 m in  0 .5% ,15  s n il 0 .25% , 2 m in  0 .5 % , 15 s

I 25 g R app.
(225)

36 2 n .t. n .t. n .t. __b n .t. n .t.

I I / l 0.2 g PSB
(100)

4 6“ _ b + + + *f __b + + +  +

II/2 0.2 g PSR
(100)

4 14a - b + + + “h __b + + +  -

I I I / l I I / l  6 -d ay a R app.
(100)

26 2 - b __c — __b _c __

I I I /  2 I I / l  14-daya 
1 ml

R app.
(100)

26 2 - b __c __b __c __

R app. =  R a p p a p o r t’s enrichm ent m edium  
n .t. =  N o t tes ted

a =  U sed  also as inoculum  in  M ethod I I I  
b =  Y ersin ia-negative, m assive m iscellaneous flo ra  
c ■ Y ersin ia-negative, poor m iscellaneous flora 

— =  N o g row th  of bacteria
-)—I—|- =  S c a tte red  yersinia colonies on  segm ents I an d  I I ,  poor miscellaneous flora  

+  =  O ne or two yersinia colonies in segm ent I ;  no  o th er bacteria

disease d iagnosed  as in fluenza one w eek earlier. T he faecal sam ples ta k e n  
from  p a tie n ts  s im u ltaneously  w ith  tho se  ta k e n  fro m  th e  “ pork  cheese”  w ere 
nega tive . T he s tra in  iso lated  from  th e  “ po rk  cheese”  was iden tica l in  sero- 
group , b io ty p e  a n d  phage ty p e  w ith  th e  th ree  s tra in s  ob ta ined  from  faecal 
sam ples of th e  in d e x  child and  tw o  a d u lt p a tie n ts . This fac t and  th e  h igh  
fever acco m p an y in g  th e  disease suggested  th a t  th e  yersin ia  co n tam in a tio n  o f 
th e  “ pork  cheese”  accoun ted  for th e  o u tb reak .

Virulence tests. To check th e  ab o v e  assu m p tio n , we exam ined  th e  v iru lence  
of th e  s tra in  iso la ted  from  th e  “ p o rk  cheese”  in  com parison  w ith  th e  s tra in  
B20187 of faecal origin. We em ployed  six v iru lence  te s ts , the  f irs t of w hich  
w as te s tin g  for C a + + dependence.

F igure 1 show s a confluent g ro w th  on th e  Ca + +-free p lates in o cu la ted  
w ith  th e  1 0 " 3 d ilu tio n  of s tra in  E14651 an d  in c u b a te d  a t  26 °C. In  c o n tra s t, 
only sca tte red , C a + + -indep. colonies grew  from  th e  sam e d ilu tion  on p la tes  
in cu b a ted  a t 37 °C.

As show n in  F ig . 2, the  g row th  on BA -f- C a ++ p la tes inocu la ted  w ith  
th e  10~6 d ilu tio n  o f th e  same c u ltu re , th e  colony n u m b e r was ap p ro x im a te ly  
th e  sam e a t  26 °C a n d  37 °C. The y e rs in ia  s tra in s  iso la ted  from  p a tien ts  show ed
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26*C,48 h
10'3

37 °C, 48 h
10^

Fig. 1. T em p era tu re-sen sitiv e  Ca + + dependence  of Y . enterocolitica s tra in  E14651 on a
calcium -free n u tr ie n t  m ed ium  (BA)

26 *C, 48 h 37eC,48 h
10“6 10~6

Fig. 2. T em p era tu re-in sen sitiv e  colony fo rm a tio n  of Y . enterocolitica s tra in  E14651 on a 
m ed iu m  supp lem en ted  w ith  calcium  (BA -f~ Ca + +)

th e  sam e tem p era tu re -sen sitiv e  Ca + + dependence as th e  fo o d -iso la te  (Figs 
1 an d  2).

In  Fig. 3 th e  tem p era tu re -sen sitiv e  Ca + + dependence of th e  s tra in s  of 
d iffe ren t origin is show n num erically . T here  was no considerable in te r-s tra in  
d ifference  a t  th e  sam e tem p era tu re  if  th e  colonies were grow ing on th e  sam e
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-MOX -м о х
26*С 26 *С 37*С 37*С 3 7 t  26#С Temperature

Fig. 3. T em p era tu re -sen sitiv e  Са + + dependence of tw o  Y . enterocolitica isolates on th re e  
d ifferen t m edia. Open co lum ns, s tra in  E14651 iso la ted  from  food; solid colum ns, s tra in  B20187 

iso lated  from  faeces. F o r ab b rev ia tio n  of m ed ia  see M ateria ls and m ethods

m edium . F o r fu r th e r  com parison , th e  co lony  n u m b er o b ta in ed  on DC m edium  
a fte r in cu b a tio n  a t  26 °C for 48 h is show n. Colony g row th  on BA and  BA 
-(- Ca + + M OX w as o p tim a l at 26 °C, w hereas a t 37 °C th e  num ber of colo­
ny-fo rm ing  yersin iae  w as lower by  th re e  ex p o n en ts , because only th e  Ca-in- 
dep. m u ta n ts  of th e  p opu la tions grew on th ese  m edia  a t  37 °C. In  th e  p re ­
sence of Ca+ +, co lony fo rm atio n  was u n d is tu rb e d  even a t  37 °C.

F igure 4 show s how  to  isolate C a-dep . an d  C a-indep. colonies. S tra in  
E14651 iso la ted  from  “ p o rk  cheese” , fo rm ed  tw o k inds of colony: th e  large 
ones grew a t 37 °C, i.e. th e y  were C a-indep . m u ta n ts ;  th e  m in u te  colonies, on 
the  o th e r h an d , w ere C a-dep., as th e y  ap p e a re d  only a f te r  re-in cu b a tio n  a t  
26 °C for 48 h . W e p re fe r our BA m ed iu m  to  th e  M O X  ag ar [52] because, 
using th e  form er, we w ere able to  d iffe ren tia te  th e  C a-dep. and  Ca-indep. m u ­
ta n ts  from  each o th e r  w ith  great c e r ta in ty , an d  because i t  лгав the  BA m e­
dium  from  w hich we succeeded in iso la tin g  b o th  C a-dep. an d  Ca-indep. colo­
nies, irrespec tive  of th e  orig in  (food or faeces; child  or ad u lt)  of th e  stra in s.

In  possession o f C a-dep. and C a-indep . lines, we a tte m p te d  to  d e tec t th e  
virulence p lasm id  in  th e m . In  these ex p erim en ts , E c k h a rd t’s agarose gel
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F ig . 4. C a-d ependen t a n d  in d ep en d en t colonies o f  Y . enterocolitica s tra in  E14651 on calcium - 
free  m ed ium  (B A ) a f te r  in cu b a tio n  a t  37 °C fo r 48 h  th en  a t 26 °C for 48 h . L arge colonies are  

C a-independen t, m in u te  colonies are C a-dependent

A B C D E F

F ig . 5. E x am in a tio n  o f Y. enterocolitica iso la tes fo r th e  v iru lence p lasm id  on E e k h a rd ’s 
ag aro se  gel. A =  p .E 14651  (C a-dep.); В =  E14651 (C a-indep.); C =  p.B 20187 (C a-dep .); 

D = B20187 (C a-indep .); E  =  X 8312 (C a-indep .); F  =  p .J B 3 J I  (p lasm id  con tro l)

elec trophoresis  w as used. Lane “ F ”  o f  F ig . 5 shows th e  e lec tro p h o re tic  p a t te rn  
o f  s tra in  p .J B 3 J I  h av in g  th e  40 M dal p lasm id . In  th e  e lec tro p h o re to g ram s of 
th e  C a-dep. iso la tes  (lanes “ A ”  an d  “ C” ) th e  b an d  ind ica tes  th e  presence o f a 
42 M dal p lasm id . S im ilar b ands fail to  a p p e a r  in  lanes “ B ”  “ D ”  an d  “ E ” . 
L an es “ B ” an d  “ D ”  correspond to  th e  C a-indep. m u ta n ts  th a t  had lo st th e ir  
p la sm id  sp o n tan eo u sly , while lane “ E ”  is th e  e lec trophore tog ram  of th e  re fe r ­
ence s tra in  X 8312, w hich is m a in ta in e d  in lab o ra to ry  passages.

T able I I  sum m arizes th e  re su lts  o f th e  virulence te s ts  carried  o u t w ith  
th e  d ifferen t iso la tes  and la b o ra to ry  s tra in s  of Y . enterocolitica. In  b rie f, th e  
C a-dep. s tra in s  ca rr ied  th e  42 M dal v iru lence  p lasm id; th e y  p e n e tra te d  H E p -2  
cells; due to  th e ir  to x ic  effect, d is in te g ra te d  th e  H E p-2 cells, a n d  gave po sitiv e  
a u to a g g lu tin a tio n . F o r the  C a-indep . m u ta n ts , on th e  o th e r h an d , o n ly  th e
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Table I I

Results o f  virulence tests fo r  Y .  enterocolilica isolates

I so la te P la sm id  o f 
42 M dal

H E p -2
p e n e tra tio n

H E p -2
d is in te g ra tio n

A u to ­
a g g lu tin a tio n

M ouse to x ic i ty  
(105, 108 i.p .)

E14651 Ca-dep. + + + + —

E14651 Ca-indep. — + - - —

B20187 Ca-dep. + + + + -
B20187 Ca-indep. - + - - —
X8312 — + — — —

Fig. 6. C a-dependent] an d  in d ep en d en t colonies in  p e r cen t on th e  to ta l  n u m b er o f colony 
form ers in cu ltu res on calcium -free m ed iu m  (B A ) of Y . enterocolitica s tra in  E14651 iso la ted  
from  food and  s tra in  B20187 iso lated  fro m  faeces. Solid co lum ns, C a-independen t; sh aded  
colum ns, C a-dependent grow ing in sm all colonies; open colum ns, no colonies on BA m edium

H E p -2 -p e n e tra tio n  te s t  was positive . Mice in o cu la ted  e ith e r w ith  th e  C a-dep. 
s tra in s  or th e  C a-indep. ones, h a d  rem ained  sym ptom less by  th e  end  of th e  
one-w eek observ a tio n  period.

The fac t th a t  th ree  of th e  v iru lence  te s ts  ra n  para lle l w ith  th e  Ca + + 
dependence p ro m ted  us to  e s tim a te  th e  degree of v iru lence  of yersin ia  s tra in s  
on th e  basis of th e  degree of th e ir  Ca + + dependence. F o r th is  purpose, we
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ex am in ed  the  ra tio  of th e  n u m b ers  o f Ca + +-indcp. m inu te  colonies grow n a t 
26 °C and  colony fo rm ing  u n its  n o t developing  under th e  ex p erim en ta l con­
d itio n s .

F igure 6 show s th a t  s tra in s  iso la ted  from  foo d stu ff an d  from  faeces 
e x h ib ite d  nearly  th e  sam e v a lue . F o r b o th  s tra in s  only 0 .06%  o f th e  colonies 
w ere  Ca-indep. a f te r  in c u b a tio n  a t  37 °C, how ever, on fu r th e r  in c u b a tio n  a t 
26 °C an  ad d itio n a l 3.0 an d  2 .5%  of th e  respective organism s fo rm ed  m in u te  
co lonies; how ever, th e  m a jo rity  of C a-dep. were lost d u ring  th e  48 h  on Ca- 
free  m edium . O f th e  C a-dep. v iab le  co u n t o rig inating  from  fo o d stu ff or faeces, 
3 a n d  2 .5% , respec tive ly , of th e  p o p u la tio n  form ed m inu te  colonies.

D iscussion

I t  is a considerab le  d ifficu lty  in  iso la ting  Y . enterocolitica from  food­
s tu f f  th a t  yersin iae are  u su a lly  overgrow n b y  a  wide v a r ie ty  of o th e r b ac te ria . 
R e c e n tly , m an y  re p o rts  have  proposed  new er and  new er m eth o d s for iso la tion  
o f  y ersin iae  from  foodstu ffs . W e h av e  tr ie d  to  ap p ly  m ethods of a n u m b er of 
a u th o r s  in  y ersin ia  screening  te s ts  since 1980, an d  succeeded in  iso la tin g  
Y . enterocolitica serogroup  0 3  b io ty p e  4 from  raw  hog’s to n g u e  an d  flesh . The 
ex p erien ce  th u s  o b ta in ed  p ro m p ted  us to  com bine and m odify  m ethods a v a il­
a b le  in  th e  lite ra tu re .

The use of M ethod  I I  described  in  th e  p resen t re p o rt p e rm itte d  th e  
iso la tio n  of Y . enterocolitica from  “ p o rk  cheese” . The th e o re tic a l lim it of 
se n s it iv ity  of th e  m eth o d  is 5 v iab le  y e rs in ia  cells per g. W e failed  to  iso la te  
y e rs in ia  by  using R a p p a p o r t’s en rich m en t m edium  e ith e r d irec tly  or a fte r 
co ld  en richm en t. T he failu re  m igh t be ex p la ined  by  some o b se rva tions rep o rted  
b y  D oyle et al. [28, 53]. T hey  em phasized  th a t  ■— in case o f serogroup 0 3  
a n d  0 9  —  R a p p a p o r t’s en rich m en t m edium  fails unless th e  y ersin ia  co u n t is 
su ffic ien tly  high. S ch iem an n ’s [54] ex perim en ts suggesting  th a t  Y . entero­
colitica  shows an  increased  K O H  to le ran ce  a t  re la tive ly  low  te m p e ra tu re s  
p ro m p te d  us to  assum e th a t  p re tre a tm e n t before su b cu ltu rin g  w ith  K O H  of 
th e  in o cu la ted  R a p p a p o r t m ed ium  a t  26 °C w ould  reduce th e  n u m b e r of co lony­
fo rm in g  un its m ore th a n  a d irec t tre a tm e n t of cu ltu res in c u b a te d  a t  4 °C. 
A ccord ing ly , our M ethod  I I  seem s to  be su itab le  for ro u tin e  use, since iso la ­
t io n  o f yersin ia  from  “ pork  cheese” succeeded even in presence of a background  
f lo ra  of 108/g.

In  th e  v iru lence  te s ts , our iso la tes, o rig inating  from  e ith e r  faeces or 
fo o d , agreed well w ith  th e  c rite ria  of v iru le n t Y. enterocolitica s tra in s  [55, 
56, 57]. E xam in ing  th e  v iru lence p lasm id  of Y. enterocolitica, P o rtn o y  e t al. 
[58, 59] proved th a t  a frag m en t of th e  p lasm id , i.e. th e  “ v iru lence  fa c to r”  
a c c o u n ts  for C a ++ dependence. I f  so, o u r iso late of food orig in  m ust be of
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high v iru lence, as v iru le n t as the  isolates o b ta in ed  from  p a tie n ts . This m eans 
th a t  th e  role of “ p o rk  cheese”  in  the  o u tb reak  u n d e r s tu d y  is clear an d  th a t  th e  
“ h ea t t r e a tm e n t”  of th e  “ po rk  cheese” h ad  been  u n sa tis fac to ry .

The m ouse p a th o g e n ic ity  te s ts  were n eg a tiv e  for all th e  stra in s te s ted . 
This is n o t su rp rising  because lite ra ry  d a ta  h av e  suggested  th a t  ce rta in  Y .  
enterocolitica s tra in s  in c lu d in g  stra ins of serogroup  0 3  b io type  4, m ay be 
apathogen ic  fo r mice. E x p erim en ts  of S m ith  e t al. [60], B ak o u r e t al. [61] an d  
Browne et al. [62] have show n th a t  special cond itions are needed  to  d em o n stra te  
some m ouse p a th o g e n ic ity  of these s tra in s . O n th e  o th e r h an d , th e  negative  
virulence te s ts  of th e  reference s tra in  (B8312) or yersin ia  were som ew hat 
u n expec ted , th o u g h , l i te ra ry  d a ta  [58] suggest th a t  Y . enterocolitica s tra in s  
m ay lose th e ir  v iru lence fac to r toge ther w ith  som e fea tu res  charac teris tic  of 
the  v iru len t Y . enterocolitica. This beh av io u r o f th e  reference s tra in  suggests 
th a t  even fresh  iso lates m a y  lose v irulence w hile m a in ta in ed  in  th e  lab o ra to ry .

In  th e  yersin ia  o u tb re a k  repo rted  here , th e  lead ing  sym ptom s in  ad u lts  
—  upper re sp ira to ry  sy m p to m s, high fever a n d  e x tre m ita l pa in  —  were n o t 
accom panied b y  e n te ritis . Thus, these cases w ere d iffe ren t from  th e  yersin ia  
in fections diagnosed in H u n g a ry  so far.

Y ersin ia  en te ritis  accom panied  by  p h a ry n g itis  has been m entioned  by  
several au th o rs . T ack e t e t al. [34] rep o rted  a m ass o u tb re a k  of yersin ia  en te ritis  
supposedly  tra n s m itte d  b y  pasteurized  m ilk. In  th e  o u tb reak , besides m an y  
in tes tin a l an d  e x tra in te s tin a l cases, p h a ry n g itis  req u irin g  ho sp ita l care occurred  
in 14 cases; th ese  cases show ed no sym ptom s of en te ritis . A lthough th e  o u t­
b reak  observed  b y  us inc luded  few cases, i t  agrees well w ith  th e  o u tb reak  
rep o rted  b y  T ack e t e t al. in  th a t  th e  child  suffered from  en te ritis  w hereas 
e x tra in te s tin a l sy m p to m s were p red o m in an t in  th e  a d u lt cases.

I t  m ay  be assum ed , accordingly , th a t  th e  h u m an  p a th o g en ic ity  sp ec tru m  
of Y. enterocolitica is considerab ly  w ider th a n  i t  has been  reg istered  in  H u n ­
gary on th e  basis of th e  lab o ra to ry  and  clin ical ro u tin e  w ork th a t  m ain ly  
aim ed a t  c larify ing  th e  aetio logy  of en te ritid es  suspect o f yersin ia.

Acknowledgement. W e are  indebted  to  D r. Z s ó f i a  B á n f a l v y , Biological R esearch  
Centre o f th e  H u n g a rian  A cad em y  of Sciences, Szeged for v a luab le  help in plasm id te s ts .

R E F E R E N C E S

1. Szita , J . :  E g észség tu d o m án y  15, 92 (1971).
2. N y o m árk ay , I ., K u b in y i, ,]., M ihályfi, I ., Szita , J . :  B u d ap es ti K özegészségügy 3, 68 (1973).
3. Szita , J . ,  Sv id ró , A .: E gészség tu d o m án y  24, 19 (1980).
4. Sülle, К ., H a jn a l, A ., F a lu s , A .: M agyar R eu m ato ló g ia  25, 82 (1984).
5. B ockem uhl, J . :  Im m u n  In fe k t  10, 180 (1982).
6. W eiss, M., R u b in ste in , E ., B o tto n e , E . J . ,  S h en k m an , L ., B au k . H .: Israel J  Med Sei 15,

553 (1979).
7. R ush, O., Sayed , H . I .,  W h itb y , J . L „  W all, W . J . :  Can M ed A ssoc J  123, 1017 (1980).
8. Leino, R ., K alliom äk i, .1. L.: A nn In te rn  Med 81, 458 (1974).

Acta Microbiologica Hungarica 34, 1987



108 MARJAI et al.

9. T ack et, С. О., D av is, В. R ., C arte r, G. Р ., R an d o lp h , J .  F ., Cohen, M. L .: A n n  In te rn  
Med 99, 40 (1983).

10. Carridge, J . ,  R o b e rts , C., Pe ters , J . ,  M usher, D .: J  Clin M icrobiol 17, 936 (1983).
11. Cropp, A. J . ,  G ay lo rd , S. F ., W a ta n a k u n a k o rn , C.: Am J  Med Sei 288, 130 (1984).
12. K ah n , F . W ., G lasser, J .  E ., A gger, W . A .: A m  J  Med 76, 947 (1984).
13. B erlin , J . :  O rv  H e til 125, 1691 (1984).
14. O landie, A. J . ,  L u cas, J .  F . J r . ,  M iller, R . C.: S o u th  Med J  77, 1539 (1984).
15. Sz ita , J . ,  Sv idró , A ., K ub iny i, J . ,  N y o m á rk ay , I .,  M ihályfi, I .: M agyar Á lla to rvosok  L ap ja

33, 399 (1978).
16. Shayegani, M., D eForge, I ., M cG lynn, D. M., R oo t, T .: J  Clin M icrobiol 14, 304 (1981).
17. B oshkova, K ., K o zaro v , A., K ap re ly an , G.: S c rip t Sei m ed 20, 114 (1983).
18. M orris, G. K ., F eeley , J . C.: Bull W ld H lth  Org 54, 79 (1976).
19. Lee, W. H .: J  F ood  P ro t 40, 486 (1977).
20. Schiem ann, D. A ., T om a, S.: A ppl E n v iro n m e n t M icrobiol 35, 54 (1978).
21. Y idon, D. J .  M., D elm as, C. L .: A ppl E n v iro n m e n t Microbiol 41, 355 (1981).
22. F u k u sh im a , J . ,  S a itó , K ., T su b o k u ra , M., O tsu k i, K ., K aw aoka, Y .: V e te rin a ry  M icrobiol

9, 139 (1984).
23. S tengel, G.: A rch  L eb en sm itte lh y g  35, 73 (1984).
24. H ughes, D.: J  A pp l B act 48, 383 (1980).
25. W au ters , G.: C o n trib  M icrobiol Im m u n o l 5, 249 (1979).
26. H an n a , M. O., S m ith , G. C., H all, L. C., Y a n d e rz a n t, C., C hilders, A. B .: J  F ood  P ro t  43,

23 (1980).
27. Schiem ann, D. A ., F lem ing , C. A .: Can J  M icrobiol 27, 1326 (1981).
28. D oyle, M. P ., H u g d ah l, M. B., T ay lo r, S. L .: A pp l E n v iro n m en t M icrobiol 42, 661 (1981).
29. M yers, B. R ., M arsha ll, R . T ., E d m o n d so n , J .  E ., S tringer, W. C.: J  F ood  P ro t 45, 33 (1982).
30. A ldová, E ., S o b o tk o v á , J . ,  B rezinová, A ., C erná, J . ,  Jen eck o v á , M., P eg rim k o v á , J . ,

P okorná , V .: Z en tra lb l B ak terio l [B] 173, 464 (1981).
31. G ilanyi, L , S v id ró , A ., Szita , J . :  E g észség tu d o m án y  21, 385 (1977).
32. Schiem ann, A. A .: A ppl E n v iro n m  M icrobiol 36, 274 (1978).
33. S te rn , N. J . ,  P ierso n , M. D .: J  Food Sei 44, 1736 (1979).
34. T ack e t, C. O., N a ra in , J .  P ., S a ttin , R ., L ofg ren , J .  P., K önigsberg , C., R en td o rff, R . C.,

R ausa , A ., D av is, B. R ., Cohen, M. L .: J  A m er Med Ass 251, 483 (1984).
35. S harp , J . C. M., P a te rso n , G. M., B a r re t t ,  N . J . :  B r Med .1 291, 463 (1985).
36. A dam is, E ., Sv id ró , A ., S trau b , L , S z ita , J . :  E gészség tudom ány  19 16 (1975).
37. N agy , T ., D u rs t, J . ,  Bozsó, J . ,  Sz ita , J . ,  Sv idró , A.: E gészség tudom ány  27, 28 (1983).
38. B lack , R. E ., Ja c h so n , R. J . ,  T sai, T ., M edvesky , M., Shayegani, M., Feeley , J .  C., M ac­

Leod, К . I. E ., W akelee, A. M.: N E n g l J  M ed 298, 76 (1978).
39. Shayegani, M., M orse, D ., D eForge, L , R o o t, T ., Parsons, L. M., M aupin , P . S.: J  Clin

M icrobiol 17, 35 (1983).
40. T ack e t, C. О., B a lla rd , J . ,  H arris , N ., A lla rd , J . ,  N olan , C., Q uan , T ., Cohen, M. L .: Am

J  E pidem iol 121, 705 (1985).
41. B oyer, H. W ., D ussoix , D. R .: J  Mol Biol 41, 459 (1969).
42. M ehlm an, I. J . ,  A ulisio , C. C. G., S anders, A. C.: J  Assoc Offic A nal Chem  61, 761 (1978).
43. L án y i, B. (ed .): P u b lic  H e a lth  an d  C linical B acterio logy. S ta n d a rd  M ethods (in  H u n ­

garian). N a tio n a l In s t i tu te  of H yg iene, B u d a p es t 1980.
44. Lee, W . H .: A ppl E n v iro n m  M icrobiol 33, 215 (1977).
45. H iguchi, K ., S m ith , J .  L .: J  B acterio l 81, 605 (1961).
46. H u n g a rian  N a tio n a l S ta n d ard  for M icrobiological E x am in a tio n  of M eats and M eat P ro d ­

ucts. (in H u n g a rian ). B u d ap est 1974.
47. Lee, W. II., H a rr is , M. E ., M cClain, D ., S m ith , R . E ., Jo h n s to n , R . W .: A ppl E n v iro n m

M icrobiol 39, 205 (1980).
48. A ulisio, C. C. G., M ehlm an, I. J . ,  S anders, A. C.: A ppl E n v iro n m  M icrobiol 39, 135 (1980).
49. E c k h a rd t, T .: P lasm id  1, 584 (1978).
50. K ay , B. A., W ac h sm u th , K ., G em ski, B ., F ee ley , J .  C., Q uan, T. J . ,  B ren n er, D. J . :  J  Clin

M icrobiol 17, 128 (1983).
51. Lee, W. H ., S m ith , R . E ., D am are , J .  M., H a rr is , M. E ., Jo h n s to n , R . W .: J  A ppl B acterio l

50, 529 (1981).
52. Chang, M. T ., S ch ink , J . ,  Sh im aoka, J . ,  D oyle, M. P .: J  Clin M icrobiol 20, 589 (1984).
53. D oyle, M. P ., H u g d ah l, M. B .: A ppl E n v iro n m  M icrobiol 45, 127 (1983).
54. Schiem ann, D. A .: A pp l E nv iro n m  M icrobiol 43, 14 (1982).
55. G em ski, P ., L azare , J .  R ., Casey, T .: In fec t Im m u n  27, 682 (1980).
56. P o rtn o y , D. A ., M osley, S. L ., Fa lkow , S.: In fec t Im m u n  31, 775 (1981).
57. S k u rn ik , M., B ölin , I .,  H eikk inen , H ., P ih a , S., W atz , H. W .: J  B acterio l 158, 1033 (1984).

Acta Microbiologica Hungarica 34, 1987



VIRULENCE OF YERSINIA 109

58. P o rtn o y , D. A ., F a lkow , S.: J  B acterio l 148, 877 (1981).
59. P o rtn o y , D. A ., W atz , H . W ., B olin , J . ,  B eeder, A. B ., F a lkow , S.: In fe c t Im m u n  43,

108 (1984).
60. S m ith , R . E ., C arey, A. M., D am are , J . M., H e trick , F . M., Jo h n s to n , R . W ., Lee, W . H .:

In fec t Im m u n  34, 550 (1981).
61. B ak o u r, R ., B alligand , G ., L aroche, Y ., C ornelis, G., W au ters , G.: J  M ed M icrobiol 19,

237 (1985).
62. B row ne, R . M. R ., P rp ic , K . J .:  In fec t Im m u n  47, 774 (1985).

Acta Microbiologica Hungarica 34, 1987





Acta Microbiologica Hungarica 34 (2 ) ,p p . 111-114 (1987)

SPECIFICITY OF FUNGAF FIPASE 
IN HYDROEYTIC CLEAVAGE OF OIL

SU N ITA  JO S H I and  D uR G A  N a TH D h AR

D epartm ent o f  C hem istry, Ind ia n  Institute o f Technology , K a n p u r , India

(R eceived  M arch 10, 1986)

Lipase iso la ted  fro m  th e  fu n g u s Fusarium  oxysporum  f. sp . Uni has show n specificity  
to  sa tu ra ted  acids. I n  v itro  h y d ro ly tic  sp littin g  of co tto n  seed, g ro u n d -n u t and  fungal ( F . oxy­
sporum ) oil su b s tra te s  by  th e  enzym e p rep ara tio n  from  th is  fu n g u s, revealed  p re fe ren tia l 
f a t ty  acid specificity . T he enzym e a tta c k e d  th e  trig lyceride  m olecule, liberating  9 0 -9 7 %  of 
sa tu ra ted  fa tty  acids, irresp ec tiv e  o f len g th  of the  carbon  chain.

Specificity  of m icrob ia l lipases has been in v es tig a ted  b y  m any w orkers 
[1—7]. These enzym es are  know n  to  differ in  th e ir  s ite  o f a tta c k  and  hence 
can be useful in  s tu d y in g  th e  trig lyceride s tru c tu re . P rev io u s  studies [1-5 , 8] 
on m icrobial lipases have show n unique specific ity  to w ard s  th e  trig lycerides. 
T hus, lipase from  Pseudom onas fra g i is sim ilar to  p an c re a tic  lipase in  th a t  i t  
a tta c k s  th e  1,3 position  of trig lycerides. The lipase from  Staphylococcus aureus 
a tta c k s  b o th  1,2 an d  1,3 positions, while lipase p ro d u ced  b y  Geotrichum candi- 
dum  is stereospecific  and  ex h ib its  a high degree o f specific ity  tow ards u n ­
sa tu ra te d  fa t ty  acid  linkages p a rticu la rly  for oleic acid . L ipase iso lated  from  
uredospores of P uccin ia  g ram in is  produces 1,2 an d  1,3 diglycerides from  
trio lein  [9].

D uring th e  course of ou r investiga tion  on th e  effect o f various cu ltu re  
conditions on b io techno log ica l p roduction  of oil b y  F . oxysporum , it  was co n ­
sidered w orthw hile to  fin d  possible v aria tions in  sp ec ific ity  o f lipase produced . 
S tudies on th e  effect o f v a rio u s cu ltu re  conditions su ch  as source of ca rb o n  
an d  nitrogen, C : N ra tio , p H , tem p era tu re , an d  period  of incuba tion , th e  
fa t ty  acids profile  show ed g rea t v a riab ility . S tru c tu ra l va ria tio n s du ring  in  
v ivo b iosynthesis o f tr ig lycerides were also observed, w hich  could be a t tr ib u te d  
to  th e  specific ity  of lipase in  esterify ing  a p a rticu la r  ty p e  of fa t ty  acid. M ore­
over, accum ula tion  of ce rta in  f a t ty  acids in  free form , in d ica ted  inefficiency of 
lipase in  u tiliz ing  these  f a t ty  acids in  th e  fo rm atio n  o f trig lycerides.

These o b serv a tio n s p ro m p ted  us to  m ake p re lim in a ry  stud ies on in  vivo 
specificity  of crude  lipase iso la ted  from  a biom ass p ro d u ced  by  F. oxysporum  
on cu lturing  in  chem ically  defined  m edia.

S u n it a  J o sh i, D urga  N a th  D har
D e p a rtm e n t o f C h em is try , I n d ia n  I n s t i tu te  o f  T echno logy  
K anpur-208016 , In d ia
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M aterial and m ethods

Organism and culture conditions. T he fu n g u s F . oxysporum  f. sp . Uni (B olley) Synder 
a n d  H an sen  s tra in  CBS 197 w as o b ta in ed  fro m  th e  In d ian  T ype C u ltu re  C ollection, Division 
o f M ycology and  P la n t P a th o lo g y , In d ia n  A g ricu ltu re  R esearch  In s t i tu te ,  N ew  D elhi. C ultures 
w ere m ain ta in ed  on s lan ts  o f p o ta to -d e x tro se  ag ar a t  28 °C +  2 °C a n d  su b cu ltu red  every 
fo rtn ig h t.

T he fungus was grow n in  C zap ek -D o x  m ed iu m  [10] w ith m inor m o d ificatio n . The basal 
n u tr ie n t  m edium  consisted  o f glucose, 15 g; am m o n iu m  n itra te , 0.4 g; p o tass iu m  dihydrogen  
p h o sp h a te , 0.1 g; p o tassium  chloride, 0.05 g; m agnesium  su lphate , 0.05 g; fe rrous su lp h a te ,
0.01 g per 100 ml m edium  a t  p H  5.9.

Preparation o f  crude enzym e. A fter 14 d ay s o f in cubation , th e  m ycelia l m a t w as rem oved, 
f ilte red  and  w ashed th o ro u g h ly  w ith  d istilled  w a te r  to  free it from  trac es  o f cu ltu re  m edium . 
T he fe lt was dried  a t  low te m p e ra tu re  (0 -5°) a n d  rep ea ted ly  ex trac ted  w ith  low boiling p e tro ­
leu m  e th e r (40-60°) in  a S o xh le t e x tra c to r . T he fa t-free  cake o b ta in ed  in  th is  m an n er was 
d ried  in air and pu lverized  (60 m esh) a t  low  te m p e ra tu re  (0-5°). T his p o w d er w as suspended 
i n  p h o sp h a te  buffer (0.2 M , p H  6.7) and  used  as c ru d e  enzym e p re p ara tio n .

Determ ination o f  lipase sp ec ific ity . T he spec ific ity  of crude lipase  p re p ara tio n s  was 
d e te rm in ed  by  iden tify ing  a n d  assay ing  th e  f a t ty  acids liberated  b y  h y d ro ly tic  cleavage of 
n e u tra l  oil su b s tra tes  of kno w n  com position  [11]. C o tto n  seed, g ro u n d -n u t an d  fungal (F . oxy­
sp o ru m )  oil su b s tra tes  w ere em ulsified  in a W arin g  blender, to  w hich  w as ad ded  (for each 
f la sk ) 8 ml p h o sphate  b u ffer (0.2 M, p H  6.7) co n ta in in g  0.5 ml of 1%  gum  a rab ic , 1%  CaCl2 
a n d  500 mg oil. A fter sh ak ing  th o ro u g h ly  fo r 5 m in , 8 ml em ulsion w as tran s fe rre d  to 50 ml 
E rlen m ey e r flasks and  b u ffer (2 m l) co n ta in in g  enzym e (5 mg) was ad d ed . T he con ten ts 
w ere in cu b a ted  for 3 h, a t  37 °C +  1 °C. T hree  rep lica tes  plus two contro ls, one w ith o u t enzym e 
a n d  th e  o th er w ith o u t su b s tra te ,  w ere p re p are d . A fte r add ition  of 0.5 m l o f  20%  sulphuric  
acid  to  te rm in a te  th e  re ac tio n  an d  50 m l w a te r , th e  reaction  p ro d u c t w as e x tra c te d  w ith  
e th e r  follow ed by ev ap o ra tio n  of th e  so lven t.

Isolation and iden tifica tion  o f  fa tty  acids. T he h y d ro ly tic  p ro d u c t w as ta k e n  up in 50 ml 
w a rm  e th an o l and excess 1%  po tassiu m  h y d ro x id e , in order to sapon ify  th e  lib e ra ted  fa tty  
acids. Alcohol was ev ap o ra te d  off and  50 ml w a te r  w as ad ded .T he  f a t ty  acids w ere regenerated  
by  add in g  20%  su lphuric  acid , an d  e x tra c te d  w ith  e th e r. The e ther lay e r w as d ried  over N a 2S 0 4, 
th e  so lv en t was e v ap o ra ted , an d  th e  residue w eighed to a co n stan t w eight.

F a t ty  acid esters w ere p rep ared  acco rd ing  to  th e  m ethod d escribed  in reference [12] 
an d  analyzed  by GLC, eq u ip p ed  w ith  a flam e  io n iza tio n  de tecto r.T h e  co lum n w as packed w ith  
15%  1 ,4-bu tand io l succ ina te  on acid w ashed 100/120 chrom osorb P. T he flow  of N 2 carrier 
gas w as 40 m l/m in  and  th a t  o f H 2, 15 m l/m in . T em p era tu res  of co lum n, in jec tio n  p o rt and 
d e te c to r  were 195, 270 and  270 °C, resp ec tiv e ly . Id en tifica tio n  of f a t ty  acids w as m ade by 
co m p arin g  re ten tio n  tim e of reference s ta n d a rd s  a n d  q u a n tita tiv e  assay  w as done by  m easu r­
ing  th e  a rea  u n d e r peaks [13].

R esu lts and d iscu ssion

The resu lts  sum m arized  in  T ab le  I  show  th a t  the  h y d ro ly tic  eleavage by 
th is  fungal enzym e resu lts  in  p re fe ren tia l libera tion  of s a tu ra te d  fa t ty  acids 
from  all th e  th ree  su b s tra te s , irre sp ec tiv e  of leng th  of th e  ca rb o n  chain . The 
h y d ro ly s is  takes th e  u su a l course, regard less of the  location  o f th e  f a t ty  acids 
in  th e  trig lyceride.

In  spite  of th e  presence of large p ro p o rtio n s  (52 .0-81 .9% ) o f u n sa tu ra te d  
f a t ty  acids in th e  trig ly cerid e  m olecule o f th e  su b stra te s , o n ly  negligible 
a m o u n ts  of i t  are lib e ra ted  b y  th is  enzym e.

In  all th e  th ree  su b s tra te s  v iz., g ro u n d n u t, co ttonseed  a n d  fungal oils, 
p a lm itic  acid has been found  to  be th e  m a jo r acid libera ted .
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Table I

Fatty acid specificity o f  crude lipase enzyme isolated fro m  F. oxysporum

SI.
N o.

F a t ty  acids
C o tto n  seed  oil G round  n u t  oil F. oxysporum oil

a b a b a b

l 14 :: 0 1.1 10.9 _ 1.3 0.2 3.0
2 16 :: 0 24.5 68.3 10.8 69.3 44.5 55.0
3 16 :: 1 0.4 — — — — —

4 18 :: 0 3.2 14.4 2.6 8.0 4.3 39.5
5 18 :: 1 18.0 — 48.6 6.6 39.6 2.0
6 18 :: 2 51.4 4.0 33.3 4.3 11.8 0.5
7 18 :: 3 0.6 — — - 0.6 —

8 20 :: 0 0.8 2.0 3.3 6.7 — —

9 22 :: 0 — 0.4 1.4 3.8 — —

Total saturated acids 29.6 96.0 18.1 89.1 48.0 97.5
Total unsaturated acids 70.4 4.0 81.9 10.9 52.0 2.5

a =  Fatty acids (wt %) in triglycerides
b =  Fatty acids (wt %) liberated after enzymatic hydrolysis

Table II

Total saturated and unsaturated fa tty  acid 
2-monoglyceride fraction  

(Pancreatic lipase hydrolysis)

S u b s tra te  oil

F a t ty  acid lib e ra tio n  
from  2 -position

sa tu ra te d u n s a tu ra te d

Groundnut и 89
Cottonseed l 99
F . oxysporum 14.2 85.8

W ith in  a period of 3 h of in c u b a tio n  th e  enzym e releases 9 0 -9 7 %  of 
th e  to ta l  sa tu ra te d  f a t ty  acids. T hus th is  enzym e, in  co n ju n c tio n  w ith  o th e r 
lipases, can  be useful in  de te rm in in g  th e  fine s tru c tu re  o f trig lycerides.

In  th e  2-m onoglyceride frac tio n  of oils, derived  from  co ttonseed , g ro u n d ­
n u t an d  fungus (F . oxysporum )  b y  th e  pancrea tic  lipase hyd ro lysis  (Table I I ) , 
i t  w as observed th a t  th e  sa tu ra te d  acid com ponent v a rie s  betw een 1—14% .

T he fungal lipase hydro lyses th e  trig lycerides of co ttonseed , g ro u n d n u t 
and  fungal oil, y ie ld ing  a m ix tu re  of sa tu ra te d  (96, 89.1 and 97.5% ) an d  
u n sa tu ra te d  (4, 10.9 an d  2 .5% ) acids. T he high p e rcen tag e  of sa tu ra te d  acid  
o b ta in ed  a fte r th e  enzym e hydro lysis , ind icates th a t  th ese  m igh t have  been  
derived , in  p a rt from  2-position  of th e  trig lyceride m olecule. This suggests 
th a t  th e  fungal enzym e, th o u g h  sa tu ra te d  acid specific, is non-specific to w ard s  
th e  p rim ary  an d  secondary  positions o f th e  trig lyceride m olecule.
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EFFECTS OF HERPES VIRUS INFECTIONS 
ON THE CHEMILUMINESCENCE INDUCED 

BY ZYMOSAN PHAGOCYTOSIS 
IN MOUSE PERITONEAL MACROPHAGES

S. S ip k a , I. B o ldog h , Gy . Á b e l , J .  Cso n g o r ,
J . F ach et  and G. S z e g e d i

Third  D epartm ent o f  M edicine, D epartm ent o f  M icrobiology, D epartm ent o f  Pathophysiology, 
and Central Research Laboratory, U niversity  M edical School, Debrecen

(Received May 28, 1986)

The chemiluminescence (CL) induced by zymosan phagocytosis was tested in mouse 
peritoneal macrophages infected with three different types of herpes viruses: herpes simplex 
type-1 (HSV-1), human cytomegalovirus (HCMV) and murine cytomegalovirus (MCMY). The 
intensity of CL was tested in various intervals of virus infections. In the first eight hours 
zymosan induced chemiluminescence decreased in all the three systems. By the 24th hour, 
the macrophages infected with HCMV had almost completely recovered from the early defect, 
while in the macrophages infected with both HSV-1 and MCMV, the chemiluminescence 
induced by zymosan remained impaired.

M acrophages are know n to  be im p o r ta n t  in  th e  h o s t’s im m une defense 
system , an d  a n u m b er of p ub lica tions h av e  d ea lt w ith  th e  effect o f herpes 
v iruses on these  cells [1—6]. T he p e rito n eu m  o f th e  an im al shows an  im paired  
clearance of exogenous carbon  p artic les b y  m acrophages w hen  in fec ted  7 -9  
days p rev iously  [7]. Also chem ilum inescence is au g m en ted  d u ring  phagocy tosis 
of opsonized partic les in  m ice in fec ted  w ith  10 p .f.u . (p laque fo rm ing  u n it) , 
3, 6 an d  13 days p rev iously , suggesting  an  increased  level of m etabolic a c tiv a ­
tion . A red u c tio n  in  phagocy tosis  o f Staphylococcus aureus, as soon as 24 h 
a fte r in  v itro  in fec tion  has been rep o rted  [8]. W ith  increasing  rep lica tio n  of 
v irus an d  decreasing m acrophage su rv iv a l, phagocy tosis a c tiv ity  declines 
fu rth e r , even in  tho se  cells th a t  rem ain  v iab le  [4, 9].
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As chem ilum inescence induced  in  phagocy tic  cells is e s tim a ted  to  be a 
sensitive  m ethod  fo r th e  ch a rac te riza tio n  of th e  phagocy tic  a c tiv ity  [10, 11], 
in  th is  s tu d y  we h av e  com pared  th e  effect o f th ree  ty p es  of herpes v iru ses  on 
CL induced  by  zym osan  phagocytosis in  m ouse peritoneal m acrophages. Two 
of th ese  viruses, herpes sim plex ty p e-1  and  m urine cy to m egalov irus, can  
m u ltip ly  in  th e  m ouse peritoneal m acrophages, w hereas h u m an  cy to m eg a lo ­
v iru s  is unab le  to  do so. A ccording to  our re su lts , th e  in fections w ith  HSV-1 
an d  MCMV involve a prolonged decrease in th e  phagocy tosing , ch em ilu m i­
nescence p roducing  a c tiv ity  of m acrophages, b u t НСМУ resu lts  in  on ly  a 
tra n s ie n t im p a irm en t.

M aterials and  m ethods

Viruses. Murine cytomegalovirus (MCMV) strain “Smith” was obtained from Guy 
Hospital, London, through the courtesy of Professor C. A. Mims. Strain AD-169 of human 
cytomegalovirus (HCMV) was kindly supplied by Dr. H. K. Andersen, Medical University of 
Aarhus, Denmark. Herpes simplex virus type-1 (HSV-1) strain “HIL” was kindly made 
available by Professor F. Rapp, Medical University of Pennsylvania, Hershey, USA.

Cell cultures a n d  m edium . Human embrionic fibroblast cells (HEF) were prepared from 
aborted human embrios. Mouse embrionic fibroblasts (MEF) were isolated from Balb/c embrios. 
The cell cultures were used for virus propagation and titration between the second and tenth 
passages. The growth medium consisted of Minimal essential medium (MEM) supplemented 
with 10% heat-inactivated (56 °C, 30 min) foetal calf serum (FCS), 100 IU/ml penicillin, 
100 p g / n A  streptomycin and 0.075% NaHC03 [12].

V irus propagation. The HEF cell monolayers were infected with HCMV at a multiplica­
tion of 0.2 p.f.u. per cell. The MCMV and HSV-1 strains were propagated in MEF cultures 
after infection of 1 p.f.u. virus per cell. The viruses were absorbed for 2 h at 37 °C and the 
medium was changed. The virus stocks were harvested by freezing then clarifying the sus­
pensions by centrifugation at 2000 g for 20 min. Virus stocks were quick frozen and stored 
at - 7 0  °C.

D eterm ination o f  v iru s y ie ld .  The infected cultures were incubated at 37 °C for various 
lengths of time. The infected cells were removed from the glass and disrupted by ultrasonic 
vibration (MSE ultrasonic apparatus: 1.5 A, 1 min, 4 °C) in culture medium and clarified by 
centrifugation at 2000 g for 20 min. The supernatants were titrated on cell monolayers seeded 
in plastic Petri dishes. After 2 h adsorption, the infected cultures were overlayered with 
culture medium containing 0.3% Bacto agar (Difco). When the CPE developed, the cultures 
were fixed with formalin, then after removing the agar overlay, stained with 0.1% crytal 
violet and the plaques were counted.

Cytopathic effects (CPE) induced by the herpes viruses were examined under the light 
microscope. In each case 1000 cells were counted and the per cent of rounded cellswas expressed.

M ouse peritoneal macrophages. The peritoneal cavity of Balb/c mice of both sexes 
weighing 25-30 g was washed out with medium RPMI-1640 supplemented as described in 
the case of MEM. We used sterile conditions throughout the procedures. Macrophages gained 
in this way were washed and cultured further after infection with the viruses at different 
intervals of cultivation. The cells were cultured and tested for CL in the same glass liquid 
scintillation cuvettes.

M easurem ent o f  chemiluminescence. After cultivation, the macrophages were washed 
twice with Hanks balanced buffer solution (HBSS). Finally, the cells (monolayers) were 
covered with HBSS containing 10_4 м of luminol. One mg of zymosan-A (Sigma) was added 
to 10r> cells. To the controls no zymosan was added. After 10 min of incubation at 37 °C, the 
luminol amplified CL was measured by a Nuclear Chicago liquid scintillation counter at the 
“coincidence off” mode. The emmission of photons (expressed in cpm) was measured in each 
sample 5 times at 5 min intervals and the whole number of photons measured in a sample 
was regarded as a value characteristic of that culture. The CL measurements took place on 
triplicates of each culture [10, 11].
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R esults

The zym osan -induced  CL of m ouse perito n ea l m acrophages in fec ted  
w ith  HCMV a fte r  a s ta r t in g  increase in  th e  second h o u r, decreases deep ly  a t  
the  4 th  hou r. A fte r th is  tim e , a g radua l recovery  of th e  cells can  be observed  
till th e  24 th  ho u r of in fec tion . The cells p roduce  a lm ost as m uch p h o to n s as 
the  non-in fec ted  ones. I n  th e  m acrophages in fec ted  w ith  MCMV, th e  zym osan- 
induced  CL s ta r ts  to  decrease a t th e  4 th  h o u r, reach ing  one of th e  low est 
po in ts a t th e  8 th  ho u r an d  rem aining a t th e  sam e low level th e rea fte r . In  th e  
case of m acrophages in fec ted  w ith  HSY -1, a f te r  a s ta r tin g  elevation , th e  
zym osan-induced  CL decreases u n til th e  4 th  hour. T h is tra n s ie n t defect is 
alm ost com plete ly  respored  by  th e  cells u p  to  th e  8 th  h o u r of infection . B u t 
a fte r th is  tim e , a n  expressed  decrease follow s, lead ing  to  th e  low est values of 
CL m easured  in th e  m acrophages in fec ted  b y  an y  of th e  th re e  v iruses. C om par­
ing th e  per cen t of cells showing c y to p a th ic  dam ages a t th e  24 th  h o u r of 
infections, th e  g rea te s t n u m b er of defected  cells can be fo u n d  in  th e  cu ltu res  
of HSY-1 in fec ted  m acrophages. All these  d a te  are show n in  Fig. 1.

T im e a f t e r  in fe c t io n
.  HSV-1 * 5 < Z  
о HSV-1 + S 

A M CM V + S + Z  
à M C M V rS  
■ HCMV * s +z 
a  HCMV + S

Fig. 1. Chem ilum inescence in d u ced  by zym osan in  m urine  p e rito n ea l m acrophages in fec ted  
w ith  th ree  d ifferen t ty p es  o f herpes v iruses
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No p ro duc tion  of infective HCM Y viruses occurs on ly  th e  presence of 
in o cu la ted  v iruses can be d em o n stra ted . On th e  o ther h an d , MCMV and  HSV-1 
s ta r t  to  m u ltip lica te  a fte r  th e  12th  h o u r of in fec tion  in th e  m acrophages, an d  
th e  peaks of th e  v iru s t i tre s  can  be fo u n d  a t  th e  48 th  ho u r (HSV-1) an d  th e  
72nd hour (MCMV). Besides, HSV-1 an d  MCMV involve th e  h ighest n u m b er 
(percentage) of cells w ith  c y to p a th ic  defects. Such d a ta  are d em o n stra ted  
in  F ig . 2.

W hen m acrophages are in fec ted  w ith  u ltrav io le t lig h t irra d ia te d  (96 000 
erg /s/m m 2) v iruses, no rep lica tio n  occurs. T he zym osan induced  CL of these  
cells does no t differ from  th e  CL m easu red  in  th e  non-in fec ted  contro l cu ltu res.

D iscu ssion

O ur resu lts show  th a t  th e  herpes v iruses can induce rem ark ab le  defects 
in  th e  phagocytic  fu n c tio n s of m acrophages. The ty p e  an d  sev erity  of th e  v iru s 
effects depend  on th e  degree of m u ltip lica tio n  of th e  in fec tive  v iruses in  th e  
cells. Since HCMV can  n o t m u ltip ly  in  th e  m ouse p erito n ea l m acrophages a t

Fig. 2. V irus titre s  an d  cy to p a th ic  effects in m u rin e  p e rito n ea l m acrophages du rin g  th e
infec tions
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all, i t  produces only  an  early  a n d  tra n s ie n t im p a irm en t in  th e  phag o cy tic  
a c tiv ity  of m acrophages. B y th e  2 4 th  hour, th e  cells can  a lm o st com ple te ly  
recover from  th e  effect of th is  v irus. A m ong th e  th ree  ty p es  o f v iruses we 
used, MCMV m ultip lies th e  b est in th e  m ouse peritonea l m acrophages, invo lv ing  
a long-lasting  and d efin ite  dam age in  th e  phagocy tic  fu n c tio n  an d  th e  m o r­
pho logy  of these cells. B u t up  to  th e  f irs t 48 hours, HSV-1 show s th e  h ighest 
ra te  of m u ltip lica tion , th a t  is w hy  th is  v irus causes th e  m ost severe defect in 
th e  phagocy tic  fu n c tio n  an d  p ro d u c tio n  of CL of m acrophages in fec ted  w ith  
an y  of th e  th ree  v iruses in  th e  f irs t  d ay  of infections. O ur re su lts  confirm  the  
p rev ious observation  on th e  defective phagocy tic  cap ac ity  of th e  m acrophages 
in fec ted  w ith  HCMV 24 h a fte r  th e  in fection  [8]. I t  seem s like ly  th a t  a f te r  
th e  early  im p a irm en t, on th e  in fluence  of cell p ro d u c ts  deriv ing  from  the  
in fec ted  cells (in terferon , in te rleu k in s), a general a c tiv a tio n  o f m acrophages 
can ta k e  place in  v ivo  a fte r  th e  th ird  day  of in fec tion  [4, 10, 13, 14]. O ur 
re su lts  underline th e  a spec t th a t  th e  severity  o f th e  dam age in  th e  m a c ro ­
phages infected  w ith  several ty p es  o f v iruses shows a ra th e r  good parallelism  
w ith  th e  m u ltip lica tion  ra te  of th e  v iru s  in  th e  m acrophage [4].

The m easu rem en t of zym osan-induced  CL has found  to  be a sensitive 
m e th o d  for th e  m easu rem en t o f phagocy tic  a c tiv ity  and  m etabo lism . This 
m e th o d  can be useful in  th e  c h a rac te riza tio n  of phagocy tes. F o r exam ple, in 
A ID S  p a tien ts  a defect of zym osan-induced  CL was found beside th e  T cell 
defic iency  [15]. O ur resu lts  confirm  th e  usefulness of th is  m eth o d  in  virus 
in fections [15-18]. B esides, th e y  p rov ide  some fu r th e r  evidence fo r th e  p a th o ­
genetic  effects of herpes v iruses n o t on ly  on the  lym p h o cy tes  [2, 3, 19 -21], b u t 
on th e  m onocytes, m acrophages, to o  [1, 19, 21].
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DIFFUSION OF METRONIDAZOLE 
THROUGH THE DENTINAL TUBULES 

OF EXTRACTED TEETH

Zs u z sa n n a  Cs u k á s , I da  F e r e n c z i , I. N ász and J o l á n  B ánóczy

Institu te  o f  M icrobiology , and D epartm ent o f Conservative D en tis try ,
Semmelweis U niversity M edical School, B udapest

(R eceived J u n e  20, 1986)

Pass in g  of m etron idazo le  from  th e  ro o t can a l of ex trac ted  g angrenous te e th  th ro u g h  
the  d e n tin a l tubu les w as p roved  by  agar d iffusion  and m inim um  in h ib ito ry  c o n cen tra tio n  
assay . T he find ings exp lain  th e  excellent c lin ical experience w ith  m etron idazo le  in  ro o t 
t re a tm e n t.

In  search  for bac te ric id al drugs to  be used in roo t t r e a tm e n t  it shou ld  be 
ta k e n  in to  accoun t th a t  (i) anaerobic  b a c te ria  play a decisive role in  gangrenous 
processes of th e  roo t canal [1-3] an d  (ii) th a t  neither th e  d e n tin a l tu b u les  n o r 
th e  d e lta  apicale of th e  gangrenous to o th  can be d ila ted  m echanically . T h e re ­
fore, d iffusible bac te ric id al drugs [4 j ac tiv e  against anaerob ic  bac te ria  should  
be ap p lied  to  th e  roo t canal. A n u m b er of procedures an d  d ru g  com binations 
of v a ria b le  e ffec tiv ity  have been developed for th is  pu rpose  [5, 6].

In  th e  p resen t w ork a tte m p ts  w ere m ade to  check th e  assum ed diffusion  
of m etron idazo le  th ro u g h  th e  den tin a l tu b u le s  and th u s  to  ex p la in  th e  excellen t 
c lin ical resu lts  th a t  have  been o b ta in ed  w ith  the  d rug  w hen used in  ro o t 
t re a tm e n t.

M aterials a n d  m ethods

D rug. M etronidazole (R ich te r, B u d a p es t)  w as used th ro u g h o u t.
P reparation o f teeth. T w en ty -six  fresh ly  e x tra c te d  gangrenous single-rooted  te e th  w ere 

in s tru m e n te d  to K err 60 M  re am er and  rinsed  w ith  hydrogen perox ide  an d  chloram ine-B . T h en  
200—400 m g of m etron idazo le  w e tted  w ith  s te rile  d istilled  w ater w as in tro d u ced  in to  th e  ro o t 
canal. T he foram en apicis d en tis  and  th e  c a v ity  w ere closed w ith  am alg am . The te e th  w ere 
ste rilized  in e thy lene oxide and  aera ted  fo r 72 h  before th e  ex p erim en t. T ee th  p re p a re d  
id en tica lly , b u t  w ith o u t m etron idazo le , w ere u se d  as control.

Checking o f d iffu sion  o f  metronidazole through the dentinal tubules. B lood agar p la te s  
co n ta in in g  W itte  pep tone , m ea t e x tra c t and  5 %  d efib rinated  b o v ine  b lood were used  in  th e  
te s ts . A fo u r-hour cu ltu re  o f Clostridium perfringens  (120 x lO 6 v iab le  cells pe r ml) was densely  
sp read  on th e  one h a lf o f each p la te  and  t h a t  o f Bacteroides fra g ilis  (320 X 106 v iab le  cells
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p e r  m l) on the  o th er ha lf. T en  te e th  p re tre a te d  w ith  m etran idazo le  a n d  10 contro l te e th  w ere 
d ip p ed  in the  m edium . T h e  p la te s  were th en  k e p t a t  room  te m p e ra tu re  for 30 m in and , su b ­
se q u e n tly , in an an aero b e  j a r  a t  37 °C for 24 h. T he d iam eters o f th e  in h ib ition  zones w ere 
m easu red .

Quantitative assay o f  d iffu s io n  o f  metronidazole through the dentinal tubules. Three te e th  
p re tre a te d  w ith m etro n id azo le  and  th ree  con tro l te e th  were p laced in to  sm all glass te s t tu b es  
e ach  con tain ing  2 ml ste rile  d istilled  w ater. S am ples w ere tak en  from  th e  flu ids after 30 m in , 
1 h , 2 h, 4 h, 8 h, 24 h  an d  72 h  o f in cubation  a t  room  tem p era tu re . S terile  filte r paper discs 
w ere  im pregnated  w ith  0.02 m l a liquots and  p laced  on p lates in o cu la ted  w ith  C. perfringens. 
A fte r  stand ing  a t room  te m p e ra tu re  for 30 m in , th e  p la te s  were in cu b a ted  in an anaerobe ja r  
fo r 24 h, th en  th e  in h ib itio n  zones were m easured .

To obtain  a re fe ren ce  regression line, a d o u b lin g  d ilu tion  series rep resen ting  100, 50, 
25, 12.5, 6, 3 and 1.5 pg  w as p re p are d  from  an aqu eo u s so lu tion  of m etron idazo le . A fter in cu b a ­
tio n  for 24 h an aerob ica lly , th e  d iam eters of th e  in h ib itio n  zones w ere m easured  and p lo tte d  
a g a in s t th e  logarithm s o f th e  reference co n cen tra tio n s [7, 8]. The m etron idazo le  concentra tions 
in  th e  sam ples un d er te s tin g  w ere calcu la ted  by  use  o f th e  regression line.

R esu lts

W ide inh ib itio n  zones developed a ro u n d  each of th e  10 te e th  th a t  h ad  
b een  p re trea ted  w ith  m etronidazole . T he average d iam e te r was 31.3 m m  on 
C. perfringens p la tes a n d  40.8 m m  on B . fra g ilis  p la tes. O ne of th e  p la tes is 
show n in Fig. 1. T h ere  w as no inh ib itio n  a ro u n d  the  c o n tro l te e th  (Fig. 2).

Sam ples of d is tilled  w a te r used for soak ing  th e  m e tro n id azo le -trea ted  
te e th  showed m easu rab le  a n tib ac te ria l levels increasing  w ith  the  tim e  o f 
soak ing . Samples ta k e n  from  th e  tub es c o n ta in in g  th e  c o n tro l te e th  d isp layed  
no inh ib ition . The re fe rence  regression line and  th e  sca tte rg ram s for th e  sam ples 
a re  show n in Fig. 3. C oncen tra tio n s betw een  12 and 19 pg /m l h ad  been reached  
b y  th e  24th  hour. A t 48 h  and  72 h, th e  m etron idazo le  co n cen tra tio n s ranged  
b e tw een  22 and 42 p g /m l  and  betw een 51 and  100 pg/m l, respectively .

Fig. 1. In h ib itio n  zone around  a to o th  filled  up  w ith  m etron idazo le
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Fig. 2. C ontrol for th e  p late  in F ig . 1. The to o th  h ad  been  filled up  w ith  a m ass co n ta in in g  no
m etron idazo le

Inhibition zone diameters, mm

Fig. 3. M etron idazo le  con cen tra tio n s in th ree  sam ples o f d istilled  w a te r used fo r soaking 
m etron idazo le-filled  tee th . Sam ples were tak e n  a fte r  24 h  ( • ) ,  48 h {■) and 72 h  ( * )

D iscussion

C osar an d  .lulou [9] were th e  f irs t, in  1959, to  syn thesize  m etron idazo le  
and to  describe th e  an tip ro to zo an  effect o f th e  d rug . T he d iscovery  of its  
a c tiv ity  a g a in s t anaerob ic  b ac te ria  b y  F űz i and  C sukás [10, 11] in  1969 
a ttra c te d  g rea t in te rs t  of in v estig a to rs . G ráber [12] d e m o n s tra te d  b ac te ric idal 
effect w ith  o n e-ten th , an d  even o n e -h u n d red th , o f th e  b lood level w hich can 
be reached  th e rap eu tica lly . M etronidazole is considered  very  useful in  th e  
th e ra p y  a n d  reasonab le  p ro phy lax is in  a w ide v a r ie ty  of diseases, e.g., in 
gynaecology an d  su rgery  [13, 14]. In  d e n tis try  it has been  applied  w ith  fa v o u r­
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ab le  resu lts in  th e  th e ra p y  of u lcerous g ing iv itis  and  P la u t -V in cen t ang ina  
since 1962 [15].

E lim ination  o f th e  anaerobic  m icro flo ra  has been show n o f g rea t im p o r­
ta n c e  in the  th e ra p y  of gangrenous te e th . Ferenczi e t al. [16] rep o rted  in  1975 
th a t  th e  v iab le  co u n t of G ram -nega tive  an aero b es considerab ly  decreased  in  
200 cases of gangrenous ro o t canals  tr e a te d  successfully  w ith  m etron idazo le . 
M ore recen tly , B ánóczy  e t  al. [17], H ess [18, 19] and  M au re tte  [20] h av e  
used  an  o in tm en t co n ta in in g  10%  m etron idazo le  w ith  fav o u rab le  effect in th e  
ro o t th e ra p y  o f gangrenous te e th .

The p resen t ex p erim en ts  h av e  p ro v ed  th a t  m etron idazo le  in tro d u c e d  in to  
th e  ro o t canal is ab le  to  diffuse tro u g h  th e  d en tin a l tu bu les. T he q u a n tita tiv e  
te s ts  showed th a t  th e  d iffusion of th e  a n tib a c te r ia l agen t w as co n tin u o u s. Ten 
to  100 pg/m l levels i.e. values 100 tim es h igher th a n  th e  m in im u m  in h ib ito ry  
co n cen tra tio n s  fo r anaerobes (0 .1 -1 .0  /tg/m l) can  be reach ed  a ro u n d  a to o th  
p re tre a te d  w ith  m etron idazo le .

A lthough  F erencz i e t al. [16] re p o rte d  as early  as 1975 a decrease in  th e  
an ae ro b e  coun t in  th e  ro o t can a l a f te r  local m etronidazole  t r e a tm e n t, i t  has 
b een  confirm ed in  th e  p re sen t re p o rt th a t  th e  d rug  app lied  in  th e  ro o t can a l 
w ill diffuse from  th e re  th ro u g h  th e  d e n tin a l tu b u les  to  th e  p e riap ica l space 
a n d  th e  periosteum . T here is no d o u b t th a t ,  besides reducing  th e  v iab le  co u n t 
o f anaerobes in th e  ro o t canal, m etron idazo le  kills these o rgan ism s, an d  th u s  
suppresses th e  in f la m m a to ry  processes in th e  d en tin a l tu b u le s  an d  p eriap ica l 
tissu es  as well.
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ANTIBIOTIC RESISTANCE AND PLASMID 
PROFILES OF ESCHERICHIA COLI AND 

KLEBSIELLA  ISOLATED FROM IN-PATIENTS 
RECEIVING PROLONGED ANTIBIOTIC THERAPY

H e d d a  M ilch , V e r a  G. L á szló , I. Tó t h , É va  Czirók , 
Ma g d o l n a  Ä rr , T. Ma g y a r  and H edvig  Gr á b e r

N ational In stitu te  o f H ygiene , B u d a p est, and Department o f  M edicine  
and C linical Pharmacology, Péterfy M u n ic ip a l H ospita l, B udapest

(R eceived  Ju n e  10, 1986)

D is tr ib u tio n  b y  serogroup, phage ty p e , colicin p roduction , colicin ty p e , sen sitiv ity  to  
an tib io tic s  and p lasm id  ch arac te ris tics  o f 74 Escherichia coli and  11 K lebsiella  s tra in s  iso la ted  
fro m  hosp ita lized  p a tie n ts  receiving p ro longed  a n tib io tic  th e ra p y  in d ica ted  th a t  th e  in fec tions 
w ere n o t  associated  w ith  th e  hosp ital en v iro n m en t. R esistance was te s te d  to  26 an tib io tic s , 
som e of th em  being n o t  generally  used  in th e ra p y ; 30 stra ins were re s is ta n t to  4 to  17 a n ti ­
b io tic s. T here  was a s ig n ifican t d ifference in th e  an tib io tic  resistance of s tra in s  derived  from  
p a tie n ts  w ith  u r in a ry - tra c t  infections (U T I) an d  w ith  leukaem ia (L P). As com pared to  th e  
U T I g ro u p , am ong E . coli s tra in s  in th e  L P  group  th e  frequency of m u ltip le  resistance  w as 
s ig n ifican tly  h igher, th e  M IC values w ere h igher an d  R -p lasm ids were m ore freq u en t. O u t of 
30 m u ltip le  re s is ta n t E . coli stra ins 27 w ere R -p lasm id  carriers. Three d ifferen t k inds of p lasm id  
p ro file  w ere show n in m ore th a n  one s tra in  (2 o u t o f  10 U T I stra ins and  3 an d  2 o u t o f 10 L P  
s tra in s ) . T he re st o f th e  iso lates d iffered in  p lasm id  profile  from  these a n d  from  one a n o th e r; 
th e  p resence  of “ ep idem ic  p lasm id” was n o t  d e m o n s tra ted . P lasm id epidem iological ex am in a ­
tio n s  m ay  forecast th e  efficacy  of an  an tib io tic  or o f a group  of an tib io tics.

C onditions b ro u g h t abou t b y  b ro ad -sp ec tru m  an tib io tic  or im m une su p ­
pressive th e ra p y  predispose to  th e  e s ta b lish m e n t and m u ltip lica tio n  of n o so ­
com ial and  m u ltiré s is ta n t pathogen ic  an d  facu lta tiv e ly  p a th o g en ic  b a c te ria , 
especially  w hen th e re  are fau lts  in th e  asep tic  techn ique [1]. P a tie n ts  sub jec ted  
to  urological ex am in a tio n s often  becom e in fec ted  w ith  b ac te ria l species be long­
ing  to  Enterobacteriaceae [2-7]. A n tib io tic  or c y to s ta tic  tre a tm e n t is fre q u e n tly  
follow ed by  in fec tio n  w ith  an tib io tic  re s is ta n t, G ram -negative b ac te ria  [8]. 
T he resistance  of th ese  b ac te ria  m ay  develop  as a re su lt of ch rom osom al 
m u ta tio n , b u t th a t  de term ined  b y  R -p lasm ids is more fre q u e n t and  m ore 
sig n ifican t. R -p lasm id  contro lled  resis tan ce  to  th e  new ly in tro d u ced  an tib io tic s  
m ay  develop th ro u g h  d ifferen t m echan ism s:

H e d d a  M il c h , V e r a  G. L á sz l ó , I stvá n  T ó t h , É va Cz ir ó k  
N a t io n a l  I n s t i tu te  o f  H y g ien e  
H -1966  B u d a p e s t,  P .О .В . 64 , H u n g a ry

Ma g d o l n a  Á r r , T amás M a g y a r , H e d v ig  Gr á b er
D e p a r tm e n t o f  M edicine a n d  C lin ical P h a rm aco lo g y , P é te r fy  M u n ic ip a l H o sp ita l  
P é te r fy  S á n d o r  u . 8 -1 4 , H -1076  B u d a p e s t,  H u n g a ry

Acta Microhiologica Hungarica 34, 1987 
Akadémiai Kiadó, Budapest



126 MILCH e t al.

—  by the  selection  o f b ac te ria  ca rry ing  R -p lasm ids responsib le for resistance  
to  th e  new an tib io tic s ;

■— by  th e  reco m b in a tio n  o f th e  new resis tan ce  d e te rm in a n t and the  R -p lasm id  
w hich is p re se n t in  th e  b ac te ria l p o p u la tio n ;

— b y  tran sp o sitio n  o f th e  new  resistance d e te rm in a n t c ith e r  to  th e  chrom osom e 
or to  th e  p r im a rily  p resen t p lasm id;

—  by  m u ta tio n  in  th e  gene coding in a c tiv a tin g  enzym es of the  p rim arily  
p resen t R -p lasm id  [9].

E vidence  has been  b ro u g h t to  show th a t  all fou r m echanism s m ay exist [10-14].
Sporadic or ep idem ic  incidence an d  sp read  of b ac te ria l plasm ids co n tro ll­

ing  an tib io tic  re s is tan ce  can  be p roved  a n d  tra c e d  b y  p lasm id  id en tifica tio n  
a n d  ch a rac te riza tio n  m eth o d s (p lasm id p ro file  analysis, [15-22]).

In  th e  p re se n t w ork  we dete rm in ed  th e  serogroup , phage ty p e , colicin 
p rod u c tio n , colicin ty p e  an d  sen s itiv ity  to  an tib io tics  of Escherichia coli an d  
Klebsiella  s tra in s  d e riv ed  from  p a tie n ts  receiv ing  p ro longed  an tib io tic  ch em o ­
th e rap eu tic  th e ra p y  in  d ifferent h osp ita l w ards. The epidem iologically  sig n ifi­
c a n t stra ins w ere ex am in ed  for th e  p resence  of R and  o th e r plasm ids an d  th e  
p lasm ids were ch a rac te rized . As regards th e  E . coli iso lates, answ ers w ere 
soug h t to  the  fo llow ing questions:
—  did  th e y  derive from  th e  sam e source or from  d ifferen t sources;
—  w hat is th e  freq u en cy  of th e  p lasm id -m ed ia ted  resis tan ce ;
—  are th e  p lasm ids sp read ing  in th e  w ard s deriv a tiv es  of iden tical, so called  

“ epidem ic”  p lasm id s or do th e y  rep re sen t d ifferen t resistance p lasm ids 
selected as a consequence of an tib io tic  th e ra p y ;

—  is th ere  a d ifference  in  th e  frequency  o f re s is ta n t, m ain ly  m ultip le re s is ta n t 
s tra in s; and

—- does th e  R -p lasm id  carrie r s ta te  o f th e  m ultip le  re s is ta n t stra ins v a ry  in 
th e  d ifferen t w ard s. As a contro l, E . coli s tra in s  iso la ted  from  o u t-p a tie n ts  
w ith  u rin a ry  t r a c t  in fections were exam ined .

M aterials and m ethods

Bacterial stra ins. A to ta l  of 74 E . coli s tra in s  iso la ted  from  60 persons and 11 K lebsiella  
s tra in s  iso lated  fro m  7 p e rso n s were exam ined . T ab le  I shows th e  origin o f the  s tra in s . T he 
s tra in s  were derived  fro m  u rin a ry  tra c t  in fec tions (U T I) occurring  in  general m edical w ards 
a n d  am ong o u t-p a tie n ts  o f h o sp ita l “ A” , and  fro m  leukaem ic p a tie n ts  (L P) in hosp ita l “ B ” . 
T he ex am ination  la s te d  fro m  Ja n u a ry  1982 to  O c to b er 1982.

A ntib io tic  sen sitiv ity  test. Am picillin (AM ), carben icillin  (CB), s trep tom ycin  (S), g e n ta ­
m icin  (GM), O xy te tracy c lin e  (ОТ), ch loram phenico l (CM), su lph am eth o x azo le -trim eth o p rim  
(SX T ), po lym yxin -B  (P B ), nalid ix ic  acid (N A ), n itro fu ra n to in  (F T ) disks were p u rch ased  
from  th e  H u m an  I n s t i tu te  for Serobacterio logical P ro d u c tio n  and  R esearch , B udapest. Azlo- 
cillin  (AZL) (60 /Ig), m ezlocillin  (MZ), cloxacillin  (C X ), cephalorid ine  (CD), cephalo tin  (C F), 
cephace tril (CAC), cefazo lin  (CZ), cefam andole (M A), cefuroxim e (CXM ), cefoxitin (F O X ) and  
cefoperazone (C FP ) (30 //g each), to b ram ycin  (TM ), am ikacin  (A N ) an d  sisomicin (SIS ) (10 fig 
each), doxycycline (D O ) a n d  oxolinic acid (OS) (30 fig  each) disks w ere p repared  by us.
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D eterm ination o f  M IC  values for am pic illin  (B R L ), carbenicillin  (B R L ), azlocillin 
(B ay er), m ezlocillin (B ay er), cephalotin  (G laxo), cephalo rid ine  (G laxo), cefam andole  (E li L illy) 
w as c a rried  o u t by  ag ar-d ilu tio n  m ethod in  th re e  p a ra lle l experim ents. One d rop  from  a 3 h 
b ro th  cu ltu re , ino cu la ted  from  freshly s tre a k e d  stra in s , w as sp o tted  by  use o f a Lidw ell p h ag e ­
ty p in g  m achine. F o r de te rm in in g  the  g eo m etrica l av erage  of th e  MIC values th e  follow ing 
fo rm u la  w as used:

N

y”dAni • d2nz. . . dnnn ,

w here N =  to ta l n u m b er o f stra ins; d ,, d 2, d n =  MIC values in d ilu tions; n ,, n 2, n n n u m b er 
o f s tra in s  show ing th e  corresponding MIC v a lu es. Tw o-fold d ilu tion  differences w ere regarded  
sig n ifican t.

D eterm ination o f  serological groups w as p e rfo rm ed  as described prev iously  [23].
D eterm ination o f  phage type and colicin  production  w as carried  ou t b y  th e  m eth o d  of 

M ilch a n d  Gyenes [24].
Colicin types w ere de term ined  acco rd in g  to  Lewis [25], using F réd é ricq ’s in d ica to r 

s tra in s  [26].
D em onstration o f  R -p lasm ids  was done  as described  p rev iously  [27].
A ntib io tics used fo r  selection w e r e  r i f a m p i c i n ,  250 д о / m l ;  n a l i d i x i c  a c i d ,  50 д о / m l ;  c h l o r ­

a m p h e n i c o l ,  O x y t e t r a c y c l i n e ,  s t r e p t o m y c i n ,  c a r b e n i c i l l i n ,  30 д о / m l  e a c h .
D eterm ination o f  incom patibility  groups  (In c) was carried  ou t as described b y  D a tta  [28], 

using D a t ta ’s and C h a b b e rt’s reference p lasm id s.
D eterm ination o f  phage inhibition , phage restriction. P hage sen sitiv ity  o f R + and R -

E . coli K 12 J5-3  s tra in s  w as exam ined b y  ro u tin e  te s t  d ilu tio n  of an  a d eq u a te  phage set.
Phage set used fo r  determ ination o f  phage inhib ition . T l  T 7; 0  2; E. coli ty p e  phages [17]; 

Shigella f le x n e r i  typ e-p h ag es [29]; m odified ph ag es [30].
Iso la tion  o f p la sm id  D N A  was carried  o u t accord ing  to  K ado and L iu  [31].
Agarose gel electrophoresis and molecular size estim ation  was perform ed as described by  

M eyers e t al. [32]. F o r electrophoresis T B E  (89 т м  T ris base-2 .5  т м  N a 2E D T A -89  т м  
boric acid ) buffer and 0. 7 %  Sigm a agarose w as used . E lectrophoresis lasted  a t  125 V, 35 m A 
for a b o u t 3 h  in a v e rtic a l slab  gel, then  th e  gel w as s ta in ed  w ith  e th id ium  b ro m id e  (1 mg/1) 
fo r 30 m in  and  w ashed fo r 15 m in. P h o to g rap h s  w ere ta k e n  of gels placed over a  sh o rt w ave 
UV ligh t source, using F o rte p a n  film  (18 D IN ). F o r m olecu lar size s tan d ard s  th e  following 
reference p lasm ids were u sed : V517 [33] (1.4; 1.8; 2.0; 2.6; 3.4; 3.7; 4.8; 35.8 M d); R27 (112 Md): 
R I  (62 M d); T p l l6  (143 Md).

Statistica l analysis. T he ' / ' tes t was u se d  to  com pare  an tib io tic  resistance of E . coli and  
Klebsiella  s tra in s  iso lated  from  the  w ards in d ic a te d  above. T he p robab ility  o f th e  presence of 
m u ltip le  re s is ta n t and  R -p lasm id  carrier s tra in s  in a w a rd  was calcu la ted  b y  p ro b ab ility -  
estim a tio n .

R esu lts

T ab les  I l / a  an d  I l /b  show th e  d is tr ib u tio n  o f E . coli s tra in s derived  from  
d iffe ren t h o sp ita l w ards according to  serogroup , phage p a tte rn , colicin ty p e , 
an tib io tic  resistance an d  R -plasm id c a rrie r  s ta te . T he sero- and  phage ty p in g  
ex am in a tio n s  carried  o u t on 52 E . coli s tra in s , derived  from  41 persons, m ain ly  
w ith  U T I in  h osp ita l “ A ” revealed th a t  these  organism s did n o t o rig inate  
from  th e  h o sp ita l en v iro n m en t b u t w ere assoc ia ted  w ith  com m unity -acqu ired  
or endogeneous in fec tions. They belonged  to  16 d iffe ren t serogroups (0 1 , 0 2 , 
0 4 , 0 6 , 0 7 , 0 8 , 0 1 2 , 0 1 8 ac , 019 , 0 2 1 , 0 3 0 , 0 5 7 , 07 5 , 08 6 , 0 1 4 9  an d  n o t 
ty p ab le ) an d  w ith in  th e  serogroups to  d ifferen t phage p a tte rn s . O ut of th e  
52 s tra in s  26 were sensitive  to  the  26 an tib io tic s  te s te d , 15 were re s is ta n t to  
1-3  a n tib io tic s  an d  11 w ere m ultip le re s is ta n t (re s is tan t to  4 -1 0  an tib io tics). 
R -p lasm id  was carried  b y  17 stra ins.
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Table I

Source o f E . coli and Klebsiella strains

N o. o f N o. of
S ource persons* stra ins* D iagnosis Specim en A n tib io tic  th e ra p y

U rin a ry  2 9 + (4 ) U rine 34 +  (3) Cefoperazone
tra c t
infection

C ephaloridine

H o sp ita l “ A” , 32 + (4 ) 43 + (4 ) Cholecysti- Bile 2 T obram ycin
m edical w ard tis  2 Faeces 2 D oxycycline

L eukaem ia 1 S p u tu m 2 N itro fu ran to in
O ther 3 + ( l ) C ephalexin

H o sp ita l “ A” , 9 +  (7) 9 + (7 ) U rin a ry  9 +  (7) U rine 9 + (7 ) Cefazolin
o u t-p a tie n t t ra c t T obram ycin
d e p a rtm e n t infection

H o sp ita l 44B ” , 19 22 L eukae- U rine 7 C ephalotin
haem atological m ia  14 Faeces 11 Cefuroxim e
w ard O ther 5 O ther 4 T obram ycin

Co-trim oxazole

T o ta l 60 +  ( l l ) 7 4 + ( l l ) 74 +  (11)

* B racketed  figures ind ica te  Klebsiella s tra ins

Type and

Table I l /a

antibiotic resistance o f  E . coli strains isolated from  
in the medical ward o f  hospital 44A ”

U T I

N o . o f 
s tra in s

N Sensitive  to
io. of

R e s istan t
1-3

to
4 -1 0 N o. o f R +

s tra in s
p h a g e  p a tte rn :s co lic in  ty p es a n tib io tics

l 01 l 1 X

6 2 : K1 3 — 6 — — X

3 0 4 2 — 1 — 2 2
l 0 6 1 — 1 — — X

l 07 1 l 1 — — X
2 08 2 l 1 l — 1
2 012 2 l 2 — — X

11 018ac 2 2 — 10 1 6
1 019 1 — 1 — — X

2 021 2 — 2 — — X

1 030 1 — 1 — — X

1 057 1 — 1 — — X

2 075 2 — — — 2 2
1 086 1 — — — 1 1
1 0149 1 — — l — X

16 O N t 10 3 8 3 5 5

52 26 15 и 17
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T able  II /b

T yp e  and antibiotic resistance o f  E . coli strains isolated from  L P  
in  the haematological ward o f  hospital “ 2?”

No. of 
strains Serogroup

No. of
Sensitive to Resistant to 

1-3 4-16 No. o f R + 
strainsphage patterns colicin types antibiotics

3 0 2 l _ _ 3 3
2 0 4 l — l — 1 l
1 0 5 l — — l —

1 0 7 l — — — 1 i
1 0 9 l 1 — — 1 1
1 0 1 2 l — i — —

1 0 1 5 l 1 — l — 1
1 0 1 6 l — — l _
1 0 2 2 l 1 l — —

1 0 4 6 l — l — —

1 0 8 3 l 1 l — —

8 O N t 4 2 — — 8 3

2 2 5 3 14 10

. =  N o t exam ined

T able  I I /c

Phage type distribution  and antibiotic sensitivity  
o f  Klebsiella strains

N o. o f 
s tra in s Phage ty p e

S en sitiv e  to R e s is ta n t  to  
1 -3  4 -1 0

a n tib io tics

4* I.B25 4
2** П.Л1 l l —

l* Ш .В 6 — — 1
l* IV.A1 — i —

2** V II. A4 — 2 —

j** N t l — —

и 2 4 5

* H ospita l “ A ” , ou t-patien ts d e p a rtm e n t 
** H ospital “ A ” , m edical ward

T he 22 E . coli stra ins iso la ted  m ain ly  from  L P  in th e  haem ato log ical 
w ard  of h o sp ita l “ B ” , belonged to  12 serogroups an d  13 phage p a tte rn s . 
E p idem ic  ty p e  w as no t found. O u t o f  th e  22 E . coli s tra in s  5 were sensitive to  
26 an tib io tics , 3 w ere re sistan t to  1—3 an d  14 to  4 -1 6  an tib io tics; R -p lasm id  
w as carried  by  10 m ultip le  re s is ta n t s tra in s . The Klebsiella  s tra in s belonged to  
6 phage ty p es; p a r t  of them  w ere re s is ta n t to  tw o  an d  o thers to  14-17 a n ti-
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b io tics . O u t of th e  74 E . coli and 11 Klebsiella  s tra in s  22 were re s is ta n t to  1-3 
an d  30 were re s is tan t to  4 -17  an tib io tics . The s tra in s  belonging to  th e  la tte r  
g roup  w ere derived m a in ly  from  L P .

T h ir ty  E. coli s tra in s  were exam ined  for R -, Col- and o th e r p lasm ids; 
R -p lasm id  was d e m o n s tra te d  in  27 s tra in s  (Tables I l / a ,  b).

F igu re  1 shows th e  resistance to  ce rta in  an tib io tic s  in th e  d iffe ren t w ards. 
W ith  penicillin  d e riv a tiv e s  am picillin  a n d  carbenicillin  resistance w as freq u en t 
am o n g  s tra in s  iso la ted  from  all th e  th ree  h o sp ita l un its , w hereas azlocillin 
and  m ezlocillin re s is tan ce  was freq u en t am ong  L P  s tra in s ; cloxacillin  resistance 
occu rred  in freq u en tly . A s to  th e  f irs t g en era tio n  cephalosporins, cephalorid ine, 
cep h acetrile , cep h a lo th in  resistance was fre q u e n t, b u t cefazolin resistance  was 
ra re . W ith  second g en e ra tio n  cephalosporins, cefam andole resistance  occurred 
m ore  freq u en tly  th a n  cefuroxim e resis tan ce . R esistance to  th ird  genera tion  
cephalosporins w as ra re , and  was reco rded  m ain ly  am ong L P  s tra in s . In  the  
am inoglycoside g roup : gen tam icin  an d  to b ra m y c in  resistance was found in 4 
a n d  5 s tra in s , re sp ec tiv e ly . One s tra in  w as re s is ta n t to  am ikacin  an d  an o th e r 
to  sisom icin . U TI a n d  L P  stra ins w ere re s is ta n t m ost freq u en tly  to  te t r a ­
cyclines, th e  incidence o f  ch loram phenico l resistance  w as th e  sam e as azlocillin 
an d  m ezlocillin re s is tan ce . O ut of th e  85 s tra in s  12 were re s is ta n t to  su lpha- 
m ethoxazo le  tr im e th ro p rim  (m ostly  L P  s tra in s); only 6 U T I s tra in s  were 
n itro fu ra n to in  re s is ta n t (F ig. 1). T ab le  I I I  show s th e  spec tru m  o f th e  49 a n ti­
b io tic  re s is ta n t s tra in s .

80

70

6a 

sa 

c  / . a
о

301
0
-  20-1 Ф 

JD

1 ’01

I
Ik

CD CF MA CFP
ca:  cz а м  ми тм a s  sxt n s  os

Penicillins Cephalosporins Aminoglycosides Tetracyclines Other antibiotics

Fig. 1. Incidence of a n tib io tic  resistance d e te rm in a n ts  o f E . coli and  Klebsiella  s tra in s  accord­
ing to  source. Open co lu m n s, Medical W ard  1, H o sp ita l “ A” (16 stra ins); sh ad ed  colum ns, 
M edical W ard  2, H o sp ita l “ A ” (47 stra in s); closed colum ns, H aem ato log ical W ard , H osp ita l

“ B ”  (22 s tra in s )
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T able  I I I

A ntib io tic  resistance spectra o f  E . coli and Klebsiella strains

N o. o f 
re s is ta n c e  

d e te r ­
m in a n ts

R e s is ta n c e  d e te rm in a n ts
N o. o f  

s tra in s*

l SX T l
2 о т DO 15

(1)
2 AM CB 1

(3)
3 SM ОТ Do 1
3 о т DO CM 1
4 о т DO CM KM 1
4 AM SM CM NA 1
4 ОТ DO CM SX T 1
5 AM CB A ZL ОТ DO 1
5 CAC ОТ DO CM SX T 1
7 AM MZ CB A ZL ОТ DO CM 1
7 AM c x CAC ОТ DO PB  FT 1
8 AM MZ CB AZL SM KM ОТ DO 2
8 AM MP CB AZL CAC ОТ DO CM 1
9 AM MZ CB A ZL KM ОТ DC CM SX T 1
9 AM MZ CB AZL CD SM ОТ DO CM 1

10 AM MZ CB AZL CX CD CF ОТ D O  CM 1
10 AM MZ CB AZL CD ОТ DO CM SX T  PB 1
11 AM MZ CB AZL CD SM KM ОТ DO  CM SX T 1
11 AM MZ CB A ZL ОТ DO CM KM  GM TM SX T 1
12 AM MZ CB A ZL CX CF CAC CZ MA CXM C F P  SM 1
13 AM MZ CB A ZL CD CF CAC SM KM  ОТ DM CM SXT 1
13 AM MZ CB AZL CD CF SM KM TM  ОТ DO CM SX T 1
14 AM MZ CB AZL CX CF CD CAC CZ MA ОТ DO CM SXT (4)
15 AM MZ CB AZL CD CZ MA C FP  KM  GM TM ОТ DO CM PB 1
16 AM MZ CB AZL CX CD CF SM KM  GM TM ОТ DO CM PB  SX T 1
17 AM MZ CB A ZL CD CF CZ MA C F P  SM ОТ DO CM OS NA F T  SX T (1)

49
* B rack e ted  figures in d ica te  Klebsiella s tra in s

Table IV

Geometric averages o f  M IC  values fo r w ild E . coli strains and their transconjugants isolated
from  hospitals “ A ”  and  “ B ”

A n tib io tic s

AM CB A Z L MZ CD C F MA

H o sp ita l “ A” , medical 10 w 168.9 157.6 181.0 84.4 22.6 18.4 2.0
w ard , U T I 10 T 78.8 97.0 68.6 42.2 6.1 7.5 1.3

H o sp ita l “ B ”  haem ato- 10 w 477.7 415.9 337.8 168.9 19.7 9.2 2.1
logical w ard , LP 10 T 274.4 388.0 181.0 90.5 12.1 10.6 1.8

W W ild 
T  =  T ran scon jugan t

M IC values of som e broad  sp e c tru m  penicillin  derivatives a n d  cephalo ­
sporins w ere d e te rm in ed  for selected m u ltip le  re s is ta n t E . coli s tra in s  an d  th e ir  
tra n sc o n ju g a n ts . G eom etric  average o f  th e  MIC values was ca lcu la ted  from
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M ICs o b ta in ed  for single stra ins. T ab le  IV  sum m arizes the  resu lts  o b ta in ed  
for w ild  an d  tra n sc o n ju g a n t s tra in s . E . coli J5-3  rec ip ien t s tra in  w as used as 
co n tro l. In  the  case of E . coli J5-3  s tra in  th e  MICs of penicillins varied  betw een  
2 -4  /ig/m l and  those  o f  cephalosporins betw een  1 a n d  8 pg/m l. T he low est 
M ICs w ere found w ith  cefam andole. M ICs of penicillins were high in  all groups. 
M ICs fo r b o th  wild a n d  tra n sc o n ju g a n t s tra in s  w ere sign ifican tly  h igher in  
th e  L P  group th a n  in  th e  U T I group (T able IV).

P lasm id  profile analysis  of E . coli w as carried  o u t w ith  10 U T I (Table V/a) 
an d  w ith  10 L P  s tra in s  (Table V/b). T hese Tables show  the  p h en o ty p ic  c h a r­
ac te rs  of th e  s tra in s  (serogroup, p hage  p a tte rn , colicin p ro d u c tio n , colicin 
ty p e , an tib io tic  res is tan ce  p a tte rn ) , th e  tran sfe rab le  resistance d e te rm in a n ts  
an d  th e  num ber, m o lecu lar size, in c o m p a tib ility  g roup  (Inc) and phage re s tr ic ­
tive  effect o f p lasm ids. One plasm id m ed ia tin g  resistance  to  6 -9  an tib io tic s  
w as ca rried  b y  7 s tra in s . In  case o f  U T I stra in s resistance  to  4 -7 , in  case of 
L P  s tra in s  resistance to  8 -9  an tib io tic s  was d em o n stra ted . O ther s tra in s  c a r ­
ried 2 to  10 plasm ids (see Tables V /a an d  V/b).

A m ong th e  U T I s tra in s  a p lasm id  of th e  sam e m olecular size and  In c  
g ro u p  (100 Md, Inc  F I)  was carried  b y  tw o s tra in s  of th e  sam e serogroup  a n d  
p hage  p a tte rn . P lasm ids in  o ther s tra in s  possessed d ifferen t p lasm id  profiles; 
“ ep id em ic” p lasm ids w ere no t found .

A m ong th e  L P  s tra in s  6 p lasm ids o f th e  sam e m olecular size w ere carried  
b y  tw o  s tra in s; a p lasm id  of 70 Md, belonging  to  In c  В and  possessing phage 
re s tr ic tiv e  effect was h a rb o u red  b y  th ree  s tra in s ; ou t of these th ree  tw o 
belonged  to  the  sam e serogroup an d  w ere iso la ted  from  th e  sam e person . The
10 s tra in s  exam ined w ere ch arac terized  b y  7 k inds of plasm id profile .

E xam in ing  th e  resistance  d e te rm in a n ts  of 20 p lasm id -carry ing  s tra in s  i t  
w as d em o n stra ted  t h a t  in  17 ou t o f 18 penicillin  re s is ta n t s tra in s , th e  resis­
tan ce  to  penicillins w as tran sfe rab le . T ransfe rab le  resistance  was found  only in 
3 cephalosporin  re s is ta n t s tra ins. O u t o f th e  17 te tracy c lin e  re s is ta n t s tra in s
11 possessed tran sfe rab le  resistance; SX T  resistance  was tran sfe rab le  in th e  
6 SX T  re s is tan t s tra in s .

T he num ber of s tra in s  re s is tan t to  all an tib io tic s  te s ted  was s ig n ifican tly  
h ig h er am ong th e  L P  s tra in s  th a n  am o n g  th e  U T I s tra in s  (p <  0.01, T ab le  V I). 
T he p ro b ab ility  of re s is tan ce  developing  to  4-17  an tib io tic s  was h igher > 9 9 .9 %  
for L P  as com pared to  U T I s tra in s . T he probab le  occurrence o f R + s tra in s  
w as h igher by  89.8%  for the  form er g roup  of s tra in s . The n u m b er o f resistance  
d e te rm in a n ts  per one s tra in  in  th e  tw o  groups w as 1.6 and  6.8, re sp ec tiv e ly  
(4.25-fold difference). T he plasm id m ed ia ted  resistance  per one s tra in  also d if­
fered  sign ifican tly  in  th e  tw o g roups: 3.8 and  8.1, respective ly  (2.13-fold d if­
ference) (Table V II).
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Table V/a

Complex typing o f  E . coli isolated from  U T I  in  hospital “  A ”

D esignation  o f 
s tra in s /m o n th

Serogroup P h ag e  p a tte rn Colicin
ty p e*

A n tib io tic  resistance*
N o. o f 
p las ­
m ids

P lasm id  profile, 
m olecu lar size in  Md

In c
group

P h ag e
re s tr ic ­

tio n

199/1 075 4, 4a, 9 14 - AM MZ CB  AZL CAC ОТ DO CM 
SM

3 83; 63; 1.0 +

369/111 0 8 2, 4ab, 6, 7, 13 V О Т DO  SM FT 4 110; 70; 5.1; 1.2 11 +
482/111 086 22 — S M  О Т DO  CM KM 1 125 +
509/IV 0 4 4ab, 20, 22 — A M  M Z  C B A Z L  CX CD CF О Т  

DO C M  SM
1 100 F I +

513/IV** N t 17 Nc MZ О Т DO C M  SX T SM KM FT 3 90; 53; 43 F I, P —

1095/X** 0 4 4ab, 20, 22 — A M  M Z  C B A Z L  SM KM 0 T  DO 1 100 F I +
631/IV 075  : K5 4b, 15, 16 — A M  C B M Z  A Z L  ОТ DO SM 10 75; 53; 34; 8.0; 6.0; 

4.8; 4.2; 3.6; 2.7; 2.5
11 ;

296/11 0 18ac  : K5 4, 4ab , 15 Nc A M  M Z  C B A Z L  CD CF CAC CZ 
MA C FP

8 65; 42; 31; 26; 5.6; 
4.1; 3.3; 2.4

12 +

629/IV N t 1, 2, 3, 4, 4ab, 6, 
7, 12, 13, 15

Nc A M  M Z  C B A Z L  CF CAC  SM CM 
FT

2 90; 64 F I 1

512/IV N t 2, 3, 4ab , 6, 7, 17, 
30

A M  SM CM NA 0 T 5 60; 5.9; 4.5; 3.3; 2.0 К

* L etters p rin ted  in italics designate transferred  Col plasm ids and resistance 
** S tra ins isolated from  th e  sam e p a tie n t 
Nc =  n o t characteris tic

CO
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Table V/b

Complex typing o f  E . coli isolated fro m  L P  in hospital “ XT'

к

D esig n atio n  of 
s tra in s /m o n th

Serogroup P h ag e  p a tte rn Colicin
type*

A n tib io tic  resistance*
N o. of 
p las ­
m ids

P lasm id  p ro file , 
m olecu lar size in  Md

In c
group

P h ag e
re s tr ic ­

tio n

253/11 N t 2, 3, 4, 6, 7, 12, 
15, 23, 24

Nc A M  M Z  C B  A Z L  CD CAC S M  K M  
О Т DO C M  S X T

6 93; 83; 73; 18; 5.4; 
1.0

11 +

294/11 0 9 2, 3, 6, 7, 12, 24 Nc A M  M Z  C B  A Z L  CD CF CAC S M  
KM О Т DO  CM S X T

6 93; 83; 73; 18; 5.4; 
1.0

11 +

3 7 1 /III 015 4ab, 12, 13, 23, 30 Nc A M  О Т DO 3 58; 4.2; 3.3 F I +
3 9 1 /III N t N t A M  M Z  C B  A Z L  C X  CD CF CAC  

CZ MA CXM C FP S M  K M  ОТ  
DO

3 94; 2.1; 1.4 F I +

811/V 0 4 4ab, 20, 22 — A M  M Z  C B  A Z L  S M  K M  0 T  DO  
C M

1 70 В +

1059/V 07 4a, 4b, 5 — A M  M Z  C B  A Z L  SM K M  0 T  DO  
C M  S X T

1 90 F I +

1061/VI 0 7 4 a b ,13 — A M  M Z  C B  A Z L  CD CZ MA C FP 
K M  GM PB

2 75; 63 FIV —

1062/IX O N t N t V A M  M Z  C B  A Z L  CD SM K M  0 T  
DO C M  S X T  P B

2 78; 69 FI -f

1065/X** 0 2 15 — A M  M Z  C B  A Z L  CD CF SM K M  
TM 0 T  DO C M  S X T

1 70 В +

1068/X** 0 2 15 A M  M Z  C B  A Z L  0 T  DO  CM SM 
K M  GM TM S X T

1 70 В 4-

* L etters p rin ted  in italics designate transferred  Col plasm ids and resistance 
** S tra ins isolated from  th e  sam e p a tien t 
Nc =  n o t characteris tic
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Table VI

A ntibiotic resistance and R  p la sm id  carrier state o f  E . coli 
and Klebsiella strains in  hospitals “ .4”  and “ B ”

Source

S en sitiv e  to R e s is ta n c e  to  
1 -3  4-17 N o. o f  R  +

N o. o f  s tra in s
a n tib io tic s

H o sp ita l “ A” , m edical 
w ard 23 17 8 14 48

H o sp ita l “ A” , ou t-p a tien ts  
d e p artm en t 5 2 8 3 15

H o sp ita l “ B ”  haem ato- 
logical w ard 5 3 14 10 22

T otal 33 22 30 27 85

Table V II

Resistance determinants o f  E . coli and Klebsiella strains in hospitals 44A ” and  44B ”

Source
N o. o f 
s tra in s

N o. o f  N ° .  o f  
res is tan ce  re s is ta n c e  

d e te rm in a n ts  d e te rm in a n ts  
p e r  o n e  s tra in

N o . o f
N o. of R +  t ra n s fe ra b le  

s tra in s  re s is ta n c e  
d e te rm in a n ts

N o. o f  
tra n s fe ra b le  

res is tan ce  
d e te rm in a n ts  
p e r one  s tr a in

H osp ita l “ A”  m edical 
w ard 48 75 1.6 10 38 3.8

H o sp ita l 44B ” , haem ato- 
logical w ard 22 149 6.8 10 81 8.1

T otal 70 224 3.2 20 119 5.9

D iscussion

A lthough  carried  ou t w ith  a lim ite d  n u m b er of s tra in s , com plex ty p in g  
p erfo rm ed  in  th e  p resen t s tu d y  has g iven  answ ers to  severa l o f th e  questions. 
E . coli an d  Klebsiella  s tra in s  belonging  to  d ifferent serogroups and  phage 
p a tte rn s  w ere p resen t in  b o th  h o sp ita l u n its  exam ined , b u t  epidem ic s tra in s  
w ere n o t found . T here w as a  sign ifican t d ifference in  th e  resis tan ce  of s tra in s  
o rig in a tin g  from  th e  tw o groups o f p a tie n ts  (U T I and  L P ). R esistance w as 
s ig n ifican tly  com m oner and  th e  R -p lasm id  m ediated  resis tan ce  was m ore 
fre q u e n t am ong  th e  L P  th a n  am ong th e  U T I E . coli s tra in s . The resistance  
d e te rm in an ts  of d ifferen t penicillin  d e riv a tiv e s  were, as a ru le  no t t r a n s ­
fe rred  to g e th e r.
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Schaberg e t al. [34] rep o rted  on R -p lasm id  tra n sfe r  o f m ultip le  re s is ta n t 
s tra in s  in  c a th e te r-b a g  filled  w ith  u rine. H u ghes et al. [35] found differences 
in  th e  plasm id ca rrie r  s ta te  of E . coli s tra in s  o f d ifferen t serogroups iso la ted  
fro m  u rin ary  t r a c t  in fec tions. M ultiple re s is tan ce  was m ore frequen t in  se ro ­
g roups 0 4 , 0 9  an d  0 1 8 , w hich differed from  th e  o th e r serogroups in  colicin 
p ro d u c tio n , or in  colicin  ty p e . In  our m a te ria l, serogroup  0 2 , 0 4 , 0 7 , 0 9  
an d  075  s tra in s  w ere m u ltip le  re s is tan t, an d , except tw o  s tra in s, were n o t 
colicinogenic.

D etection  o f p lasm ids coding resis tan ce  to  d ifferen t an tib io tics , and  th e  
ro u te  of th e ir  sp read in g  m ay  fo recast th e  e fficacy  of an  a n tib io tic  or o f a g roup  
o f an tib io tics. R esis tan ce  to  som e cephalosporins (CD, CAC) was m ed ia ted  b y  
p lasm ids coding m u ltip le  resistance , w hereas in su scep tib ility  to  o ther cep h a lo ­
sporins (CF, CZ, MA, CXM) w as n o t p lasm id -d e te rm in ed , an d  co n sequen tly  
th e ir  spread could  n o t be expected . K rcm éry  e t al. [37] described CXM an d  
MA determ in ing  p lasm ids iso la ted  from  h o sp ita l Klebsiella  s tra in s. The MA 
resistance  occurred  to g e th e r alw ays w ith  CF resistance  and TEM -1 ty p e  
/1-lactam ase (AM, CB, AZL) [36, 37].

Jaco b y  an d  S u tto n  [38] found th a t  c e r ta in  /З-lac tam ase  p roducing  s tra in s  
w ere resis tan t to  MA in a high degree, h u t  to  o ther cephalosporins th e y  e x ­
h ib ited  a low er degree of resistance. F o r ou r U T I and  L P  stra ins th e  M IC 
v alues of CD v a ried  be tw een  4 and  256, o f CF betw een  4 an d  64, of MA b e tw een  
1 an d  32. SX T resis tan ce  was coded b y  tran sfe rab le  p lasm id  in  L P  s tra in s  
an d  accordingly, in  th is  group th e  spread of SX T resistance  m ight he ex p ec ted . 
C o-trim oxazole is o ften  used to  p reven t in fec tion  of leukaem ic  pa tien ts . W ilson 
an d  G uiney [8] also found  plasm id m ed ia ted  SXT resis tan ce  in E. coli a n d  
K . pneum oniae  s tra in s  iso la ted  from  leu k aem ic  p a tien ts . J a c o b y  [39] d irec ted  
a tte n tio n  to  th e  d an g er caused by  th e  p ro p h y lac tica lly  g iven  SXT; th e  S X T  
given for p rev en tio n  caused th e  selection  of th e  re s is ta n t m icroorganism s. 
In  his opinion, th e  b est an tib io tic  th e ra p y  fo r th is  en d an g ered  d isease-group is 
n o t sufficien tly  e lab o ra ted  yet.

By one single plasm id was d e te rm in ed  AM, CB, MZ, AZL, ОТ, DO 
resistance  (and  in  one s tra in  CM resis tan ce , too) in  tw o  U T I E . coli s tra in s  o f 
serogroup 0 4  o f th e  sam e phage p a tte rn ;  th e  size of th e  p lasm id  was 100 M d 
an d  belonged to  In c  F I . S im ilarly , th e  AM, CB, AZL, MZ, TC, CM an d  S X T  
resistance  in  th re e  L P  s tra in s  were coded  b y  one single p lasm id to o ; th e  
s tra in s  belonged to  tw o serogroups an d  phage p a tte rn s , th e  m olecular m ass 
o f th is p lasm id w as 70 Md and  belonged to  In c  B. M ayer e t al. [40] iso la ted  
a p lasm id from  E . coli and  K . pneum oniae, w hich tra n sfe rre d  /З-lac tam  an d  
S X T  resistance to g e th e r , its  size was a b o u t 52.5. The S X T  resistance is o ften  
linked  to  p lasm id  or tran sp o so n , so its  sp read  m ay be fre q u e n t and rap id  [18]. 
A n endem ic R  p lasm id  of broad  host range  was rep o rted  from  a ho sp ita l fo r 
v e te ra n  soldiers in  th e  USA; th e  89 Md p lasm id  d e te rm in ed  resistance to  9
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a n tib io tic s . A m olecular analysis fo r  epidem iological purposes of m u ltip le  
re s is ta n t, nosocom ial Serratia marcescens s tra in s  was ca rried  o u t by  T om bk ins 
e t al. [20]. Schaberg  e t al. [41] reco m m en d  “ agarose gel e lec trophoresis  p a t ­
te r n ” as a su itab le  too l for epidem iological ex am in a tio n  o f nosocom ial in fec­
tio n s ; th e y  m entioned  th a t  th e  m eth o d  is applicab le  in  “ c o n v en tio n a l” m icro­
biological labora to ries, too . R ubens e t  a l. [6] carried o u t lo n g -te rm  e x a m in a ­
tio n s  to  characterize  th e  plasm ids of m u ltip le  re s is tan t h o sp ita l s tra in s ; using 
gel electrophoresis, re s tric tio n  enzym e analy sis  and  D N A -D N A  h y b rid iza tio n . 
T he ap p lica tion  of these “ m olecular ep idem io logy” m eth o d s is becom ing  m ore 
a n d  m ore im p o rta n t in  th e  ex am in a tio n  of nosocom ial in fec tions [42].

Sero- and  phage ty p in g  com pleted  w ith  plasm id p ro file  analysis in  our 
s tu d y  allow s a b e tte r  m ark ing  of th e  in fec tiv e  b ac te ria  on th e  one h a n d , an d  
th e  ch a rac te riza tio n  of th e  plasm ids co d in g  an tib io tic  re s is tan ce  on th e  o th e r. 
T hese investiga tions m ay  c o n trib u te  to  developing  an  ad eq u a te  an tib io tic  
s tra te g y .
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PROTECTIVE ACTIVITY OF TWO HUMAN 
INTRAVENOUS IMMUNOGLOBULIN PREPARATIONS 

IN EXPERIMENTAL INFECTION WITH AN 
ENCAPSULATED STAPHYLOCOCCUS AUREUS  STRAIN

T c h . V a s s i l e v , R u m ja n a  P etr ov a , L. B o z a d j ie v ,
Z latka  P e e v a  and I lina  B in e v a

Institu te  o f  In fectious and Parasitic Diseases, M edical A cadem y, So fia , Bulgaria  

(R eceived J u ly  8, 1986)

T he p ro tec tiv e  effect o f tw o d ifferen t h u m an  im m unoglobulin  p rep ara tio n s for in tra ­
venous use and  one specific staphylococca l im m unoglobulin  for in tra m u sc u la r  ap p lica tio n  
were com pared  in mice in fected  w ith  th e  cap su la r Staphylococcus aureus S m ith  s tra in . Im m u n o - 
ven in  is p roduced  b y  p a r tia l  frag m e n ta tio n  of IgG  w ith  p lasm in ; i t  con ta ins a b o u t 60%  
in ta c t IgG  and 40%  F a b  an d  Fc frag m en ts . Im m u n o v en in -in tac t is p roduced  b y  a po ly ­
ethy lene  glycol (m ol w t 6000) f rac tio n a tio n  m eth o d  followed by  ion  exchange ch ro m a to g rap h y  
and co n ta in s m ore th a n  95%  in ta c t IgG  m olecules. A specific staphylococca l im m unoglobulin  
is o b ta in ed  by  a r iv an o l/e th an o l f rac tio n a tio n  m eth o d  from  selected sera  w ith  h igh  a n ti-a lp h a  
to x in  level. All th ree  ty p es  o f  im m unoglobulins induced  sim ilar degree of p ro tec tio n  w hen 
th e ir  effec t was d e term ined  as a c tiv ity  (E D S0) p e r g ram  im m unoglobulin .

In fec tions caused by  Staphylococcus aureus rem ain  a serious problem  
desp ite  th e  av a ilab ility  o f increasing  n u m b e r of an tib io tic s . The th e ra p e u tic a l 
p roblem s are caused b y  th e  a n tib io tic  resistance of m an y  of th e  iso la ted  
s tra in s  an d  b y  th e  v a r ie ty  of m eans b y  w hich th is o rganism  evades th e  defence 
m echanism s of th e  body . S . aureus p roduces a num ber of ex trace llu la r enzym es 
and  to x in s  w hich cause d estru c tio n  o f cells includ ing  p o ly m orphonuclear leuko­
cytes. T he surface p ro te in  A b inds to  th e  Fc portion  o f IgG  an d  so p rev en ts  
the  e ffic ien t opsonization  of th e  b a c te r ia  [1]. The new ly  described decom ­
p le m en ta tio n  fac to r [2] p ro tec ts  th e  b a c te ria l cell from  th e  action  of com ple­
m en t b y  induc tio n  of ab o rtiv e  com plem ent-consum ing  reac tions in th e  su r­
ro u n d in g  flu id  phase. T he po lysaccharide  capsule, w hen p resen t, p ro tec ts  th e  
b ac te ria l cell from  phagocy tosis an d  i t  is an  im p o rta n t fa c to r  for invasiveness. 
P ro te in  A and  th e  deco m p lem en ta tio n  fac to r in h ib it th e  ac tion  o f hum ora l 
im m une defences (an tibod ies an d  com plem ent), while leukocid in  an d  th e  c a p ­
sule suppress d irec tly  th e  phagocy tosis and  killing of th e  b ac te ria  b y  p o ly ­
m orphonuclear leukocy tes and  m acrophages. A bou t 70%  of th e  S . aureus 
s tra in s  iso la ted  from  p a tie n ts  w ith  sepsis possess capsules o f ty p e  5 or 8 [3].

T t h a v d a r  V a s s il e v , R u m ja n a  P e t r o v a , L . B o z a d jie v , Zl a t k a  P e e v a , I l in a  B in e v a  
I n s t i tu te  o f  In fe c tio u s  an d  P a ra s i tic  D iseases 
V lad im ir Z a im o v  26, 1504 S ofia , B u lg a ria
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I t  is know n t h a t  in th e  presence of an tic a p su la r  an tib o d ies  encapsu lated  
b ac te ria  are e ffec tiv e ly  opsonized an d  killed b y  phagocy tes in  v itro  an d  in 
v ivo  [4]. The se ru m  o f a d u lt b lood  donors co n ta in s  an ti-staphy lococca l capsule 
an tibod ies [5]. I t  seem s a ra tio n a l ap p ro ach  to  tre a t  severe staphylococcal 
in fections by  th e  a d m in is tra tio n  of im m unoglobu lin  p rep ara tio n s . In  th e  la s t 
y ea rs  hum an im m un o g lo b u lin  p rep a ra tio n s  for in trav en o u s use have becom e 
availab le . T heir m a in  ad v an tag es , w hen com pared  to  th e  hum an  im m uno­
globulin  solu tions fo r in tram u scu la r  ap p lica tio n , are obvious —  th ey  supp ly  
large  doses of Ig G , th e  an tib o d ies  en te r  d irec tly  th e  b lood  s tream  and  th e  
effect is im m ed ia te . Im m unog lobu lin  p rep a ra tio n s  for in trav en o u s  use are 
p roduced  by  a w ide v a r ie ty  of technological processes. Some o f th em  resu lt in  
a lte ra tio n s of th e  Ig G  m olecule from  m inor ones to  a com plete  elim ination  of 
th e  Fc fragm ent. T h ese  s tru c tu ra l differences h av e  in ev itab ly  an  effect on th e  
biological a c tiv ity  o f th e  im m unoglobulins [6, 7].

This re p o rt describes th e  p ro tec tiv e  a c tiv ity  of tw o  ty p es of h u m an  
im m unoglobulin  p re p a ra tio n s  for in trav en o u s  use an d  of a specific s tap h y lo ­
coccal im m unoglobu lin  in  m ice in fec ted  w ith  an  en capsu la ted  S. aureus s tra in .

M aterials and  m ethods

Bacterial stra in . T h e  encap su la ted  S. aureus S m ith  diffuse s tra in  w as k indly  prov ided  
b y  th e  H um an I n s t i tu te  fo r Serobacteriological P ro d u c tio n  and  R esearch , B udapest. I t  form ed 
diffuse  colonies on sem isolid  agar w ith  serum , h a d  no d e tec tab le  surface  p ro te in  A and  was 
n o t  sensitive to  th e  av a ilab le  group of phages. T he organ ism  was grow n on blood agar over­
n ig h t, collected fro m  th e  surface, w ashed  once and using  an  op tica l s ta n d a rd , suspended to  
co n ta in  109 b ac teria  p e r  ml.

E xperim ental a n im a ls and  treatment schedule. O u tb red  IC R  m ice w eighing 30-35 g 
w ere used th ro u g h o u t th e  ex p erim en ts. T hey  h ad  free access to  food and  w ater. The LD i0 of 
th e  S. aureus s tra in  in je c te d  in trap erito n ea lly  as d e te rm in ed  by  th e  m eth o d  of K ä rb er [8], 
w as 2 X 108 b a c te ria l cells. This dose d id  n o t change a fte r  four consecu tive  passages of th e  
s tra in  in ICR m ice. G ro u p s of five an im als were in jec ted  in trap erito n ea lly  w ith  different doses 
o f  im m unoglobulins a n d  10-15 m in  la te r  w ith  109 b ac te ria  by th e  sam e ro u te . D eaths w ere 
reco rded  daily for one w eek. The ex p erim en t w ith  each  dose was re p ea te d  a t  least tw ice.

Im m unoglobulin  preparations. A ll p re p a ra tio n s  lis ted  below w ere produced in th e  
In s t i tu te  of In fec tio u s a n d  P a ra sitic  D iseases in Sofia.

Im m unoven in  w as ob ta in ed  by  p a r tia l  f rag m e n ta tio n  w ith  p lasm in  of IgG, iso lated  
fro m  p lacental b lood. I t  co n ta ined  a b o u t 60%  in ta c t  IgG  m olecules an d  up  to  40%  im m u n o ­
globulin  fragm en ts (F a b  -j- Fc) [9].

Im m u n o v e n in -in tac t was p ro d u ced  b y  a p o ly e th y len e  glycol (m ol w t 6000) p re c ip ita ­
tio n  m ethod and  c o n ta in ed  m ore th a n  95%  in ta c t IgG  m olecules [10]. T he tw o p rep ara tio n s  
co n ta ined  5%  im m u n o g lo b u lin s and  have  passed  th e  q u a lity  and  sa fe ty  te s ts  req u ired  for 
in trav en o u s im m u n o g lo b u lin  G.

Specific stap h y lo co cca l h u m an  im m unoglobulin  fo r in tra m u sc u la r  use was produced  
b y  a m odified r iv a n o l/e th an o l f rac tio n a tio n  m ethod  as described in  [11] and  by Peeva e t al. 
(m anuscrip t in p re p a ra tio n )  from  selected  sera of re tro p lac e n ta l blood o b ta in ed  from  o b ste trica l 
d ep artm en ts  in reg io n s in  th is c o u n try  w here s taphy lococca l a lp h a-to x o id  vaccine has been  
w idely  applied for th e  p re v en tio n  of staphylococca l in fections in new borns.

The a n ti-a lp h a  to x in  and an ti-leukocid in  t it re s  o f th e  im m unog lobu lin  p rep ara tio n s  
w ere determ ined  as desc rib ed  [12, 13].

Statistical a n a lys is . In  o rder to  te s t  th e  significance in th e  d ifference of th e  p ro tec tio n  
conferred  by  d iffe re n t doses of th e  im m unoglobulin  p rep ara tio n s , th e  surv ival d a ta  w ere
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en te red  in to  a co m p u te r and  analysed using  a  softw are sy s tem  fo r chi-square ana ly sis  w ith  
th e  Y a te s’ correction . T he p ro tec tive  dose 50 p e r cen t and i ts  95 confidence lim its  w ere cal­
cu la ted  b y  F in n ey  p ro b it  analysis. The d ifference  betw een th e  effects of th e  im m unog lobu lin  
p re p ara tio n s  was considered  significant if th e  95%  confidence lim its did n o t o v erlap  [4].

R esults

The m olecu lar com position of th e  th ree  ty p e s  o f th e  im m unoglobu lin  
p rep a ra tio n s  —  tw o  for in trav en o u s an d  one for in tram u scu la r  ap p lica tio n  —  
was com pared  by  gel-ch rom atog raphy  on Sephadex G-200 (Fig. 1). T he c o n te n t 
of fragm en ts in Im m unoven in  is a b o u t 22%  (Fig. 1A). I t  is not know n w h e th e r 
th e  fragm en ts o f IgG  presen t in  th is  p rep a ra tio n  p lay  an y  p ro tec tiv e  role. 
The p ro tec tiv e  ac tio n  of Im m u n o v en in  is due to  th e  large am o u n t o f IgG  
m olecules p resen t. T he IgG m olecules in  Im m u n o v en in -in tac t (F ig. IB ) are 
close to  m olecular hom ogeneity , on ly  a  sm all frac tio n  IgG  dim ers is p re sen t. 
The presence of IgG  aggregates w ith  h ig h er m olecular w eight in th e  s ta p h y lo ­
coccal hum an  im m unoglobulin  (F ig . 1C) lim its its  app lication  only  to  the  
in tram u scu la r ro u te .

Single lo ts o f th e  im m unoglobulin  p rep ara tio n s are  produced from  p lasm a 
and  serum  from  m ore th an  1000 in d iv id u a l donors a n d  th e ir  an tib o d y  co n te n t

Fig. 1. T yp ical e lu tio n  profiles of the  im m unog lobu lin  p rep ara tio n s . G el-filtration , S ep h ad ex  
G-200. A =  Im m u n o v en in ; В =  Im m u n o v e n in -in tac t; C =  specific  staphylococcal im m u n o ­
globulin  for in tra m u sc u la r  app lication . I =  ag gregates of IgG ; I I  =  dim ers; I I I  =  in ta c t  IgG

m olecules; IV  =  frag m en ts  of IgG
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Table I

Levels o f  anti-alpha toxin and anti-leukocidin antibodies 
in  the hum an  immunoglobulin preparations investigated

Im m u n o g lo b u lin
p re p a ra tio n L o t

A n ti-a lp h a  to x in  
a n tib o d ies  

(A U /m l)
A n ti-leu k o cid in

an tib o d ies

Im m unovenin 52 8 AU 1 : 24
55 8 AU 1 : 192
64 7 AU 1 : 6

Im m u n o v en in -in tac t 10 3 AU 1 : 12
11 7 AU 1 : 24

Specific staphylococcal 
im m unoglobulin  for in tra ­
m uscular ap p lication C-46 40 AU 1 : 12

AU  =  A ntitoxic  u n its

is ex p ec ted  to  be s im ila r because it  rep resen ts  th e  m ean value o f a large group 
o f people . The d a ta  p resen ted  in  T able I  show  considerable differences in  th e  
levels o f an ti-leukoc id in  an d  a n ti-a lp h a  to x in  an tibod ies. These differences are  
n o t re flec ted  in  th e  p ro tec tiv e  effect of th e  investiga ted  h u m a n  im m uno­
g lobu lin  solutions in  ex p erim en ta l system ic in fec tion  in mice (Table I I ) . The 
dosage range used fo r a lm ost all p re p a ra tio n s  ex tends from  doses w ith  no 
e ffec t on survival to  th o se  ensuring n ea rly  com plete  p ro tec tion . T h e  95%  con­
fid en ce  lim its of th e  p ro tec tiv e  dose 50%  o f th e  te s ted  lo ts o f Im m unoven in  
a n d  Im m u n o v e n in -in ta c t overlap , no s ig n ifican t difference ex ists  betw een  
th e m . T he p ro tec tiv e  dose 50%  of th e  specific  staphylococcal im m unoglobu lin  
fo r in tra m u sc u la r  ap p lica tio n  is w ith in  th e  sam e lim its w hen correc ted  for its  
h ig h e r  im m unoglobulin  co n ten t (15%  com pared  to  5%  in th e  in trav en o u s 
p rep a ra tio n s) .

T he lack of effect o f h u m an  serum  a lb u m in  on the  course o f  the  in fection  
p o in ts  ou t th a t  th e  observed  a c tiv ity  o f th e  im m unoglobulin  p rep a ra tio n s  is 
specific  and  no t due to  th e  p lasm a volum e rep lac in g  action  o f th e  five per cen t 
p ro te in  solu tion  itself.

D iscussion

Doses of th e  in tra v e n o u s  p rep ara tio n s  h ig h er th an  0 .1-0 .2  ml per an im al 
p ro te c t  mice from  d e a th  caused by  a sy stem ic  infection  w ith  an  en capsu la ted  
S . aureus  s tra in . I t  is reasonab le  to  ex p ec t th e ir  ac tiv ity  to  he m ore p o ten t in 
h u m a n s  th a n  in  th e  hetero logous m ouse sy stem . A lthough one could n o t use 
th e  m ouse d a ta  as a f irm  basis for d e te rm in a tio n  of the  th e ra p e u tic  dose in  
h u m a n s , i t  could be p rov isionally  ca lcu la ted  to  he of th e  o rd er o f 2 -3  ml per 
kg  b o d y  w eight. T h is happens to  be th e  recom m ended dose in trav en o u s
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im m unoglobulin  fo r  tre a tm e n t of sev ere  b ac te ria l infections. Such am o u n ts  of 
im m unoglobulin  so lu tions could n o t  be app lied  w ith  th e  p rep ara tio n s  for in t r a ­
m u scu la r use.

I t  has been expec ted  th a t  th e  effect o f Im m u n o v en in -in tac t w ould be 
superio r to  th a t  o f  Im m unoven in  because  of its  h igher co n ten t of in ta c t  IgG- 
m olecules, b u t no  difference in th e i r  effects w as found . Im m u n o v en in -in tac t

T able  II

Comparison o f  the prophylactic ac tiv ity  o f  hum an immunoglobulin preparations 
in systemic S . aureus infection in  mice

T re a tm e n t
D ose

m l/m o u se
i .p .

N u m b e r  su rv iv ed 11 
(n u m b e r tre a te d )

P ro te c tiv e  dose 50%  
(95%  confidence 

lim its)

Saline 0.2 7 (4 9 ) —

H u m an  serum  a lbum in 5о /
/ о 0.2 2 (1 5 ) —

Im m unovenin Lot 52 0.05 3 (10) 0.149 ml
0.1 2 (10) (0.078-0.285 ml)
0.2 3 (10)
0.4 7 (10)**
0.8 9 (10)**

L ot 55 0.05 4 (1 5 ) 0.142 ml
0.1 7 (15)* (0.079-0.190 m l)
0.2 6 (15)
0.4 14 (15)**
0.8 12 (15)**

L ot 64 0.05 2 (10) 0.100 ml
0.1 5 (10)* (0.060-0.165 ml)
0.2 8 (10)**
0.4 10 (10)**
0.8 9 (10)**

Im m unoven in -in tac t L ot 10 0.05 4 (10) 0.103 ml
0.1 3 (1 0 ) (0.046-0.203 ml)
0.2 6 (10)**
0.4 10 (10)**
0.8 9 (10)**

Lot 11 0.05 4 (10) 0.131 ml
0.1 3 (10) (0.074-0.233 ml)
0.2 5 (10)*
0.4 8 (10)**
0.8 10 (10)**

Specific staphylococcal Lot C-46 0.006 2 (10) 0.025 ml
im m unoglobulin  for 0.012 3 (10) (0.016-0.039 ml)
i.m . use 0.025 3 (10)

0.05 15 (20)**
0.1 10 (12)**
0.2 10 (10)**
0.4 10 (10)**
0.8 10 (10)**

a Pro tection  in d u ced  relative to  co n tro ls  (saline and  hum an  serum  album in tre a te d  
groups com bined) d e te rm in ed  by chi-square te s t  

*  p  =  0.05
** p =  0.01
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shou ld  a t least th e o re tic a lly  be regarded  as th e  b e tte r  choice for tre a tm e n t of 
in fec tions w here n o t on ly  th e  a n tito x ic  b u t  p rim arily  th e  opsonizing a c tiv ity  
o f an tib o d ies  is ex p ec ted  to  benefit th e  p a tie n t. The p ro tec tiv e  a c tiv ity  of th e  
d iffe ren t lo ts of th e  tw o  p rep ara tio n s is v e ry  close. The low lo t to  lo t v a ria tio n  
p o in ts  to  th e  fac t t h a t  th e  level o f an tib o d ies  in th e  blood donor popu la tion , 
w hich  p ro tec t th e  m ice, is stab le. T he re su lts  p resen ted  here do no t p rove th a t  
th e  p ro tec tiv e  a n tib o d ie s  are an ticapsu le  an tibod ies, b u t a n u m b er of ind irec t 
ev idence  lends s u p p o r t  to  th is assu m p tio n . F resh ly  iso lated  from  cases of 
severe local in fec tio n s, s tra in s of S. aureus  w hich are  n o t en cap su la ted  b u t 
h ig h ly  toxigenic, fa iled  to  kill th e  m ice in  doses up to  5 x 1 0 °  (no t p resen ted). 
P a th o g e n ic ity  of S . aureus  s tra in s fo r m ice is th o u g h t to  be due m ain ly  to  
th e ir  invasiveness asso c ia ted  w ith  th e  po lysaccharide  capsule [14]. The p rep ­
a ra tio n s  in v estig a ted  h av e  a  w ell-expressed p ro p h y lac tic  effect. T he p ro tec tiv e  
a c tio n  of the  im m unog lobu lin  p rep a ra tio n s  is obviously  no t solely de term ined  
b y  th e  levels of a n ti-a lp h a  tox in  an d  an ti-leu k o c id in  an tibodies.

M any a t te m p ts  have  been m ade to  im m unize hum ans w ith  purified  
c ap su la r  po lysaccharides of S. aureus a n d  o th e r b ac te ria  [3, 5]. D ue to  the  
w eak  an tig en ic ity  o f th e  vaccines, th e  a n tib o d y  response is w eak. In  an  effort 
to  m ake th em  p o te n t im m unogens, cap su la r po lysaccharides have been coupled 
to  im m unogenic  ca rrie rs  [4]. Mouse m onoclonal an tibod ies to  S. aureus capsule 
ty p e s  5 and  8 h av e  b een  ob ta ined  [14]. H u m an  m onoclonal an ti-capsu le  a n t i ­
bodies m ay be used  in  th e  fu tu re  fo r th e ra p y  of staphylococcal infections. 
I t  is hoped th a t  th e  b e tte r  u n d e rs ta n d in g  of the  m echanism s of capsu lar 
sy n th esis  would p e rm it to  find  specific in h ib ito rs  of th is  sy n th e tic  p a th w ay  
w h ich  could be ac tiv e  in  vivo. Such ag en ts  could reduce the  v iru lence of the  
in v a d in g  m icroorgan ism  an d  th u s  fac ilita te  th e  defence ag a in st it [4]. These 
app roaches in  th e  tre a tm e n t of in fec tions caused l>y S. aureus and  o ther 
en cap su la ted  b a c te r ia  w ill be used in th e  n ea r or m ore d is tan t fu tu re . M ean­
w hile  th e  hum an  im m unoglobu lin  p re p a ra tio n s  for in trav en o u s use are  a lready  
av a ilab le . T heir ap p lic a tio n  would be o f p a rtic u la r  value in th e  tre a tm e n t of 
p a tie n ts  w ith a  com prom ized  im m une sy stem  (after sp lenectom y, m ajo r tra u m a  
a n d  burns), in  n ew b o rn  and  p re m a tu re ly  horn  children . The ra tio n a l use of 
th e  in trav en o u s im m unoglobu lins will p e rm it th e ir  g rea t im m u n o th e rap eu tic  
p o te n tia l  to  be fu lly  exp lo ited .
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PHASES OF THE SEROLOGICAL RESPONSE 
IN PSEUDOMONAS AERUGINOSA  INFECTIONS
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N ationa l Institu te  o f  H ygiene , B udapest 

(R eceived  M ay 29, 1986)

S ix ty -fou r in fections due  to  Pseudomonas aeruginosa  in p a tie n ts  o f a re sp ira to ry  in te n ­
sive care u n it  w ere s tud ied . T h e  len g th  of serologically la te n t  p eriod  follow ing th e  app earan ce  
of P. aeruginosa decreased  w ith  th e  growing sev e rity  o f th e  in fec tio n , how ever, th e  longest 
la te n t period  o ccurred  in le th a l cases. As th e  phase  of dev elo p m en t o f  p eak  an ti-L PS  an tib o d y  
titre s  was c o n s ta n t in each g ro u p , in  fa ta l in fections th e  serological response developed too  
la te  w hen sepsis h a d  a lread y  s ta r te d . T he d u ra tio n  of th e  persis ten ce  of peak  titre s  w as also 
stable. In  consequence of a close n eg ative  co rre la tion  be tw een  th e se  tw o la tte r  p a ram ete rs , 
the  period from  th e  onse t o f an tib o d y  increase till th e  beg inn ing  of decrease was especially  
co n stan t, in d ep e n d en t o f th e  sev e rity  of infection , th e  d u ra tio n  o f th e  antigenic stim u lus and  
th e  in ten sity  of th e  serological response. The ra te  o f decrease w as a n  an o th er stab le  va lue . 
All these refer to  an  endogenous, tim e-d ep en d en t reg u la tio n  w hich , desp ite  existing clinical 
sym ptom s and  th e  presence of P . aeruginosa , s ta r ts  a n ti-L P S  an tib o d y  level to decline. P seu d o ­
m onas carrier s ta te  in convalescence  w as observed in cases w ith  p ro longed  persistence of p eak  
t it re  and w ith  a low er ra te  of t i t r e  decrease.

An analysis of th e  k in e tic s  of the  serological response in  59 Pseudomonas 
aeruginosa in fections [1J m ade obvious th a t  th e  an ti-lipopo lysaccharide  (an ti-  
LPS) a n tib o d y  (Ab) t i tre s  decreased  in  m an y  p a tie n ts  w hose condition  te n d e d  
to  im prove before th e  s to p  o f an tigen ic  stim u lu s, i.e. w hen  P. aeruginosa w as 
still p resen t. T herefo re , it  seem ed desirable to  s tu d y  th e  len g th  of the  d iffe ren t 
phases of th e  serological response  accord ing  to  th e  se v e rity  of infection , th e  
d u ra tion  of th e  presence o f P . aeruginosa  an d  th e  in te n s ity  of th e  Ah response.

P a tien ts  and  m ethods

Patients. In  th ir ty  p a tie n ts  t re a te d  a t  th e  re sp ira to ry  in ten siv e  care u n it of th e  László 
H ospita l for In fec tio u s D iseases, B u d a p es t, in fectious com plica tions m ain ly  due to  P . aerugi­
nosa were ex am ined  du ring  th e ir  w hole hosp ita l s tay . T heir av erag e  age w as 46.9 years. T he 
underly ing  disease w as te ta n u s  in  s ix teen , po ly rad icu litis  in  five , m y as th en ia  gravis in  fiv e , 
inen ingo-encephalom yelitis in  tw o  p a tie n ts , cerebral em bolism  a n d  subarachno idea l b leed ing  
in one case each. T w en ty -fiv e  o f th e m  were in tu b a te d  and  trach eo to m ized , and sub jected  to  
artificial re sp ira tio n  fo r a t  le a s t 24 h. F o u r p a tie n ts  h ad  m ild (qu ick  recovery , in some cases
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o n ly  tran s ie n t re sp ira to ry  insufficiency), six  m o d era te  (expressed c lin ical sy m p to m s w ith  
re sp ira to ry  insufficiency of sh o rt d u ra tio n ), sev en teen  severe (life -th rea ten in g  s itu a tio n , w ith  
sev e ra l days of a rtific ia l re sp ira tio n ), and th re e  le th a l underly ing  disease.

Bacteriological and serological surveillance. F acu lta tiv e ly  p a th o g en ic  b a c te ria  grow ing 
fro m  th e  skin, nose, ear, th ro a t  or trach ea , u rin e , faeces, pus and blood on adm ission , before 
a n d  du ring  the  acu te  p h ase  of infections a t  3 -4 , in  th e  convalescence a t  6 -7  d ay  in te rv a ls  
w ere reg is tered , an d  th e  serogroups of P. aeruginosa  were de te rm in ed  on  th e  basis o f the  
an tig en ic  scheme by  L ány i an d  B ergan  [2]. B lood sam ples were ta k e n  a t  th e  beg inn ing  of 
h o sp ita liza tio n , th e n  on ev ery  second d ay , u n d e r  ongoing infections on  ev ery  th ird  o r fo u rth  
d a y , during  convalescence once a w eek and  s to red  a t  — 20 °C. All sam ples w ere te s te d  in  one 
series o f experim en t for Ab by passive h a em ag g lu tin a tio n  carried  o u t as described  b y  N eter 
e t  al. [3] and ad ap ted  to  T a k á ts y ’s m ic ro titra to r  [4]. T he m ethod was pe rfo rm ed  w ith  sep ara te  
b a tc h es  of sheep e ry th ro c y te s  sensitized  by  p u rif ied  L PS  [5] of 9-13  d iffe ren t P. aeruginosa  
se rog roups w hich occurred  in  th e  p a tie n t or in  h is env ironm ent. T he A b th u s  d e te rm in ed  
w ere  considered as “ to ta l  an tib o d y ”  (TA b), w hile  th e  IgG an ti-p seu d o m o n as Ab leve l was 
m easu red  afte r th e  sera  h a d  been  trea te d  w ith  0.2 m ol/litre  2 -m ercap toe thano l.

Infections. G eneral an d  local clinical sy m p to m s w ith  a p o sitive  bacterio log ica l resu lt 
fro m  th e  site of in flam m atio n  as well as a s ig n ifican t rise in the specific Ab titre s  confirm ed  
t h a t  all th e  59 in fections w ere  associated  w ith  pseudom onas [1]. A m ong these  7 trac h eo ­
b ro n c h itis , 23 pn eu m o n ia , 10 u rin a ry  t r a c t  in fec tio n s , 7 th ro m b o p h leb itis , 8 rh in itis  o f n a so ­
g a s tr ic  tu b e  origin, 1 e n te ritis , 1 infected  d e cu b itu s , 1 postin jec tion  abscess and  1 p e rito n itis  
(a s  a consequence of sep tic  p a ram e tr itis )  w ere observed .

The severity  o f th e  in fections was ca tegorized  as follows: m ild :  good general cond ition  
w ith o u t in tensive local sy m p to m s, tem p e ra tu re  below  38 °C; moderate: m ore  expressed  clinical 
signs, tem p era tu re  exceeding 38 °C; severe: sep tic  s ta te , i.e. in te rm it ta n t  fever, h eav y  p ro s tra ­
t io n , e ry th ro cy te  se d im e n ta tio n  ra te  ab o u t 100 m m /h , rap id ly  developing an aem ia  w ith  e ith e r 
p o z itiv e  or negative  blood cu ltu re ; lethal: fa ta l  sepsis. Shock was s ta te d  w hen th e  systolic 
b lo o d  pressure w as low er th a n  70 m m H g for m ore th a n  one hour, w ith  m arked ly  reduced  
d iu resis . T hus, 11 m ild , 20 m o d era te , 12 severe  an d  16 fa ta l infections w ere recorded.

T ogether w ith  these  59 m an ifest p seudom onas infections, w hen an alysing  th e  im m u n ­
ological reac tio n  in  connection  w ith  th e  d u ra tio n  of ha rbouring  P . aeruginosa and  th e  
in te n s ity  of the  im m uno log ica l response, 5 la te n t  pseudom onas in fec tions accom panied  b y  a 
sero log ical response hav e  been  ev a luated .

Besides of these  64 in fections, 11 m ild or m oderate  infections w ere asso c ia ted  w ith  
o th e r  facu lta tiv e ly  p a th o g en ic  b ac teria  ( K lebsiella  pneum oniae , Proteus hauseri, Esche­
richia  coli, Acinetobacter calcoaceticus or Staphylococcus aureus). H ow ever, in every  in stan ce  a 
sim u ltan eo u s occurrence o f a m ore severe pseu d o m o n as infection  d e te rm in ed  th e  clinical 
p ic tu re . For m ore de ta ils  a b o u t p a tie n ts , in fec tions and  m ethods see p rev ious pap ers  [1, 6].

Parameters o f  the A b  response studied. D u ra tio n  of la te n t phase : fro m  th e  app earan ce  
o f  P . aeruginosa a t  th e  site  o f the  la te r  develop ing  in flam m ation  to th e  o n se t o f increase  in 
sp ec ific  Ab titre  in d ays. B lood sam ples w ere ta k e n  a f te r  adm ission till th e  o nse t of in fection , 
e v e ry  second day ; la te r  ev ery  th ird  or fo u rth  day .

Phase o f development o f Ab titre s : d ay s e lap sin g  from  the  d a te  o f blood sam ple  preceed- 
in g  th e  onset of increase  in A b titre  to  th e  a p p ea ran ce  of peak titre .

Phase o f  latency p lu s  development: from  th e  s ta r t  of antigenic s tim u lu s to  the  d evelop ­
m e n t of peak  Ab titre .

Rate o f development of Ab titre s : to ta l  increase  in Ab titre  in d ilu tio n  step  pe r d u ra tio n  
o f  dev  elopm ent in days.

Persistence o f  p ea k  A b  titre: period  in  d ay s du ring  th e  peak  Ab t it re s  rem ain ed  u n ­
ch an g ed . W hen only one sam ple  yielded th e  p eak  t i t r e ,  the persistence w as considered  3 d ays, 
becau se  blood sam ples had  been tak e n  du rin g  in fec tion  a t 3 -4  day in te rv a ls .

Phase o f development o f  Ab level p lu s persistence o f  the titres: th e  su m  of th e  tw o phases.
Phase o f decrease o f  A b  titre: period  of d im in u tio n  from  the  la s t p e ak  t i t r e  to  th e  s ta r tin g  

lev e l, in days.
Rate o f decrease in  A b  titre: decrease in d ilu tio n  step per d u ra tio n  of decrease  from  the  

la s t  p eak  tit re , in days.
Duration o f  the serological response: period  o f developm ent -\- p e rsistence  +  decrease.
Processing o f  data. N ine infections, follow ed by  sym ptom less P. aeruginosa  carrie r s ta te , 

w ere  eva lu a ted  sep a ra te ly . L a te n t phase  could n o t be determ ined  and  w as m issing in those 
cases in w hich th e  rise in a n ti-L P S  n a tu ra l Ab ti t r e s  [1] had preceeded th e  f irs t  p seu d o m o n as­
po sitiv e  bacterio logical sam ple . In severe in fec tio n s , a fte r the  d ev elo p m en t o f sep tic  shock, 
fu r th e r  p a ram ete rs  e.g. ph ase  of persistence or decrease  were o m itted  because  th e y  could 
h a v e  been shortened  by  th e  shock. As IgG  v a lu es (phases according to  t it ra tio n s  perform ed
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in sera sam ples tre a te d  w ith  2 -m ercap to e th an o l) were paralle led  w ith  those  o f “ to ta l  a n ti­
bodies”  (TA b; i.e. passive h a em ag g lu tin a tio n  t i t r e  in u n tre a te d  serum ) s tric tly  an d  reg u la rly , 
being on ly  1-3  days longer som etim es as th o se  of TA b, for th e  sake of s im plic ity , IgG  d a ta  
are n o t show n sep a ra te ly  in T ables I  an d  I I .

Statistical analysis. In  co m paring  tw o groups of d a ta , S tu d e n t’s t-te st or M ann—W h itn ey ’s 
m eth o d  was used , according to  m a th e m a tic a l conditions.

In  some cases, only T A b titre s  could be determ ined  because of th e  sm all vo lum e of 
serum  sam ples [I] . The coefficient of co rre la tion  (r) betw een th e  availab le  co rresponding  
TA b (~ Ig M : 1) and IgG  d a ta  in phases o f la ten cy , d ev elopm en t, persistence of t itre s , etc. 
was calcu la ted .

R esults

Serological latent phase  (Tallies I - I I I ) .  The la te n t  phase was co rre la ted  
only w ith  th e  severity  of th e  in fec tion . L aten cy  of TA b an d  IgG  response b o th  
decreased in  th e  following o rder: le th a l >  mild >  m o d era te  >  severe in fec tion .

Phase o f  development (Tables I - I I I ) .  This period w as co n stan t an d  in d e ­
p en d en t of all th e  th ree  fac to rs  exam ined  (severity  of in fection , persistence  of 
Pseudom onas and  in te n s ity  of Ah response). D evelopm ent of IgG  p eak  titre s  
la s ted  one to  th ree  days longer th a n  th a t  of TA b titre s .

Phase o f  latency p lu s  development (Tables I - I I I ) .  As th e  phase o f develop­
m en t w as stab le , th e  period  o f la te n c y  -)- developm ent varied  accord ing  to  th e  
changes in  la ten cy . For su rv ivo rs, th e  period betw een  th e  ap p earan ce  of P. 
aeruginosa and peak  titre  decreased  w ith  the  grow ing sev erity  of th e  in fec tion ; 
b u t th is  phase was th e  longest in  le th a l cases. IgG  la te n t  -f- developm ent phase 
surpassed  th a t  o f TA b b y  tw o to  th ree  days.

Rate o f  development (Tables I - I I I ) .  In  bo th  T A b and  IgG  response the 
ra te  of developm ent increased in  th e  o rd er mild <  m o d era te  <  le th a l <  severe 
in fections. I t  rose p ro p o rtio n a lly  w ith  th e  d u ra tio n  of th e  presence of P . aeru­
ginosa  an d  i t  w as s ig n ifican tly  g rea te r  in  the  cases w ith  h igh  Ab ti tre s . As th e  
developm ent phase was c o n s ta n t in  every  group, th e  ra te  of dev e lo p m en t was 
dete rm in ed  b y  th e  t itre  o f A b p roduced . S ignifican t differences in  average 
t i tre s  were accom panied  b y  s ig n ifican t changes in  deve lopm en t ra te .

Persistence o f  peak A b titre (Tables I - I I I ) .  In  sp ite  of some f lu c tu a tio n s , 
th e re  w ere no sign ifican t d ifferences am ong the  groups exam ined .

Phase o f development p lu s  persistence o f the titres (Tables I - I I I ) .  In  b o th  
TA b a n d  IgG  response th e  m ean  v alue  of th is  p a ra m e te r  in  each g roup  was 
v e ry  co n stan t. T here was no d ifference betw een  T A b and  IgG  values e ither. 
Close, s ig n ifican tly  negative  co rre la tio n  ex isted  b e tw een  the  co rresponding  
developm ent an d  persistence values (Table IV).

Phase o f  decrease o f A b  titre (Tables I - I I I ) .  B o th  TA b an d  IgG  values 
decreased eq ua lly  in the  follow ing o rder: severe >  m o d era te  >  m ild  >  le th a l 
in fections; C >  В >  A; x  =  1/640 >  x  =  1/320. M ost o f th e  d ifferences w ere 
sign ifican t. The d u ra tio n  of th e  phase of decrease was dete rm in ed  b y  th e  peak  
t i t r e ,  as th e  ra te  of decrease p roved  to  be stab le  (see below ).
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Table I

Parameters in  days o f  T A b  response according

S e v e rity  grade P a ra m e te rs L a te n t  p h ase P h a se  o f  
d e v e lo p m en t

L a ten c y  p lus 
d ev e lo p m en t

R a te  of 
d eve lopm ent

Mild n* 8 9 8 9
X * * 4.25 12.33 16.13 0.21

+  1.75 +  1.50 +  1.73 +  0.03
R 0-13 7-20 9-22 0.19-0.43

M oderate n 11 17 11 17
X 2.82 11.53 15.64 0.34

+  0.42 +  1.05 +  1.11 +  0.05
R 0-6 6-18 11-21 0.11-0.80
p/M d NS NS NS =  0.08

Severe n 8 8 8 8
X 2.0 9.0 11.0 0.61

+  0.89 +  1.41 +  1.20 +  0.18
R 0-7 5-14 7-16 0.15-1.80
p/M d NS NS < 0 .05 < 0.05
p /M t NS NS < 0 .02 =  0.07

L e th a l 11 11 14 9 14
X 7.64 10.86 17.78 0.54

+  0.86 +  1.86 +  1.70 +  0.09
R 4-13 4-21 10-26 0.16-1.14
p/M d =  0.08 NS NS < 0.05
p /M t < 0.001 NS NS NS
p/s < 0.001 NS < 0.01 NS

* No. of d a ta  
** Mean +  SEM  

*** V ariation coefficien t in 0//о

Table 11

Parameters in days o f T A b  response in P . aeruginosa

D u ra tio n  of 
h a rb o u rin g  

Pseudomonas
P a ra m e te rs L a te n t  p h ase P h a se  o f 

d e v e lo p m en t
L a ten c y  p lu s  
dev e lo p m en t

R a te  o f 
developm ent

A n 2 6 2 6
3 days X 7.0 11.67 18.0 0.31

+  2.22 +  4.0 +  0.08
R 7-7 3-16 14-22 0.15-0.67

в n 19 23 19 23
4 -1 0  days X 4.16 10.48 15.26 0.42

+  0.82 +  1.0 +  1.07 +  0.06
R 0-13 4-21 8-26 0.11-1.14
p/A NS NS

C n 19 23 17 23
> 1 1  days X 4.58 9.65 14.47 0.47

+  0.92 +  0.95 +  1.23 +  0.08
R 0-13 3-20 7-24 0.10-1.80
p/A NS NS
p/B NS NS NS NS

p/A, В =  S ignificance as com pared to  th e  groups A and  В

A da Microbiologica Hungarica 34 , 1987



SEROLOGICAL RESPONSE TO PSEUDOMONAS 151

to the severity o f  P. aeruginosa infections

P ersis ten ce  of 
th e  p e a k  t i t r e

D evelopm ent 
p lu s  pers is ten ce

P h ase  of 
decrease

R a te  of 
decrease

D u ra tio n  o f  th e  
sero logical 
resp o n se

P e a k  t i t re  
av e rag es

i / i

7 7 7 7 7 9
7.86 21.14 26.71 0.10 47.86 160.0

+  1.98 +  1.06 + 4 .4 0 +  0.01 4.41 145.7***
3-16 18-25 15-50 0.04-0.13 37-73 40-640

14 14 9 9 9 17
8.14 20.29 31.11 0.12 48.11 408.7

+  1.46 +  1.06 +  3.14 +  0.01 +  2.79 136.7
3-23 13-29 14-40 0.08-0.15 37-62 160-2560

NS NS NS NS NS < 0 .0 2

6 6 6 6 6 8

8.80 21.83 49.0 0.10 70.83 1522.2
+  2.76 +  2.34 +  6.82 +  0.01 +  5.24 144.5

6-21 12-27 25-66 0.08-0.15 51-86 320-10 240
NS NS < 0.02 NS < 0 .0 1 < 0.001
NS NS <0.02 NS < 0 .0 1 < 0.01

7 7 8 a 8 » 16“ 16“
8.29 20.29 16.38 0.28 23.75 668.3

+  1.82 +  1.02 +  4.04 +  0.10 +  4.09 165.3
3-16 17-24 6-42 0.10-0.60 5-56 40-5120
NS NS =  0.05 < 0 .0 1
NS NS < 0 .05 N S
NS NS <0.01 NS

a T ill d ea th ; m odified va lues by  septic sh o ck  included 
R  =  Range
p/M d, M t, S =  Significance as com pared to  th e  groups m ild, m o d era te  or severe

infections according to the duration o f harbouring Pseudomonas

P ersis ten ce  o f 
th e  p e a k  t i t re

D evelopm ent 
p lus pers is ten ce

P h ase  of 
decrease

R a te  of 
decrease

D u ra tio n  o f th e  
sero logical 
resp o n se

P e a k  t it re  
av erages 

l /x

5 5 5 5 5 6
5.20 18.60 25.60 0.12 44.20 201.6

+  1.56 +  0.25 +  1.83 +  0.004 +  1.69 157.3
3-11 18-19 19-30 0.11-0.13 38-48 40-640

14 14 10 10 10 23
8.50 21.07 33.50 0.10 52.70 518.3

+  1.24 +  0.91 +  3.20 +  0.009 +  2.98 145.2
3-18 15-26 18-52 0.06-0.15 41-68 160-5120
NS NS =  0.12 NS =  0.08 =  0.06

18 18 9 9 9 26
10.28 20.61 41.22 0.10 61.89 560.1

+  1.42 +  1.03 +  6.76 +  0.012 +  6.30 164.6
3-23 12-29 14-66 0.04-0.15 37-86 40-10240
0.10 NS =  0.05 NS =  0.06 =  0.08
NS NS NS NS NS NS

F or o th er explanations see legend to T ab le  I
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Table I I I

Parameters in  days o f  total-antibody ( T A b )  and IgG response according to

P e a k  a n tib o a y  P a ra m e te rs  
t i t re

L a te n t  p h ase  P h a se  o f 
d e v e lo p m en t

L a ten c y  p lu s  
d e v e lo p m en t

R a te  of 
deve lopm ent

n 20 25 18 25
< 3 2 0  X 5.35 10.04 15.44 0.31

+  0.86 +  0.91 +  0.95 +  0.04
R 0-13 5-20 9-22 0.10-0.80

T A b n 20 27 20 27
X 3.65 10.44 14.70 0.54

> 6 4 0 +  0.77 +  0.95 +  1.23 +  0.07
R 0-13 3-21 7-26 0.13-1.80
p/320 NS NS NS < 0.01

n 15 20 14 20
TAb X 6.27 12.10 17.14 0.23

<  320 +  1.14 +  1.28 +  1.20 +  0.023
R 0-17 4-23 12-25 0.09-0.50

IgG n 18 21 17 21
TAb ï 4.22 12.76 17.35 0.37

> 6 4 0 +  0.91 +  0.89 +  1.02 +  0.042
R 0-16 5-20 12-28 0.15-0.83
p/320 NS NS NS <0.01

p/320 =  As com p ared  to  groups <  320

Table IV
Correlation o f  the development period and persistence o f the peak an ti-L P S

total-antibody (T A b )  and IgG titre in P. aeruginosa infections

P a ra m e te rs  o f  th e D e v e lo p m en t D ev elo p m en t D evelopm ent
Ant,Doay im m u n e  resp o n se 3—10 d ay s 11-23 d ay s P 3 -2 3  days

n 19 18 37
D evelopm ent X 7.53 15.89 < 0.001 11.60

+  0.46 +  0.60 +  0.79

Persistence X 12.53 5.11 < 0 .001 8.92
TAb• +  1.11 +  0.64 +  0.89

r - 0 .2 0 5 - 0 .5 3 0 -0 .719

D evelopm ent plus p/r NS < 0.001 <0.001
persistence X 20.06 21.0 NS 20.52

± 1 .0 5 +  0.61 +  0.62

n 10 23 33
D evelopm ent X 8.20 15.96 <0.001 13.61

+  0.61 +  0.07 +  0.81

Persistence X 10.80 5.48 < 0 .0 1 7.09
IgG +  1.83 +  0.75 +  0.86

r - 0 .5 3 4 -  0.468 -  0.630

p/r NS < 0 .05 <0.001
D evelopm ent p lus X 19.0 21.44 NS 20.70

persistence +  1.59 +  0.74 +  0.72

p /r =  Significance of correlation
For o ther ex p lan atio n s see legend to Table I
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the intensity o f  the a n ti-L P S  antibody response in  P . aeruginosa infections

P ersis ten ce  of 
th e  p e a k  t it re

D ev elo p m en t 
p lus p e rs is ten ce

P h ase  o f 
decrease

R a te  o f 
decrease

D u ra tio n  o f  th e  
sero logical 
resp o n se

P e a k  t it re  
averages 

i /x

18 18 12 12 12 27
9.22 20.44 28.75 0.11 48.08 177.3

+  1.31 +  0.85 +  3.02 +  0.008 +  2.79 132.8
3-23 13-29 14-50 0.04-0.14 37-73 40-320

19 19 12 12 12 28
8.63 20.58 41.08 0.10 60.67 1280.0

+  1.24 +  0.90 +4.76 +  0.008 +  4.60 130.5
3-21 12-27 18-66 0.06-0.15 38-86 640-10 240
NS NS <0.05 NS <0.05

14 14 10 10 10 21
7.36 21.57 27.0 0.10 47.20 25.2

+  1.70 +  1.08 +  3.45 +  0.011 +  3.21 140.9
2-21 16-29 18-50 0.04-0.14 34-73 10-80

19 19 12 12 12 23
6.90 19.79 41.25 0.12 61.58 114.9

+  0.87 +  0.90 +  4.13 +  0.008 +  4.47 154.2
3-18 12-27 22-70 0.07-0.16 42-90 20-640
NS NS <0.02 NS <0.05

F o r o ther exp lanations see legend to  T able  I

In  one m ild, tw o  m oderate  an d  tw o severe in fec tions t i t re  decreases 
began  a t  the  end o f th e  th ird  week of infection , du ring  still ex isting  clinical 
sy m p to m s, in th ree  cases even before im provem ent. As a pers is tin g  an tigenic  
s tim u lu s , p a tien ts  h a rb o u red  P. aeruginosa  a t th e  site o f in fec tion  a few weeks 
fu r th e r . P a ram ete rs  of these  in fections d id  no t differ from  th o se  of th e  o thers, 
excep t th a t  h a rb o u rin g  of Pseudom onas was longer in  th ese  cases (d a ta  not 
show n). In  eight o th e r le th a l in fec tions, under sim ilar cond itions, decrease in 
b o th  TA b and IgG  ti tre s  s ta r te d  also in  th e  th ird  or fo u rth  w eek of th e  infection .

Rate o f  decrease in  Ab titre (Tables I —III ) .  The ra te  of decrease was con-, 
st a n t. except for le th a l infections, show ing a 2.5-fold fa s te r  Ah titre  decrease.

D uration o f the serological response (Tables I —II I ) .  As phase of develop­
m en t -|- persistence an d  ra te  of decrease were co n stan t, d u ra tio n  of th e  sero­
logical response depended  only on th e  height of the  p eak  ti t re . IgG  response 
lasted  only one to  th re e  days longer th a n  th a t  in TAb.

Correlation. In  all groups, ex cep t th e  la te n t phase , th e  ra te  of develop­
m en t, th e  persistence a n d  the  ra te  o f decrease of le th a l in fec tions, there  was 
a s ig n ifican tly  positive  co rrelation  betw een  corresponding  TA b and  IgG 
p a ram e te rs  (d a ta  no t show n).

Reconvalescent pseudom onas carrier state. In  tw o m ild, th ree  m oderate  
an d  four severe in fec tions a fte r  im p ro v em en t, a tra n s ie n t carriage  of P. aeru­
ginosa  a t  the  site  o f th e  healed in flam m atio n  developed d u rin g  convalescence,
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th e  average being 12.7 +  1.1 days. T he values of la te n c y , of phase  of develop­
m e n t an d  of ra te  of d ev e lo p m en t w ere th e  sam e as in  o th e r  in fec tions. H ow ever, 
th e  la te  p aram eters , as persistence  an d  phase of decrease were prolonged 
s ig n ifican tly  (TAb, 30.9 an d  57.9; IgG , 28.6 and  56.6, respective ly ) and decrease 
r a te  w as considerab ly  less (TA b, 0.06; IgG , 0.07). In  consequence, th e  sero­
log ical response becam e s ig n ifican tly  longer (TAb, 100.9; IgG , 100.3). O ut of 
th e se  infections in  sev en  cases T A b an d  in  eight cases IgG  ti tre s  began to  
d im in ish  though  clin ical sy m p to m s an d  P. aeruginosa w ere s till p resen t.

D iscussion

Com paring th e  p re se n t resu lts  w ith  lite ra ry  d a ta , i t  shou ld  be k ep t in  
v iew  th a t  our know ledge on a n ti-L P S  im m une response is based  m ainly  on no t 
s ta n d a rd iz e d  an im al ex p e rim en ts , an d  in  n a tu ra l in fec tions the  an tigenic  
s tim u lu s  is co n tinuous, f ir s t  increasing , th e n  decreasing in  c o n tra s t w ith  th e  
re p e a te d  Ag doses in  v acc in a tio n  tria ls .

The tw o to  fo u r d a y  in te rv a ls  of bacterio log ical an d  b lood  sam pling has 
m ad e  a precise d e te rm in a tio n  of th e  d ifferent periods im possib le; a pseudo­
n e g a tiv e  bacterio log ical sam ple could  have resu lted  in  0 tim e  for the  la te n t 
p h ase , and the  la te n t  p h ase  could n o t be de te rm ined  a t  all w hen  a rise in n a tu ra l 
A b s ta r te d  before th e  ap p ea ran ce  of P . aeruginosa, as well as values of d if­
fe re n t param eters h ad  to  he o m itte d  a fte r  septic shock. H ow ever, despite these  
d ifficu lties, differences b e tw een  averages of the  groups are  considered reliable, 
b e in g  n o t far from  th e  e x a c t values.

M any o b se rv a tio n s refer to  th a t  in b o th  m an  an d  an im al, an ti-L P S  Ab 
a p p e a r  in 2-8  days a f te r  th e  onset of an tigenic  stim u lu s [7—13]. O ur cases 
show ed  th e  sam e in te rv a l  b u t th e  la te n t phase v aried  accord ing  to  the  la te r  
m an ifes tin g  severity  o f  th e  in fec tion . The phenom enon  m ay  be in  connection 
o n ly  w ith  the re la tiv e  in te n s ity  o f th e  an tigenic  s tim u lus, w hich is re la ted  
to  th e  m assiveness of th e  in fec tio n  [1]: i.e. th e  grade of th e  an tig en ic  stim ulus 
is in  accordance w ith  th e  ongrow ing n um ber of th e  p e n e tra tin g  P. aeruginosa 
(in fec tive  dose) an d  ap p ro ach es  m ore and  more th e  o p tim a l in te n s ity , resu lting  
in  m ore and m ore sh o rten in g  la te n t  phase (m ild >  m o d era te  >  severe infec­
tio n ) . H ow ever, above th e  o p tim u m  dose, it  becom es longer again  (fa ta l infec­
tio n s ) , un til im m u n o p ara ly sis  occurs [14-19], as h ap p en ed  in  6 out o f our 
39 p a tie n ts  [6].

The phase of d ev e lo p m en t w as c o n stan t; th u s , la te n t  phase  plus develop­
m e n t phase, i.e. th e  p e rio d  from  ap p earan ce  of P. aeruginosa  ti l l  the  develop­
m e n t of peak ti tre , ch an g ed  as la te n c y  v aried : i t  w as th e  longest in case of 
fa ta l  infections. T his re su lted  n o t only  in  a depressed im m une  response h u t 
also  in  a delayed serological answ er an d  in an  in su ffic ien t Ah level in sepsis [1].
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A ccordingly , th e  p o in t of tim e o f th e  onset and  of th e  m axim um  of th e  
serological response depend  beyond g en e tic  conditions an d  th e  m o m en ta ry  
re a c tiv ity  of th e  im m une  system  also on  th e  m assiveness o f th e  in fec tion ; 
fu rth e rm o re , th e  p ro d u c tio n  of Ah peak  t i t r e ,  th e  ra te  of developm ent an d  th e  
sev erity  grade o f th e  in fection  are con sid erab ly  in fluenced  b y  th e  in te n s ity  of 
th e  exogenous, in itia l an tigen ic  stim ulus.

Besides th e  d eve lopm en t period, th e  persistence o f th e  peak t i tre  w as 
also c o n s tan t in  each group , and  the  period  of developm ent plus persistence 
was especially  s tab le . M oreover, th e  sig n ifican t, close n eg a tiv e  co rre la tion  
betw een  these tw o p a ram e te rs  refers to  an  endogenously  contro lled  an d  tim e  
d ep en d en t process w hich stops Ab p ro d u c tio n  a fte r  a ce rta in  period. T hus, n o t 
an  excess am o u n t of Ab [20-24] was responsib le  for th e  feed-back . I t  m ay  be 
ra th e r  supposed th a t  th is  period is needed  for th e  developm ent of specific 
suppressor cells (T, B , m acrophages), fo r th e  s ta rtin g  of lym phokine  p ro d u c ­
tio n  an d /o r to  th e  ap p earan ce  of a n tiid io ty p ic  Ab [25-37].

T he m ost s tr ik in g  observation  w as t h a t  th is  reg u la tio n  is to  some e x te n t 
in d ep en d en t of th e  presence of P. aeruginosa  and  th e  d u ra tio n  of the in fectious 
process: ten  days of an tigen ic  stim ulus w as a lready  su ffic ien t for th e  h ighest 
TA b titre s  to  develop [38]. The m ax im um  IgG  response req u ired  only a few  
day s m ore. W hen  th e  infectious process a n d  th e  presence of P. aeruginosa 
la s ted  m ore th a n  th ree  or fo u r weeks, Ab ti t re s  began to  d im in ish , in d ep en d en tly  
of th e  clinical sy m p to m s. This phenom enon  (“ m isteriously  reduced  Ab lev e l”  
[39]), w as observed  in  vaccination  tr ia ls  on anim als [39 -41 ], b u t w as n o t 
connected  w ith  th e  reg u la tio n  of Ah response . Only re c e n t investiga tions in 
m ice revealed  a m echan ism  due to  su p p resso r T cells th a t  sw itches off th e  
im m une reac tio n  au to m a tica lly , as soon as it reached  its  m ax im um  value [42]. 
T he sam e phenom enon  occurred  in th o se  cases in w hich P. aeruginosa w as 
p re sen t longer th a n  th e  signs of in f la m m a to ry  process la s ted , i.e. a p seu d o ­
m onas carrier s ta te  developed  la te r d u rin g  convalescence.

The cause of th e  decrease ra te  s ta b ili ty  is d ifficu lt to  explain . A nyhow , 
i t  has been found  th a t  an ti-L P S  Ah level decreases in m ice also a t a c o n s ta n t 
ra te  [43]. I t  is d o u b tfu l w h e th e r th e  s ig n ifican tly  low er ra te  o f t itre  decrease 
observed  only in  p seudom onas carrier s ta te  w as in  connection  w ith  h a rb o u rin g  
P . aeruginosa. A ccord ing ly , v aria tions in  d u ra tio n  of th e  serological response 
are  due to  th e  differences in  th e  phase o f decrease, w hich is de term ined  b y  th e  
peak  titre .

In  accordance w ith  an im al ex p erim en ts  [9, 44, 45] IgG  response w as 
generally  only a few  days delayed as co m p ared  to  TA b (~ Ig M )  response. T h is 
m ay  be com m on in a ll im m unoserological reac tions g iven on th y m u s-in d e ­
p en d en t an tigens [46]. T he sign ifican t co rre la tions betw een  IgG  and  T A b 
p a ram e te rs  confirm  th a t  endogenous re g u la tio n  of these  tw o  classes of A b is 
closely re la ted  [1].
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A nti-L P S  A b-s a re  p ro tec tiv e  a g a in s t P. aeruginosa in fec tion  [7, 43, 45, 
47, 48]; in  our p a tie n ts  th e re  was a good correlation  betw een  th e  A b t i t r e  
an d  th e  severity  an d  outcom e of th e  in fec tion  [1]. I t  m ay  be assum ed th a t  
u n d e r still ex isting  in fec tions, w hen a n ti-L P S  Ab began  to  decrease, o th e r  
m echanism s were a lread y  p ro tec tin g  in  th e  five su rv iv in g  p a tie n ts  an d  th e  
e ig h t o th e r p seudom onas carriers. F o r th e  p ro tec tive  effect, f irs t of all, a n ti-  
flagellar, an ti-p ilu s or n o n -ag g lu tin a tin g  A b m ight have been  responsible [41, 
43, 4 9 -5 1 ].

F inally , it has to  he em phasized  th a t  th e  resu lts p re sen ted  are  s ta tis tic a l 
averages. G reat in d iv id u a l differences m a y  occur as i t  is show n b y  th e  ranges 
o f  th e  d ifferent groups.
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IgG RESPONSE OF DYSENTERIC PATIENTS 
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IgG antibody response to antigtns coded by the virulence plasmid of enteroinvasive 
pathogens was studied in dysenteric patients by ELISA. A plasmidless Escherichia coli K-12 
strain and its transconjugant harbouring the 140 megadalton plasmid of a virulent E . coli 
0124 strain were used as antigens. Sera of 12 dysenteric patients taken on the first, third an 
twelfth week after Shigella sonnei infection were examined. For comparison sera of 23 non- 
dysenteric persons were also applied. Titres of the first week samples did not differ signifi­
cantly from those of the controls. Patients’ sera taken on the third week showed a fivefold 
rise in titres as compared to the first week ones. Antibody activity remained on a comparable 
high level till the twelfth week. The data prove that there is a considerable IgG response to 
plasmid coded antigens common in shigellae and enteroinvasive E . coli.

In  d y se n te ry  caused  b y  shigellae an d  en te ro invasive  Escherichia coli 
(E IE C ), ep ithe lia l cell p e n e tra tio n  is a ch a rac te ris tic  s tep  o f the  pa thom echa- 
n isin  11 ]. A 140 Md p lasm id  is necessary  for the  ca p a b ility  of b ac te ria  to  
in v ad e  th e  host cell [2, 3]. In  case o f S . sonnei th is  p lasm id  m easures 120 Md 
in size an d  is responsible for th e  expression  o f th e  fo rm  I an tigen ic  ch a rac te r , 
too  [4].

P rev iously  we could d em o n stra te  an  E L IS A -reac tiv e  antigenic e n ti ty  
shared  b y  a ll th e  v iru len t shigellae an d  E IE C  stra in s  te s te d  [5]. L a te r  i t  w as 
p roved  th a t  th is  an tigen ic  e n tity  is coded b y  th e  v iru lence  plasm id [6]. D a ta  
p u b lished  recen tly  by  H ale  e t al. [7] suggest th a t  th e  m olecular basis o f such 
an  an tigen ic  re la tionsh ip  m ay  he th e  s im ila rity  o f p lasm id-coded o u te r m em ­
bran e  p ro te in s  o f these pathogens.

L ittle  is know n, how ever, a b o u t th e  a n tib o d y  response of dysen te ric  
p a tie n ts  to  pasm id  coded an tigens. R ecen tly  Oaks e t al. [8] d em o n stra ted  
IgG , specific to  some of th e  p lasm id  coded o u te r  m em brane  p ro teins in  sera  of 
dysen te ric  T h a i ch ildren . H ere we describe a sim ple E L IS A  tech n iq u e  to  
m easure such  an  a n tib o d y  a c tiv ity  o f dy sen te ric  p a tie n ts . A t the  sam e tim e  
evidence is p rov ided  th a t  persons in fec ted  b y  S . sonnei ex h ib it a sign ifican t 
a n tib o d y  response to  th e  above an tigens.
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M aterials and  m ethods

Sera. In October, 1985 a dysentery outbreak caused by S . so n n e i took place in an old 
people’s asylum in Keresztespuszta near Pécs. Altogether twelve patients (mean age 76.8 +  
12.7 years) showing clinical symptoms of dysentery and having at least one positive faecal 
culture for S. sonne i were involved in the study. The first serum samples were taken 1-3 days 
after the beginning of symptoms, the second one on the third week of the illness. In case of 
11 patients a third sample, taken on the 12th week, was also tested.

Sera of 23 inpatients (mean age 73.5 +  8.1) of the Department of Gerontology, Bara­
nya County Hospital, Pécs, who had had no recent history of dysentery, were used as controls. 
Sera were kept at —20 °C in aliquots until used.

B acteria . E . coli K-12 J53 was kindly provided by N. Datta (London). Its plasmid- 
harbouring counterpart J53(pSPl) contains the 140 Md virulence plasmid of an E . coli 0124 
strain. J53(pSPl) is capable to penetrate epithelial cells and expresses plasmid coded antigens 
of enteroinvasive strains. The detailed description of plasmid transfer and the properties of 
clones are given elsewhere [6].

A b so rp tio n  o f  sera. Aliquots of sera diluted 1 : 5 with phosphat buffered saline (PBS, 
pH 7.2) were absorbed with equal amounts (v/w) of living bacterial cells by incubating for 
2 h at 37 °C then overnight at 4 °C. Then the whole procedure was repeated with boiled cells, too.

E L I S A .  Living bacterial cells grown on nutrient agar and suspended in 100 /Л of 
bicarbonate buffer (pH 9.6) were used to sensitize the wells of Dynatech Microelisa plates 
(M 129 A) overnight at 4 °C. The optimal amount of the antigen giving maximal optical density 
(OD) was determined in a series of preliminary experiments using control and reconvalescent 
sera. According to these, 108 cells per well set under photometrical control at 690 nm were 
used throughout this study.

Sensitized plates were washed three times with PBS containing 0.05% Tween-20 
(PBS-T). Washing was repeated between each subsequent step of ELISA.

Sera diluted serially in PBS-T containing 0.5% bovine serum albumin (fraction V, 
Serva, PBS-T-BSA) were applied in 100 /Л volumes in duplicates. After 1 h incubation at 
30 °C, the conjugate (100 //1 of anti-human IgG-HRPO, Dako, diluted 1 : 1000 in PBS-T-BSA) 
was added and the incubation repeated for an additional hour. The reaction was developed 
with 150 /Л of substrate (10 mg o-phenylenediainine-dihydrochloride, Eluka, in 30 ml citric 
acid buffer, pH 6.0) and stopped by adding 50 /Л 4  N H2S 0 4 after incubating for 15 min.

OD was measured at 492 nm on a Titertek Uniskan (Flow) photometer. End-point 
titres were estimated graphically on log paper and defined as the reciprocal dilution of sera 
where the dose-response curve crossed the OD 0.1 value.

In a series of experiments corrected OD values were used to estimate the end-point 
titres. They were calculated at a given serum dilution as follows: OD corrected OD against 
J53/pSPl OD against J53.

R esults

A ntibody response to plasm idless and p lasm id  harbouring E . coli K -12  
stra ins. The 120 Md p lasm id  of S. sonnei s tra in s  codes n o t on ly  for v iru lence- 
re la te d  pro te in  an tig en s  b u t  also for form  I L PS  an tigen  [4]. In  o rder to  avoid  
m easu ring  of a n ti-L P S  a c tiv ity  in S. sonnei in fected  p a tie n t sera , a K-12 s tra in  
h a rb o u rin g  th e  140 Md p lasm id  of an  E . coli 0124 s tra in  w as used as te s t  
an tig en  in E L ISA .

F irs t, sera o f fo u r dysen teric  p a tie n ts  tak en  on th e  1st, 3rd and 12th 
w eek a fte r the  in fec tion  were tested  a g a in s t th e  above clone and  ag a in st its  
p lasm idless c o u n te rp a r t. The resu lts are sum m arized  in T ab le  I. Though a n t i ­
b o d y  response ag a in s t th e  plasm idless JS3 s tra in  coidd also be d etec ted , th e  
t i t r e s  against J5 3 (p S P l)  were higher and  increased considerab ly  w ith  th e  tim e .
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Table I

E nd-point titres o f  fo u r  pa tien ts' sera 
to J53 and J 5 3 ( p S P l )

P a tie n ts Sera*
A ntigens

J5 3 J 5 3 (p S P l)

l 2160 5 750
I 3 1300 8 600

12 2500 11 200
1 1320 22 400

и 3 1000 51 200
12 1350 51 200

1 400 8 500
h i 3 550 51 200

12 700 51 200
1 1350 9 000

IV 3 1320 41 200
12 1120 41 000

* Sera taken on the 1st, 3rd and 12th week after the infection

Absorption o f sera w ith  isogenic p la sm id less and p la sm id  harbouring clones. 
To exam ine w hether h igh  titre s  o b ta in ed  to  J5 3 (p S P l)  are  due to  plasm id- 
coded an tigens ra th e r  th a n  to  the  a n tig en s  o f the  orig inal rec ip ien t, a liquo ts 
o f  one p a tie n t’s sera w ere absorbed  w ith  s tra in s  J53  a n d  J5 3 (p S P l) . These 
abso rbed  sera were te s te d  w ith  the  tra n sc o n ju g a n t an d  th e  p a ren t s tra in s . 
As can be seen in Table I I ,  abso rp tion  w ith  J5 3 (p S P l)  p rac tica lly  abolished  or 
strong ly  reduced  th e  a n tib o d y  a c tiv ity  a g a in s t bo th  clones. A fter a b so rp tio n  
w ith  J53  no an tib o d y  a c tiv ity  could be d e tec ted  a g a in s t th e  sam e s tra in . 
T hough  tw o of the  th ree  sera showed a decrease in t i t re s  ag a in st J5 3 (p S P l) , 
no considerable a c tiv ity  could  be rem oved  b y  ab so rp tio n  w ith  J53 .

Table I I

Reactivity o f absorbed serum samples 
with E. coli J53  and  J 5 3 ( p S P l )

S erum
sam ples*

Л ЬчпгЬрЛ w ith
T e s te d  aga inst

J 5 3 J 5 3 (p S P l)

none 1350 9 000
l J53 <25 2 650

J53(pSPl) <25 <25
none 1320 41 200

3 .153 <25 22 100
J53(pSPl) <25 240
none 1120 41 000

12 J53 <25 41 000
J53(pSPl) <25 25

* Sera of patient “IV” (Table I) taken on the 1st, 3rd and 12th week after the infection
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Investigation o f  sera o f  dysenteric and non-dysenteric patients. Sera  o f 
dy sen te ric  p a tien ts  ta k e n  on th e  1st, 3rd an d  12th w eek a fte r  th e  in fec tio n  
w ere exam ined  and  com pared  to  sam ples of 23 non-d y sen te ric  persons. To av o id  
th e  effect o f a n tib o d y  a c tiv ity  d irec ted  ag a in st non-p lasm id  coded an tigens of 
J 5 3 (p S P l) , corrected  OD values were used in  su b seq u en t experim en ts to  e s ti­
m a te  end -po in t titre s  (see M aterials an d  m ethods). T itre s  an d  m ean of t i t r e s  
a re  show n in  Fig. 1. T hough th e  m ean  of ti tre s  of th e  f irs t  w eek sera was h ig h e r 
th a n  th a t  of th e  con tro l g roup  (4794 +  4387 versus 3550 +  4867) th is  d if­
ference was no t s ign ifican t as te s te d  b y  u n p a ired  t te s t  (p > 0 .1 ) .

Sera ta k e n  a t  th e  th ird  w eek show ed sign ifican tly  h igher titre s  as co m ­
p a re d  to  those  of th e  f ir s t  w eek ones (23 976 +  21 977, p <  0.01, paired  t te s t) .  
T h e  rise of titre s  varied  from  1.61 to  9.72, th e  m ean o f tise  was 5.01 2.73.
O n ly  tw o of th e  12 p a tie n ts ’ sam ples show ed less th a n  a tw ofold  in crease  
in  titre s .

In  case of 11 p a tie n ts  th e  12th  w eek sam ples were also te s ted . T hough  a 
m o d era te  decrease in  t i tre s  could be found  in  7 of th e  11 cases (m ean of change 
be tw een  3rd an d  12th w eek sam ples: 0.96 +  0.31) th e  difference betw een th e se  
tw o  series of sam ples was n o t s ign ifican t (m ean  of 12th w eek ti tre s  was 21 275 ; : 
20 906, p >  0.1, paired  t te s t) .

3

<

4
I

«

T
*
t

--------V-- .---\ ---r-

N 1 2  3

F ig. 1. IgG  titre s  of d y sen teric  an d  no n -d y sen teric  p a tie n ts ’ sera  ag a in st p lasm id -coded  
an tig en s o f en tero invasive  pa th o g en s. N =  non -d y sen teric  persons (n  =  23); 1, 2, 3 — f ir s t ,  
second an d  th ird  sam ples from  dysen teric  p a tie n ts  ta k e n  on th e  1st (n  =  12), 3rd (n - 12)
a n d  1 2 th  w eek (n =  11) a f te r  th e  infection . T he ho rizo n ta l lines re p re se n t th e  m ean of t i t r e s
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D iscussion

U n til now  little  has been know n a b o u t th e  com ponen ts of b ac te ria l cell 
involved  in  th e  pa thom echan ism  of d y sen te ry . R ecen tly , several p lasm id- 
coded an tig en s have been described as com m on fac to rs am ong en te ro in v asiv e  
p a thogens [5, 7]. H ow ever, th ey  were d e tec ted  in  v itro  only [5, 7] an d  th e ir  
exact role rem ained  to  be discovered.

O ur re su lts  show  th a t  in d y sen te ry  th e  p lasm id  coded an tig en s are 
expressed in  vivo, and th e y  do even s tim u la te  th e  im m une system  of th e  ho st. 
Though th e  d a ta  p resen ted  do no t allow to  draw  a fina l conclusion as to  th e  
dynam ics o f th e  a n tib o d y  response, i t  is clear th a t  a sign ifican t increase of 
titre s  occurred  in m ost of the p a tien ts . Since firs t w eek titre s  show ed no 
rem ark ab le  difference as com pared to  th e  con tro ls, an d  no sam ples were 
availab le be tw een  th e  f irs t and  th ird  w eeks, we can s ta te  only th a t  a s ig n ifi­
can t increase tak es  place in  titre s  b y  th e  tim e  of reconvalescence. These fin d in g s 
are in  good ag reem en t w ith  d a ta  of O aks e t al. [8]. In  add itio n  our re su lts  
d em o n stra te  th a t  th e  level o f an tibodies keeps a t a co m p arab ly  high level a t 
least up  to  th ree  m o n th s.

I t  sho ld  also he n o ted , how ever, th a t  our p a tie n ts  rep resen ted  a high 
age group w ith  a re a c tiv ity  p robab ly  n o t eq u a l to  y o u n g er ind iv iduals.

F u r th e r  stud ies are needed to  c la rify  w h e th e r th e  an tibod ies d e tec ted  
have an y  p ro te c tiv ity . T hese investig a tio n s m ay  p rove helpfu l in co n stru c tin g  
an effective vaccine ag a in st dysen tery .
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O -antigenically  n o t  re la ted  en te ro in v asiv e  Escherichia coli s tra in s  and  ra b b it  sera 
p re p a re d  w ith  th em  w ere u sed  to  study  th e  ro le  o f p lasm id-coded  o u ter m em brane p ro te ins 
in p ro tec tiv e  im m u n ity . A ctive  im m uniza tion  ex p erim en ts w ere perform ed using  a m ouse 
m odel based  on a lo n g -la stin g  sym ptom less carriersh ip  a fte r e lim in a tio n  of th e  bowel flo ra  by  
s trep to m y c in . P re lim in ary  histological s tu d ies  show ed adhesion , p e n e tra tio n , in traep ith e lia l 
m u ltip lica tio n , and e p ith e lia l desquam ation  a f te r  infection. In  active  im m uniza tion  ex p eri­
m en ts  only m assive oral doses evoked p ro tec tiv e  im m u n ity . Seroconversion  against th e  plasm id- 
coded  an tigens was n o t  o bserved  in m ice. P ass iv e  im m u n iza tio n  w as carried  o u t in  chick 
em b ry o s w ith  u n ab so rb ed  sera. A high level o f  p ro tec tiv ity  w as reach ed  by  serogroup-specific 
sera  a n d  a very  low b u t  s ign ifican t p ro tec tio n  w as yielded b y  an tib o d ies  ag a in st th e  plasm id- 
coded  p ro te in  antigens.

T he 120-140 M dal plasm id carried  b y  v iru len t Shigella  an d  en tero invasive  
Escherichia coli (E IE C ) stra ins [1-3 ] encodes seven or m ore o u te r m em brane 
p ro te in s  [4]. U sing E L IS A , Pál et al. [5] e labo ra ted  a h igh ly  specific m ethod  
for show ing v iru le n t s tra in s  of th e se  organism s. T he an tigen(s) involved  in 
th e  te s t  (designated : УМ А =  V irulence M arker A ntigens) were show n b y  H ale 
e t al. [6] to  rep re sen t a few po ly p ep tid es  of th e  p lasm id-coded  o u te r m em ­
b ra n e  p ro teins. Since th e se  pro teins are  o f a p a ra m o u n t im p o rtan ce  in  p a th o - 
m echanism , and im m unogen ic ity , a n d  are  iden tica l in  all Shigella an d  E IE C  
s tra in s , i t  m ight be assum ed  th a t  th e y  a re  of p ro tec tiv e  value.

L acking th e  p u rif ie d  form of th e se  an tigens, we h ad  to  ca rry  o u t ac tive  
an d  passive im m u n iza tio n  experim ents in  heterologous system s, i.e. w ith  s tra in s  
h a v in g  no lipopo lysaccharide (L P S )-d irec ted  0-an tigenic  re la tionsh ips.

M aterials an d  m ethods

Stra ins  are lis ted  in  T able  I. The tra n s fe r  o f th e  140 M dal p lasm id  in to  E. coli K-12 
s tra in  J5 3  was carried  o u t  as described [7] b y  T n l tran sp o so n -m ed ia ted  conduction  according 
to  th e  m eth o d  of W a ta n a b e  and N ak am u ra  [8]. Before im m u n iza tio n  or challenge, v iru len t 
s tra in s  w ere checked fo r Congo red abso rp tion  (C R  + ) ch a rac te r an d  by VMA E L IS A  (T able I).

I v án  K é t y i , T ib o r  P ál
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A c ta  M icrobiologica H ungarica  34, 1987  
A k a d ém ia i K ia d ó , Budapest



166 KÉTYI and PÁL

Sera. Im m une sera  w ere p ro d u ced  in ra b b its  by  stra in s  E . coli 0143 Nos 2, 2/33, 31, 
and  b y  E . coli K-12 s tra in  J5 3  and  its p lasm id  carry in g  d e riv a tiv e  J5 3 (p S P l) . T he sera w ere 
p re se rv ed  a t  — 20 °C.

V M A - E L I S A  was carried  o u t as described p rev iously  [5].
D etermination o f  congo red character an d  selection were m ade on congo red  ag ar p la tes [9].
The Serény test was pe rfo rm ed  using  th e  classical m ethod  [10].
The  “M ouse Shigellosis M odel” was developed  earlier an d  p ub lished  in 1966 b y  us 

[1 1 -1 3 ]. C FL P  ou tb red  m ice (L A T I, Gödöllő, H u n g a ry ) were used. T h eir bow el flora  w as 
e lim in a ted  by  50 mg doses o f s trep to m y c in  g iven orally  on tw o consecu tive  d ays. The an im als 
w ere checked for th e  absence  of E . coli, each  p laced  in a sterile  ja r ,  h au sed  in a sterile box 
an d  fed  au toc laved  food. O ur early  experience show ed th a t  selected v iru le n t clones of shigellae 
w ere ab le  to  cause a long -lastin g  a sy m p to m a tic  carriersh ip  (ID 50 <c 10 germ s), while selected 
a v iru le n t clones were u n ab le  to  cause in fec tion  (ID 50 >  108 germ s). T h is m odel was su itab le  
for a c tiv e  or passive im m u n iza tio n  experim en ts.

Chick embryo test. T en  days old chick em bryos (a b ro iler s tra in  o f B aksa , H u n g ary ) 
w ere in fec ted  w ith g raded  doses by  in jec ting  0.1 m l cu ltu re  in to  th e  a llan to ic  cav ity . In  v iru ­
lence te s ts  th e  LD50 v a lues, in passive p ro tec tio n  te s ts  th e  E D 50 values w ere de term ined  a f te r  
48 h  o f in cubation  a t  37 °C. In  our earlier ex p erim en ts b y  th is  ro u te  o f in o cu la tion  th e  L D 50 
v a lu e  w as in the  order of 10l germ s for v iru le n t Shigella  s tra in s  and 10:i for a v iru len t ones [14].

For active im m u n iza tio n  g roup  of m ice w ere in jec ted  in a tw o-w eek period  5 tim es 
su b cu tan eo u sly , or t re a te d  o ra lly  a t  3-day in te rv a ls  w ith  liv ing  b ac teria . A w eek a fte r th e  
la s t  dose th e  mice were se p a ra te d , tre a te d  w ith  s trep to m y c in  and  h and led  as described u n d e r 
“ M ouse Shigellosis M odel” .

In  some cases a t  th e  end  of im m uniza tion  mice from  each group w ere bled  from  th e  
re tro b u lb a r  plexus, th e  se ra  w ere pooled and  preserved  a t  — 20°.

Passive im m uniza tion  using  th e  m ouse m odel was perform ed by g rad ed  doses o f sera 
g iven  tw ice  daily  tw o days before , on th e  d ay  and  tw o days a fte r challenge. Passive  im m u n iza ­
tio n  o f chick em bryos w as m ad e  b y  serum  d ilu tions m ixed w ith  a m in im al dose of challenge, 
in cu b a ted  in w ater b a th  a t  37 °C for 30 m in  and  ad m in istered  in to  th e  a llan to ic  cav ity  a t  
a liq u o ts  o f 0.1 ml.

Statistical analysis. L D 50, E D 50 and  ID 50 va lues (50%  end p o in t o f In fec tive  Dose 
w hich  is sufficient to  cause th e  sym ptom less carriersh ip ) were calcu la ted  by  th e  m ethod  of 
K ä rb e r  [15]. S ta tis tica l significance was e s tim a ted  by  th e  y 2 m ethod.

Results

1. Determination o f  virulence o f  V M A  + and VMA~~ E IE C  strains using  
the M ouse Shigellosis M odel and in  chick embryo allantoic test. On th e  basis of 
th e  id en tica l p a th o m ech an ism  of shigella and  E IE C  infections, it  was supposed 
th a t  th e  behaviour of th e  la t te r  will be analogous to  th a t  of shigellae in our 
e a rly  an im al models. T he resu lts  o f these  stud ies p roved  th is  p re lim in ary  
h y p o th esis  as it is sum m arized  in  T able I I .

2. Prelim inary observations on the histological background o f  the 44M ouse 
Shigellosis M odel” . P re lim in a ry  investig a tio n s were m ade b y  J .  F ischer ( In s t i­
tu te  o f P athology , U n iv e rs ity  M edical School, Pécs) in to  th e  sym ptom less 
ca rrie rsh ip  observed in th is  m odel. The stud ies were m ade on mice a t the  13th  
d a y  o f  carry ing  s tra in  J 5 3 (p S P l) . Two labelling  m ethods were app lied : alde- 
h y d e -b isu lp h ite - to lu id in e  blue reaction  specific for b ac te ria l po lysaccharides 
an d  im m uno-perox idase  m eth o d  using abso rbed  anti-V M A  serum . The b a c ­
te r ia  seem ed to  ag g rega te , fo rm ing  pa tch es on the  m ucus a t th e  opening of th e  
m ucus-p roducing  cells. M any slides show ed evidence of in tra e p ith e lia l m u lti­
p lica tion  of b acteria , m oreover, a w ell-pronounced ep ithe lia l d es tru c tio n  or a
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Table I

Strains used

G roup s an d  serogroups 
o f  E . coli D esig n atio n

P lasm id , 
140 M dal V M A -E L IS A 1

V irulence in  
S erén y  te s t

0143 No. 2 _l_ + +  +  +
E IE C 0143 No. 2/33- -j- — —

0143 No. 31 — — —

0124 No. 34 + + + +  +

J53 — — —

K-12 J5 3 (p S P l)3 + + —

J5 3 (p S P l)S trR 4 + —

1 V M A -E L IS A  =  specific E L IS A  [5] for v iru len t stra in s  based on polypeptides encoded 
by 140 M dal plasm id

2 No. 2/33 =  isogenic av iru len t deriva tive  of stra in  No. 2 carry ing  a defective 140 M dal 
plasm id

3 p S P l =  designation  of 140 M dal plasm id orig inating  from  stra in  0124  No. 34
4 S trR  =  strep to m y cin  re s is tan t (1000 f i g / m l) deriva tive

Table II

Virulence o f the isogenic virulent and avirulent strains o f  E l  EC 0143  
and the p lasm id  carrier K -12 and its parent strain in Serény test,
44M ouse Shigellosis M odel”  and intraallantoic chick embryo tests

V iru lence  in  tes ts

S tra in  an d  d esigna tion Serény ch ick  em b ry o  
L D 50 (coun ts)

m ouse  m odel 
I D 50* (coun ts)

E IE C  0143 No. 2 +  +  + < 1 .2 X 1 0 ' < 1 0 '

E IE C  0143 No. 2/33 — 7.0 X lO 3 > 1 0 c

E . coli K-12 J53 — 2.0x10« > 1 0 r>

E . coli K-12 J5 3 (p S P l) - 1 .6 Х Ю 1 < 1 0 '

* ID 50 =  50%  end po in t of in fective  doses leading to  long lasting  sym ptom less carriership

v ery  rap id , in ten s iv e  ep ithe lia l renew ing. T he above-described  p henom ena 
w ere observed  on ly  in  th e  colonic m ucosa, the  sm all bow el was free of b ac te ria .

These o b se rva tions need fu r th e r  in v estig a tio n s, b u t it  seem s already  clear 
th a t  in th e  M ouse Shigellosis M odel th ere  is a p e n e tra tio n  in to  th e  colonic 
ep ithe lia l cells follow ed b y  in trace llu la r  m u ltip lica tio n . T here are fu r th e r  ques­
tions as to  th e  ex ac t n a tu re  o f adhesion  and th e  ep ith e lia l desquam ation , in  
c o n tra s t to  th e  sym ptom less c h a ra c te r  of the  process.

3. A ctive im m uniza tion  experim ents using the mouse model. In  th e  lack  of 
pu rified  o u te r m em brane p ro te in  an tigens, or ra th e r  p lasm id-coded  ones, th e  
experim en ts w ere carried  ou t w ith  whole, liv ing b a c te ria  considering th a t  th e  
effect of YMA on th e  base of heterogenous v acc in a tio n , can  be estim ated  b y
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im m u n iz in g  w ith  s tra in s  w hich have no  LPS re la tio n sh ip  to  th e  challeng­
ing  s tra in .

V ery  high su b cu tan eo u s doses e lic ited  no sign ifican t V M A -directed pro- 
te c t iv i ty .  Therefore, series o f o ra l v acc in a tio n  were perfo rm ed . U sing m assive 
doses for im m unization  an d  a m in im al dose for challenge, we o b ta in ed  p ro tec ­
tio n  on ly  w ith  the  V M A + E IE C  s tra in , in  w hich an  in ta c t  p lasm id  o f 140 Mdal 
w as p re sen t and, co n seq u en tly , in  w hich th e  p lasm id-coded o u te r m em brane 
p ro te in s  responsible for v iru lence  w ere expressed . An exam ple is p resen ted  in 
T ab le  I I I .

In  th e  case of th e  ex p erim en t p resen ted , th e  challeng ing  ag en t was 
E . coli K-12 s tra in  J5 3 (p S P l)  in  a m in im al dose of ab o u t 10 ID 50. S ignificant 
p ro te c tio n  was afforded on ly  b y  th e  v iru le n t E . coli 0143  s tra in  No. 2, b u t not 
by  its  deriva tives of V M A “ ch a rac te r , ca rry in g  defective p lasm id  (No. 2/33), 
or m issing  i t  (No. 31). T h e  difference b e tw een  No. 2 an d  No. 2/33 s tra in s  was 
s ig n ifican t in p ro te c tiv ity : y1 =  13.2, P  <  0.001, or betw een  No. 2 an d  No. 31: 
y2 =  14.6, P  <  0.001. T h ere  was no sign ifican t difference b e tw een  th e  VMA 
a v iru le n t s tra in s: y2 — 0 .018, show ing a s ta tis tic a l hom ology of a b o u t 90%  
(T able I I I ) .

P assive im m uniza tion  ex p erim en ts  on th e  mouse m odel using rep ea ted ly  
even  m assive serum  doses d id  n o t give sign ifican t p ro tec tion .
4. P assive im m unization  o f  chick embryos. In jec tin g  non-absorbed  sera in to  the  
a llan to ic  cav ity  allow ed th e  e s tim a tio n  of p ro tec tiv e  effect o f an tibod ies 
d irec ted  against p lasm id-coded  o u te r m em brane p ro te in s (VMA) if  no LPS 
re la tio n sh ip  existed b e tw een  th e  s tra in s  used for serum  p ro d u c tio n  an d  for 
challenging . I f  such re la tio n sh ip  did ex ist, th e  resu lts also re flec ted  th e  po tency  
of a n ti-L P S  an tibodies.

T ab le  IV  sum m aries th e  ex p erim en ts . In  th e  case of hetero logous chal­
lenges u sing  s tra in  J5 3 (p S P l)  an d  E . coli 0124  s tra in  No. 34, i t  is c lear th a t  
a v iru le n t, V M A “ s tra in s  p ro d u ced  sera  n o t ex h ib iting  a n y  p ro tec tiv e  effect.

Table II I

Heterologous protection in  mice im m unized massively by virulent and avirulent strains 
o f  E IE C  against K -1 2  J 5 3 ( p S P l )  using the “ Mouse Shigellosis M odel”

S tra in s  a n d  designation
P la sm id , 
140 M dal E D 50 ±  SD* v a lu es R P **

P ro b a b ility  (5 % ) 
( r ! te s t)

E IE C  014 3  No. 2 

E IE C  01 4 3  No. 2/33

p re sen t

defective

109 06± 0-5

lO1031-^ 0'32

l

0.013

-1 < 0 .001  
r'l significant 

1 -  - 0 .9 0
E IE C  014 3  No. 31 m issing JQ1U-260-28 0.004 n o t significant

* SI) standard  dev ia tio n  
** R P  =  relative p o ten cy
O ral im m unization, in  fiv e  doses a t  3-day in tervals , challenged b y  ab o u t 10 11 )50 one 

week a f te r  th e  last im m uniza tion  dose
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Table IV

Passive im m uniza tion  o f  chick embryos w ith homologous and heterologous sera 
(intraallantoic route)

S era

S tra ins u s e d  fo r  ch a llen g e  in m in im a l in fective doses

J5 3 (p S P l)* 0 1 4 3  N o. 2** 0 1 2 4  N o . 34***

E D * . R P E D 50 R P E D „ R P

K-12 J53 > 0 .0 5 l > 0 .0 5 1 > 0.05 1

K-12 J5 3 (p S P l) 0.028 1.8 0.028 1.8 0.028 1.8

0143 No. 2 0.016 3.1 < 0 .0005 > 1 0 0 0.028 1.8

0143 No. 2/33 > 0 .0 5 1 0.0028 18 > 0 .05 1

0143 No. 31 > 0 .0 5 1 0.0009 55 > 0 .05 1

* 3.9 X 10l germs 
** 2.2 X lO 1 germs 

*** 4 .9 X lO 1 germs
Challenge doses b e tw een  1 and 10 LD S0

Sera p ro d u ced  w ith  Y M A + strains gave a  low  b u t sign ifican t p ro tec tio n . F or 
J5 3 (p S P l)  challenge th e  s ta tis tica l d ifference be tw een  sera w ith  an d  w ith o u t 
anti-V M A  an tibod ies w as y2 — 11.886, P  <  0.001. T he sam e was tru e  for c h a l­
lenge w ith  0124  No. 34: y2 =  4.711, 0.05 >  P  >  0.02. Challenge w ith  v iru len t 
s tra in  0 1 4 3  No. 2 allow s a com parison  b e tw een  L P S -d irec ted  hom ologous 
p ro tec tio n  an d  p ro te c tio n  reached b y  VM A an tib o d ies  only. The sera for th e  
VM A+ K -12 s tra in  a n d  fo r the  VM A~ 0 1 4 3  s tra in  differ in  re la tiv e  p o ten cy  
ab o u t 30 tim es (y2 —  5 .865, P  <  0 .02). Sera fo r  hetero logous K-12 a n d  hom o­
logous 01 4 3  show a  m ark ed  d ifference: y2 =  22.525, P  <  0.001 (Table IV).

5. A ntibodies in  vaccinated mice detected by V M A -E L IS A .  Pooled sera 
from  m ice v acc in a ted  o ra lly  w ith  m assive , g rad u ed  doses, and  n o rm al m ouse 
sera w ere te s ted  b y  Y M A -E L IS A . N o seroconversion  was observed.

D iscussion

T he find ings [4, 5] th a t  ou ter m em b ran e  p ro te in s  encoded b y  120-140  
M dal p lasm ids are  responsib le  for th e  basic  step s  of p a th o m ech an ism  of 
sh ig e lla -E IE C  in fec tions, and  the  fa c t t h a t  th e  an tig en ic ity  of these  p ro te in s  
seems to  be id en tica l accord ing  to  th e  h ig h ly  specific  E L IS A  [5], led us to  
perform  ex perim en ts on  th e ir  p ro tec tiv e  va lue .

I t  has never been  easy  to  choose a  co n v en ien t an im al m odel. One of th e  
can d id a tes  m ight be th e  guinea pig eye m odel, b u t  on ly  w hen th e  im m u n iza ­
tio n  process does n o t evoke k e ra to c o n ju n c tiv itis  because of its  long  la s tin g  
and  severe dam age o f  th e  corneal ep ith e liu m . T his m odel was prom ising  also 
in  our case w hen in  th e  lack  of p u rified  an tig en s we w ere forced to  use liv ing
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b a c te r ia  for im m u n iza tio n . T esting  o f th e  p lasm id  carrie r s tra in  K -12 J5 3 (p S P l)  
w as considered w o rthw hile , because i t  fa iled  to  give th e  Serény te s t , how ever, 
th e  v e ry  rap id  c learance  (d a ta  n o t p resen ted ) of th is  s tra in  m ade th e  m odel 
u n su ita b le  for us. T herefo re, we chose ou r “ Mouse Shigellosis M odel” . T w e n ty  
y ea rs  ago i t  was su ita b le  for b o th  ac tiv e  a n d  passive im m u n iza tio n  s tud ies on 
Shigella  s tra ins. T he fa c t th a t  th is  te s t  is v e ry  sensitive, can be p e rh ap s  a t t r i ­
b u te d  to  th e  fa c t t h a t  i t  does n o t e s tim a te  th e  usual su rv iv o r/le th a l ra te  b u t  
th e  success of in fec tio n  expressed in  ca rrie rsh ip . T h a t tim e we w ere n o t co n ­
ce rn ed  w ith  th e  h isto log ical, cellu lar b ack g ro u n d  of Shigella in fec tion . O ur 
p re lim in ary  in v es tig a tio n s  sum m arized  in  th is  p ap e r showed th e  p ro b a b ility  of 
m u cu s ( ?) adhesiveness, d em o n stra tin g  clearly  p en e tra tio n  and  in tra e p ith e lia l 
m u ltip lica tio n , follow ed by  ep ithe lia l d esq u am atio n . I t  is especially  in te re s tin g  
t h a t  th e  causa tive  a g en t in th e  above o b serv a tio n s is a K-12 d e riv a tiv e  c a rry ­
in g  th e  140 M dal p lasm id  of E IE C  origin.

A ctive im m u n iza tio n  shows th a t  ex trem ely  h igh doses an d  o ra l a d m in ­
is tr a t io n  evoked o n ly  a low p ro te c tiv e  im m u n ity  in  th e  m ouse m odel using  
liv in g  bac te ria  w ith o u t LPS re la tio n sh ip . This low  level im m u n ity  m ay  be 
asso c ia ted  w ith  th e  lack  of seroconversion  ag a in st plasm id-coded o u te r m em ­
b ra n e  p ro teins (УМА). The degree o f co p ro an tib o d y  response rem ains to  be 
in v es tig a ted .

Passive im m u n iza tio n  of ch ick  em bryos served no t only  to  m easure  
anti-V M A  an tib o d ies  b u t also to  com pare th e ir  p ro tec tiv ity  w ith  th a t  o f 
hom ologous L P S -d irec ted  an tibod ies. T he d a ta  clearly  show a  sig n ifican t b u t  
low  level p ro tec tio n  b y  a n ti-УМА an tib o d ies  com pared  to  th e  high level of 
p ro te c tio n  based  on a n t i - 0  an tib o d ies .

The slight, p e rh ap s  in sig n ifican t im m u n ity  to  plasm id-coded o u te r m em ­
b ra n e  p ro teins w as show n by ac tiv e  im m u n iza tio n  w ith  living w hole cell v a c ­
c ines and  by passive im m u n iza tio n  w ith  non -absorbed  sera. T hese re su lts  do 
n o t  forecast th a t  p u rified , c o n cen tra ted  o u te r m em brane p ro te in s , or som e 
frac tio n s  of it  are eq u a lly  u n su itab le  fo r p ro duc ing  a higher level of p ro tec tiv e  
im m u n ity . A dam us e t al. [16] using  an  o u te r m em brane frac tio n  of shigellae 
show ed p ro tec tiv e  im m u n ity  in gu inea  pig eye m odel and  a se rum  p ro d u ced  
w ith  th is  p ro te in  frac tio n  led in ra b b its  to  passive im m u n ity  —  b o th  h o m o ­
logous and  hetero logous. An a d e q u a te  answ er of the question  needs fu r th e r  
ex p erim en ts  w ith  p u rified , c o n cen tra ted  p ro te in  an tigens.
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PAPER-DISC METHOD FOR CAMPYLORACTER 
HIPPURATE-HYDROLYSIS TEST 

A NOTE
I l d i k ó  H. K o t s i s  a n d  M á r i a  Á d á m

N ational Institu te  o f  H ygiene, Budapest 

(Received A p ril 11, 1985)

P a p e r  discs w ere im p reg n ated  w ith  so d iu m  h ip p u ra te  dissolved in 1/15 p h o sp h a te  
b u ffer p H  7.2. The descs, each  containing 2 m g  su b s tra te , were sto red  in d ry  s ta te  a t  room  
te m p e ra tu re . A fter a d d in g  a disc to bac teria  su sp en d ed  in  distilled w a ter, an d  in cu b a ted  a t  
37 °C fo r 2 h , one drop  o f Skirrow  and B e n ja m in ’s n in h y d rin  reag en t w as ad ded  an d  th e  
re ac tio n  w as read  a f te r  re -in cu b atio n  a t 37 °C fo r 10 m in. 169 C am pylobacter s tra in s  w ere 
te s te d . T he resu lts  for a  to ta l  of 169 s tra in s  w ere id en tica l w ith  those  o b ta in ed  w ith  th e  
m odified  rap id  m eth o d  o f Sk irrow  and B en jam in . O f 92 C am pylobacter s tra in s  iso lated  from  
h u m an  faecal sam ples 5 9 .8 % , of 36 stra ins iso la ted  fro m  slaugh tered  p o u ltry  41 .7%  p roved  
to  be  Campylobacter je ju n i.

T h e rm o to le ra n t C am pylobacters a rc  im p o r ta n t en teric  p a thogens all over 
th e  w orld . As h u m a n  en teric  p a th o g en  Campylobacter je ju n i  occurs th e  m ost 
f re q u e n tly , w hereas Campylobacter coli w as iso la ted  m ain ly  from  th e  in testin es  
of dom estic  and  b reed in g  anim als [ 1 1. In te rsp ec ies  d iffe ren tia tio n  betw een  
s tra in s  causing d ia rrh o ea  is of ep iderm io log ical im portance . D ue to  th e  ever 
increasin g  dem and, i t  is an  ac tu a l ta s k  to  develop and  in tro d u ce  a sim ple, 
ra p id  an d  reliable m e th o d  for th is  p u rp o se . F o r d iffe ren tia tio n  of th e  tw o  
m ost im p o r ta n t species (C. je ju n i, C. coli)  S k irrow  and  B en jam in  [1] app lied  
th e  h ip p u ra te  hy d ro ly sis  te s t, w hich is a sim ple m ethod giving resu lts con­
s is te n t w ith  th e  re su lts  of the labo rious procedures of genetic d iffe ren tia tio n  
[2, 3]. T he procedure  rep o rted  in th e  fo llow ing is still m ore sim ple.

M aterials a n d  m ethods

Bacterial strains. A s reference s tra in s , C. je ju n i  (h ip p u ra te-p o sitiv e) HNCM B 200001 
and  C. coli (h ip p u ra te -n eg a tiv e ) HNCMB 200004 w ere used . P a r t  of fu r th e r  s tra in s  (169 
a lto g e th e r)  w ere rece ived  fro m  the  collection o f H . L ior [4] and of S. L auw ers [5], p a r t  of 
th e m  w ere iso lated  in  lab o ra to rie s  of H u n g a ria n  P u b lic  H e a lth  S ta tio n s in  th e  years 1980- 
1983. T he stra in s  w ere s to re d  freeze-dried. D is tr ib u tio n  by  origin o f th e  s tra in s  is show n in 
T ab les I  an d  II .

I id ik ó  H . K o t s is , M a ria  M. A d a m  
N a tio n a l  I n 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
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Cultivation. R e h y d ra te d  bacteria  w ere s treak ed  on Skirrow ’s m odified nonselective  
(C a0) C am pylobacter a g a r [6] and  incubated  a t  42 °C for 48 h  in a n itrogen  a tm o sp h ere  con­
ta in in g  ab o u t 7 %  C 0 2 an d  7%  0 2. For th e  te s ts  48 h  cu ltu res w ere used.

Substrate. F o r th e  m odified  S k irro w -B en jam in  te s t  1 g o f so d ium -h ippura te  (M erck) 
and  1.19 g of N a 2H P 0 4 • 2 H 20  were d issolved in  100 m l d istilled  w ater. To a d ju s t p H  to  7.2, 
c ry sta lline  K H 2P 0 4 w as ad d ed  un d er co n tin u o u s s tirring . The su b s tra te  so lu tion  w as sto red  
in  frozen s ta te  e ith e r in  b u lk  or d is tr ib u ted  in tu b es .

F or th e  disc m e th o d , 0.119 g N a 2H P 0 4 • 2 H 20  and 2 g so d ium -h ippura te  (M erck) 
w ere dissolved in 10 m l d istilled  w ater. C rysta lline  N a 2H P 0 4 was added  u n d e r co n tinuous 
s tirrin g  to  a d ju s t th e  p H  to  7.2. T en-^l vo lum es of th is  so lu tion  w ere p ip e tted  on to  W h a tm an - 
200 f i lte r  p ap er discs 7 m m  in d iam eter. T he discs w ere d ried  a t  room  tem p e ra tu re  a n d  s to red  
in  glass vessels u n til used .

N in h yd r in  reagent. In  a m ix tu re  of 50 m l acetone an d  50 m l n -b u tan o l 3.5 g n in h y d rin  
w as d issolved.

The tests. Skirrow  a n d  B enjam in 's m odified  ( S B M )  method. A sm all loopful a m o u n t o f 
48 h  b ac teria l cu ltu re  w as suspended  in 0.2 m l h ip p u ra te  so lu tion  to  give a density  co rrespond­
ing a p p ro x im ate ly  to  109 b a c te ria  per ml, and  th e  suspension w as in cu b a ted  a t  37 °C fo r 2 h. 
One drop of n in h y d rin  re a g e n t was added . T he tu b es  were sh aken  and  re -in cu b ated  a t  37 °C 
for 10 m in. Colourless so lu tio n  ind icated  a n eg ativ e  reac tion . C olouration  from  b lu ish  lilac ( +  ) 
to  deep v io le t ( +  +  +  + )  in d ica ted  positive  reac tio n .

D isc method. T h e  cu ltu re  was suspended  in 0.2 m l d istilled  w a ter to give a  den sity  
sim ilar to  th a t  described above and an im p re g n a te d  p ap er disc w as added  to th e  suspension. 
T he fin a l co n cen tra tio n  of h ip p u ra te  was 1%  an d  th e  p H  was 7.2. A fter a th o ro u g h  shak ing  
th e  reac tio n  m ix tu re  w as in cu b a ted  a t 37 °C fo r 2 h. N in h y d rin  reag en t was added  an d , a fte r 
re -in cu b atio n  for 10 m in , th e  resu lt was read  a n d  ju d g ed  as above. F o r com parison, th e  tw o 
reference s tra in s  w ere te s te d  sim ultaneously . F o r  com parison, th e  SBM m ethod an d  th e  disc 
m eth o d  w ere perfo rm ed  sim ultaneously , in th ree  paralle ls each.

R esults

A h u n d red  an d  s ix ty -n ine  s tra in s  w ere collected from  several coun ties of 
H u n g a ry  and  from  in s titu te s  ab road . T he resu lts  o b ta in ed  for th e  sero ty p e  
s tra in s  of L io r’s schem e (19 C. je ju n i  an d  5 C. coli) agreed in b o th  te s ts  an d  
w ith  lite ra ry  d a ta .

The resu lts  of th e  tests  carried  o u t w ith  th e  Belgian and  H u n g a rian  
iso lates are  show n in T able I I I .  The ag reem en t is com plete, except fo r those  
few s tra in s  w hich grew  poorly on C a0 ag a r an d  th e  colonies of w hich diffused 
in to  th e  cu ltu re  m ed ium . T hus, in these  few cases, th e  inocula were too  sm all 
to  cause a d is tin c t co loration  in  th e  SBM te s t (see iso lates from  P est an d  
C songrád counties). T he te s t was re p e a te d  in th ree  parallels w ith  each of 
these  s tra in s.

In  sum m ary , o u t of 92 isolates from  h u m an  faeces 55 (58.8% ), ou t o f 
36 iso lates of an im al origin 15 (41.7% ) w ere positive , i.e. were iden tified  as 
C. je ju n i.
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Table I

Serotype and other reference strains o f  Campylobacter

S ero ty p e  s tra in s  
o f  C. je ju n i

D e sig n a tio n  
o f s tra in Supplied  b y Source

L IO  1 134 H . Lior m an
L IO  2 195 N ational E nteric  R eference m an
LIO  4 1/NTCC11168 C enter, B ureau of m an
L IO  5 170 B acteriology, L ab o ra to ry m an
L IO  6 6 C enter for Disease m an
LIO  7 35 Control, O ttaw a, C anada m an
LIO 9 88 m an
L IO  10 142 m an
L IO  11 244 m an
L IO  13 343/T 015 m an
L IO  16 728 m an
L IO  17 556 hen
L IO  18 563 hen
L IO  19 544 hen
L IO  22 918/TO40 m an
L IO  26 913/T 035 n o nhum an
L IO  27 919/T041 n o nhum an
L IO  28 1 180 m an

Sero type  stra in s  of 
C. coli

L IO  8 52 H . Lior m an
L IO  14 348/TO20 m an
L IO  21 699 hen
L IO  25 
L IO  29

1228
1982/BR11

duck

S ero type stra ins
LA 1, 3, 5, 6, 7, 11,
30, 45 S. Lauw ers

A kad. Ziekenhuis V rije 
U niv ., Brussels, Belgium

m an

R eference stra ins
C. je ju n i HNCMB* 200001 

IP  (E9)
A kad. Ziekenhuis Y rije 
U niv ., Brussels, Belgium

m an

C. coli HNCMB* 200004 U niv . of Lund, M almö, 
Sweden

m an

* H u n g arian  N ational Collection of M edical B acteria , B udapest
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Table I I

H ungarian isolates o f  Campylobacter

D esig n atio n  o f  s tra in s Supp lied  b y Source

CS 1, 2, 4, 5, 11, 13, 18, 21, 35, 36, 
41, 45, 52, 53, 56, 65, 66, 67, 68, 
70-74

M edical B acteriology L ab ., 
P ub lic  H ealth  S ta tion , 
Szeged, H ungary

CSÉ 109, 110, 112-115, 118, 120-135, 
139, 141, 142

Food B acteriology L ab., 
P ub lic  H ealth  S ta tion , 
Szeged, H ungary

N  7, 11-18, 37, 38, 40-47 , 52-55, M edical Bacteriology L ab ., 
57-61, 63, 64, 66, 67, 69 -7 6 , 78-80, Pub lic  H ealth  S ta tion , 
84, 85, 87-91, 93-98, 99/a, 99/b, S a lg ó ta rján , H ungary
99/b, 100/a, 100/b, 101/a, 101/b,
102-105

m an

slaughtered
p ou ltry

m an

P m  965-968 

969-974

Food B acterio logy L ab .,
P e s t C ounty Public  H e a lth  
S ta tio n , B udapest, H u n g ary

slaughtered
p ou ltry

poultry-processing
env ironm en t

V 2 M edical B acteriology L ab ., m an
P ub lic  H ealth  S ta tion ,
V eszprém , H ungary

Table I I I

H ippurate hydrolysis by Camplyobacter isolates received fro m  different laboratories

N o. o f  —  
iso la tes te s te d

SBM  m e th o d D isc m eth o d

L a b o ra to ry 1s t  tes tin g  
positive

2n d  an d  3rd
te s tin g s  positive p o s itiv e

S. L auw ers, Brussels 8 4 n .t. 4
Pub lic  H ealth  S tations 

P e s t county , B udapest* 10 3 5 5
Csongrád county , Szeged 25 10 15 15
Csongrád county, Szeged* 26 10 n .t. 10
N ógrád county, S a lg ó ta rján 66 33 39 39
V eszprém  county, V eszprém 1 1 n .t. 1

Totals 136 62 7 4 * * 74

n .t. =  no t tes ted  rep ea ted ly  
* Isolates from  food

**T his figure includes th e  15 isolates th a t  were obviously positive in th e  f irs t  tes tin g  
an d  were n o t re tested
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D iscussion

T he p resen t re su lts  have show n t h a t  th e  disc m eth o d  developed for th e  
h ip p u ra te  te s t  gives th e  same resu lts as th e  SBM te s t . A lthough  th e  p rincip le  
of th e  tw o p rocedures is th e  same, th e  disc m eth o d  has ad v an tages.

(i) The paper discs im pregnated  w ith  so d iu m -h ip p u ra te  (sim ilarly  to  th e  
discs used  in  an tib io tic -sen sitiv ity  te s ts )  can  be p roduced  com m ercially , th u s , 
a  m eth o d  p rovid ing  com parable re su lts  is ava ilab le  fo r th e  lab o ra to ries. S h o rt­
age in  facilities n ecessary  for the o rig in a l SBM m eth o d  was th e  m ain  reason  
w hy th e  disc m eth o d  had  to  be developed .

(ii) Unlike th e  te s t  solution fo r th e  SBM m eth o d , th e  discs do n o t need 
re fr ig e ra to r  or its  freez ing  co m p artm en t to  be s to red  in ; th e y  can be s to red  in 
d ry  s ta te  a t  room  te m p e ra tu re  w ith o u t a n y  risk  of decom position , an d  requ ire  
little  room .

(iii) L abo ra to ries  hav ing  large n u m b e rs  of iso la tes m ay supp ly  them selves 
w ith  discs econom ically .

(iv) In  co n tra s t to  th e  SBM re a g e n t, th e  disc m ethod  provides a buffered  
re a c tio n  m ix tu re . A s tu d y  presented a t  th e  Second In te rn a tio n a l W orkshop  on 
C am py lobac te r In fec tio n s  d em o n stra ted  th e  im p o rtan ce  of th e  p H  in th e  
h ip p u ra te -h y d ro ly s is  te s t . The o p tim u m  p H  is a ro u n d  4.9 for strep tococci an d  
a ro u n d  7.2 when Cam pylobacters a re  exam ined . J .  H einzer (B ern , S w itzer­
land ) d em o n stra ted  th e  role of pH  in  en zy m a tic  hydro lysis sp ec tacu la rly  [7].

Acknowledgements. W e are indebted  to  M rs B. M a r i a  L u d á n y i  and  Mrs M. N a g y  for 
ex ce llen t technical a ssis tan ce .
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INSTRUCTIONS TO AUTHORS

M an u scrip ts  a re  accep ted  on th e  b a s is  o f scientific  significance a n d  su ita b ility  for 
p u b lic a tio n  on  th e  u n d e rs tan d in g  th a t  th e y  h a v e  n o t been  p u b lish ed , su b m itte d  o r accep ted  for 
p u b lic a tio n  elsew here. A cceptance depends on  th e  opinion o f  one  o r m ore referees a n d  th e  deci­
sion  o f  th e  E d ito ria l B o a rd . P ap ers a ccep ted  fo r p u b lica tio n  a re  su b jec t to  e d ito r ia l revision .

M A N U S C R IP T  ST Y L E

M an u scrip ts  m u s t b e  in  English a n d  c le a r ly  an d  concisely w ritte n . T h ey  sh o u ld  be ty p ed  
double  sp aced  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 .

F O R M  O F  M A N U S C R IPT

T itle . T he title  sh o u ld  be  a clear a n d  concise  s ta te m e n t o f  th e  co n ten ts  in  n o t  m ore th a n  
14 w o rds. A  sh o rt ru n n in g  title  of no t m o re  th a n  40 le tte rs  sh o u ld  also be  su p p lied . T his is 
fo llow ed  b y  th e  a u th o rs ’ in itia ls  (full f irs t  n a m e  o f w om en) a n d  su rn am e, a n d  th e  n am e  of th e  
in s t i tu t io n  w here  th e  w o rk  w as done.

A b s trac t. T his sh o u ld  n o t exceed 200 w o rd s  an d  shou ld  o u tlin e  b riefly  th e  p u rp o se  of th e  
s tu d y  a n d  d e ta il im p o r ta n t  findings a n d  th e  a u th o rs ’ p r in c ip a l conclusions. R e d u n d a n t 
p h ra se s , genera lly  k n o w n  in fo rm atio n  a n d  re p e tit io n  should  b e  avo ided .

In tro d u c tio n . T h is  p a r t  should s ta te  b r ie f ly  th e  n a tu re  a n d  pu rp o se  of th e  w o rk  an d  cite  
re ce n t im p o r ta n t  w ork  b y  o thers.

M ateria ls  and  m ethods. Describe m icroorgan ism s, m e th o d s , a p p a ra tu s , p ro ced u re  a n d  
s ta tis t ic a l  m eth o d s in  su ffic ien t detail to  a llo w  o th e r  au th o rs  to  rep ro d u ce  th e  re su lts . T his p a r t  
m ay  h a v e  su b head ings lik e  “ B acteria l s tra in s”  o r “ C ulture m ed ia ” .

R esu lts . T he ex p erim en ta l d a ta  sh o u ld  be  p resen ted  c lea rly  a n d  concisely . A void  re ­
p e a tin g  in fo rm a tio n  p re sen te d  in tab les a n d  figures.

D iscussion  shou ld  he  focussed on th e  in te rp re ta tio n  o f ex p erim en ta l fin d in g s . Do n o t 
re p e a t l ite ra ry  d a ta  p re sen te d  in  th e  In tro d u c tio n  or in fo rm a tio n  g iven  in  R e su lts .

A cknow ledgem ent o f  g ran ts and  te c h n ic a l help.
R eferences. C ite o n ly  essential re fe ren ces. T h ey  sh o u ld  be  a rran g ed  in  n u m erica l se­

quence  a s  c ited  in  th e  te x t ,  where th e  n u m b e rs  ap p ear (in p a ren th eses) w ith  o r w ith o u t th e  
a u th o r’s n am e. e.g. E d e n  a n d  H ansson [1 ], F ra n k e l [2]. G e lb a r t e t al. [3] o r [1, 2]. T he 
reference  lis t a t  th e  end  o f th e  paper sh o u ld  c o n ta in

— fo r  jo u rn a ls : n am es a n d  in itials o f a ll a u th o rs , jo u rn a l t i t le  ab b rev ia ted  acco rd in g  to  th e
s ty le  used  in  In d e x  M edicus, vo lu m e n u m b er, p ag in a tio n , year.

— fo r  books: nam es a n d  in itials o f  a u th o rs /e d ito rs , t it le , p u b lish er, p lace  a n d  y e a r o f
p u b lica tio n , page  num ber.
A ddress o f th e  a u th o rs . The (full) n a m e  a n d  m ailing ad d ress  o f th e  a u th o rs  should  be 

g iven  a f te r  th e  reference lis t.
T ables. T hey  sh o u ld  be  ty p ed  on se p a ra te  sheets an d  h a v e  a concise h ead in g  each . T ables 

a re  to  b e  n u m b ered  seq u en tia lly  by  R o m an  n u m bers.
F ig u re s . G o o d -q u a lity  glossy p r in ts  o f  h a lf- to n e  illu s tra tio n s  and  clear line  d raw ings in  

In d ia n  in k  a re  accep ted . T h e  num ber of th e  f ig u re , th e  a u th o r’s n am e , an d  th e  to p  o f th e  figu re  
shou ld  b e  in d ic a te d  l ig h tly  in  soft pencil on  th e  b a ck . T he figu res a re  to  be n u m b ere d  seq u en tia l­
ly  b y  A ra b ic  num bers. C ap tions should b e  p ro v id e d  on a se p a ra te  sheet. All f ig u re s  shou ld  be  
re fe rred  to  in  th e  te x t  a n d  th e ir  a p p ro x im ate  p lace  in d ica ted  on  th e  m arg in .

A bbrev iations a n d  sym bols. Q u an tities  sh o u ld  be expressed  in  S I u n its . A ll ab b rev ia tio n s  
shou ld  b e  spelled  o u t w h en  f ir s t  used in  th e  t e x t .  P lease id en tify  u n u su a l sym bols in  th e  m arg in .

N om enclatu re  o f m icroorganism s. B in o m ia l nam es sh o u ld  conform  to  th e  In te rn a tio n a l 
R ules o f  N o m en clatu re  a n d  to  cu rren t te rm s  o f  th e  In te rn a tio n a l C om m ittee o n  S y s tem atic  
B acterio lo g y . N am es u se d  fo r viruses sho u ld  b e  th o se  ap p ro v ed  b y  th e  In te rn a tio n a l  C om m it­
tee  on  T ax o n o m y  of V iruses (ICTV). G eneric  a n d  specific n am es o f species sh o u ld  b e  w ritte n  
in  fu ll in  th e  t itle  a n d  th e  f ir s t  tim e th e y  a p p e a 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  sh o u ld  be ab b rev ia te d . Generic a n d  sp ec ific  nam es sh o u ld  be  u n d erlin ed  fo r  ita lics. No 
specific n am e  w ith o u t a  cap italized  generic n a m e  should  he u sed .

P roofs and  rep rin ts . Two sets o f p ro o fs  w ill be p ro v id ed , w hich are  re q u es te d  to  he 
re tu rn e d  w ith in  48 h o u rs  o f  receip t to  th e  E d ito r .  A ltera tions in  th e  te x t  a n d  especially  in  th e  
illu s tra tio n s  a re  expensive  a n d  should be a v o id e d . One h u n d re d  a n d  f if ty  re p rin ts  o f each  p a p e r 
a re  su p p lied  free of charge . A dditional re p r in ts  c an  be  ordered  a t  co st price a t  th e  tim e  th e  page 
p ro o f is re tu rn ed .
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THE EFFECT OF VARYING ILLUMINATION 
ON IMPRINTING OF T E T R A H Y M E N A  BY INSULIN

L. KŐHiDAi, Zsu z sa  D arv as  and G. Csaba

D epartm ent o f  Biology,
Semmelweis U niversity  M edical School, B udapest 

(R eceived S ep tem b er 9, 1986)

Tetrahym ena p yr ifo rm is  cu ltu res w ere im p rin ted  w ith  insu lin . H orm one b in d in g  w as 
red u ced  in th e  d a rk , b u t  a lte rn a tio n  of d a rk  a n d  lig h t periods w ere in th is re sp ec t m ore  effective 
th a n  th e  d a rk  itself. T he dev ia tio n s obse rv ed  m ay  be a ttr ib u te d , besides th e  red u ced  insu lin  
b in d in g  by  th e  im p rin ted  cells in  th e  d a rk , to  an  en h an ced  b in d in g  b y  th e  n o n -im p rin ted  
co n tro l cells k e p t in th e  d a rk . I t  is suggested  th a t  th e  d a rk -in d u ced  s tru c tu ra l tran s fo rm a tio n  
of th e  m em b ran e , m an ifes tin g  am ong o th e rs  in  a changed  ho rm o n e  b ind ing , m ay  be caused  by 
a lte ra tio n s  in haem  sy n th esis  due to v a ry in g  illu m in a tio n .

E n v iro n m en ta l effects on cells are o f decisive im p o rtan ce  for th e  deve­
lopm en t of cell fu n c tio n  in bo th  un ice llu la r and  m u ltice llu la r o rganism s. The 
ex tran eo u s  p a ram e te rs , includ ing  a m b ie n t te m p e ra tu re , p H  and ion  sa tu ra tio n , 
m ay  ta k e  up  values v ary ing  b e tw een  w ide lim its ; th e ir  v a ria tio n  from  th e  
o p tim u m  m ay cause in  cells changes m an ifesting  them selves b iochem ically  
and  fu n c tio n a lly .

T he above changes apply  to  un ice llu la r o rgan ism s w ith  a special a c c e n tu a ­
tio n , for these  organism s m ust develop  an  a b ility  to  a d a p t, o ften  v e ry  rap id ly , 
to  th e  outw ork! v a ry in g  freq u en tly . In  th e  p resen t ex perim en ts we used  as 
m odel cell th e  un ice llu lar organism  Tetrahym ena p yr ifo rm is , w hich had  been 
th e  o b jec t of our previous in v estig a tio n s in to  ho rm onal effects [1].

H orm onal im p rin tin g  has b een  d e m o n s tra te d  in  b o th  u n ice llu lar and  
m u ltice llu la r o rgan ism s. I t  ind ica tes  an  enhanced  responsiveness —  m em ory  
w hich  is acquired  b y  cells in an  e a rly  phase  o f th e ir  developm ent, w hen  th e y  
m eet th e  “ im p rin tin g ' substance , u su a lly  a horm one.

T he im p rin ted  cells and  th e ir  p rogeny  will rem em ber th e  cell-horm one 
m eetin g  th ro u g h  genera tions and  w ill respond  w ith  an  enhanced  reac tio n  to  
re p e a te d  ho rm onal effects [2, 3].

To be im p rin ta b le , th e  cell needs an  in ta c t  m em brane^ [4], an d  changes 
a t o th e r  levels, viz. th e  cy toplasm  an d  th e  nucleus, are also essential for im p rin t-

L ászló  K ő h id a i, Z suzsa  D a r v a s , Gy ör gy  Csaba  
D e p a r tm e n t  o f  B io logy, S em m elw eis U n iv e rs i ty  M edica l School 
H -1445  B u d a p e s t,  P .O .B . 370, H u n g a ry
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in g . T he evo lu tion  o f im p rin tin g  m ay  be d is tu rb e d  by  en v iro n m en ta l changes 
p e r tu rb in g  the  m em brane  s tru c tu re  [5, 6].

Changing illu m in a tio n  is one o f th e  ex trin sic  fac to rs com pelling  th e  cell 
to  resp o n d  and a d a p t to  its  en v iro n m en t. In  Tetrahym ena , h aem  is syn th esized  
b y  a pho tosensitive  reac tio n . A n in te rm e d ia ry  m etab o lite  o f haem  syn th esis  
is p ro to p o rp h y rin  IX , a su b stan ce  th a t ,  in te g ra tin g  in  th e  cell m em b ran e , m ay  
ch an g e  m em brane s tru c tu re  and  f lu id ity  [7].

In  th e  p resen t w ork  we exam ined  th e  effects of chang ing  illu m in a tio n , 
e ffec ts  supposedly  m ed ia ted  b y  changes in  haem  syn thesis , on th e  ho rm onal 
im p r in tin g  a tta in a b le  w ith  in su lin , a ho rm one o f p o lypep tide  n a tu re .

M aterials and  m ethods

T he GL s tra in  o f Tetrahym ena p yrifo rm is  was c u ltu red  a t  28 °C in a m ed iu m  co n ta in in g  
1%  B acto  T ry p to n e  (D ifco) an d  0 .1%  y e a s t e x tra c t ;  24 h  cu ltu res  were used .

T hree  m ain s tages o f e x p erim en t w ere d istin g u ish ed : (i) a d a p ta tio n  p eriod , i.e. th e  
p e rio d  preceding h o rm onal t r e a tm e n t a n d  a im ed  a t  a d a p tin g  to  th e  p rescribed  en v iro n m en t 
(24 h ); (ii) period of im p rin tin g , i.e. t r e a tm e n t  w ith  in su lin  (Sem ilente N ovo, C openhagen, 
D e n m ark ) for 60 m in; (iii) tra n s fe r  in to  fresh  m ed ium  (24 h).

T he effect of changes in illu m in a tio n  on  im p rin tin g  was ex am ined  b y  ch an g in g  th e  
illu m in a tio n  of cu ltu res in consecu tive  periods o f tim e. A group  w ith  u n ch an g ed  illu m in a tio n  
(w ith o u t d a rk  period) served  as co n tro l an d  a n o th e r  g roup  of cu ltu res grow ing in  th e  d a rk  
th ro u g h o u t disp layed th e  effec t of u n in te r ru p te d  lack  of illum ination .

T he schem e of e x p erim e n t is se t o u t  in  T able  I.
T he cells left to re s t  for 24 h  w ere fixed  in 4 %  fo rm alin  d ilu ted  in PB S  (P B S  =  0.05 M 

p h o sp h a te  buffer o f p H  7.2 co n ta in in g  0 .9 %  NaCl) an d  w ashed  w ith  PB S. T he cells w ere then  
in c u b a te d  lor 1 h in th e  p resence of insu lin  labelled  w ith  F IT C  (fluorescein iso cy an a te  B D H , 
L o n d o n , England).

T he degree of in su lin  b in d in g  w as e s tim a te d  by  using  a cy to flu o rim ete r b u ilt to g e th e r 
w ith  H e w le tt-P a c k a rd  41C m in ico m p u te r. T he fluorescence of 20 cells was m easu red  in each 
g ro u p , and  each ex p erim en t was p e rfo rm ed  five  tim es. T h u s, each colum n in F igs 1 an d  2 
in d ic a te s  th e  m ean va lue  fo r th e  fluorescence o f 100 cells.

R esults

In  E x p erim en ts  1, 2 and  3, cells bad d ifferen t tim es for a d a p ta tio n  to  
th e  d a rk  (Table l). In  E x p e rim en t 1, th e  cells k ep t in  th e  d a rk  c o n s ta n tly  
d u rin g  a d ap ta tio n , insu lin  t re a tm e n t an d  th e  su b seq u en t 24 h period  d isp layed  
a red u ced  horm one b ind ing  a fte r  th e  th re e  periods, in  co n tra s t to  th e  contro l 
g ro u p s w hich were k e p t in  n a tu ra l illu m in a tio n  th ro u g h o u t. In  th e  la t te r  
g ro u p  th e  horm one b in d in g  was enhanced  (F ig . 1), owing to  a successful 
im p rin tin g .

In  E xp erim en t 2, in  w hich illu m in a tio n  w as w ith d raw n  o n ly  d u rin g  th e  
period  of im prin ting , th e  red u c tio n  in  horm one b ind ing  was w ell-defined , 
.a lthough  the  cells w ere kep t in th e  d a rk  for a considerab ly  sh o rte r  tim e  th a n

A cta  Microbiologica Hungarica 34, 1987
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Table I

Scheme o f  experiment

P e rio d s  o f  e x p e rim en t 
E x p e r im e n t--------------------------------------------------

No. a d a p ta t io n im p rin tin g cu ltu rin g  
(24 h)

1 dark dark light

2 ligh t d a rk light

3 d a rk light ligh t

D-D-D L-D-L D-L-L

Fig. 1. B inding of F IT C -labe lled  insulin to  Tetrahym ena  cells k e p t in  th e  d a rk  for v a rio u s periods 
o f tim e. B inding to  th e  co n tro l cells k ep t illu m in a ted  th ro u g h o u t is ta k e n  as 100% . C =  C on tro l; 

I  =  in su lin -tre a ted ; L  =  light; D =  d a rk ; x . P  <  0.05; y , P  <  0.01; z, P  <  0.001

the  cells in E x p e rim e n t l .T h e  insu lin  b in d in g  was sig n ifican tly  less th a n  in 
th e  contro l g roups, th e  illum ina tion  of w h ich  was n o t in te rru p te d .

In  E x p e rim en t 3 we wished to  o b ta in  new  know ledge on th e  tim e  d e p e n d ­
ence and th e  dy n am ics of the effect u n d e r  s tu d y . W e exam ined  w h e th e r it is 
enough to  keep th e  cells in the  d a rk  d u rin g  th e  period  of a d a p ta tio n  to  reduce  
im p rin tin g  and  th e  consequent increased  horm one b ind in g . The resu lts show ed 
th a t  in  th is  ex p e rim en t, too, th e  w ith d raw a l of illu m in a tio n  did e x e rt its  
im p rin tin g -red u c in g  effect. The difference from  th e  con tro l values w as sig­
n ifican t.

D iscussion

E n v iro n m en ta l factors are of decisive im p o rtan ce  for liv ing organ ism s. 
E v en  com plex bio logical processes, like th e  evo lu tion , are, to  some e x te n t, 
d irec ted  by  en v iro n m en ta l fac to rs, w hich  owe th e ir  lead ing  role to  th e  fac t

Acta Microbiologica Hungarica 34, 1987
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t h a t  th e y  ac t a t  th e  cellu lar level b y  en su rin g  th e  dynam ic s ta b ility  of th e  cell.
T he decisive ch a ra c te r  o f e n v iro n m en ta l factors applies p a r tic u la rly  to  

un ice llu la r o rgan ism s, for th e  su rv iv a l o f  th ese  organism s depends on th e  
en v iro n m en ta l p a ra m e te rs . R ap id  a d a p ta t io n  to  env iro n m en ta l changes is a 
p re req u is ite  fo r th e  su rv ival of b o th  th e  in d iv id u a l and  th e  species.

D uring  h o rm o n a l im p rin tin g  th e  cell acquires a special “ m em ory” . W hen  
i t  m eets th e  signal m olecule again , i t  w ill rem em ber th e  f irs t m eeting  an d  
u su a lly  respond  w ith  an  a ltered , u su a lly  enhanced , reac tio n . T he enhanced  
re a c tio n  is f ir s t  o f all an  increased b in d in g  o f th e  given horm one [8], and  fu r th e r  
p a ra m e te rs  m ay  also show  a lte ra tio n s  [9, 10]. The m echanism  o f im p rin tin g  is 
o n ly  p a rtia lly  know n; effects of th e  g iven  horm one a t the m em brane  level m ay  
p la y  a role [4], h u t m odifica tions in th e  in trace llu la r space and  a t  th e  nu c lear 
level m ay c o n tr ib u te  to  th e  phenom enon  [6].

T he h o rm o n a l ac tion , th e  u n d is tu rb e d  im prin tin g  am ong  th em , is a 
m em b ran e-b o u n d  process, th ere fo re , i t  needs a “ physio logical”  m em brane  
s tru c tu re , w hich is ind ispensab le  for h o rm o n e  b inding [11]. E v e ry  effect th a t  
changes th e  com position  and  s tru c tu re  o f th e  m em brane (effects of te m p e ra ­
tu re ,  chem icals, ec t.) causes a w ell-dem onstrab le  d istu rbance  in  th e  process of 
im p rin tin g  [4, 5].

C onsidering th a t  according to  l i te ra ry  d a ta  Tetrahym ena  is sensitive to  
illu m in a tio n  [12, 13], we searched in  th e  p resen t w ork for an  answ er to  th e  
q u estio n  w h e th e r a change in  its  illu m in a tio n  is capable of causing  a s tru c tu ra l 
change of th e  m em b ran e  observable  as a change of horm onal im p rin tin g .

The im p rin tin g  observed  in  illu m in a te d  Tetrahymena  su p p o rts  our earlie r 
ex p erim en ta l re su lts  [2, 3]. The in su lin  b in d ing  by  th e  im p rin te d  organism  
d u rin g  th e  second m eeting  was co n sid e rab ly  higher th a n  th e  b ind ing  b y  th e  
n o n im p rin ted  co n tro l. On th e  o th e r h a n d , im p rin tin g  in tlie d a rk  was followed 
b y  a w ell-defined decrease in in su lin -b in d in g  capac ity , w hich w as in d ep en d en t 
o f th e  len g th  o f th e  period  of im p rin tin g . (The resu lts were ap p ro x im a te ly  th e  
sam e e ith e r 24 h  or 1 h  was th e  d u ra tio n  o f keeping in  th e  d a rk .)  T herefore, 
i t  m u st be th e  lig h t-a d a p te d  m em b ran e  o f Tetrahymena  t h a t  is capab le  of 
accep tin g  th e  p o sitiv e  im p rin tin g  effect o f insulin .

In  th e  ex p erim en t in w hich im p rin tin g  was perform ed in  th e  d a rk  and  
th e  cells w ere k e p t in  th e  d a rk  for 24 h b o th  before and  a fte r th e  im p rin tin g  
p erio d , th e  n eg a tiv e  change in insu lin  b in d in g  was less th a n  in  th e  experim en ts 
in  w hich cells w ere k ep t in  th e  d a rk  o n ly  in  th e  1 h period of im p rin tin g  or 
d u rin g  th e  24 h perio d  of a d a p ta tio n  (F ig . 1). This v a ria tio n  o f response su g ­
gests th a t ,  th o u g h , a d a p ta tio n  to  th e  d a rk  is th e  p rim ary  fa c to r  causing an  
a lte ra tio n  in im p rin tin g , Tetrahym ena  a d a p ts  to  th e  u n in te rru p te d  d a rk  and  
com pensates its effects. A lte rn a tin g  o f illu m in a tio n  and d a rk , on th e  o th e r 
h a n d , seems to  ind u ce  a considerab ly  m ore  in ten se  effect th a n  keeping  in  th e  
d a rk  itself.
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The dev ia tio n  betw een  d a rk -a d a p te d  and  lig h t-a d a p te d  n o n -im p rin ted  
contro ls p roved  th a t  a change h ad  h ap p en ed  in  th e  m em branes of th e  cells 
k e p t in  th e  d a rk  (F ig . 2). T he change in  horm one b in d in g  was sim ilar in  t e n ­
dency  of e x te n t an d  opposite  in  d irec tio n , com pared  to  th e  change d em o n ­
s tra te d  in  th e  case of im p rin ted  cu ltu re s . T he insu lin  b in d ing  b y  Tetrahym ena  
cells k ep t in  th e  d a rk  con tinuously  w as a p p ro x im a te ly  th e  sam e as th a t  b y  
th e  cells illu m in a ted  w ith o u t in te r ru p tio n . The ho rm one bound b y  non- 
im p rin ted  cells illu m in a ted  for only  1 h and  k e p t in  th e  d a rk  before an d  a fte r  
im p rin tin g , on th e  o th e r h an d , co n sid e rab ly  exceeded th e  am o u n t of ho rm one  
bound by  th e  n o n -im p rin ted  cells k e p t illu m in a ted  th ro u g h o u t. F u rth e rm o re , 
th e  horm one b in d in g  of th e  Tetrahym ena  cells kep t in  th e  d a rk  for 24 h  w as 
still more.

D -D -D  L -D -L  D -L -L

F ig. 2. C om parison o f th e  abso lu te  values o f  F IT C -labe lled  insulin  b ind ing . F o r ab b rev ia tio n s
and  ex p la n a tio n s , see Fig. 1

O ur prev ious experim ents [4, 14] an d  experim en ts rep o rted  b y  o th ers  
[15, 16] have  show n th a t  Tetrahym ena  a d a p ts  to  en v iro n m en ta l changes well. 
This m eans th a t  a d is tu rb an ce  in  i ts  m em b ran e  is follow ed b y  a s tead y  s ta te , 
w hich ten d s to  com pensate  th e  changes an d , ju s t  like th e  earlier s tead y  s ta te , 
ensures th e  life cond itions for th e  u n ice llu la r, unless th e  m em brane is im p aired  
again. The changes to  and  fro, on th e  o th e r h an d , are p o o rly  to le ra ted  b y  th e  
Tetrahymena  m em brane.

We observed th e  effect of th e  d a rk  (in E x p erim en ts  1 and  3) and  th a t  
of im p rin tin g  (E x p erim en ts  1, 2 an d  3) a fte r  an  in te rv a l o f 24 h or m ore. D u rin g  
th a t  tim e  5 or 6 new  generations o f  Tetrahym ena  cam e a b o u t. T hus, th e  in d i­
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victuals th a t  w ere ex am in ed  for horm one b ind ing  were n o t th e  sam e as those  
t h a t  had  undergone th e  en v iro n m en ta l change. This m eans th a t ,  in  accordance 
w ith  our earlier conclusions 117], th e  changes caused in Tetrahym ena  rem ained  
d e tec tab le  in th e  p ro g en y  th ro u g h  a n u m b er of generations. I t  seems th a t  the 
p erio d ic ity  of illu m in a tio n , i.e. a s tim u lus regarded  as n o t too  strong , was 
s tro n g  enough to  in d u ce  a change in  th e  responsiveness o f th e  un icellu lar, a 
change, w hich m ay  p e rs is t over generations.

The changes d iscussed  above are on ly  selections from  changes induced  
b y  env ironm en ta l s tim u li. I t  is n o t easy  to  explain  th e  m echanism  changing  
th e  responsiveness o f cells for genera tions. T he synchron iz ing  effect o f lig h t 
a n d  dark  [18] m ust n o t be d isregarded  in  th is  respect. S y n chron iza tion  m igh t 
fav o u r th e  selection of a pop u la tio n  w hich is characterized  b y  a special m em ­
b ra n e  s tru c tu re . Possib le  affections a t th e  n uclear level shou ld  also be ta k e n  
in to  consideration . N evertheless, a change in  th e  a c tiv ity  o f haem  syn thesis, 
a pho tosensitive  process, seems to  be th e  m ost p robab le  in fluencing  fac to r. 
Changes in  haem  sy n th esis  m ay  d is tu rb  th e  m em brane s tru c tu re  b y  in te g ra t­
ing  in to  the  m em b ran e  p ro to p o rp h y rin  IX , an in te rm ed ia ry  m etab o lite  of 
haem  synthesis. P ro to p o rp h y rin  in teg ra tio n  is an illum in a tio n -d ep en d en t p ro ­
cess [12], w hich m odifies th e  m em brane s tru c tu re , viz. im p airs  its  s tru c tu ra l 
s ta b ili ty , on w hich th e  u n d is tu rb e d  ho rm o n al im p rin tin g  relies.

In  conclusion, effects on horm onal im p rin tin g  induced  b y  changes in  th e  
illu m in a tio n  of Tetrahym ena  cells were exam ined  in  th e  p resen t w ork. Im p r in t­
in g  by  insulin  failed to  develop in cells k e p t in  th e  d a rk  and  illum ina ted  a lte r ­
n a tiv e ly  while developed  b u t  w eakly  in  tho se  k ep t in  th e  d a rk  co n stan tly . I t  
seem s th a t  th e  d ark -in d u ced  change in  m em brane s tru c tu re  is th e  m ore p ro ­
n o u n ced  th e  m ore s tr ik in g  is th e  stress ac tin g  on th e  m em brane . F u rth e rm o re , 
m em b ran e  re s ta u ra tio n  leads to  a s te a d y  s ta te , w hich follows th e  stim u lus 
ra p id ly . Besides th e  red u ced  insu lin  b ind ing  b y  im p rin ted  cells, a sim ultaneous 
increase  in  the  insu lin  b in d in g  b y  n o n -im p rin ted  cells is a ch a rac te ris tic  p h en o ­
m enon  following changes in  th e  illu m in a tio n  o f Tetrahym ena  cells.
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COMPLEMENTABILITY OF TEMPERATURE-SENSITIVE 
ADENOVIRUS MUTANTS WITH EXTRACTS 

OF UROGENITAE TUMOUR CEDES*

J .  O n g r á d i , J u d i t  F a r k a s  and  S . C s a t a

Institu te  o f  M icrobiology, Semmelw eis U niversity  M edical School, Budapest, and  
D epartm ent o f  Urology, István  Hospital, B udapest

(R eceived N o vem ber 4, 1986)

C om plem entation  o f tw o tem p era tu re -sen s itiv e  ( ts)  m u ta n ts  o f  ad en o v iru s ty p e  5 was 
a tte m p te d  w ith  tu m o u r e x tr a c t  in H E p-2  cell cu ltu res  a t  perm issive  a n d  re stric tiv e  te m p e ra ­
tu re .  B o th  ts m u ta n ts  w ere  successfully  co m p lem en ted  w ith  ad en o v iru s gene p ro d u c ts  e x tra c te d  
fro m  b lad d e r and k id n ey  carcinom a cells. T he percen tage incidence  of co m p lem en ta tion  
a p p ea red  to  be h igher w ith  e x tra c ts  o b ta in ed  from  fem ale p a tie n ts  th a n  w ith  those o b ta in ed  
fro m  m ales. The sam e gene sequences m ay  occur in penile ca rc in o m a cells and in b lad d e r 
carc in o m a cells show lhg th e  early  signs o f m align ization . E x tra c ts  o f sem inom a cells an d  of 
cells fro m  p ro sta tic  h y p e rtro p h ie s  co n ta in ed  ad en o v iru s genes less f re q u e n tly ; infectious v iru s 
w as n ev er ob tained  fro m  th em . T he sam e applies to  cells from  th e  n o n -tu m o u ro u s (“ co n tro l” ) 
p a tie n ts  tested . T he old age of th e  p a tie n ts  an d  som e p ro p e rtie s  o f th e  tu m o u rs ex am ined  
su g g est th a t  ho rm onal changes m ay  c o n tr ib u te  to  adenovirus gene expression  and , in d irec tly , 
to  th e  m alignan t process an d  its  c o n tin u ity .

The u ropo ie tic  and  conveying system  and  th e  phy lo g en e tica lly  and m o r­
phologically  closely re la ted  gen ita l system  are highly exposed  to  haem atogenous 
an d  exogenous v ira l in fections [1, 2], w hich m ay be accom pan ied  by  acu te  or 
ch ro n ic  illness, or m a y  rem ain  clin ically  in a p p a re n t [3, 4]. F u rth e rm o re , 
v iru ses  m ay in te g ra te  in cells of th e  u rogen ita l sy stem , [5, 6] and  rea c tiv a te  
th e re , due to  o th e r  cocarcinogenic (chem ical) factors [7] o r pa thophysio log ica l 
changes as ho rm o n al a lte ra tio n s [6, 8]. The ac tiv a ted  v iru s  m ay  cause c lin i­
ca lly  ap p a ren t tu m o u rs . A m ong a n u m b er of v iruses [1, 4, 8, 9] adenov irus 
(A d) has been p roposed  to  have an  aetio logical role in  oncogenesis. The a ff in ity  
o f A ds for the  u ro g en ita l system  [4] on th e  one h an d  an d  th e ir  ce ll-transfo rm ­
in g  ab ility  under ex p erim en ta l cond itions [10] on th e  o th e r, p ro m p ted  us to  
ex am in e  th e  possib le role of Ads in  tu m o u rs  of the  u ro g en ita l system . In  th e  
f i r s t  step , we searched  for Ad an tibod ies in  serum  sam ples from  p a tie n ts  
b ea rin g  u rogen ita l tu m o u r. Of th e  253 p a tien ts  suffering  from  carcinom a of 
th e  b lad d er (53% ), w hile of 263 n o n -tum ourous p a tie n ts  only  4 to  18%  h ad  
a n tib o d y  to  th e  early  an tigen  of Ad-12.

* T his w ork w as r e w a rd e d  w i th  th e  2nd p rize  o f  th e  c o m p e titio n  a d v e rt iz e d  fo r y o u n g  re se a rch e rs  b y  th e  H u n g a r ia n  
S o c ie ty  o f  M icrobiology in  1986.

J ó z s e f  O n g r á d i, J u d it  F a r k a s  :j
I n s t i tu t e  o f M icrobiology, S em m elw eis U n iv e rs ity  M edical School 
N a g y v á ra d  té r  4, 11-1089 B u d a p e s t,  H u n g a ry
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In  th e  p resen t w ork , 145 persons w ere involved. M ost o f them  were 
su ffering  from  u ro g en ita l tu m o u r. W e a tte m p te d  to  iso la te  infectious v irus 
from  s tru c tu ra l cells o f  tu m o u rs  an d , if  failed, searched for A d-specific gene 
p ro d u c ts . F or th e  la t te r  purpose we used tw o tem p era tu re -sen sitiv e  ( ts)  
m u ta n ts  of Ad-5, w hich , in them selves, failed to  rep lica te  a t re s tr ic tiv e  te m ­
p e ra tu re , i.e. 39 °C. W e assum ed th a t  th e  tum our-ce ll p ro te in  an d  DNA added  
to  th e  cu ltu red  cells s im u ltaneously  w ith  m u ta n t m ight co n ta in  A d gene p ro d ­
u c ts  w hich m ight com plem ent th e  m u ta n t virus and  th u s  enable  it to  
rep lica te .

M aterials and  m ethods

P atients and tissue sam ples. T issue sam ples excised from  m alig n an t or benign tu m o u rs 
o f th e  u ro g en ita l system  or fro m  rem oved  o rg an s o f no n -tu m o u r-b earin g  p a tie n ts  were ex am ­
ined. T he la t te r  group of p a tie n ts  was ta k e n  as co n tro l, for tissue sam ples from  h ea lth y  donors 
w ere n o t available. T he o p e ra ted  “ co n tro l”  p a tie n ts  suffered from  lith iasis or fibrosis of the  
u ro g e n ita l t ra c t,  som e of th e m  from  b a c te r ia l p y e lonephritis  or cy c titis . D istrib u tio n  of the  
p a tie n ts  b y  histo logical d iagnosis , age and  sex is show n in Table I.

Processing o f  sam ples. E xcised  tu m o u r sam ples 0.1 to 0.2 g in m ass w ere kep t in sterile  
te s t  tu b e s  for 1 to 2 h  a t  4 °C before tra n sp o rte d  to  th e  lab o ra to ry . T here , a few sam ples were 
s to re d  a t  —20 °C for one or tw o days, th e  o th e rs  were processed im m ed ia te ly . T hey  were 
g ro u n d  w ith  q u a rtz  san d , one by  one in p o rce la in  m o rta rs  k ep t in  a w a te r  b a th  of 0 °C. The 
m inced  tissue was susp en d ed  in  2 ml H a n k s’ so lu tio n  and th e  suspension  w as cen trifuged  in a 
J a n e tz k i  K23 cen trifuge a t  2000 rp m  a t  4 °C. T h e  su p e rn a ta n ts  w ere s to red  a t  —20 °C u n til 
used . T h e  p ro te in  c o n te n t o f th e  cell e x tra c ts  w as assayed  as described by L ow ry  e t al. [11].

I n  vitro cell cultures and nutrient m edia. H E p -2  cell m onolayers w ere used  th ro u g h o u t. 
T he cu ltu res  were p rep ared  as described in d e ta il elsew here [12]. B riefly , th e  grow th  m edium  
w as E ag le ’s MEM enriched  w ith  10%  fe ta l c a lf se rum  (H u m an , B u d a p es t) , 50 U/inl penicillin 
a n d  50 p g /m l  s trep to m y cin . T he cells were m a in ta in ed  in serial passage w ith  try p s in  tre a tm e n t 
an d  d is tr ib u te d  in tu b es  as u sua l. T he m a in ten a n ce  fluid was E ag le ’s M EM  contain ing  2%  
fe ta l c a lf  serum  and th e  ab o v e-m en tio n ed  a n tib io tic s .

V irus strains. T he H u ie  s tra in  of h u m a n  A d-12 as well as th e  ty p e-5  wild s tra in  (G. 
P e re ira , L ondon) have  b een  m a in ta in ed  in  th is  In s t i tu te  for years. T he v iru s suspensions were 
p ro d u ced  in  H E p-2  cell c u ltu res , cen trifuged  [12], an d  th e  su p e rn a ta n ts  w ere  t i t r a te d  in  H E p-2  
cells a t  37 °C on th e  basis o f  th e  v iral c y to p a th ic  (C P) effects. The tw o ts m u ta n ts  of Ad ty p e  5, 
v iz. t s l8  an d  ts l9 , h ad  been  iso lated  b y  J .  W illiam s [13, 14] and som e of th e ir  ch aracteris tics 
w ere d e te rm in ed  by B. T aró d i, Szeged [15]. T he m u ta n ts  were k in d ly  su p p lied  by th e  la t te r  
a u th o r . B o th  m u ta n ts  a re  o f  th e  la te  ty p e . A lth o u g h  some of th e  v iru s co n s titu e n ts  are syn ­
th es ized  even a t  re s tr ic tiv e  te m p e ra tu re  in  in fec ted  cells, v iru s  rep lica tio n  is in te rru p ted  
becau se  v iru s assem bly does n o t tak e  p lace a t  39 °C. In  m u ta n t t s l8 , because  of a change in 
its  s te ric  s tru c tu re , th e  p recu rso r of s tru c tu ra l p o ly p ep tid e  V I is n o t p h o sp h o ry la ted  by  p ro te in  
k in ase , consequently , assem b ly  fails to  com e a b o u t [16]. In  m u ta n t  ts l9  po lypep tide  X , a 
p o ly p ep tid e  o rig ina ting  from  po lypep tide  V I. is no t phosp h o ry la ted , w h ereb y , supposedly, 
te th e r in g  of the v iral D N A  to  th e  v irio n ’s capsid  does n o t tak e  place [3 ].T h e  loci of m u ta tio n s 
in  th e  gene m ap are kno w n  w ith  fa ir a p p ro x im a tio n  [17, 18].

T he m u ta n ts  w ere p roduced  in H E p-2  cell cu ltu res a t  perm issive  tem p e ra tu re  (32 °C) 
an d  t i t r a te d  a t  bo th  32 °C an d  39 °C. F rom  th e  t i t r a tio n  a t 32 °C th e  m in im al, still obviously  
in fec tio u s , value , viz. T C ID j, was ca lcu la ted  by  in te rp o la tio n  [19]. T ak in g  in to  account th a t  
v e ry  l i t t le  am oun ts of v iru s  w ere t i t r a te d ,  we p re fe rred  th e  T C ID ! u n it  to th e  usual T C ID 5tJ. 
A t 39 °C no signs of m u ltip lic a tio n  of e ith e r o f th e  m u ta n ts  were o b se rv ab le  w ith  th e  inocula 
used  b y  us.

Complementation o f  m utan ts w ith cell extracts. T w en ty  four h o u r H E p -2  cell cu ltu res 
w ere tre a te d  w ith  e x tra c ts  o f tissues ta k e n  from  p a tien ts . The ca lc iu m -p h o sp h a te  tran sfec tio n  
tec h n iq u e  published by  G rah am  and v a n  d e r E b  [20] was followed. B riefly , tissue e x tra c t 
co n ta in in g  50 to  100 /tg /m l p ro te in  and  D N A  an d  m ixed to calcium  p h o sp h a te  was added  to 
H E p -2  cell cu ltures. A fter a n  in cu b a tio n  for 2 h  a t  37 °C, th e  su p erflu o u s calcium  p h o sphate  
an d  th e  unadso rbed  tissue e x tra c t  were rem o v ed  b y  w ashing tw o or th re e  tim es w ith m ain-
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ten a n ce  m edium  co n ta in in g  20 m M  H E P E S . T h en  th e  sam e H E p-2  cell cu ltu res  w ere in ocu la ted  
(superin fec ted ) w ith  1 T C ID t of th e  wild s tra in  or o f a ts m u ta n t. The cu ltu res p re tre a te d  w ith  
tis su e  e x tra c t and  (super)in fec ted  w ith  v iru s  w ere halved. The one h a lf  w as in cu b a ted  a t  32 °C, 
th e  o th e r a t  39 °C, b o th  fo r 7 days. In  th e  ex p erim en t in w hich m u ta n t  was u sed , CP changes 
ap p ea rin g  a t  39 °C in d ica ted  co m p lem en ta tio n  b y  th e  tissue  e x tra c t u n d e r s tu d y . S uperin fec­
tio n  w ith  th e  w ild s tra in  a t  b o th  te m p e ra tu re s  and  w ith  m u ta n t  a t  32 °C in fo rm ed  us on a 
possib le  en h an cem en t or in h ib itio n  of v iru s rep lica tio n  by  th e  tissue e x tra c t  a t  perm issive  
tem p e ra tu re , com pared  to  th e  rep lica tio n  w ith o u t tissue e x tra c t. The v iru s y ield  p roduced  
from  th e  2nd till th e  7 th  d a y  of in cu b a tio n  a t  39 °C w as t i t r a te d  to  show  if  reco m b in a tio n  
h a d  occurred .

Demonstration o f  infectious virus in  tissue extracts. M aterials to  be te s te d  w ere ad ded  to  
H E p -2  cell cu ltu res w ith  and  w ith o u t calcium  p h o sp h a te . S uperin fec tion  was p e rfo rm ed  n e ith e r 
w ith  th e  wild s tra in s  n o r w ith  th e  m u ta n ts . O therw ise, th e  p rocedure  was th e  sam e as described 
above. In c u b a tio n  la s ted  for 21 days. T he cases show ing a n y  k ind  of CP effec t in th is  te s t  
w ere o m itted  in th e  e v a lu a tio n  of co m p lem en ta tio n  experim en ts.

Complementation in  vitro between A d -1 2  and the ts m utants o f  A d-5 . To show  if com ple­
m en ta tio n  like th a t  described  elsew here [14] took  place be tw een  d ifferen t Ad ty p es in  th e  
sy s tem  applied  b y  us, we perform ed ex p erim en ts , w ith  and  w ith o u t th e  calc iu m -p h o sp h a te  
tech n iq u e , in  w hich H E p -2  cell cu ltu res  w ere inocu la ted  by  th e  above-described  m eth o d  w ith  
Ad-12 and  a type-5  m u ta n t  s im ultaneously . Two T C lU j an d  1 TC ID [ inocula  were used  for 
single and  double in fections, respectively .

In  c e rta in  p re lim in a ry  ex p erim en ts  th e  o rder of inocu la tions o f cell cu ltu res  were 
reversed . The re su lts  w ere th e  sam e.

R esults

Complementation o f  ts m utants w ith tissue extracts. In  th e  H E p-2  cells 
tre a te d  w ith  b o th  tissue  e x tra c t and  m u ta n t and in cuba ted  for 24 h a t 39 °C 
s tr ik in g  CP changes w ere observed in  a num ber of cases. The resu lts  show  con­
siderab le  in te rg ro u p  differences betw een  clinical groups of p a tie n ts  (T able II) . 
A h igh frequency  o f co m plem en ta tion  occurred w ith  e x tra c ts  of tu m o u rs  
rem oved  from  p a tie n ts  suffering from  renal adenocarcinom a or carcinom a of 
th e  b ladder. C om plem enta tion  was especially  freq u en t w ith  e x tra c ts  o f tum ours 
rem oved  from  fem ale p a tie n ts . T he fac t th a t  m ost of th e  fem ale p a tie n ts  were 
60 to  70 years old, i.e. one to  tw o decades a fte r  m enopause, is suggestive of 
ho rm o n al effects. T he com p lem en ta tio n  ra te  was also high for p a tie n ts  su f­
fering  from  pap illom a o f th e  b ladder, m ain ly  from  papillom as a lread y  show ing 
a ty p ia , a sign of m align iza tion . In  th e se  cases often  b o th  m u ta n ts , som etim es 
on ly  one of th e m , w ere com plem ented  b y  th e  sam e e x tra c t. I t  shou ld  be no ted  
th a t  th e  tu m o u rs  o rig in a tin g  in  th e  k id n ey  or th e  periphera l p a r ts  o f th e  trigo- 
num  vesicae are  o f m esoderm al orig in  [7]. The co m p lem en ta tio n  ra te  was 
re la tiv e ly  high in cases of penis carc inom a, too , a m alignancy  c o n ta in in g  ec to ­
d erm al cells. In  h y p e rtro p h ia  p ro s ta ta e  (adenom a p ro s ta tae ) , on th e  o th e r 
h a n d , co m p lem en ta tio n  occurred  w ith  th e  te s ticu la r  carc inom a (sem inom a), 
e x tra c ts  as freq u en tly  as w ith  e x tra c ts  of tissues rem oved from  non -tu m o u ro u s 
(“ c o n tro l” ) u rological p a tien ts .

Viruses obtained by complementation at restrictive temperature. A t 39 °C 
co m plem en ta tion  w as rap id  and  o f h igh degree, and  th e  co m p lem en ta tio n  
in d ex  show ed li ttle  v a ria tio n  (T able I I I ) .  In  th e  cases ju d g ed  nega tive , no
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Table I

D istribution by diagnosis,
sex and age o f  pa tien ts examined in  the complementation experiments

D iag n o sis Sex
N o.

o f  p a tie n ts
Age

X

(years)
±  SD

M 17 54.3 ±  12.0
Adenocarcinoma renis F 7 57.2 ±  14.2

Total 24 55.2 ±  12.7

M 32 63.3 ±  16.6
Carcinoma vesicae urinariae F 12 67.5 ±  5.1

Total 44 64.5 ±  13.4

Papilloma vesicae urinariae M 9 60.6 ±  10.7

Adenoma prostatae M 36 67.7 ±  14.2

Carcinoma planocellulare penis M 5 64.2 ±  14.2

Seminoma M 14 36.3 ±  13.9

M 11 47.9 ±  13.2
Non-tumourous urological disease F 2 18.0 ±  «

Total 13 43.3 ±  15.9

Table II

The complementing activity o f  urogenital tissue extracts 
( in  per cent o f  the patients)

D iagnosis Sex
C o m p lem en ta tio n w ith

T o ta l
b o th

m u ta n ts
on ly
t s l8

only
ts l9

M 17.6 11.7 17.6 47.1
A denocarcinom a renis F 42.8 14.3 28.6 85.7

T otal 25.0 12.5 20.8 58.3

M 31.2 9.4 12.5 53.1
C arcinom a vesicae urinariae F 50.0 25.0 75.0

T otal 36.3 13.6 9.1 59.1

P apillom a vesicae u rinariae M — 33.3 33.3 66.7

A denom a prosta tae M — 5.6 13.9 19.5

Carcinom a planocellulare penis M - 60.0 20.0 80.0

Sem inom a M - 7.1 7.1 14.2

M _ 18.2 9.1 27.3
N on-tum ourous urological diseases F — — — _

T otal — 15.4 7.7 23.1
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signs of co m p lem en ta tio n  could be observed . T he “ all or none law “  seem ed to  
ap p ly  to  th e  process.

In  th e  follow ing, we had  to  exam ine  th e  tw o  possible m echanism s o f CP 
effect ap p earin g  a t  re s tr ic tiv e  te m p e ra tu re : (i) v ira l p ro d u c ts  o rig in a tin g  from  
tu m o u rs  can co m p lem en t our m u ta n ts , (ii) defective v iruses and /o r p ro d u c ts  
of in te g ra te d  v iru s genes were com plem en ted  b y  th e  u tiliza tio n  of o th e r non- 
dam aged  po ly p ep tid es  of m u ta n t v iru ses to  produce  infec tive  v iruses. Since 
bo th  of these  m echan ism s m ight have  ta k e n  place sim u ltan eo u sly , it seem ed 
to  be ju s tif ie d  to  in v es tig a te  th e  p o ssib ility  of recom bination .

F o r th is  p u rp o se , v irus suspensions o b ta in ed  from  m ain tenance  m edia of 
do u b ly -in o cu la ted  cell cu ltu res th a t  h a d  been  in c u b a te d  a t 39 °C were t i t r a te d  
a t b o th  32 °C and  39 °C. A t 32 °C, th e  t i t re s  in d ic a te d  b y  CP changes a tta in e d  
10-3  in  a g rea t m a jo rity , and even 10~ 4 in tw o -th ird  of th e  cases. T he CP 
changes w ere ch a rac te rized  b y  c lu sters  o f ro u n d ed  cells. The su p e rn a ta n ts  
from  cu ltu res th a t  h a d  d isp layed  co m p lem en ta tio n , i.e. from  those  co n ta in in g  
v iru s, w ere in o cu la ted  in to  fresh H E p -2  cu ltu res, w hich w ere th e n  in c u b a te d  
a t 39 °C. No v ira l a c tio n  was dem o n strab le  in  th e  cells, excep t for a v e ry  w eak  
CP effect a f te r  a 10-day  incubation . I t  m ay  th ere fo re  be concluded th a t  th e  
m u ta n ts  wrere com plem en ted  b y  A d gene p ro d u c ts  th a t ,  hav ing  o rig ina ted  in  
th e  tu m o u r cells, w ere in troduced  b y  th e  calcium  p h o sp h a te  m ethod  in to  
H E p-2  cells, w here th e y  were expressed.

Com plem entation by tissue extracts o f  ts m utants at 32 °C and o f  the homo- 
typ ic  w ild virus at both temperatures. In  H E p-2  cells in o cu la ted  w ith  b o th  tissue 
e x tra c t an d  A d m u ta n t  it  was observed  th a t  a t  perm issive te m p e ra tu re  th e  
deve lopm en t of th e  CP effect o f th e  ts l8  m u ta n t w as sligh tly  acce lera ted , 
com pared  to  th e  co n tro l cu ltu res in o cu la ted  w ith  m u ta n t alone. No s im ila r 
acce lera tion  wras n o te d  in  experim ents w ith  th e  m u ta n t  ts l9 . T here w ere tissu e  
e x tra c ts  w hich acce lera ted  virus m u ltip lica tio n  w hen m ixed to  th e  w ild s tra in  
and  in c u b a te d  in  th e  cu ltu re  a t 32 °C. In te re s tin g ly , one, or b o th , o f th e  m u ta n ts  
was com plem ented  b y  these ex trac ts  in  ex p erim en ts  carried  ou t a t  re s tr ic tiv e  
te m p e ra tu re . On th e  o th e r hand , th e  rep lica tio n  of th e  wild s tra in  was no t 
enhanced  b y  tissu e  e x tra c ts  a t 39 °C. In  ce rta in  cases, in  w hich co m p lem en ta ­
tio n  d id  no t ta k e  p lace otherw ise (e.g., e x tra c ts  o f p ro s ta tic  adenom a or of 
tissues rem oved  fro m  non-tum ourous p a tie n ts ) , th e  CP effects of all th e  th re e  
s tra in s  w ere slig h tly  slowed dow n, b u t sim ilar phenom enon could n o t be 
observed  w hen th e  su p e rn a ta n ts  o f th e  H E p-2  cu ltu res were su b cu ltu red  
a t 32 °C.

T he v irus s tra in s  recovered a t 32 °C from  m ix tu res of tu m o u r e x tra c t 
and  m u ta n t could be t i t r a te d  a t th is  te m p e ra tu re , b u t  no t a t re s tric tiv e  te m ­
p e ra tu re , excep t fo r a few cases, in  w hich  p lac ing  of m ain tenance  m edium  o f 
H E p-2  cell cu ltu res  p re trea ted  w ith  tu m o u r  e x tra c t on fresh H E p-2  cu ltu res  
resu lted  in  a m in im al CP effect a t 39 °C. This phenom enon  corresponds to  th e
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successful co m p lem en ta tio n  in  th e  o rig inal experim en t a t th e  sam e te m p e ra ­
tu re  and  m ight be a t tr ib u te d  to  tra c e s  of tissue  e x tra c t in  th e  tran sfe rred  
m ed ium . I t  seems t h a t  several pg  a m o u n t o f tu m o u r p ro te in  an d  tu m o u r D N A  
m ay  have caused co m p lem en ta tio n , fo r th is  phenom enon  was never observed  
w ith  ex tra c t th a t  fa iled  to  com plem en t b o th  of th e  m u ta n ts . In  conclusion, 
th e se  observations sp e a k  against reco m b in a tio n  and  su p p o rt th e  com plem ent- 
a b ility  of the  m u ta n ts  (Table I I I ) .

Table II I

Complementation and recombination

B etw een

tu m o u r  e x tr a c ts A d-H 12
a n d an d

t s l8  ts !9 ts l8  ts l9

C om plem entation index 1.14 X 103 1.28 x 1 0 s 7.5 x lO 2 1.25 X 102

R ecom bination  freq u en cy 0 0 0 0

C om plem entability o f the m utants with A d-12 . E x p erim en ts  w ere p e r­
fo rm ed  to  show w h e th e r  our system  is su itab le  for d em o n stra tin g  com plem en­
ta t io n  betw een d iffe re n t Ad ty p es. S ingle an d  double in fections w ere carried  
o u t w ith  th e  Ad m u ta n t  ts l8  or ts l9  on th e  one h an d  and  ty p e  12 Ad on th e  
o th e r. W hen th e  in fe c te d  H Ep-2 cells w ere in c u b a te d  a t 32 °€ , th e  CP changes 
ap p e a re d  earlier in th e  doub ly -in fec ted  cu ltu re s  th a n  in th e  con tro ls , how ever 
th e  difference beg an  to  fade out a f te r  1 to  2 days of in cu b a tio n . T he sm  all 
heap s consisting o f ro u n d ed  cells, a p ic tu re  cha rac teris tic  of Ad-5, ten d ed  to  
b re a k , th e  cells e lo n g a te d  and d isp layed  a po lym orphous ch a rac te r. I f  doub ly - 
in o cu la ted  H E p-2 cells were in c u b a te d  a t 39 °C, the  CP changes described  
above developed so o n er th a n  in  c u ltu re s  in fec ted  w ith  Ad-12 alone. U sing 
v a ria b le  am ounts fro m  th e  tw o v iruses in th e  sam e experim en t (e.g., 1 T C ID , 
o f A d-12 and 0.5 T C ID t of m u ta n t) , we observed  a consisten t dom inance of 
th e  type-5  m u ta n t. T h e  sam e had  been described  for o th e r Ad m u ta n ts  [21]. 
T he re la tiv e ly  low in d e x  value in double  in fection  is due to  th e  fac t th a t  Ad-12, 
a v iru s  also rep lica tin g  in sing ly -inocu la ted  cu ltu res, has a considerab ly  high 
v a lu e  in  th e  d e n o m in a to r of th e  index . N evertheless, th e  index  is h igh  enough 
to  p ro v e  th e  fact o f co m p lem en ta tio n  (T able I I I ) .

1nfvetious viruses in tumour cell extracts. To detec t in fectious v irus in  
tissu e  ex trac ts , we a d d e d  0.1 ml e x tra c t to  H E p-2  cell cu ltu res an d  in cu b a ted  
th e  cu ltu res w ith o u t superin fec tion  a t 32 °C, 37 °C or 39 °C for 21 days. O f th e  
e x tra c ts  ob ta ined  fro m  150 p a tien ts  o n ly  tho se  from  5 p a tie n ts  induced  CP 
changes. The CP ag en ts  could be su b c u ltu re d  in fresh cell cu ltu res. E ith e r  
sy n c y tia  were fo rm ed  (herpesviruses ?) o r cells becam e g ran u la ted  and  ro u n d ed
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u p  (Ad or p a rv o v iru s? ). Id e n tif ic a tio n  of th e  in fectious agen ts is in  progress. 
T h e  five p a tien ts  w ho yielded infectious agent were excluded  from  th e  above- 
described  ev a lu a tio n  of com plem en ta tion .

D iscussion

R esults of th e  p resen t experim en ts  convinced us th a t  ts m u ta n ts  were 
com plem ented  by  tissu e  e x tra c ts  an d  reco m b in a tio n  could be excluded. The 
sam e applied  to  in te r ty p ic  co m p lem en ta tio n  [14]. Cell e x tra c ts  o f papillom as 
o f  th e  b ladder beh av ed  sim ilarly . The cells of th e  tu m o u rs  m en tioned  above 
d erive  from  m esoderm al cells of th e  w olffian  duct [7]. I t  is of in te re s t, on th e  
o th e r  h an d , th a t  Ad genes w ere often  d e tec ted  also in  penile carcinom a cells, 
w hich  are of ec toderm al origin. As to  th e  o th e r u ro g en ita l tu m o u rs  te s ted  in 
th e  p resen t w ork, th e  cells o f sem inom as o rig inate  in germ inal cells, w hereas 
b en ig n  p ro s ta te  adenom as consist o f cells deriv ing  from  th e  m iillerian  duct 
u n d e r special ho rm onal influence. Ad genes were de tec ted  in  such tu m o u r 
cells b u t  ra re ly , ap p ro x im a te ly  as ra re ly  as in  cells o b ta in ed  from  various cells 
o f th e  “ con tro l“ u ro g en ita l p a tie n ts . C onsidering th e  low ra te  of d e te c ta b ility  
o f function ing  A d genes in  con tro l cells, it  m ay  be assum ed th a t  not m ore 
th a n  abou t 20%  o f th e  p o p u la tio n  ca rry  such genes in  th e ir  cells; infectious 
v iru s  can be recovered  from  such cells b u t  ex trem ely  ra re ly . T he subjects 
po sitiv e  in th e  co m p lem en ta tio n  exp erim en t m ay be regarded  as m em bers of 
a risk  group.

Ads m ay p lay  som e, perh ap s in d irec t, role in  m alignancies of ec toderm al 
orig in  as well as in  ce rta in  typ es o f m esoderm al cells being  u n d e r th e  in fluence 
o f  androgens [4]. In  m esoderm al cells influenced  by  fem ale horm ones and in 
en to d erm al cells, on th e  o th e r h an d , herpesv iruses [22-25]. cy tom egalovirus 
[1, 2, 26, 27] and  p ap ovav iruses [28, 29] m igh t be in c rim in a ted . H erpesv iruses 
and  cy tom egalovirus have  been de tec ted  in p ro s ta te  carc inom a as well [22. 
26, 27]. To exp la in  th is  fac t, it  should  be considered th a t  th e  carcinom as of 
th e  p ro s ta te , a g land  consisting  of a m ixed  cell p o p u la tio n , are un d er th e  
co n tro l of androgens [7]. L a ten t Ads m ay persist in  th e  organism  over decades 
[12]. therefo re , th e ir  aetiological role in  p ro s ta te  cancer w ould  no t he su r­
p rising . P ro s ta te  tu m o u rs  grow v e ry  slow ly [8, 27], even tw o decades m ay 
elapse u n til th e ir  clinical m an ifesta tio n . M alignancies of m iillerian  d u c t origin 
a p p ea r usually  in fem ales during  th e  rep ro d u c tiv e  age [6 -8 ], w hereas those of 
ec toderm al or w olffian  d u c t origin occur m ore freq u en tly  in  m ales and  aged 
fem ales th a n  in w om en in  th e  rep ro d u c tiv e  age, e.g., th e  m ale/fem ale ra tio  
fo r b lad d er carcinom a is ab o u t 3 : 1 [7]. I t  shou ld  be n o ted  th a t  no t only th e  
tissues are horm one-sensitive b u t also th e  D N A  viruses are  sensitive  to  stero id  
horm ones even in  a d irec t w ay  [6, 8, 12].
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Besides D N A  v iruses, re tro v iru se s  have been d e tec ted  in  th e  so rts of 
tu m o u rs  m en tioned  above [5, 30]. In  th e  ligh t o f recen t oncogene theories, 
re tro v iru ses  m ay  p la y  a v e ry  im p o r ta n t role in oncogenesis [31]. N one of th e  
analyses of a n tiv ira l an tibod ies [32] an d  detec tio n  o f v ira l genes and  gene 
p ro d u c ts  [10, 32] or o f v ira l pa rtic le s  [25] in  tu m o u rs  have  b ro u g h t a con­
v in c in g  evidence in  fav o u r of d irec t aetio logical role o f v iruses. We u n d erto o k  
com p lem en ta tio n  ex p erim en ts  to  show  w h e th e r s tru c tu ra l cells in  u ro gen ita l 
tu m o u rs  m ay  c o n ta in  A d genes cap ab le  of co n tin u a l func tion ing . The s tru c ­
tu ra l  po lypep tides d am ag ed  in  m u ta n ts  ts l8  and  ts l9  (po lypep tides V I and  X , 
respective ly ) c an n o t be rep laced  in  th e  process of v irion  assem bly  b y  an y  o th e r 
p ro te in  except th e  re spec tive  p o lypep tides of o th e r  Ads closely sim ilar in 
s tru c tu re  [14, 17]. F o r th is  reason , i t  is obvious th a t  th e se  w ere po lypep tides 
w hich  were expressed  in  tu m o u r cells d u rin g  th e  co m p lem en ta tio n  experim en ts. 
F u rth e rm o re , since sev era l hundreds o f such p o lypep tide  m olecules are neces­
sa ry  in  th e  assem bly  o f a single v irio n  [16], co m p lem en ta tio n  of such a high 
degree as d e m o n s tra te d  b y  us, m u st need  a con tinuous expression  of th e  genes. 
T he m u ta tio n s a ffec tin g  p o lypep tide  V I are  located  in th e  m iddle p a r t of th e  
genom e in  th e  L3 reg io n , w hich, like th e  L2 region, m ay  be tran sc rib ed  to g e th e r 
w ith  th e  early  reg ions [9]. The p h o sp h o ry la tio n  of th e  p o lypep tides m en tioned  
above lias been a t t r ib u te d  to  a p o ly p ep tid e  kinase o f v iru s origin [15], w hich, 
d e riv in g  from  th e  m u ta n t  during  co m p lem en ta tio n  an d  re a d y  for norm al fu n c­
tio n , can use th e  n o n p h o sp h o ry la ted  p recu rso r of p o ly p ep tid e  V I as su b stra te . 
A lth o u g h  it is still un k n o w n  w hich o f th e  v irus-coded  p ro te in s  ex ert a kinase 
a c tiv ity , and  ex ac tly  w hich k ind  o f k inase a c tiv ity  [16], i t  is ju s tif ie d  to  su p ­
pose th a t  the  coding for kinases m ay  be d is tu rb ed , or even lost, du ring  in teg ra ­
tio n . A bnorm al p ro te in  kinases and  v iru s p ro teins m ay  have som e fu r th e r  role 
in  th e  developm ent o f  tum ourous processes [33].

B ased on o u r ow n resu lts  we can  im agine th a t  in  th e  tu m o u r cells m en ­
tio n e d  above th e  genom e of ce rta in  A d ty p es is p a r tia lly  tran sc rib ed  w ith o u t 
y ie ld ing  infectious p a rtic le s . In te g ra tio n  of v ira l nucleic acid is a p rerequ isite  
o f such a p h en o m en o n  [10, 33]. W e did  no a tte m p t to  recognize the  ty p e  of 
A d involved , nev erth e less , th e re  is ev idence enough to  exclude C and D and 
fu r th e r  Ad groups. M ost of th e  m em bers of these groups fail to  tran sfo rm  cells 
a t all or are capab le  o f tran sfo rm in g  in  v itro , h u t no t in  vivo, for th e  genes 
p a r tic ip a tin g  in  in  v iv o  carcinogenesis do no t in te g ra te  from  these  ty p es [10]. 
T h e  role of group В A ds in sim ilar tu m o u rs  has been excluded  b y  h y b rid iza tio n  
ex perim en ts [4]. In  previous ex p erim en ts  we d e tec ted  an tibod ies to  early  
an tigens of Ad-12 in  blood sera co llected  from  tu m o u r-b e a rin g  p a tien ts  [9]. 
Ad-12 tran sfo rm s ec to d erm al cells [34] and  its a lm ost en tire  genom e can be 
d e tec ted  in th e  tra n s fo rm a te d  cells [10]. The d em o n stra tio n  of v ira l partic les 
is m ade easier b y  th e  fac t th a t  th e re  w ere,besides in fectious v irions, g reat m any  
defec tive , i.e. n o n in fec tive , partic les  sim ilar to  th o se  com ing abou t during
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co m p lem en ta tio n  (!). The defective genom es o f these  partic les  are capab le  of 
in te g ra tin g . T he L3 region a t  th e  m idd le  p a r t  of th e  genom e as well as th e  
early  reg ions E1A and  A1B a t its  left an d , to g e th e r w ith  th e  in te rm e d ia ry  
regions E 5 , L I  and  L2, in te g ra te  m ost p ro b a b ly  [3, 10]. T he hexon-cod ing  
sequence r ig h t o f th e  L3 region, i.e. th a t  coding for p o ly p ep tid e  V I, m ay  
becom e defec tive  betw een  coo rd inates 53 an d  63 d u rin g  in teg ra tio n . Since 
th e  h ex o n  gene is no t expressed , a n tib o d y  to  th e  en tire  v iru s  can n o t be d e ­
te c te d  in  th e  m a jo rity  o f cases [9]. R ig h t o f th e  defect all o f th e  regions 
E 2-L 4-E 3-L 5-E 4  can in teg ra te , th o u g h , th e  la te  genes m ay  be defective. I n ­
te g ra tio n  o f th e  tw o la rg e r segm ents t h a t  include a con tinuous series of th e  
genes m en tio n ed  above, except th e  m idd le  p a r t of th e  genom e, occurs m ore 
p ro b ab ly . T his is because deletion  and  in te g ra tio n  in eu k ary o tic  cells p refers 
A T-rich loci like those  occurring  in  th e  above-m entioned  ones [17]. T he 
reg u la ritie s  of th e  in teg ra tio n  of A d-12 an d  o ther oncogenic Ads are  still 
u nknow n  [10]. N evertheless, in te g ra tio n  in  a b izarre  form  like th a t  observed  
w ith  Ad-2 an d  Ad-5 in  ro d en t cells c a n n o t be excluded [3, 10].

S ta tis tic a l d a ta  suggest th a t  a t  le a s t one of th e  aetio log ical fac to rs in d e ­
p e n d en t o f  one an o th er in  th e  sim ilar tu m o u rs  exam ined  so fa r w as an  in fec­
tious ag en t [1, 8, 26-28]. The non in fectious fac to r, in th e  co n v en tiona l sense 
of th e  expression , is th e  cell’s p ro tooncogene and /o r oncogenes o f re tro v iru ses  
[31, 33, 35] to g e th e r, w hereas th e  fa c to r  th a t  should  be considered infectious 
is Ad in  th e  p resen t case an d  o th e r D N A  v iruses, e.g. h e rpesv irus or p a rv o ­
v iru s , in  o th e rs . In te g ra tio n  of these  v iru ses leads to  a c tiv a tio n  of th e  p ro to ­
oncogene a n d /o r re tro v iru s  oncogenes [31, 33] by  th e  m echan ism  of over­
ex p ressio n  or tran s lo ca tio n  [36]. Since th e se  D N A  viruses are sensitive  to  
horm ones in  them selves [6, 8, 12], h o rm o n a l changes in  th e  organism  m ay  
p a r tic ip a te  in  th e ir  a c tiv a tio n . T hus, th e  clinical signs of carcinom a m ay  
becom e no ticeab le  as la te  as years a fte r  th e  s ta r t  of th e  cascade system  of 
m alig n iza tio n .

T h eo re tica lly  it  c an n o t be excluded  th a t  лее in tro d u ced  in to  c u ltu red  
H E p-2  cells a gene coding for a p ro te in  k inase  of w ide specific ity , or th a t  we 
induced  a new  p ro te in  k inase. B o th  o f th e se  assum ptions are h igh ly  im probab le  
an d  ou r above-ou tlined  concep tion  is su p p o rte d  by  th e  presence of an ti-A d  
an tib o d ies  in  th e  blood serum  of p a tie n ts . N evertheless, we have  in itia te d  
fu r th e r  ex p erim en ts  to  answ er th e  q u estio n  unequivocally .

V irus m u ta n ts  are w idely  used to  rev ea l h iochem ical-genetical m arkers 
of v iru ses [21]. I t  seems like ly  th a t  in  th e  fu tu re  th e  g rea t m an y  w ell-charac­
terized  m u ta n ts  availab le will be u tilized  in  fu rth e r  in v estig a tio n s, viz. a n a ­
lysis of th e  p a thom echan ism  o f in fections and  diseases, so m uch m ore th a t  
expensive  p rocedure  w ill be rep laced  b y  use of m u ta n ts , an d  a g rea t n u m b er 
o f  p a tie n ts  can  be te s ted  in  th is  w ay  easily .
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EFFECT OF POFY I:C-ACTIVATED 
PERITONEAE CEEES ON THE TAKE 

OF TRANSPLANTABLE MURINE TUMOURS

J . Mi n á r o v it s , E rika  K arczag  and I. F öldes

M icrobiological Research Group o f the N ational Institu te o f  H ygiene , B udapest 

(R eceived N ovem ber 6, 1986)

T he e ffec t o f syngeneic m ouse p e rito n ea l cells (PC) on th e  g row th  of four d ifferen t 
tra n sp la n ta b le  tu m o u rs was s tu d ied  in ad o p tiv e  tran sfe r  experim ents (W inn’s tes t). PC from  
u n s tim u la te d  m ice did no t in fluence th e  g ro w th  of a benzpyrene induced  fib ro sa rco m a (B a F l)  
an d  a m eth y lch o lan tren e  induced  m asto cy to m a (P81S), bu t sign ifican tly  enhanced  th e  g row th 
of a sp o n tan eo u s adenocarcinom a (Sp4) an d  Lew is lung carcinom a (LL). PC induced  by a 
single in jec tio n  of th iog lyco lla te  d id  no t in fluence , w hereas PC elicited  by  pro teose  pep tone  
m ark ed ly  en h an ced  th e  g row th  of B a F l  fib ro sa rco m a. T he enhancing effect of p ep to n e  induced 
PC was d im in ished  by a single in tra p e rito n ea l dose (100 ^g/m ouse) of po ly inosin ic-po lycy tidy lic  
acid  (poly  I : C) given a fte r p ep to n e  in jec tion . T ran sfe rrin g  PC ob ta in ed  a fte r  a single in jec tion  
of poly I : C (100 fig  in trap erito n ea lly ) re su lted  in  re ta rd a tio n  of g row th  of B a F l  fib rosarcom a 
an d  Sp4 adenocarcinom a or in a m ark ed  decrease  in th e ir tak e  depending  on th e  P C /tu m o u r 
cell ra tio . T he effector cells invo lved  in th e  p ro tec tiv e  effect proved to  be d ifferen t, using  these 
tw o tu m o u r m odels. Lewis lung  carcinom a and  P815 m astocy tom a p roved  to be insensitive  to 
po ly  I:C -s tim u la te d  PC.

A role for lym phoid  cells and  m acrophages in con tro lling  th e  g row th  of 
neop lastic  cells has been suggested  in th e  last decades [1-10].

N a tu ra l killer (N K ) cells, n a tu ra l cy to to x ic  (NC) cells, a n tib o d y  d ep en d ­
e n t cy to to x ic  cells (ADCC) and  sp o n tan eo u s cy to tox ic  m acrophages, hav ing  
th e  c a p a c ity  to  d estroy  specific tu m o u r  cells, have been d e m o n s tra te d  in  th e  
p e rito n ea l c a v ity  of u n tre a te d  m ice [11-14].

T his cy to to x ic  a c tiv ity  of N K  cells and  m acrophages can be increased  
b y  severa l agents including  th e  p ro d u c ts  of ac tiv a ted  lym p h o cy tes  (lym pho­
kines) [15—20], in terferons or in te rfe ro n  inducers [21—25].

As th e  sy n th e tic  doub le  s tra n d e d  R N A  (poly I:C) — in a d d itio n  to  o th e r 
biological effects [26-30] — can  boost N K  a c tiv ity  in vivo and  in v itro  [31-33] 
an d  a c tiv a te s  peritoneal m acrophages even in  exp erim en ta l cond itions w hen 
lym p h o k in es fail to  induce  c y to to x ic ity  [34], we have te s te d  in  fo u r ex p eri­
m en ta l tu m o u r  m odels, w h e th e r po ly  I:C -stim u la ted  PC tra n sfe rre d  to  sy n ­
geneic m ice have an y  effect on th e  ta k e  and  grow th o f four d iffe ren t t r a n s ­
p la n ta b le  tu m o u rs .

J ános M tn á r o v it s , E r ik a  K arczag , I stv á n  F ö ld es  
M icrobio logical R e sea rch  G roup o f  th e  N a tio n a l In s t i tu te  o f  H yg iene  
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W e have found  th a t  p o ly  I :C -s tim u la ted  PC in h ib it th e  tak e  of a ch em i­
cally  induced  fib ro sa rco m a  an d  a spon tan eo u s adenocarcinom a w ith  a re m a rk ­
able efficiency b u t do n o t suppress th e  ta k e  o f Lewis lung  tu m o u r and  P815 
m asto cy to m a.

M aterials and m ethods

A nim als . Seven to  8 w eeks old B alb /c  m ice of b o th  sexes an d  fem ale C57BL/6 and  
D B A /2 inbred  m ice (L A T I, G ödöllő, H u n g ary ) were used.

Tum ours. 1. B a F l ,  a  ben zp y ren e  induced  tra n sp la n ta b le  fib rosarcom a, estab lished  in 
a B alb/c m ale m ouse w as k in d ly  p rov ided  by J .  F ach e t ( In s t i tu te  o f P a thophysio logy , U n i­
v e rs ity  M edical School, D ebrecen , H u n g ary ). I t  was m a in ta in ed  by  in  v ivo tran sp la n ta tio n s . 
( In tra m u sc u la r  in jec tion  of 10“ B a F l cells re su lts  in a 100%  tu m o u r tak e). 2. A tran sp la n tab le  
spon tan eo u s adeno carc in o m a (Sp4) o rig in a ted  from  a B alb /c  fem ale m ouse in our lab o ra to ry . 
I t  w as m ain ta in ed  in syngeneic  fem ale  m ice by  in jec ting  2 X Ю5 cells in tram u scu la rly . 3. Lewis 
lu n g  carcinom a (L L) w as m a in ta in e d  by  serial in v ivo passages in o cu la ting  105 LL cells in tr a ­
m u scu la rly  in to  C 57BL/6 fem ales. 4. T he m e th y lch o lan tren e  induced  P815 m asto cy to m a 
w as m ain ta in ed  in  ascites fo rm  by  w eekly  passage of 5 X 105 tu m o u r cells in to  the  peritonea l 
c av ity  of DBA/2 fem ales. In tra!m uscu lar in jec tio n  of 5 X 10:{ Р815 cells re su lted  in  solid tu m o u rs 
w ith  a 100%  tak e .

Peritoneal cells (P C ) .  PC  w ere o b ta in ed  b y  w ash ing  th e  p e rito n ea l cavities w ith  2.0 ml 
o f m ed ium  199 co n ta in in g  10 m M  4-(2 -hydroxy eth y l)-l-p ip e raz id in e -e th an esu lfo n ic  acid 
(H E P E S )  andf 7 U /m l h e p arin . In d u c tio n  of ex u d a te  cells w as carried  o u t by  giving of 1.5 m l 
o f 3 %  proteose peptone* (O xoid) in tra p e rito n ea lly , or 1.5 m l of B rew er’s th ioglycollate  b ro th  
(p rep a red  in  our la b o ra to ry )  3 or 4 days before cell h a rv es tin g , respec tive ly .

Po ly  I : C (C albiochem , sod ium  sa lt A grade L o t 702045) was dissolved in  sterile  saline 
a t  4 °C o v ern igh t and  ad m in is te red  in tra p erito n ea lly  (100 //g/m ouse) 18 h before cell collection.

Id le collected cells w ere w ashed  w ith  m edium  199 co n ta in in g  10 m M  H E P E S  a t 4 °C 
an d  coun ted . D ifferen tia l cell co u n ts  were de te rm in ed  on G iem sa sm ears in all experim ents. 
W ashed  PC were re su sp en d ed  in saline. V iab ility  of th e  cells was con tro lled  b y  th e  t ry p a n  
b lue  exclusion te s t in  a ll ex p erim en ts . Only PC withrp^orë th a n  90%  v iab ility  were used.

Fractionation o f  cells. A d h e ren t and  n o n ad h eren t cells were p rep ared  by  p las tic  a d ­
herence. Briefly: PC w ere cu ltu red  for 2 h  in  p lastic  tissue  cmlture dishes in  m edium  199 con­
ta in in g  10 m M  H E P E S  a n d  10%  fe ta l ca lf serum  a t 37 °C in a (5%  C 0 2 a tm osphere. N o n ­
a d h e re n t cells and  cells d e ta ch e d  w ere rem oved  by a carefu l rep ea ted  w ashing w ith  w arm  
cu ltu re  m edium . T he re m a in in g  a d h e re n t cells w ere collected  by  a ru b b e r  policem an, w ashed 
tw ice  in  m edium  199 an d  resu sp en d ed  in saline. More th a n  80%  of ad h e re n t cells resem bled 
m acrophages m orpholog ically  an d  ingested  la tex  p a rtic les. N o n ad h eren t cells were tre a te d  
w ith  carbony l iron-}-m agnet [35]. M ore th a n  90%  of th e  rem ain in g  cells proved  to be ly m ­
ph o cy tes . )

E xperim ental design. T he effec t of PC on tu m o u r g ro w th  was te s ted  by  m eans of th e  
W in n ’s assay  [36]. Suspensions o f PC and  tu m o u r cells w ere p rep ared  in  concen tra tions in d i­
ca ted  an d  m ixed im m ed ia te ly  before in tra m u sc u la r  in jec tio n  in to  th e  r ig h t th ig h  of m ice. 
T h ey  w ere m onito red  th ree  tim es w eekly  for tu m o u r ap p earan ce  and  grow th . T um ours could 
be d e te c te d  a t  th e  site  o f in o cu la tio n  by  p a lp a tio n  w hen  th e y  w ere 2 -3  m m  in  d iam eter. T he 
tw o  dim ension  d iam ete rs  o f th e  grow ing tu m o u rs w ere m easu red  su b sequen tly .

Statistical analysis. S tu d e n t’s i- te s t was used . V alues of p <  0.05 w ere considered 
sig n ifican t.

R esults

R esident p e rito n ea l cells (rPC) from  mice d id  n o t in fluence th e  g row th  
o f B aF l fib rosarcom a w hen  in jec ted  s im u ltan eo u sly  w ith  tu m o u r cells a t a 
10:1 rP C /tu m o u r cell ra tio  (Fig. l /а). In  c o n tra s t, m acrophage enriched PC 
induced  by  p ro teose p ep to n e  (ppPC ) th ree  days before cells h a rv es t given in
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th e  sam e ra tio  re su lted  in a m arked  enhancem ent of tu m o u r g row th . The 
enh an c in g  effect o f pp P C  was d im in ished  w hen a single dose of 100 pg po ly  
I:C  w as given a fte r p ep to n e  in jec tio n  (18 h  before cell collection) (F ig. 1/b).

(b)

100-

50-

10 20
Days after tumour inoculation

Fig. 1. E ffec t of resid en t, p ro teose  p ep tone , an d  proteose p e p to n e -f  po ly  I :C - in d u c e d  PC on 
th e  ta k e  of B aF l fib ro sa rco m a. R ecip ien t m ice were in o cu la ted  i.m . w ith  10(i B aF l cells
( ------ ) (a and  b) and w ith  106 B aFl cells m ixed  w ith 10" PC from  u n tre a te d  m ice ( ) (a)
and  w ith  107 PC from  m ice tre a te d  w ith p ro teose  pep tone  ( X  —  X  ) or p ro teose  pep tone-f-po ly  

(I:C  ( --------) (b). E ach  group  consisted of 9 -10  mice

M acrophage enriched  PC induced  by  an o th e r in f la m m a to ry  agen t, 
B rew er‘s th iog lyco lla te  (tgPC ) (1.5 ml in trap e rito n eally ) four day s before cell 
h a rv e s t h ad  no effect on th e  g row th  of B aFl tu m o u r in jec ted  w ith  tu m o u r 
cells a t  10:1 (d a ta  n o t show n) or 40:1 tg P C /tu m o u r cell ra tio . T he sam e in ­
e ffec tively  wras observed , w hen p o ly  I:C  (100 /tg in tra p e rito n e a lly )  was ad m i­
n is te re d  a fte r tg  in jec tio n  (18 h p rio r cell collection; T ab le  I).

PC from  m ice n o t  p re tre a ted  w ith  ir r ita n ts  b u t  in jec ted  w ith  a single 
dose (100 fig i.p.) of p o ly  I:C  18 h before  cell collection re su lted  in  a m arked

Table I

Take and growth o f  B a FI fibrosarcoma in  mice after adoptive transfer o f  peritoneal cells 
fro m  syngeneic mice treated with thioglycollate and thioglycollate-\-poly I :  C

Cells in o cu la te d  to  recip ien t 
m ice  on  d ay  0

T u m o u r tak e  
on  day  9

M ean  d iam e te r  (m m ) 
o f tu m o u rs  + S E  

on  d a y  16

10“ B aFl i.m . 10/10 19.25 ±  0.84

10® B aF l +  4 X  107 tgPC  i.m. 10/10 20.10 ±  0.69

106 B aF l - f  4 X  107 t g  -J- poly 
I:Ca-induced PC i.m. 10/10 18.20 ±  0.78

a Poly  I:C  (100 p g  i.p .) adm in istered  a f te r  th ioglycollate in jection , 18 h before cell h a r­
vesting
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re ta rd a tio n  of tu m o u r  ta k e  and  grow th  w hen tra n sfe rre d  to  th e  recip ien ts 
s im u ltaneously  w ith  fib ro sa rco m a cells a t a 10:1 P C /tu m o u r cell ra tio . U sing 
th is  P C /tum our cell ra t io , the  tu m o u r M as ta k e n , how ever, b y  all of th e  mice 
on th e  22nd d ay  a fte r  tra n s p la n ta tio n  (Fig. 2).

In  sim ilar ex p erim en ts , w hen P C /tu m o u r cell ra tio  was elevated  to  28:1, 
n o t only  a re ta rd a tio n  o f tu m o u r ta k e  and  groM th was observed , b u t th e  
tu m o u r  was no t ta k e n  a t  all b y  ~ 5 0 %  of m ice even  u n til th e  180th day  a fte r 
tra n sp la n ta tio n  (F ig. 3/a).

F igure 3 also show s th a t  b y  decreasing th e  n u m b er o f tra n sp la n te d  
tu m o u r  cells and  fu r th e r  e leva ting  th e  P C /tu m o u r cell ra tio , an  even m ore 
d ram a tic  effect can be observed  (F ig . 3/b).

T h e  effec to r  cell(s) in v o lv e d  in  th e  t u m o u r  in h ib i to r y  effect o f  po ly  
I:C -induced  PC Mere a n a ly z e d  b y  t e s t i n g  t h e  e ffec t  o f  s e p a r a te d  a d h e r e n t  
a n d  n o n -ad h eren t cell p o p u la tio n s.

100-
_____1 !

CD J !
a i
c. i

E 50- i
Эh—

1------------ 1
_ . J
i
i

0 10 20 30
Days after tumour inoculation

F ig . 2. R e ta rd a tio n  of B a F l tu m o r developm en t in recip ien t m ice by  PC fro m  poly I : C trea te d
an im als . Mice were in o cu la ted  i.m . w ith  106 B aF l cells (------ , n  =  9) and  w ith  106 B aFl cells

m ixed w ith  107 PC from  poly I :C tre a te d  m ice ( — • — , n =  9)

Days after tumour inoculation

Fig. 3. In h ib itio n  of th e  ta k e  of B aF l tu m o u r by  PC from  poly I : C tre a te d  mice. R ecip ient
m ice w ere inoculated  i.m . w ith  10(i B a F l cells (------ , n  10) (a) or 105 B aF l cells alone
(-------, n  10) (b) and  m ixed  w ith  PC from  poly I :C tre a te d  mice ( — • — , n =  10) in  a

28:1 (a) or 50:1 PC: tu m o u r cell ra tio  (b)
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Figure 4 shows th a t  b o th  ad h e ren t and  n o n ad h e ren t cells sep a ra ted  from  
PC of poly I:C  tre a te d  mice in h ib ite d  the  ta k e  of fib ro sarco m a. T hus, bo th  
cell popu la tions are associated  w ith  th e  tu m o u r in h ib ito ry  effect observed 
(F ig . 4). These re su lts  p ro m p ted  us to  s tu d y  th e  effect of PC from  poly PC- 
s tim u la ted  m ice also in  o th e r ex p erim en ta l tum our-m odels.

F igure 5 d em o n stra te s  th a t  residen t PC m ark ed ly  enhanced  th e  take 
o f Sp4 adenocarcinom a w hen in jec ted  a t a 10:1 P C /tu m o u r cell ra tio  (Fig. 
5/a). PC from  poly  I:C  s tim u la te d  m ice had  a m o d era te  in h ib ito ry  effect on 
tu m o u r tak e  w hen given in th e  sam e ra tio  (Fig. 5/b).

Increasing  th e  P C /tu m o u r cell ra tio  to  50:1 re su lted  in  a sign ifican t 
decrease of tu m o u r tak e . T his is d e m o n s tra te d  in  tw o in d e p e n d e n t experi­
m en ts  (Fig. 6).

100-

g 50-

0
0

Days after tumour inoculation

X — X ■X —  X -

120

Fig. 4. E ffec t of poly E C -stim u la ted  a d h e re n t and n o n ad h eren t PC on th e  ta k e  of B aF l f ib ro ­
sarcom a. Mice were in o cu la ted  i.m . w ith  106 B aF l cells alone ( ------ , n =  10) an d  m ixed w ith
a d h e re n t (---, n  =  10) o r n o n a d h e re n t cells (X  — X , n  =  10) se p a ra ted  fro m  PC of poly IiC- 

tre a te d  m ice. PC: tu m o u r cell ra tio  =  30:1

Days after tumour inoculation

Fig. 5. E ffec t of re sid en t and  poly E C -stim u la ted  PC on th e  ta k e  of Sp4 adenocarcinom a. 
Mice w ere inocu la ted  i.m . w ith  2 X 105 Sp4 cells alone ( ------ ) an d  m ixed w ith  PC from  u n ­
tre a te d  mice (— ) (a) or from  m ice tre a te d  w ith  po ly  EC ( --------) (b). E a c h  g ro u p  consisted of

9-10 mice
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F ig. 6. In h ib itio n  of th e  ta k e  of Sp4 adenocarc inom a by  po ly  I:C -s tim u la te d  PC. Mice were
in o cu la ted  i.m . w ith  2 X 105 Sp4 cells e ith e r alone ( ------ . n - 10) or m ixed  w ith  PC from  poly

I:C -treated  m ice ( --------, n  =  10) (a  an d  b). P C :tu m o u r cell ra tio  =  50:1

W e have s tu d ie d  th e  role of ad h e re n t and  n o n a d h e re n t cells also in  th is 
tu m o u r  system . A d h e re n t cells d id  n o t suppress th e  ta k e  of Sp4 tu m o u r, while 
n o n ad h e ren t cells m ark e d ly  decreased  th e  tu m o u r ta k e  w hen adm in istered  a t 
a 25:1 P C /tum our cell ra tio  (F ig. 7).

T he effect o f PC from  u n tre a te d  and  poly  I:C  s tim u la te d  m ice on th e  
dev e lo p m en t of Lewis lu n g  carc inom a an d  P815 m a s to c y to m a  was also stud ied . 
R esid en t PC enhanced  th e  g row th  o f  Lewis lung  carc inom a (F ig . 8) b u t had  
no effect on th e  g ro w th  of P815 m asto cy to m a  (Table I I ) .

T ab le  I I  also d em o n stra te s  th a t  tran sfe rr in g  PC from  po ly  I :C -s tim u la ted  
m ice re su lted  in no s ig n ifican t decrease in  th e  m ean  d iam e te r o f grow ing Lewis 
lu n g  tu m o u rs  in  th e  g roup  of rec ip ien t mice in jec ted  w ith  tu m o u r cells a t a 
50:1 P C /tum our cell ra t io  and  no p ro tec tio n  a g a in s t tu m o u r ta k e  could be 
observed . The g row th  o f  P815 m asto cy to m a  was also uneffec ted  b y  poly  I:C 
in d u ced  PC.

j
X — X — X —  X — X— X — X — X —  X — X — X -
I

X---- X— X

Days after tumour inoculation

Fig. 7. E ffec t of poly IiC -s tim u la te d  a d h e re n t an d  n o n ad h eren t cells on  th e  ta k e  of Sp4 adeno­
carc inom a. R ecip ient m ice w ere in o cu la ted  w ith  2 X 105 Sp4 cells ( ------ ) and  w ith  2 X 105 Sp4
cells m ix ed  w ith  ad h e re n t (---) or n o n a d h e re n t cells (X  — X ) se p a ra ted  from  PC of poly EC- 

trea te d  mice. P C :tu m o u r cell ra tio  — 30:1. E ach  group  consisted  of 9-10  mice
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100-

50-

Days after tumour inoculation

Fig. 8. E n h an c in g  effect o f PC from  u n tre a te d  m ice on  th e  tak e  of Lewis lung  (L L) carcinom a.
Mice w ere inocu lated  i.m . w ith  105 L L  cells e ith e r alone ( ------ , n  =  10) or m ixed  w ith  PC

from  u n tre a te d  m ice (— , n  =  10). P C itu m o u r cell ra tio  =  50:1

Table I I

In a b ility  o f  PC from  poly  I:C -treated mice to inhibit development o f  Lew is lung carcinoma
(L L ) and P815 mastocytoma

Cells in o cu la te d  
in tra m u sc u la r ily  

on  d a y  0
T u m o u r  tak e  

o n  d ay  14

M ean  d ia m e te r  (m m ) 
o f tu m o u rs  ±  S E  

on  d a y  14

105 LL 8/10 6.93 ±  0.70

105 LL +  5 x l 0 6 poly l i e -  
s tim u la ted  PC 8/10 6.31 ±  0.76

5 X 103 P815 10/10 13.70 ±  0.51

5 X  103 P815 +  10° residen t PC 7/7 13.88 ±  0.65

5 X  103 P815 +  10G poly IiC - 
stim u la ted  PC 9/9 14.17 ±  0.54

a Poly  I :C (100 / ig i.p .) was in jec ted  18 h  before cell collection

D iscussion

In  vivo en h an cem en t o f tu m o u r g ro w th  by  re s id en t p erito n ea l m acro- 
p h a  ges as well as p ro m o tio n  of tu m o u r cell p ro life ra tio n  in  v itro  b y  p ro d u c ts  
o f th e se  cells have  been  d o cu m en ted  [37-41].

R esu lts of th e  p re sen t s tu d y  d em o n stra te  th a t  PC (con ta in ing  2 5 —30%  
m acrophages and  70— 75%  ly m phocy tes) o b ta in ed  from  u n tre a te d  m ice did 
no t in fluence (fib rosarcom a and  m asto cy to m a) or m ark ed ly  enhanced  (sp o n ta ­
neous adenocarcinom a an d  Lewis lu n g  carcinom a) th e  g row th  of syngeneic 
m u rin e  tum ours in  a W in n -ty p e  n e u tra liz a tio n  assay. T hus, th e  effect o f re s i­
d en t PC is dependen t on th e  tu m o u r m odel used.
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M acrophage-enriched  PC p opu la tions from  m ice in jec ted  p rev iously  w ith  
ir r i ta n ts  (th iog lyco lla te  or p ro teose pep tone) resu lted  in  d ifferen t effects on 
th e  g row th  of f ib ro sa rco m a depend ing  on th e  k ind  of in f la m m a to ry  agents 
u sed . O ur resu lts  show ing th a t  th io g lyco lla te -induced  p erito n ea l cells (co n ta in ­
in g  m ore th a n  80%  m acrophages) did n o t in fluence , b u t p ep tone-e lic ited  cells 
(co n ta in in g  ab o u t 70%  m acrophages) m ark ed ly  enhanced  th e  tu m o u r grow th 
a re  in  good accordance  w ith  th e  find ings o f Currie [41], w ho rep o rted  th a t  
s u p e rn a ta n t of m acrophages from  th iog lyco lla te  in jec ted  m ice did no t p ro m o te  
th e  p ro lifera tion  of FS6 fib rosarcom a cells, w hereas m acrophages elicited  by  
p ro teo se  pep tone  p ro v id ed  su p e rn a ta n ts  w ith  an  ac tive  g row th -p rom oting  
effect in v itro . T he ineffectiveness of th iog lyco lla te -e lic ited  m acrophages to  
in fluence  th e  tu m o u r g ro w th  w as, how ever, n o t observed  b y  G abizon et al. 
[40], w ho d e m o n s tra te d  a sign ifican t en h an cem en t of tu m o u r developm ent by  
th io g ly co lla te -in d u ced  m acrophages in W in n -ty p e  experim en ts. The difference 
o b se rv ed  is p ro b ab ly  due  to  th e  d ifferent chem ical com position  of th e  eliciting 
a g e n ts  and ex p erim en ta l tu m o u r  m odels used . In  co n tra s t to  re s id en t PC and 
PC o b ta in ed  from  m ice tre a te d  w ith  th iog ly co lla te  or p ro teose  p ep tone , PC 
fro m  poly  I :C -trea ted  m ice re su lted  in a sign ifican t decrease in  tu m o u r ta k e  
u s in g  B aF l fib rosarcom a an d  Sp4 adenocarcinom a m odels. In te re s tin g ly , how e­
v e r , ad h eren t and n o n a d h e re n t cells iso la ted  from  poly I:C -s tim u la ted  PC 
p o p u la tio n s  h ad  d iffe ren t effects in  th e  tw o tu m o u r  system s. A sim ilar p h en o ­
m en o n  was observed b y  O lstad  et al. [42] using  PC from  B C G -stiinu lated  mice. 
As to  th e  p o ten tia l use o f po ly  I :C -stim u la ted  n o n ad h eren t cells in  cancer 
th e ra p y , M orales an d  P a n g  [43] observed a suppression  of g row th  ra te  of a 
m u rin e  b lad d er tu m o u r  a f te r  in tra tu m o u ra l inocu la tio n  of n o n ad h e ren t spleen 
cells s tim u la ted  b y  p o ly  I:C  in  v ivo.

I f  we tak e  also in  co nsidera tion  th a t  PC from  poly I:C  in jec ted  mice 
h ad  no effect on th e  ta k e  o f Lewis lung carc inom a and P815 m asto cy to m a , 
we h a v e  to  draw  th e  conclusion  th a t  th e  effect o f tran sfe rrin g  PC to  syngeneic 
m ice depends on th e  tu m o u r  m odel used. In  th is  respect, not only  tu m o u r cells 
as ta rg e ts  b u t p a r tic ip a tin g  effector cells (ad h eren t and  n o n ad h eren t) can  
v a ry . T hus, u n fo rtu n a te ly , an  ind iv idual analysis of these  re la tionsh ips is 
n ecessa ry  in  each ty p e  o f tu m o u rs .

A c tiva ted  PC, how ever, are  p o ten tia l cand id a tes  in  im m u n o th e rap y , 
since th e y  con ta in  m ore th a n  one effector cell popu la tio n s an d  com bination  
o f po ly  I:C  w ith  o th e r d rugs m ay  resu lt in a c tiv a ted  PC capab le  to  in h ib it 
th e  grow th  of a tu m o u r  re s is ta n t to  th e  effect of PC ac tiv a te d  b y  po ly  I:C  
p e r  se (m anuscrip t in  p re p a ra tio n ).

Acknowledgements. T he a u th o rs  are  g reatfu l to  D rs J .  F a c h e t  and  L. K o p p e r  for 
p ro v id in g  P815 m as to cy to m a  an d  Lew is lung tu m o u r, respec tive ly . T he excellen t tech n ica l 
a ssis tan ce  of Mrs S usan  K o rm u ta  is g ra te fu lly  acknow ledged. W e th a n k  M rs E v a  N agy  for 
ty p in g  th e  m anuscrip t.

Acta M  icrobiologica Hungarica 34, 1987



ACTIVATED PERITONEAL CELLS I 2 0 5

R E F E R E N C E S

1. H e rb erm an , R . B ., H olden, H . T ., Y aresio, L ., T an iy am a , T ., P u cce tti, P ., K irch n er, H ..
Gerson. J . ,  W h ite , S., K eisari, Y ., H ask ill, J .  S.: C ontem p Top Im m unobio l 10, 61 (1980).

2. H erb erm an , R. B . (ed.): N a tu ra l C ell-m ediated Im m u n ity  ag a in st Tum ours. Yol 1. A cadem ic
Press, N ew  Y o rk  1980.

3. F o rn i, G., G iovarelli, M.: J  Im m unol 132, 527 (1984).
4. T su ru , S., Aiso, A ., T auguchi, M., Z innaka, Y ., N om oto , K .: Im m uno logy  54, 281 (1985).
5. F id ler, I. J . :  C ancer Res 34, 1074 (1974).
6. H ibbs, J . B. J r . ,  C hapm an, H. A. J r . ,  W einberg , J .  B .: J  R eticu loendo the l Soc 24, 549

(1978).
7. S tew art, C. C., B eeth am , K . L .: I n t  J  C ancer 22, 152 (1978).
8. K aw ase, I ., K o m u ta , K ., N am ba, M., Y o k o ta , S., O gura, T ., K ish iino to , S.: C ancer Res

46, 1047 (1986).
9. P u cce tti, P ., H o lden , H . T .: In t  J  Cancer 23, 123 (1979).

10. H ibbs, J .  B ., T a in to r , R . R ., C hapm an, H . A ., W einberg , J . B .: Science 197, 279 (1977).
11. Pels, E ., D en O tte r , W . D.: Br J  C ancer 40, 856 (1979).
12. T ag liabue , A ., M an to v an i, A., K ilgallen, M., H e rb erm an , R . B ., McCoy, .1. L.: J  Im m u n o l

122, 2363 (1979).
13. S tu tm a n , O., P a ige , C. J . ,  F igarells, E . F .: J  Im m u n o l 121, 1819 (1978).
14. L a ttim e , E . C., Pe lus, L. M., S tu tm a n , O.: In  H e rb erm an , R. B. (ed.): N K  Cells an d  O th er

N a tu ra l E ffec to r Cells. A cadem ic Press, New Y ork  1982. p. 193.
15. K u rib ay ash i, K ., Gillis, S., D em , D. E ., H en n ey , C. S.: J  Im m u n o l 126, 2321 (1981).
16. H efeneider, S. H ., Conlon, P . J . ,  H enney , C. S., Gillis, S.: J  Im m u n o l 130, 222 (1983).
17. Saxena, R . K ., Saxena, Q. B ., A dler, W . H .: Im m uno logy  51, 719 (1984).
18. L afren iere, R ., R osenberg , S. A.: Cancer R es 45, 3735 (1985).
19. D av id , J .  R ., R em old , H. G.: In  Cohen, S., P ick . E ., O ppenheim , J . J . (eds): B iology of

L ym phok ines. A cadem ic Press, New Y ork 1979. p. 121.
20. L o h m an -M attes , M. L., L ang, H ., Sun. D. M., K irkhöfen , В .: In  Pick. E ., L an d y , M.

(eds): L y m p hok ines, Yol. 3. A cadem ic Press, New Y ork  1981. p. 365.
21. G idlund, M., O m , A ., W igzell, M., Senik, A ., Gresser, I .: N a tu re  273, 759 (1978).
22. D iu, J .  Y ., H e in b au g h , J . A., Gresser, L , H olden , H . T ., H e rb erm an , R. B .: J  Im m u n o l 122

175 (1979).
23. A lexander, P ., E v an s , R .: N a tu re  (New Biol) 232, 76 (1971).
24. S chultz , R . M., P ap am a th eak is , J .  D ., Chirigos, M. A.: Science 197, 674 (1977).
25. B oraschi, D ., So lda tesch i, D ., T ag liabue, A .: E u r J  Im m u n o l 12, 320 (1982).
26. T s’o, P. O. P .. A lderfer, J . L , L evy, J . ,  M arshall, L. W ., O’M allay, J . ,  H oroszew itz, J .  S..

C arte r, W. A .: Mol P h a rm a c o f l2 ,  299 (1976).
27. T u rn er, W ., C han, S. P ., Chirigos, M. A.: P roc  Soc E x p  Biol Med 133, 334 (1970).
28. Chirigos, M. A ., P ap ad em etrio u , Y ., B arto cci, A ., R ead , E ., L evy, H. B.: I n t  J  Im m u n o -

p h arm aco l 3, 329 (1981).
29. L evy, H. B ., L aw , L . W ., R abson , A. S.: P roc  N a tl A cad Sei USA 62, 357 (1969).
30. H a rtm a n n , D ., A dam s, J . S., M eeker, A. K ., Schneider, M. A., Lenz, B. F ., T alm adge ,

J .  E .: C ancer R es 46, 1331 (1986).
31. N olibe, D ., A u m a itre , E ., T hang , M. N .: C ancer Res 45, 4774 (1985).
32. Z arling, J .  M., Schlals, L , E sk ra , L ., G reene, J .  J . ,  T s’o, P . О. P ., C arter, W . A .: J  Im m u n o l

124, 1852 (1980).
33. L a ttim e , E . C., P ecoraro , G. A., C u ttito , M., S tu tm a n , O.: In  H erberm an , R . B. (ed.):

N K  Cells an d  O th er N a tu ra l E ffec to r Cells. A cadem ic Press, New Y ork 1982. p. 179.
34. T aram elli, D ., Y aresio , L.: J  Im m u n o l 127, 58 (1981).
35. Sanderson , C. J . ,  C lark, I. A., T ay lor, G. A.: N a tu re  253, 376 (1975).
36. W inn, H . J . :  J  Im m u n o l 86, 228 (1961).
37. N a th an , C. F ., T erry , W. D .: J  E x p  M ed 142, 887 (1975).
38. H u g e t, R . P ., F e ld , H . D ., O pitz, H . G.: Z Im m u n -F o rsch  154, 433 (1978).
39. G oldm an, R ., B a r-S h av it, Z.: JN C I 63, 1009 (1979).
40. G abizon, A., L elbovich , S. J . ,  G oldm an, R .: JN C I 65, 913 (1980).
4L  C urrie, G. A .: B r J  Cancer 44, 506 (1981).
42. O lstad , R.„ K a p lan . G.. Selielid, R .: A cta  P a th  M icrobiol Im m u n o l Scand Sect C 91, 305

(1983).
43. M orales, A ., P an g , A. S. D .: C ancer Im m u n o l Im m u n o th e r 21, 156 (1986).

A  da Microbiologica Hungarica 34, 1987





A c ta  M icrob io log ica  H u n g a r ic a  34 ( 3 - 4 ) ,  p p .  2 0 7 -2 1 4  (1 9 8 7 )

MOUSE PERITONEAL CELLS ACTIVATED 
WITH A COMBINATION OF INDOMETHACIN, 

POLY I : C AND SYNCUMAR INHIBIT THE TAKE 
OF LEWIS LUNG CARCINOMA 

IN ADOPTIVE TRANSFER ASSAY

E rika  K arczag , J .  Min á r o v it s  and I. F ö ld es

M icrobiological Research G roup o f  the N a tio n a l In s t i tu te  o f  H y g ie n e , B u d a p e s t  

(R eceived  N ovem ber 6, 1986)

E ffec t of peritonea l cells (PC) from  m ice tre a te d  w ith  a co m b in a tio n  of d rugs (indo­
me th ac in , poly I:C  and  S yncum ar) on th e  tak e  of Lewis lung  (L L) carc inom a w as s tu d ied  in 
W in n -ty p e  adop tive  tran sfe r  experim en ts . T ran sfe r of PC from  m ice given a single in tra p e r i­
to n ea l in jec tio n  of po ly inosin ic-po lycy tidy lic  acid (po ly  I:C ) or in d o m e th ac in e  or S yncum ar 
(100 fig  o f each) per se did n o t suppress th e  tak e  of Lew is lung  carcinom a in  th e  rec ip ien t m ice. 
PC  o b ta in ed  from  m ice tre a te d  w ith  a co m b in a tio n  of in d o m eth ac in  an d  po ly  I : C or poly 
1:C an d  S yncum ar also failed  to  in h ib it  th e  tak e  of th e  tu m o u r. In  c o n tra s t ,  PC collected  from  
m ice a f te r  a com bined tre a tm e n t w ith  the  th ree  d rugs (in d o m eth ac in  -f- p o ly  I:C  +  S yncum ar) 
re su lted  in  a 3 0 -60%  decrease in  tu m o u r tak e  d ep end ing  on th e  tu m o u r cell/PC  ra tio . This 
effec t could  no t be observed  w hen  a single in tra p e rito n e a l dose of cy clophospham ide  was 
ad m in iste red  th ree  days before s ta r tin g  of th e  com bined  tre a tm e n t o f th e  donor m ice. The 
effec to r cells co n trib u tin g  to th e  tu m o u r in h ib ito ry  effec t p roved to  be n o n a d h e re n t cells, 
p ro b a b ly  large g ran u la r ly m p h o cy tes  (LG L), as th e ir  suppressive effec t w as ab ro g a ted  a fte r 
t r e a tm e n t  w ith  th e  lysosom otrop  v ita l dye n e u tra l red.

E n h an cem en t  of N K -a c t iv i ty  in m urine  spleen cells b y  in te rfe ron  (IFN ) 
and  th e  IF N -inducer  poly I:C, as well as a d ram a tic  increase in N K  ac t iv i ty  
of PC after  inoculation  o f  bacillus Calm ette-G uérin  (BCG) has been  docu­
m en ted  [1-4J. Using an  in v i tro  cy to to x ic i ty  assay Morales and  Pang  [5] 
showed th a t  in trape r i tonea l ly  adm in is te red  poly  I:C au g m e n te d  m ain ly  the 
N K -like  cytotoxic  ac t iv i ty  of  splenic cells, while BCG increased f irs t  of all 
t h a t  o f  th e  peritoneal cells.

In  a previous s tu d y  we have shown th a t  PC an d  n o n ad h e ren t  cells 
sep a ra ted  from PC of poly I:C in jec ted  mice m arked ly  inh ib ited  th e  tak e  of 
a chem ically  induced f ib rosarcom a and  a spon taneous  adenocarc inom a in 
W in n - ty p e  adoptive  tran sfe r  experim ents  (m anuscr ip t s u b m it te d  for pub li­
ca tion).

By using four d ifferent tu m o u r  models we h ave  found , however, d if­
ferences in the  susceptib il i ty  of th e  ex per im en ta l  tu m o u rs  used, as Lewis lung

E r ik a  K arczag , J ános M in á r o v it s , I stvá n  F ö ld e s  
M icrobio logical R esea rch  G roup  o f  th e  N a tio n a l I n s t i tu te  o f H y g ien e  
P ih e n ő  l i t  1, H -1529 B u d a p e s t,  H u n g a ry
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carcinoma [LL] a n d  P815 m a s to c y to m a  p roved  to  be re s is tan t  to  PC t r a n s ­
ferred from po ly  I:C t r e a te d  mice. This obse rva tion  p ro m p ted  us to  s tu d y  
w hether  t r e a tm e n t  o f  th e  d onor  mice w ith  drugs in add it ion  to  poly I:C m a y  
resu lt  in PC capab le  to  inh ib it  th e  ta k e  of a tu m o u r  uneffec ted  by PC ob ta ined  
from  mice t r e a te d  w ith  poly  I:C  per  se.

We rep o r t  here t h a t  ad o p t iv e  t ran sfe r  of PC from  syngeneic mice t re a te d  
w i th  indom ethac in , poly I:C and  S yncum ar (referred to  as “ combined t r e a t ­
m e n t” later) inh ib it  th e  ta k e  o f  Lewis lung carc inom a in th e  recip ient mice. 
T h e  effector cells responsible for th is  effect p roved  to  be n eu tra l  red sensitive 
nonadheren t  cells, p resum ab le  large granu lar  ly m phocy tes  (LGL).

M aterials and m ethods

A n im a ls . S even  to  e igh t w eeks old in b red  C57B1/6 fem ale m ice (L A T I Gödöllő. H u n g ary ) 
w ere  used.

T u m o u r. Lewis lung  (L L) carc in o m a was k in d ly  p ro v id ed  b y  D r. L. K o p p er (F irs t  
In s t i tu te  of P a th o lo g y  a n d  E x p e rim en ta l Cancer R esearch , Sem m elw eis U n iv ersity  M edical 
School, B udapest). T h e  tu m o u r was m ain ta in ed  b y  serial in  v ivo  passages in o cu la ting  105 
tu m o u r cells in tra m u sc u la rly  in to  C57B1/6 fem ales. In tra m u sc u la r  in jec tio n  of 105 LL cells 
re su lte d  in a 70 -1 0 0 %  tu m o u r tak e .

C hem icals. P oly  I : C sodium  sa lt A grade  L ot 702045 (C albiochem  La Jo lla , CA, USA) 
w as dissolved in s te rile  saline and  k ep t a t  4 °C ov ern ig h t before  use. In d o m eth ac in  (C hinoin, 
B u d a p es t)  was d issolved in 96%  e th a n o l to  a co n cen tra tio n  of 10 m g/m l and fu r th e r  d ilu ted  
in  saline to the  a p p ro p ria te  final co n ce n tra tio n  im m edia te ly  before a d m in is tra tio n . I t  w as th en  
in jec ted  in a fine suspension  form . T he fin a l co n cen tra tio n  of e th a n o l was 9.6% . E th a n o l in 
th e  sam e co n cen tra tio n  w as ad m in iste red  to  con tro l anim als. S y n cu m ar (3 -[a(4 -n itropheny l)- 
/L ace ty le th y l]-4 -h y d ro x y -co u m arin ), a g ift o f A lkaloida, T iszav asv ári, H u n g a ry , w as dissolved 
in  s te rile  saline co n ta in in g  0.1 N N aO H  an d  n eu tra lized  w ith  0.1 N HC1. S yncum ar so lu tions 
w ere  p repared  fresh ly  before a d m in is tra tio n . C yclophospham ide (V E B  Je n a p h a rm , R u d o l­
s ta d t ,  GDR) was d isso lved  and  d ilu ted  in sterile  saline im m ed ia te ly  before use. N e u tra l red 
w as pu rchased  from  S igm a Chem ical Co., S t. Louis, MO, USA. A 10 ~2 м  s tock  so lu tion  of th e  
d y e  w as prepared  an d  d ilu ted  in cu ltu re  m ed ium  to 10 ~4 м end co n cen tra tio n .

T reatm ent o f  a n im a ls . Mice w ere in jec ted  w ith  100 //g in d o m e th ac in , 100 //g po ly  I :C 
a n d  100 /ig S yncum ar i.p . 42, 18 and  3 h  before cell collecting, re sp ec tiv e ly  (Table I).

Peritoneal cells ( P C ) .  Cells w ere o b ta in ed  by  p e rito n ea l lavage w ith  2.0 ml o f m edium  
199 contain ing  Ю т м  H E P E S . The co llected  PC w ere w ashed tw o tim es w ith  th e  sam e m edium  
a t  4 °C and th en  co u n ted . W ashed PC w ere resuspended  in  s te rile  saline. V iab ility  o f cells was 
co n tro lled  by  the  t ry p a n  b lue  exclusion te s t.  Only PC w ith  m ore th a n  90%  v iab ility  w ere used. 
D ifferen tia l cell co u n ts  w ere d e te rm in ed  on Giem sa sm ears in  all experim en ts .

S epara tion  o f  adheren t a n d  non a d h eren t cells. A d h eren t and  n o n a d h e re n t cells w ere sepa­
ra te d  b y  p lastic  adherence . B riefly , PC w ere m ain ta in ed  for 2 h  in  p las tic  tissue  cu ltu re  dishes 
in m ed ium  199 co n ta in in g  10 т м  H E P E S  an d  10%  fe ta l ca lf se ru m  a t 37 °C in  a 5%  CO., 
a tm o sp h e re . N o n ad h eren t cells and  cells d e tach ed  were rem oved  by  a carefu l rep ea ted  w ashing 
w ith  w arm  culture m ed ium . T he rem ain ing  a d h e re n t cells w ere collected carefu lly  w ith  a ru b b e r 
p o licem an , washed tw ice  in m edium  199 an d  resuspended  in  s te rile  saline. More th a n  80%  
of th e  ad h eren t cells h a d  a ty p ica l m acro p h ag e  m orphology and  ph ag o cy tized  la tex  partic les. 
N o n a d h e re n t cells w ere  tre a te d  w ith  carb o n y l iron  -f- m ag n e t [6] to  rem ove the rem ain in g  
p h ag o cy tic  cells, and  w ashed  tw o tim es w ith  m edium  199 a t  4 °C, th e n  resuspended  in sterile  
sa line . N ine ty  per cen t o f th e  rem ain in g  cells p roved  to be  ly m p h o cy tes  by  m orphologic 
ex am in a tio n .

T rea tm ent o f  n o nadheren t cells w ith  n eu tra l red. T re a tm e n t of n o n ad h eren t cells was 
c a rried  o u t according to  th e  m ethod  of S h au  an d  D aw son [7]. B riefly , se p a ra ted  n o n ad h eren t 
cells w ere incubated  in m edium  199 co n ta in in g  10 т м  H E P E S , 10%  fe ta l ca lf serum  in  the  
p resence  of 10~4 м n e u tra l  red  for 30 m in  a t  37 °C in a 5 %  C 0 2 a tm o sp h ere . T hen  th e  cells 
w ere w ashed  three  tim es w ith  m edium  199 and  resuspended  in  s te rile  saline.
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E xperim ental procedure. T he effect of PC on tu m o u r ta k e  was te s te d  b y  m eans of th e  
W inn’s assay  [8]. PC  an d  single cell suspensions of th e  tu m o u r cells w ere p rep ared  in co n ce n tra ­
tions in d ica ted  and m ixed  im m ed ia te ly  before in tra m u sc u la r  in jec tion  in to  th e  rig h t th ig h  of 
th e  recip ien t m ice. T h ey  w ere m o n ito red  th ree  tim es w eekly  fo r tu m o u r ap p earan ce  and  g row th . 
T um ours could be d e tec ted  by  p a lp a tio n  w hen th ey  w ere 2 -3  m m  in  d iam e te r. T he two d im en ­
sion d iam eters of grow ing tu m o u rs  w ere m easured  su b seq u en tly .

R esults

T re a tm e n t  of groups of donor mice is show n  in Table  I. T ransfer of PC 
collected from  mice t r e a te d  w ith  indom ethac in  or S y n cu m ar  (group 1 and  2) 
per se did no t influence th e  tu m o u r  take  in  rec ip ien t mice inoculated  a t  a 
50:1 P C :tu m o u r  cell ra t io  (Fig. 1). PC from mice t r e a te d  w i th  in dom ethac in  
and S yncum ar (group 3) also failed to influence th e  tu m o u r  ta k e  in the  rec ip ien t

Tabic I

Treatment o f  donor mice before collection o f  PC

G roups 
o f m ice T re a tm en t

H o u rs  before 
cell co llection

l Indo m eth ac in “ 42

2 Syncum ar 3

3 In d om ethac in  -}- 42
Syncum ar 3

4 Poly  I:C 18

5 Poly  I:C  + 18
Syncum ar 3

6 In d om ethac in  -}- 42
poly I:C 18

7 In d om ethac in  + 42
poly I:C  + 18
Syncum ar 3

8 C yclophospham ide + 114
indom ethacin 42
poly I:C  -f- 18
Syncum ar 3

a Indo m eth ac in , poly I:C  an d  Syncum ar w ere adm in istered  i.p . (100 it"  per m ouse). 
Cyclophospham ide was in jected  i.p. (2.5 mg/kg body w eigh t)

mice using th e  sam e PC . 'tum our cell ra tio  (d a ta  no t  shown). PC collected from  
poly  I:C t r e a te d  mice (group 4) did not suppress  th e  tu m o u r  take , th ough  a 
delay  in tu m o u r  appearance  could be observed  (P C :tu m o u r  cell ra t io  - 
=  50:1) (Fig. 2).

PC from  mice t re a te d  with poly I:C -(- S yncum ar or indom ethacin-)-po ly  
I:C (groups 5 and  6) had  similar effect as PC from  poly I:C t r e a te d  mice (Figs 2
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Days after tumour inoculation

F ig. 1. E ffect o f PC from  m ice tre a te d  w ith  in d o m eth ac in  or S y n cu m ar on* th e  ta k e  of LL
carcinom a. Mice w ere in jec ted  i.m . on  d ay  0 w ith  105 LL cells (--------- , n  =  10) alone or m ixed
w ith  PC from  in d o m eth ac in  (------- , n  — 10) and  S yncum ar ( — * —, n  =  10) tre a te d  mice.

PC: tu m o u r cell ra tio  =  50:1)

Fig. 2. E ffect of PC from  m ice tre a te d  w ith  poly I:C , poly I:C  +  S y n cu m ar and in d o m e th a ­
c in  -\- poly I:C  —f— S y n cu m ar on th e  ta k e  of L L  tu m o u r. G roups of th e  recip ien t m ice were
inocu la ted , i.m . on d ay  0 w ith  105 LL  cells ( ---------- , n  =  10) alone or m ixed w ith  PC from
m ice trea te d  w ith  poly I:C , ( — * —, n  =  10), po ly  I:C  +  S yncum ar ( -------, n  10) an d  with

in dom ethac in  - f  poly I:C  - f  S y n cu m ar ( x  — X ,  n =  10). PC: tu m o u r cell ra tio  = 50:1

I

F ig. 3. E ffect of PC from  mice tre a te d  w ith  in d o m e th ac in  -|- poly I:C  and  in d o m eth ac in  -f- poly 
I : C — S yncum ar on  the  tak e  of LL  tu m o u r. G roups of th e  recip ien t m ice w ere in o cu la ted  i.m .
on d ay  0 w ith  105 LL cells ( — , n  9) or w ith  105 LL  cells m ixed w ith  PC from  mice
tre a te d  w ith in dom ethac in  +  po ly  I:C  (  , n =  9) and  in d o m eth ac in  -|- poly I:C  -j- S y n ­

cu m ar ( x  — X , n 9). PC: tu m o u r cell ra tio  - 35:1
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Fig. 4. E ffec t of cy c lo p h o sp h am id e -trea tm en t o f donor m ice on  th e  a n titu m o u r a c tiv ity  o f PC 
a c tiv a te d  by  “ com b in ed ”  tre a tm e n t. R ecip ien t m ice w ere in o cu la ted  i.m . on d ay  О w ith  105
L L  cells (----------, n  =  9) or 105 L L  cells m ix ed  w ith  PC fro m  m ice u n d erw en t “ com b in ed ”
t r e a tm e n t . -------g ro u p  of recip ien t m ice g e ttin g  105 LL  cells m ixed  w ith  PC from  m ice in jec ted
w ith  2.5 m g/kg cyclophospham ide  i.p . a n d  u n d e rw e n t “ com bined”  tre a tm e n t 3 days th e re ­
a f te r  (n =  10); X — X group  of rec ip ien t m ice ob ta in in g  105 L L  cells m ixed w ith  PC from  

m ice u n d e rw en t “ com bined” tre a tm e n t (n  =  10). PC: tu m o u r cell ra tio  =  50:1

F ig. 5. E ffec t o f a d h e re n t and  n o n ad h eren t cells from  u n tre a te d  m ice and from  m ice u n d e r ­
w en t “ com bined”  t re a tm e n t  on th e  ta k e  of L L  t u m o u r . ----------in jec ted  w ith  105 L L  cells;
-------in jec ted  w ith  105 L L  cells m ixed w ith  a d h e re n t PC from  u n tre a te d  donors; —•— in jec ted
w ith  105 LL  cells m ix ed  w ith  n o n ad h eren t PC  from  u n tre a te d  donors; X — X in jec ted  w ith  
105 L L  cells m ixed  w ith  a d h e re n t PC fro m  “ com b in ed ” tre a te d  donors; О — О in je c te d  w ith  
10s L L  cells m ixed  w ith  n o n ad h eren t PC fro m  “ com bined” tre a te d  donors. PC: tu m o u r  сеД 

ra tio  =  20:1. T en m ice w ere used  in each  group

an d  3). T ransfer  o f  PC collected f rom  mice un d e rw en t  “ com bined t r e a t m e n t ” 
(group 7) m a rk e d ly  inh ib ited  th e  ta k e  of  tu m o u r  in  th e  recipients (P C :tu m o u r  
cell ra t io  =  50:1; Fig. 2). A sm aller decrease in  tu m o u r  tak e  was observed  
using a lower (35:1) P C :tu m o u r  cell ra t io  (Fig. 3).

A dm in is te r ing  cyclophospham ide to  th e  donor mice 3 days before s ta r t in g  
of th e ir  “ com bined t r e a tm e n t”  (group 8), no suppressive  ac t iv i ty  of  th e  col­
lec ted  PC could be observed (Fig. 4).

F igure  5 dem ons tra te s  th e  re su lts  of cell t ra n s fe r  experim ents in  which 
th e  effects o f  ad h e ren t  and  n o n a d h e re n t  cells sep a ra ted  from PC of mice
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Days after tumour inoculation

Fig. 6. E ffec t of n e u tra l  red  (1 0 -4 m) on th e  tu m o u r  tak e  inh ib ito ry  ac tio n  of n o n ad h eren t 
cells fro m  m ice u n d e rw en t “ com bined” t re a tm e n t. -----— in jec ted  w ith  105 L L  c e l ls ; -------- in ­
je c te d  w ith  105 LL  cells m ixed  w ith  n o n a d h e re n t PC  from  “ com bined”  tre a te d  donors;

X in jec ted  w ith  10s L L  cells m ixed w ith  n o n a d h e re n t PC from  “ com bined”  trea te d  donors. 
B efore  m ixing th e  tw o  cell ty p es , th e  n o n a d h e re n t PC  w ere in cu b a ted  w ith  1 0 -4 м n eu tra l 
red  fo r 30 m in  a t 37 °C. PC : tu m o r cell ra tio  =  50:1 in  ex p erim en t (a) an d  40:1 in ex p eri­

m e n t (b). T en m ice w ere used  in  each group

t r e a te d  w ith  indom ethac in -)-po ly  I  :C A  S y n cu m ar  and of contro l mice were 
te s te d .  A dheren t  cells from  u n tre a te d  mice enhanced th e  ta k e  of tu m o u r  
(a d h e re n t  c e lh tu m o u r  cell ra t io  =  20:1), while adheren t  cells from  tre a te d  
mice d id  not influence th e  tu m o u r  ta k e  w hen  adm inis tered  at th e  sam e adheren t 
c e lL tu m o u r  cell ra tio .  N o n ad h eren t  cells from  u n trea ted  mice s ligh tly  increased 
th e  tu m o u r  take ;  in  co n tra s t ,  n o n ad h e ren t  cells from mice u n d e rw en t  “ com ­
b in e d  t r e a tm e n t”  m a rk e d ly  decreased th e  tu m o u r  take  using th e  same (20:1) 
n o n a d h e re n t  ce l l / tum our cell ratio.

W e exam ined  th e  influence of n e u t ra l  red  (a lysosom otrop v ita l  dye, a 
fu n c t io n a l  inh ib ito r  o f  large granu lar  ly m phocy tes  (LGL)) on th is  inh ib i to ry  
effect. F igure 6 shows th e  results of tw o indep en d en t  experim ents .  N o n ad ­
h e re n t  cells from “ com bined  t r e a te d ”  mice in h ib ited  the  ta k e  o f  tu m o u r  in 
m ore  th a n  50%  of th e  recip ients  using a 50:1 or 40:1 n o n adheren t  c e lh tu m o u r  
cell ra t io ,  respectively , b u t  no effect was observed  when th e  cells were t r a n s ­
fe rred  a f te r  in cuba tion  w ith  10 м n e u tra l  red  for 30 min a t  37 °C.

Discussion

I n  a previous s tu d y  we could no t  in fluence  th e  take  of LL  carcinom a by  
PC tran s fe r red  from  p o ly  I:C tre a te d  mice.

T h e  present s tu d y  dem ons tra te s  t h a t  supp lem enting  poly I:C t re a tm e n t  
o f  d o n o r  mice w ith  tw o  o the r  drugs ( indom ethac in  and Syncum ar)  results  in 
PC cap ab le  to  inhibit th e  tak e  of LL  tu m o u r .
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These su p p lem en ta ry  drugs alone or com bined with  poly  I:C could not 
induce  th e  genera tion  of PC w ith  tu m o u r- tak e - in h ib i to ry  ac t iv i ty .  The in d u c ­
t io n  of PC responsible  for suppression of  L L  tu m o u r  tak e  proved  to  be cyclo­
p h o sp h am id e  sensitive [9].

The effect was m edia ted  b y  n o n a d h e re n t  cells, p robable  large g ranu la r  
lym p h o cy te s  (LGL), as th e ir  effect could be abrogated  by neu tra l  red  [7. 10]. 
This f ind ing , in accordance w ith  previous d a ta  [5, 11-16], suggests a po ten tia l  
role for N K  and/or N K -like  cells in controlling  the  growth of certa in  neo­
plastic  cells.

P ros tag land ins  (A and  E  series) h ave  a negative reg u la to ry  effect on 
N K -a c t iv i ty  117-19]. Thus , in trap e r i to n ea l  injection of indom ethac in , know n 
to  have  an  inhib ito ry  action  on p ro s tag land in  synthesis, m a y  su ppor t  the  
ac tion  of po ly  I:C by  decreasing th e  level o f  prostaglandins.

The question  w hy  a d m in is t ra t io n  of Syncum ar following indom etha-  
cin-Tpoly I :C  t r e a tm e n t  was also necessary  to  induce the  genera tion  o f  PC 
suppressing th e  take  of L L  carc inom a can  not be answered ye t .  A system ic 
an ticoagu lan t  effect (via th e  inh ib it ion  of  p roduc tion  of v i tam in  К  d ep en d en t  
factors o f  coagula tion  in  th e  liver) o f  S y n cu m ar  is unlikely in our experim en ta l  
c ircum stances ,  as its presence in th e  donors was very  short (3 hours). Syncum ar, 
however, m a y  affect th e  func tion  of LGLs directly, or by  influencing the ir  
in te rac t ions  w ith  o ther per i tonea l  cells. P er itoneal macrophages are know n to 
p roduce v i ta m in  К  d e p en d en t  factors of th e  coagulation system  [20] and to  
express p rocoagu lan t  and  f ib r ino ly tic  activ it ies  [21], th u s  th e y  are po ten t ia l  
c and ida tes  as ta rge ts  for S y n cu m ar  action.

Our d a ta ,  however, are com parab le  w ith  th a t  of Gorelik et al. [22] who 
found th a t  th e  a n t im e ta s ta t ic  effect o f  an ticoagu lan ts  was d ep en d en t  on N K  
cell a c t iv i ty  an d  poly I:C could p o te n t ia te  th e  suppression of m etas ta s is  b y  
an ticoagu lan ts .

One has  to  consider also th e  possib ili ty  t h a t  S yncum ar exerts  its ac tion  
in а м ау  un re la ted  to its an t ico ag u lan t  ac t iv i ty .

In  conclusion, our d a ta  show t h a t  b y  th e  use of a com bina tion  of drugs 
MÚth d ifferent m echanism s of ac tion  i t  is possible to  induce th e  genera tion  of 
PC capab le  to  suppress th e  ta k e  of a h ighly  m alignant tu m o u r  uneffec ted  by  
PC a c t iv a te d  b y  poly I:C per  se.

E x p e r im en ts  are in  progress to  s tu d y  th e  passive im m u n o th e rap eu t ic  
value  of PC ac tiva ted  b y  “ com bined  t r e a tm e n t” .

Acknowledgements. T he a u th o rs  a re  v e ry  g rea tfu l to  Dr. L. K o p p e r  fo r p rov id ing  Lewis 
lung carc inom a. The excellen t tech n ica l assistance  of Mrs S u s a n  K o r m u t a  is g ra te fu lly  
acknow ledged. W e th a n k  M rs E v a  N a g y  for ty p in g  th e  m anuscrip t.

Acta Microbiologica Hungarica 34, 1987



2 1 4 KARCZAG et al.

R E F E R E N C E S

1. Gidlund, M., Ôrn, A ., W igzell, H ., Senik, A ., Gresser, I.: Nature 273, 759 (1978).
2. Djeu, J. Y ., H einbaugh, J. A ., Gresser, I ., H olden, H. T ., Herberman, R. B.: J Im m unol

122, 175 (1979).
3. Tracey, D. E ., W olfe, S. A ., Durdik, J. M., H enney, C. S.: J Im m unol 119, 1145 (1977).
4. W olfe, S. A., Tracey, D . E ., H enney, C. S.: J Im m unol 119, 1152 (1977).
5. Morales, A ., Pang, S. D .: Cancer Im m unol Im m unother 21, 156 (1986).
6. Sanderson, C. J ., Clark, J . A ., Taylor, G. A.: N ature 253, 376 (1975).
7. Shau, H ., Dawson, J . R .: Im m unology 53, 745 (1984).
8. W inn, H. J.: .) Im m unol 86, 228 (1961).
9. Riccardi, C., Barlozzari, T ., Santoni, A., Herberm an, R. B ., Cesarini, C.: J Im m unol 126,

1284 (1981).
10. Shau, H ., Dawson, J. R .: Im m unology 55, 647 (1985).
11. Herberman, R. B ., H olden , H. T.: JNCI 65, 929 (1980).
12. Talm adge, J. E ., M eyers, K . M., Prieur, D. J ., Starkey, J. R.: JNCI 65, 929 (1980).
13. H anna, N.: Cancer Res 42, 1337 (1981).
14. H anna, N ., Burton, R. C.: J Im m unol 127, 1754 (1981).
15. Barlozzari, T., Leonhardt, J ., W iltrout, R. H ., Herberm an, R. B ., Reynolds, C. W .: J

Im m unol 134, 2783 (1985).
16. Nolibe, D ., Aum aitre, E ., Thang, M. N.: Cancer Res 45, 4774 (1985).
17. Koren, H. S., Anderson, S. J ., Fisher, D. G., Copeland, C. S., Jensen, P. J.: J Im m unol

127, 2007 (1981).
18. Koren, H. S., Leung, K . H .: J Im m unol 129, 1742 (1982).
19. Brunda, M. J., H erberm an, R. B ., Holden. H. T.: J. Im m unol 124, 2682 (1980).
20. Dsterud, B ., Lindahl, U ., Seljelid, R.: F E B S L ett 120, 41 (1980).
21. Chapman, H. A. Jr., Y avrin, Z., Hibbs, J. B. Jr.: J Im m unol 130, 261 (1983).
22. Gorelik, E ., Bare, W. B ., Herberman, R. B .: In t J Cancer 33, 87 (1984).

Acta Microbiologica Hungarica 34, 1987



CERVICAL AND VAGINAL MICROLLORA 
OL WOMEN UNDER CANCER SCREENING
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G ynaecological cancer screening was supplem ented w ith exam ination of the vaginal 
microflora and pH in w om en suffering from  vaginal discharge and/or colpitis. In alkaline  
samples Escherichia coli, Staphylococcus aureus and Candida albicans and, in cervical epithelial 
cells, herpes sim plex virus antigen were of com m on occurrence, while in samples w ith  acid 
reaction Trichomonas and, in  cervical cells m ainly from  pregnant wom en, adenovirus antigen  
were often detected. Since vaginal pH m ay be inform ative of the pathogenic agent(s), its 
estim ation by a rapid, sim ple and painless procedure, like litm us paper reaction, is recom ­
mended.

Gynaecological screenings are p r im a r i ly  a im ed a t  de tec ting  tu m o u rs  in  
due tim e . In  th e  to w n  of Szentes, w here  females b e tw een  20 and  65 y ea rs  of 
age are being screened, we have ta k e n  th e  o p p o r tu n i ty  to  search for g y n a e ­
cological diseases o th e r  th a n  tu m o u rs .  In  th is  w ay  we m ade  a t te m p ts  to  
approach  th e  ae tio logy  of sym ptom s m anifes t ing  am ong  others, m o s t ly  in  
vag inal discharge.

M any au thors  [1-14] have suggested  t h a t  p ro tozoan ,  fungal, bac te r ia l  
and v ira l  colonization of  the  femal genita ls  m ay  be aetiological cofactors in  
various disorders inc lud ing  fluor, colpitis and  even tu m o u r  form ation, l la sed  
on th is  consideration , we exam ined th e  re la tionsh ips  be tw een  th e  a c id i ty  or 
a lkalin ity  of  vaginal discharge and th e  m icroflora  of th e  vagina.

A n ta l  T e r n a i , I lona  P a t a k i, I v án  á esz e l o v szk y  
M unicipal H o sp ita l and  Po lic lin ic  
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Materials an d  m ethods

Sevenhundred w om en 20 to 65 years o f age, suffering from gynecological com plaints, 
m ostly  from vaginal discharge, were exam ined. Of them , 500 were tested  for bacteria, fungi 
and protozoa, further 200 for adenovirus and herpes sim plex virus (H SV) antigens. Gram 
stains were exam ined for bacteria and fungi and Giemsa stains for protozoa. Bacteria were 
cultured on nutrient m edia of routine use. Acid or alkaline reaction was tested  w ith litm us  
paper.

For detecting viral antigens, the portio vaginalis uteri was sam pled w ith a cotton  swab 
and each sample was spread on a slide. The preparations were left to dry at room  tem perature, 
fix ed  in acetone and treated w ith  rabbit antiserum  conjugates. The anti-adenovirus serum was 
conjugated with fluorescein isothiocyanate, whereas the anti-HSV serum w ith  rhodam ine. Im ­
m unofluorescence was exam ined w ith a Zeiss—Fluoval microscope as described earlier [15, 16].

Results

The incidence and  frequency  of b ac te r ia ,  fungi and p ro tozoa  a n d  the ir  
d is tr ibu tion  in sam ples of  acid and alkaline reaction  are p resen ted  in Tab le  I. 
P a thogens  and  o pportun is t ic  pa thogens were detec ted  in 170 of th e  500 samples 
te s ted .  Most of th em , m ost f requen tly  Escherichia coli, occurred  in  sam ples 
w ith  alkaline reaction.

Among th e  200 samples exam ined  for viral antigens 100 had  acid, the  
o th e r  100 alkaline reaction . Of th e  200 w om en , 50 were p regnan t .  The incidence 
a n d  percen tage  of adenov irus  and  HSV an t ig en  is shown in Fig. 1. H SV  an tigen  
w as detec ted  in 11%  only  in alkaline sam ples  tak en  from th e  150 n on -p regnan t  
w om en. In  samples w ith  acid reaction  only  adenovirus  an tigen  was de tec tab le ,  
s ign if ican tly  more freq u en t ly  in p reg n an t  w om en  (33%) t h a n  in n o n -p regnan t  
ones  (12%).

Table I

O pportunistic pathogens fo u n d  in  acid and alkaline vaginal sam ples*

S e c re tio n s  of

ac id  p H alk a lin e  p H

Escherichia coli 9 114

Proteus 3 to cc

Staphylococcus 4 73

Candida albicans 2 64

Trichomonas 33 29

Totals 51 308

* Total no of samples tested =  500
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women, women,
n= 150 n = 50

F i g .  1 . Incidence of v iral antigens in acid and alkaline vaginal secretions of non-pregnant and
pregnant wom en

Discussion

L ite ra ry  d a ta  a n d  our observations suggest t h a t  c e r ta in  disorders o f  th e  
female genitals, as well as the  alkaline shift o f  vag inal pH , show some re la t io n ­
ship to  th e  vag inal microflora. Vaginal p H  m ay  he in fluenced b y  m icrobes, 
horm onal changes, contraceptives, p reg n an cy ,  m enopause , etc. Alkaline p H  
favours  th e  colon ization  of opportun is t ic  pa thogens . The consequent signs of 
disease m a y  include benign  lesions o f  th e  os u teri ,  cervicitis, vaginal d ischarge, 
cellular a typ ia ,  etc.

Pathological processes of the  fem ale  genitals h ave  been increasing recen t ly  
in bo th  incidence a n d  im portance. Mainly in f la m m a to ry  phenom ena  an d  
vag ina l  discharge are  caused by m icrob ia l pa thogens  [17—19]; viruses m a y  p lay  
a role in m alig n an t  changes am ong o thers  [20-23]. H SV  prefers a lkaline p H  
for replication, it  soon loses its in fec t iv i ty  in acid m edium . In te res t ing ly , the  
sam e has been observed  in cervical cells in which HSV was persisting [6].

I t  also deserves a tten tion  th a t  we could not d e tec t  HSV antigen  h u t  in 
alkaline samples. I n  contrast ,  adenov irus  an tigen  was only detec tab le  in  acid 
samples, with re la t iv e ly  high frequency , hu t  no t exclusively, in samples from 
p reg n an t  women.

Microbes, E . coli among o the rs ,  m ay  c o n tr ib u te  to  th e  alkaline shift  of 
the  vagina, and  opportun is tic  pa th o g en s  m a y  play  a role in th e  aetio logy of, 
e.g., infections a n d  puru len t in f lam m ations ,  or m ay  persist w ithou t  causing  
a n y  sy m ptom  [23, 24].

Acta Microbiologica Hungarica 34, 1987



2 1 8 TERNAI et al.

Our f ind ings  agree well w ith  th e  v iew  th a t  the  presence of pa thogen ic  
(or o pportun is t ic  pa thogen ic)  m icrobes in  th e  female genita ls  is un fav o u rab le  
an d ,  to  select an  effective an tim icrob ia l  d rug , the  pa thogen ic  agent(s) schould 
be identified . Since th e  vag ina l  reac t io n  m a y  he in fo rm ative  of th e  m e th o d  
to  be used in  searching for th e  p a th o g e n ,  i.e. an  a lkaline reaction  m a y  be 
suggestive of th e  presence of b ac te r ia ,  te s t in g  w ith  l i tm us  p ap e r ,  a simple, 
ra p id  and painless m e th o d ,  is reco m m en d ed  for use in  th e  gynaecological 
practice.
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ADSORPTION TO Al(OH), GEL 
OF ESCHERICHIA COLI IS CORRELATED 

WITH О AND К ANTIGENS AND WITH TYPE 
OF EXTRAINTESTINAL INFECTION

É va  Czirók , G. P e th e ő , Б .  Szöllősy , H e d d a  Milch , 

MÁRIA HERPAY and MÁRTA CsÍK

N ationa l Institu te  o f  H ygiene, Budapest, and P ublic  Health Station, Szeged 

(R eceived Novem ber 14, 1986)

Living suspensions of 89 Escherichia coli strains were tested for adsorption to A l(O H )3 
gel in the presence of phosphate ions. On the basis o f AC50 (phosphate m olarity inhibiting 50%  
adsorption of the strain exam ined), E . coli strains could be classified into two m ain groups. 
Forty-three strains belonged to group 1 (ACS0, 0 .01-0 .04), and 42 of them  fell into serogroups 
0 1 , 0 2 , 0 5 , 0 7 , 0 1 8ac , 0 8 3  or were spontaneously agglutinable. One strain in group 1 was 
exceptional as it  had antigen 0 4 . Of these 43 strains 33 had К antigen K l.  Serogroup distribu­
tion of 46 group 2 strains (AC30, 0.001-0.009) was 0 2 , 0 4 , 0 6 , 0 1 8ac , 0 7 5  and 078; 20 out 
of 46 possessed antigen K5. No correlation existed betw een H antigens or haem agglutinating  
capacity and AC-)0 of the strains. A close correlation was shown betw een AC50 pattern and 
the two m ain pathogenecity groups (i.e. “ newborns’ m eningitis” and “ sepsis and organotropic 
diseases” ) on one hand and between AC;0 pattern and О, К  serotypes on the other. The fin d ­
ings indicate that these E . coli strains w ith identical markers had a clonal connection.

The possib ility  t h a t  well-defined se ro types m igh t  represen t b ac te r ia l  
clones was suggested  b y  0 r sk o v  et al. [1]. D a ta  of A c h tm a n  et al. [2] su p p o r ted  
th e  clone conception as well. On th e  basis of our p revious s tu d y  [3], showing 
a close connection am ong  certa in  serogroups a n d  ce r ta in  m arkers of p a th o ­
genicity  it  was also suggested  th a t  ce r ta in  Escherichia coli s tra ins  h ad  a clonal 
connection. Beside, c lassification of E . coli w ith  different virulence factors in to  
different pa th o g en ic i ty  groups: “ m eningitis  in th e  new borns” and “ sep ticaem ia  
w ith  d ifferen t o rgano trop ic  diseases in a d u l t s ” [4] gave fu r th e r  evidence of 
th e  existence o f  special clones.

Szöllősy [5] published  a procedure , th e  principle  of which was th a t  
bac te r ia l  adso rp tion  to  A1(0H)3 gel was inh ib ited  by  secondary  p h o sp h a te  
ions. B ac te r ia  were characterized  in te rm s  of th e  m o la r i ty  of phospha te  which 
inh ib ited  adso rp t io n  of 50%  of th e  cells to  A1(OH)3(AC50). Moreover —  as

É va  Cz ir ó k , H e d d a  M il c h , Má r ia  H e r p a y , Má rta  Cs ik  
N a tio n a l I n s t i tu te  o f  H yg iene  
H -1966 B u d a p e s t,  P .O .B . 64, H u n g a ry

Gá bo r  P e t h e ő , E r v in  Szöllősy  
P u b lic  H e a lth  S ta tio n
D erk o v its  faso r 7 -1 1  .H -6 7 2 6  S zeged , H u n g ary
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th e  AC50 value is e leva ted  in th e  presence of antibodies —  th e  gel adsorp tion  
te s t  offers a rap id  a n d  sensitive m ethod  for de te rm ina tion  of  th e  presence and 
q u a n t i ty  of an tibod ies  [6].

The aim of th is  s tu d y  was to  exam ine  th e  correlation be tw een  adsorp tion  
to  Al(OH)3 gel an d  different m arkers  (i.e. O, K, H antigens, h aem agg lu tina tion ,  
s i te  of infection, origin etc.) o f  E . coli s tra ins .

Materials and  methods

B a c te r ia l  s t r a i n s  were isolated from faeces (patients with enteritis, 6: healthy individuals, 
5), urine (pyelonephritis, 12; cystitis, 5; asym ptom atic bacteriuria, 5; urosepsis, 1; unknown, 
1), blood (sepsis, 10), cerebrospinal fluid (m eningitis, 11), and other extraintestinal sources 
(w ound abscess, 8; autopsy m aterial, 3; um bilicus, 2; vagina, 7; upper respiratory tract, 8; 
m iscellaneous, 5). Basic differentiation of strains was carried out by determ ining their О and 
К  antigens.

C l a s s i f i c a t i o n  according to clinical diagnosis o f patients, serological exam ination of
0  and H antigens, haem agglutination, detection of K1 and K5 capsular antigens, morpho­
logical exam ination of fim brial structures were carried out as described previously [3, 7, 8].

G el a d s o r p t io n .  A liquots o f 0.25 mCi NagH^PO j were measured into Petri dishes con­
taining Colonization factor antigen agar (CFA) m edium  [9, 10] and inoculated w ith the E .  c o li  
strains chosen for study. The dishes were incubated at 37 °C overnight. The bacterial cells 
were suspended in Tris-buffered saline (TBS, 0.1 M, pH 7.5), centrifuged and the pellet was 
w ashed 4-5  tim es w ith TBS of the initial volum e. A liquots of 1 ml A l(O H )3 gel were measured 
in to  8 tubes (1 0 0 x 1 5  m m ), while one test tube contained 1 ml of deionized water. Then 2 ml 
of T B S were measured into the first tube and 2 m l phosphate buffer from each dilution of a 
log., series were added to the rest of the tubes. The highest and the low est dilutions of the 
buffer were 0.00125 м  and 0.32 M, respectively. F inally , aliquots of 1 ml o f the labelled bacterial 
suspension (diluted to 10 000 cpm /inl) were added to the tubes. The tubes were then shaken 
and incubated at room tem perature for 15 min. After centrifugation at 1000-2000 rpm for
1 m in the supernatants’ radioactivity was determ ined. The activ ity  found at 0.32 м phosphate 
buffer corresponded to that o f the control w ithout gel since at this concentration bacterial 
cells failed to adsorb to the gel. Thus the activ ity  measured in the supernatant at 0.32 м 
phosphate buffer was considered 100% and the activities found at other m olarities were ex ­
pressed in the percentage of the former. To characterize the bacterial strains, the m olarity of 
the phosphate buffer at which — compared to the final concentration — 50% of the cells 
rem ained in the supernatant (AC50 value) was given.

Results

A ltogether 89 E. coli s tra ins  were exam ined . E . coli isolates could be 
classified into two m ain  groups on th e  basis of th e  AC50. P roperties of s tra ins  
w ith  AC50 0.01-0.04 are presen ted  in Tab le  I. F o rty - tw o  ou t of 43 s tra ins  
belonged  to  serogroups 0 1 ,  0 2 ,  0 5 ,  0 7 ,  0 1 8 a c  and  083  or were spon taneously  
agg lu tinab le ,  and 33 ou t of 42 possessed an tigen  K l .  One fu r th e r  s tra in  (No. 
892) was exceptional in th is  respect,  as its О antigen  (04) failed to  f it  in to  the  
fo rm er  pa tte rn .  AC50 of th e  s tra ins  was no t corre la ted  w ith  H an tigens, site 
o f  infection, m annose-res is tan t  haem agg lu tina tion  w ith  h u m a n  e ry th rocy tes  
(M R H A ), m annose-sensitive haem ag g lu t in a t io n  w ith  guinea pig e ry th rocy tes
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Table I

Classification o f  E . coli strains according to A C -0 on A l ( O H ) 3 gel 
Common property: A C 50 0.01-0.04 ( A C 30 group 1 )

Haemagglutination
Designation Antigenic structure

Source Diagnosis
with eryhtrocytes AC5n on 

Al(OH)3
gel

Note
strains О К H or state human guinea

P‘g

005 O l 1 H  - N H — — 0.02 f im b r ia  4 -
363 O l H 7 B s — 1 2 0.01
380 O l H 7 B s — - f 0.01
491 O l K l H 7 IJ Pn +  3 4 - 0.01
558 O l K l 117 E H -j- - f 0.02
847 O l K l H t is s u e 4 — 0.01 f im b r ia  —
989 O l K l H 7 U Pn + 0.02
990 O l K l 117 U Pn + + 0.01
490 02 K l H 4 U Pn + 4~ 0.02
505 0 2 H U c — -j- 0.01 f im b r ia  4~
840 02 H - lo c h ia — — 0.02 f im b r ia 4 -
862 02 H - U Pn — + 0.04 fim bria-f-
999 02 K l H7 U Pn 1 -f 0.02

1142 02 K l H 5 bowel ..(D) + 4- 0.03

892 0 4 H F E -f- + 0.04
49974 05 K l H — um bilicus H — + 0.01

293 07 K l H — cervix H +  (MS) 4- 0.01
498 07 116 и Pn — -j- 0.04
540 07 k i H - + (M S ) 4- 0.01
573 0 7 H - brain  abscess S — 4- 0.01
638 0 7 k i H - в S + (M S ) 0.01
072 018ac K l 117 cervix II _ 4- 0.04 fim bria-f-
218 OlBac K l H7 и Pn — 4_ 0.03 fim bria  4-
321 018ac K l H7 CSF M — + 0.03 fim bria  4~
364 018ac H7 U ABU — + 0.04 fim bria  4~
561 018ac K l H7 cervix H — 4" 0.04 fimbria4~
633 018ac K l 117 cervix H — 4- 0.02 fim bria  4~
893 018ac K l H - CSF iM — -j- 0.02 fim b ria  4~
895 0 1 8ac K l H - CSF M — — 0.01 fim bria-f-
896 018ac Kl H - CSF M — — 0.01 fim bria-f-

54740 018ac K l H7 um bilicus H — 4_ 0.02 fim bria-f-
54742 018ac K l H - fom ite — 0.02 fim bria-f-
57257 OlBac K l H7 CSF M — 4“ 0.03 fimbria-1-
57261 018ac K l H - vagina II — 4- 0.01 fim bria  4-

002 083 K l H NT5 ear H — — 0.02 fim bria  4~
292 083 K l H N T cervix II — + 0.02
574 083 K l H N T pus — 4- 0.04

16247 083 K l H N T и c — 4- 0.02
87244 083 K l H N T и Pn — — 0.01 fim bria  4-

328 Sp.aggl.6 K l H21 в s — 4- 0.01 fim bria
894 Sp.aggl. K l H7 CSF M — 4~ 0.02 fim b ria  4-
897 Sp.aggl. K l H 7 CSF M — 4_ 0.02 fim b ria -j-
922 Sp.aggl. K l H - В s — _L_ 0.02 fim bria  +

1 К  antigen n o t de term ined ; i t  is n e ith e r K1 nor K5; 2 m annose sensitive haem agglu tina- 
tion ; 3 m annose re s is ta n t haem ag g lu tin a tio n  unless otherw ise signed; 4 diagnosis unknow n; 
5 H  an tigen  n o t ty p ab le ; tí spontaneously  agglutinable; N  — nose sw ab; В =  b lood; E  =  ear 
sw ab; U =  urine; CSF =  cerebrospinal f lu id ; F  =  faeces; H  =  h e a lth y ; S =  sepsis; Pn  =  pyelo­
nep h ritis ; M =  m ening itis; E  =  e n te ritis ; C =  cystitis; A B U  =  asy m p to m atic  bacteriu ria ; 
D =  died
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Table II

Classification o f  E . coli strains according to A C -0 on A l( O H ) 3 gel 
Common property: A C r>0 0.001-0,009 ( A C -)0 group 2)

H a e m ag g lu tin a tio n
D esig n a tio n

o f
s t r a in

A ntigen ic s tr u c tu r e
Source D iagnosis 

o r s ta te

w ith  e ry th rocytes AC5n on 
A l(O H )3

gel
N ote

0 К н h u m an g u in ea

96476 02 К  5 н — F E — — 0.008 fimbria4~

074/1 0 4 н - w ound S + _F 0.003
074/2 0 4 н - w ound S + -F 0.003
302 04 Н5 CSF M + — 0.004 fim bria4“
575 0 4 Н - abscess s + 0.003
686 0 4 Н5 и Pli + 0.002

1111 0 4 Н1 в s + — 0.004 fim bria 4-
1189 0 4 Н5 th ro a t s — + 0.003

451 06 H N T CSF M + _ 0.004 fim bria 4-
452 06 И М CSF M — 0.005 fim bria 4-
495 0 6 К 5 Н1 U Pn ± ± 0.004 fim bria 4-
613 06 Н1 cervix H + -F 0.003
623 06 Н lochia H — -F 0.005
837 06 Н lochia H + + 0.005
842 06 К  5 Н - N H + + 0.006
846 06 К5 II ear H + + 0.003
865 06 Н1 w ound s + + 0.002

119 018ac К  5 н и + _ 0.001 fim b ria—
249 018ac К  5 Н - b ra in  abscess M + — 0.004 fim bria 4~
376 018ac Н7 и ABU — — 0.001 fim bria F
380 018ac Н и A BU — -f- 0.001
443 018ac Н - w ound S + + 0.001
443 018ac Н - w ound s + + 0.001
774 018ac Н - F E + 4- 0.001

1002 018ac Н7 U C — — 0.006 fim bria F
15752 018ac К5 Н U A BU + 0.004
15755 018ac К  5 Н - sp u tu m H + — 0.003 fim bria —
17633 018ac К5 н - и S -F — 0.004 fim bria —
31041 OlSac К  5 Н - в s + 0.003
31042 ()18ac К  5 н в s + + 0.006
41149 018ac К  5 Н - F E + 4- 0.003
43398 018ac К  5 Н - F II + *T 0.009
52772 018ac н lung S(D) — 0.004 fim bria 4-
67020 018ac К  5 Н - в S + -F 0.005
67021 018ac н в S — 0.004 fim bria 4~
95367 018ac К  5 Н - F E + — 0.008 fim bria —
97158 018ac К  5 н F E -F + 0.004
97159 018ac К 5 Н - F E + 4- 0.004
97166/3 018ac К  5 Н  — F H + -F 0.003
98479 018ac 117 U ABU — — 0.006 fim bria 4~

496 075 К  5 Н - U Pn _F _L_ 0.006
499 075 Н7 U C — 4- 0.002 fim bria 4~
845 075 К5 н - th ro a t H — 0.003

153 078 Н - CSF M _ + 0.001
87216 078 H N T U c — 4- 0.001
92389 078 И М F H — + 0.001
97978 078 н — F H — — 0.001 fim bria4-

101999 078 Н - F II — — 0.001 fim bria 4~

For explanation  see T ab le  I
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(MSHA), or ex is tence  of f im bria l  s truc tu res .  I t  should be no ted  th a t  th e  
presence of f im bria -like  appendages was exam ined  b y  electron m icroscopy in  
case when  e i ther  MR HA and/or M SH A  could not be shown.

P ropert ie s  o f  E . coli stra ins  falling in to  th e  o th e r  group (AC50, 0.001-0.009) 
is d e m o n s t ra te d  in  Table I I .  All s tra in s  h ad  0  antigens 0 2 ,  0 4 ,  0 6 ,  0 1 8 ac  
and 0 7 5 ,  and  20 o u t  of the  46 s t ra in s  ha rboured  an tigen  K5. These s tra ins  
va r ied  on th e  basis  of origin, h aem ag g lu t in a t in g  cap ac i ty  and possession of 
f im bria l  s t ru c tu re s .

All s tra ins  exerted  haem ag g lu t in a t in g  ac t iv i ty  or h ad  fim bria l  s t ru c tu re .

Discussion

On th e  basis  of special ch arac ter is t ics  we h ave  previously  d istinguished  
[4] in add it ion  to  u r ina ry  t ra c t  infections (UTI) tw o groups of ex tra in te s t in a l  
diseases caused  b y  E . coli (1) “ M eningitis of th e  n ew born” was usua lly  asso­
cia ted  w ith  E . coli having an t ig en  K l ,  belonging to  serogroups 0 7 ,  0 1 8  and  
in m a n y  cases lack ing  MR HA a c t iv i ty ;  (2) in causative  agents of “ sepsis and  
organotrop ic  diseases“  the  M R H A + m ark e r  and  in  case of serogroup 018 ,  
th e  presence o f  an tigen  K5 were com m on. S tra ins , causing m eningitis  in elder 
children or a d u l ts  and U T I belonged  to  th e  la t te r  category.

The p re se n t  exam ination  revea led  a close association be tw een  О a n d  К  
an tigens  and  AC50 pa t te rn .  N am ely ,  all those s tra ins ,  t h a t  belonged to  sero­
groups 01  :K1, 0 2 :K 1 ,  0 7 :K 1 ,  0 1 8 a c :K l ,  0 8 3 :K 1  and  spon taneously  agglutin- 
a b le :K l ,  show ed AC50 in a n a r ro w  range of  p h o sp h a te  m olarity :  0.01—0.04 
(AC50 group 1). Meanwhile, s t ra in s  w ith  o the r  0  and  К  antigens (0 2 :K 5 ,  
0 4 ,  0 6 ,  0 1 8 a c :K 5 ,  0 7 5 :K5, 0 7 8 )  belonged to  AC50 group 2 rang ing  be tw een  
0.001-0.009.

These tw o  different g roups of  0  and  К  antigens and, accordingly th e  
correspond ing  AC50 groups in  som e e x ten t ,  are associated w ith  tw o groups of 
ex t ra in te s t in a l  infections, too  [4]. This  sharp  sepa ra t ion  of th e  tw o AC50 groups 
m a y  reflec t differences existing be tw een  adhesive properties  o f  these  tw o  m ain  
p a th o g en ic i ty  groups of E . coli. Resides, a lthough  only  few s tra ins  were ex ­
am ined , th e  corre la tion  be tw een  d ifferent p roperties  supports  th e  concept t h a t  
E . coli s tra in s  w ith  identical m ark e rs  have a clonal connection. F inally  i t  also 
proves th e  p rev ious  concept [5] t h a t  the re  is a correla tion  be tw een  antigens 
and a d so rp t io n  character.

T here  w as  one exception : a cu ltu re  belonged to  AC50 group 1 a lthough  
it  ough t to  be  classified r a th e r  in to  pathogen ic i ty  group 2 on th e  basis of its 
О an tigen . As th e  К  antigens of  serogroup 0 4  s tra ins  were not exam ined , it 
rem ains  to  b e  de term ined  w h e th e r  or no t  in surface s t ru c tu re  s t ra in  No. 892 
differs from  th e  other 0 4  s tra ins .
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In the ir  exp er im en ts  W adström  et al. [11] could d e m o n s tra te  differences 
be tw een  C F A + an d  CFA-  s tra ins  on th e  basis o f  hydrophob ic  cha rac te r  
m easured  w ith  d ifferen t concen tra tions o f  am m o n iu m  su lphate .  However, the  
d a t a  presented here do no t allow to  expla in  th e  n a tu re  of  surface s t ru c tu re  
ta k in g  p a r t  in th e  inh ib it ion  of bacteria l  adsorp tion  to  Al(OH).} gel.
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AGE DEPENDENT EFFECT OF TOXIC 
AND DETOXIFIED ENDOTOXINS ON THE NATURAL 

ANTI-DNA ANTIBODY LEVEL IN RATS

E rzsébet  E l e k e s , K a t a l in  Me r é t e y  and L. B e r t ó k

“ Frédéric Joliot-Curie”  N ational Research Institu te  fo r  Radiobiology and Radiohygiene, 
and N ational Institu te  o f Rheum atology and Physiotherapy , B udapest

(R eceived D ecem ber 11, 1986)

T oxic endo tox in  (L PS) and its ir rad ia te d  de tox ified  form  (R D -L P S ) in d u ced  on ly  sm all 
changes in  th e  DN A  level in  th e  sera of 4, 12 a n d  18 m on ths old ra ts . C hanges in  th e  an ti-D N A  
titre s  w ere age-dependent. In  4 m onths old ra ts  one or two in jections o f th e  L P S  p rep ara tio n s 
fa iled  to  increase th e  c ircu la tin g  an ti-D N A  level. In  12 and 18 m o n th s  old ra ts  b o th  toxic 
and  de to x ified  L PS  p re p ara tio n s  ra ised  th e  an ti-D N A  titre s . T he second L P S  in jec tio n  evoked 
a sm alle r response in  18 m o n th s  old ra ts  th a n  th e  f irs t one.

The aging process is generally characterized  b y  th e  decline of im m u n -  
re a c t iv i ty .  W inchurch et al. [1] h ave  found th a t  endo tox in  (LPS) t re a tm e n t  
p lays a co n tr ib u to ry  role in th e  im m u n e  response. N ariuch i  a n d  Adler [2] 
assum ed ra th e r  a qu a l i ta t iv e  th a n  a q u a n t i ta t iv e  decrease in В cell function. 
B ános et al. [3] h ave  repo rted  th a t  th e  reduced cellular im m u n e  reaction  of 
old mice to  virus infection was re s to red  by  t r e a tm e n t  w ith  rad io-detox if ied  
endo tox in  (KD-LPS).

F u jiw ara  et al. [4] have  observed an  enhanced a u to a n t ih o d y  p roduc tion  
to  b rom eline- trea ted  mouse e ry th ro cy tes  in old mice, w hich  could be due to  
expansion  of В cell clones ra th e r  t h a n  to  polyclonal В cell a c t iva t ion .  Fish 
and Ziff [5] have  concluded th a t  th e  basic factor in th e  dev e lo p m en t  of a u to ­
im m u n e  diseases is th e  generation  of В cell ac tiva tion . P r im i e t al. [ő] and 
F u rn ie  et al. [7] have  shown th a t  L P S  stim ulates a u to reac t iv e  clones. Furn ie  
et al. [7] and Izui et al. [8J have d em o n s tra ted  th a t  L P S  t r e a tm e n t  causes a 
significant release of D N A  into  th e  c ircu la tion  and leads to th e  form ation  of 
an t i -D N A  antibodies in mice. F isbach  et al. [9] after  L P S  t r e a tm e n t  have 
found  a te m p o ra ry  p ro duc tion  of antibodies  to polyadenylic  acid (poly- A). 
A ntibodies  to n a tive  D N A  were also induced  by  L P S , b u t  th e  m ag n itu d e  of 
th e  response was m uch  lower when  com pared  to  the  poly-A an tibodies .  W hen

E r z s é b e t  E l e k e s , L o rá nd  B e r t ó k

“ F ré d é r ic  Jo lio t-C u rie”  N a tio n a l R e se a rc h  In s t i tu te  fo r  R a d io b io lo g y  an d  R ad iohyg iene  
P e n tz  K . u . 5, H -1221 B u d a p e s t,  H u n g a ry

K a t a l in  Me r é t e y

N a tio n a l  In s t i tu te  o f  R h e u m a to lo g y  an d  P h y s io th e rap y  
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L P S  was inac t iv a ted  b y  com plex ing  w ith  p o ly m y x in  В and  in jected  in vivo, 
no response was observed . Reeves et al. [10] h av e  d e m o n s tra te d  in young  
mice prone to  a u to im m u n e  diseases an  an ti-D N A  p ro d u c t io n  after repea ted  
t r e a tm e n t  with polyinosinic po lycytid ilic  acid. A fter  rep ea ted  t re a tm e n ts  w ith  
L P S  th e  an ti-D N A  a n t ib o d y  p roduc tion  was less p ronounced . The effect of 
R D -L P S  — which re ta in s  some beneficial effects o f  L P S  [11] — has not y e t  
b een  investigated. T he  a n t i -D N A  an t ib o d y  p ro duc tion  was followed not only in 
ro d en ts  bu t in h e a l th y  ad u l ts  an d  pa tien ts .  Silvestries e t al. [12] showed some 
au toan tibod ies  in  y o u n g  and  old persons. The level o f  an ti-D N A  antibodies 
w as similar in b o th  groups w hereas  th e  IgM ty p e  rh e u m a to id  fac to r  (IGM -RF) 
was threefold h igher  in  th e  e lderly  subjects.

The aim of p re sen t  w ork  was to  s tu d y  th e  d ynam ics  and  q u a n t i ty  of 
D N A  released in to  th e  c ircu la tion  af te r  t r e a tm e n t  w ith  tox ic  L P S  or R D -L P S , 
a n d  to  follow th e  a n t i -D N A  p ro duc tion  in y o ung  an d  also in old rats.

M ateria ls  and  methods

A nim als . CFY r a ts  (L A T I Gödöllő, H u n g ary ), 4, 12 or 18 m o n th s  old of b o th  sexes were 
u sed . E ach  group co n ta in ed  3 to  8 an im als . All ex p erim en ts w ere pe rfo rm ed  a t  least tw ice.

Endotoxins. E n d o to x in  w as p re p a re d  by  w arm  p h en o l-w ater m e th o d  [13] from  Escheri­
chia coli 089. For d e to x ifica tio n , th e  en d o to x in  was dissolved in  d istilled  w a te r  and exposed 
to  60-C o-gam m a irra d ia tio n  (S o v a to m ) as described by  P re v ite  e t  al. [14] an d  m odified b y  us 
[11]. T he dose for d e to x ifica tio n  w as 150 kG y.

Treatment o f  an im als. T he an im als w ere tre a te d  in tra p e rito n e a lly  w ith  100 or 500 fi% 
o f to x ic  L PS or R D -L P S . Six w eeks la te r  each  group w as tre a te d  ag a in  w ith  th e  sam e ty p e  of 
L P S . T he dose of en d o to x in  w as e ith e r th e  sam e as a t  th e  f i r s t  tim e , o r a f te r  a lower p rim ary  
dose (100 /tg) th e  ra ts  w ere g iven  a h ig h er dose (500 //g). Serum  sam ples w ere ta k e n  before th e  
L P S  in jections and on  d iffe re n t days d u rin g  th e  response.

M easurement o f  serum D N A  level. B lood was ta k e n  fro m  th e  r a ts  a t  d ifferen t in te rv a ls  
a f te r  th e  trea tm e n t. B efore p e rfo rm in g  th e  te s t  serum  sam ples o f 3 -8  ra ts  of th e  sam e group  
a n d  tim e  po in t were pooled. T he d e te rm in a tio n  was carried  o u t by  a co m p e titiv e  rad io im m uno­
assay , using  th e  125-1 D N A  tra c e r  o f A m ersh am  an ti-D N A  k it. As a n ti-D N A  an tib o d y  a h u m an  
se ru m  from  an  SL E  p a tie n t  w ith  kno w n  an ti-D N A  a c tiv ity  w as used . T he in h ib itio n  of th e  
b in d in g  of labelled DNA to  th e  a n ti-D N A  au to a n tib o d y  was in h ib ite d  b y  th e  r a t  sera assum ed 
to  be  p roportiona l to  th e ir  D N A  c o n te n t. R esu lts  are g iven  as p e r  c en t of th e  value  before 
L P S  trea tm e n t.

D etermination o f  a n ti-D N A  level in  serum samples was c a rried  o u t b y  E L IS A . F o r th e  
in v estig a tio n s double s tra n d e d  D N A  (D S-D N A ) was p u rified  fro m  ch icken  e ry th ro cy tes  and 
d isso lved  in  0.1 м am m o n iu m  ace ta te . Single s tran d ed  D N A  (SS-D N A ) w as p rep ared  by h eatin g  
th e  D N A  solu tion  to 100 °C fo r 10 m in  follow ed b y  im m ed ia te  cooling dow n to  4 °C. M icrotiter 
p la te s  w ith  96 wells w ere  coa ted  o v e rn ig h t a t  4 °C w ith  100 //[  well o f 1 m g/m l SS-DNA or 
D S -D N A  solution. T he p la te s  w ere w ashed  3 tim es w ith  w ash ing  b u ffe r  (phosphate-buffered  
sa line  con tain ing  0 .01%  m erth io la te  a n d  0 .05%  T w een 80). T he p la te s  w ere stored  a t  4 °C 
filled  up  w ith  w ashing b u ffe r  u n til  used . F o r  th e  d e te rm in a tio n  of an ti-D N A  levels th e  p lates 
w ere  incu b a ted  w ith  100 /tl o f 1:100 or 1:200 d ilu tion  (in  P B S -T w een ) of serum  sam ples or 
w ith  100 //1 of s ta n d a rd  se ru m  d ilu tio n  fo r 1 h  a t  37 °C. T he p la te s  w ere w ashed  again  w ith  
P B S -T w een  and a fte r  a d d in g  100 ,«1 of 10 ~3 d ilu tion  of p e ro x id ase -co n ju g a ted  ra b b it  IgG  
specific  to ra t  IgG, w ere in cu b a ted  fo r 1 h  a t  37 °C. A fter re p e a te d  w ash ings 100 fil of d ilu ted  
o rthophenilene-d iam ine  in  c itr ic -p h o sp h a t b u ffer w ere ad ded  to  th e  p la tes . A fte r in cu b a tio n  
in  th e  d ark , th e  colour developed  a n d  50 p \  o f H 2S 0 4 w ere ad ded  to  each  well. T he absorbance 
w as m easu red  a t 492 nm . As reference , a  pooled s ta n d a rd  serum  w as te s te d  in  each series and 
th e  in d iv id u a l resu lts  w ere  c a lcu la ted  on  th e  basis of th e  s ta n d a rd  serum  sam ples. Serum  
sam p les w ere pooled. E a c h  t i t r a t io n  w as perfo rm ed  in  tw o paralle ls.
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Results

Changes o f serum  D N A  level after treatment w ith  L P S  or R D -L P S .  In  the 
4 and  12 m onths old ra ts  (Talde I) ,  3 -7  days after  th e  a d m in is t ra t io n  of 100 pg 
L P S  or RS-LPS, a m odera te  decrease  of serum  D N A  co n ten t  was observed 
w hich  re tu rned  to  th e  original level. After t r e a tm e n t  w ith  500 pg LPS, the 
m agn itude  of a l te ra t io n  in th e  ea r ly  period was m ore  expressed. In  18 m onths 
old ra ts  the  D N A  level rem a in ed  a ro u n d  th e  original level, b u t  on d a y  6 and 
8 an  elevation appeared . Toxic a n d  detoxified p rep a ra t io n s  in th e  two doses 
evoked  nearly th e  sam e a l te ra t ion .

2"n (a) U months old animals

U -

---1---- 1------- 1---- 1---- 1-------1------
0 1 3  6 8 10 13 days

Fig. 1. E ffec t of 500 /rg L PS  or R D -L P S  tre a tm e n t on th e  an ti-D S -D N A  t it re  of 4, 12 and 
18 m on ths old ra ts  (m ean  ±  SE ). E x p e rim en ts  were re p ea te d  in  4 and  12 m o n th s  old anim als 
2 tim es, in  18 m o n th s old r a ts  3 tim es . G roups rep resen t th e  re su lts  o f pooled  serum  sam ples 
o f 5-10  anim als in  th e  4 m o n th s  old g ro u p  and  of 4 -5  ra ts  in  12 an d  18 m o n th s  old groups. The 
asterisks m ean th a t  t i t r e s  a re  s ig n ifican tly  h igher (p <  0.05) th a n  th a t  o f th e  4 m on ths old 
an im als on th e  sam e d ay . T he t i t r e  increase  is s ign ifican t (p  <  0.05) in  12 m on ths old ra ts  
from  the  f irs t day , in 18 m o n th s old ra ts  from  th e  th ird  d a y . ----------L P S ; --------------R D -L PS
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The effect o f  L P S  or R D -L P S  treatment on the a n ti-D S -D N A  level o f  4, 12 
and 18 months old rats. Before t r e a tm e n t  w ith  endo to x in  p re p a ra t io n  the  anti- 
-DS-DNA t i t re  was low in all in v es t ig a ted  groups of  anim als  (Fig. 1). After 
t r e a tm e n t  w ith  L P S  or R D -L P S  th e  an ti-D N A  p ro d u c t io n  seem ed to he age 
dependen t.  In  y oung  animals no an t i -D N A  elevation appeared  a f te r  th e  t r e a t ­
m en t.  In  12 and  18 m o n th s  old an im als  the  t r e a tm e n t  w ith  b o th  doses of  bo th  
p repa ra t ions  evoked increase of  an ti-D S -D N A  t i t re s  (Fig. lb ) .  I n  18 m onths 
old ra ts  th e  an ti-D S -D N A  t i t re  b ecam e higher th a n  it was seen in  12 m onths 
old animals (Fig. lc ) .  After 6 weeks th e  titres  r e tu rn e d  to  th e  in it ia l  low levels 
(Fig. 2). The an ti-SS-D N A  t i t r e  show ed in all age-groups sim ilar changes to 
t h a t  of th e  an ti-D S-D N A .

Fig. 2. E ffec t of rep ea ted  tre a tm e n t w ith  500 f jg L PS or R D -L P S  on th e  an ti-D S -D N A  titre  
in  4, 12 and  18 m o n th s old ra ts  (m ean  i  SE ). Serum  sam ples of 5 -8  an im als w ere pooled in the  
4 m o n th s old group, o f 3—5 anim als in  th e  12 an d  18 m on ths old g roups. T he asterisks m ean 
t h a t  t itre s  are s ign ifican tly  h ig h er th a n  th e  t i t r e s  of 4 m on ths old an im als on  th e  sam e day. 
T itre s  were s ign ifican tly  h igher a fte r  th e  second trea tm e n t th a n  before th e  second trea tm e n t 
o f 18 m o n th s old ra ts  in all cases and  tim e  p o in ts while in th e  12 m o n th s  old an im als a fte r 
secondary  L PS  tre a tm e n t an d  on d ay  3 a n d  13 a fte r th e  second R D -L P S  in jec tion . F o r o ther

d e ta ils  see Fig. 1
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t  Î
Fig. 3. A nti-D S-D N A  tit r e  in  12 m on ths old an im als a fte r  t r e a tm e n t w ith  100 fig L PS  or 
R D -L P S , an d  a fte r  rep ea ted  tre a tm e n t by  th e  sam e dose of th e  sam e p re p a ra tio n  (m ean  ^  SE). 
A fter th e  f ir s t  tre a tm e n t, d e te rm in a tio n  was re p ea te d  4 tim es and  each  group  co n ta ined  4—5 
an im als, w hile du ring  th e  seco n d ary  response sera  w ere tes ted  2 -3  tim es. Arrow s: L PS  or 

R D -L P S  tre a tm e n t. F o r o th e r  details see Fig. 1

an d  3 tim es a fte r  th e  second. E ach  group co n ta in ed  4-5  anim als. A rrow s: L PS  or R D -L P S  
tre a tm e n t. For o th e r de ta ils  see Fig. 1

The effect o f  repeated L P S  or R D -L P S  treatment on the a n ti-D S -D N A  titre. 
In  4 m on ths  old anim als even  the  second injection of L P S  or R D -L P S  could 
no t  e levate  the  an ti-D N A  t i t re  (Fig. 2a). In  th e  12 and 18 m onths  old anim als 
rep ea t in g  th e  in jec tion  of b o th  p repa ra t ions  and bo th  doses again a significant 
increase of the  an ti-D N A  level (Fig. 2b) was observed. In  nearly  all cases the  
t i t re  was s ignificantly  h igher th a n  before th e  second t r e a tm e n t  (Fig. 4). I f  th e  
lower f irs t  dose was followed by  a h igher second one, th e  response was sim ilar  
to  th e  effect of a second small dose.
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Discussion

Lipopolysaccharides  are f req u en t ly  used in th e  s tu d y  of au to im m u n i ty  
[6, 8, 15], since a f te r  in jec t ion  in to  mice, th e y  produce an t i -e ry th ro cy te  and  
an ti-D N A  au to an t ib o d ies .  In  our experim en ts  th e  effect o f  L P S  and  of R D -L P S  
was s tudied  to  revea l  similarities or differences be tw een  these  two p re p a ra ­
tions. I t  has been  p o s tu la te d  th a t  th e  effect m ay  differ in  young an d  old 
animals.

In  all th ree  age-groups we assayed  D N A  release in th e  blood. D uring th e  
f i rs t  day  after L P S  or R D -L P S  t r e a tm e n t  we did no t m easure  th e  D N A  l ib e ra ­
t io n  and thus  could  n o t  d e m o n s tra te  th e  v e ry  early  changes in  the  D N A  level 
a f te r  LPS t r e a tm e n t  as F u rn ie  et al. [7] did. F ro m  th e  f i r s t  d a y  in  th e  4 an d  
12 m onths old r a t s  we observed  only  a decrease of th e  D N A  level, b u t  w ith  a

Table I

Relative changes in  D N A  content o f  sera after L P S  or R D -L P S  treatments

Age o f D ay s a f te r  t re a tm e n t
an im als . T re a tm e n t .
m o n th s  /^8 1 3 6

4 L P S 1 0 0 87.89 11.37 80.93 + 10.34 80.36 ± 8.36
500 73.75 -j- 14.08 68.73 -j- 13.85 88.84 0.26

R D -L P S 1 0 0 92.32 ± 10.80 73.78 ± 7.81 91.59 4 - 4.37
500 89.36 ± 2.43 9.49 ± 8.13 82.87 ± 6.57

12 L P S 1 0 0 92.82 ± 14.51 78.98 ± 1.89 81.98 12.83
500 61.10 ± 2.78 6 8 .0 1 11.43 101.43 27.59

R D -L P S 1 0 0 74.55 -j- 5.87 54.48 =1 11.34 72.13 -f- 1 2 .2 1
500 62.50 1.06 88.99 ± 12.47 76.24 ± 9.97

18 L P S 1 0 0 96.95 -U 5.66 94.89 ± 3.14 109.82 ± 6.59
500 112.71 ± 29.78 90.63 ± 3.35 117.60 8.75

R D -L P S 1 0 0 81.00 ± 4.35 88.06 ± 4.35 93.98 ± 3.51

Age of D ay s a fte r tre a tm e n t
1 reatment.a

m o nths / 'g a 10 i:5

4 L P S 1 0 0 78.49 ± 7.07 61.87 10.03 94.65 : : 8.55
500 79.03 ± 14.49 82.05 ± 8.51 90.08 ± 12.26

R D -L P S 1 0 0 93.55 ± 5.86 80.54 ± 5.17 100.34 ± 9.63
500 75.20 ± 1 1 .6 8 92.05 ± 7.64 90.97 ± 16.05

1 2 L P S 1 0 0 81.96 ± 11.83 84.58 ± 15.97 87.43 1 2 .2 2
500 76.66 - f - 2.48 102.64 - f - 10.25 89.46 ± 20.99

R D -L P S 1 0 0 92.06 ± 17.91 87.53 i 17.95 102.46 ± 8.39
500 79.09 ± 17.25 65.37 ± 15.13 77.39 ± 14.71

18 L P S 1 0 0 102.76 ± 2.49 96.74 ± 4.75 99.26 ± 5.38
500 116.04 -f- 11.76 106.04 3.87 123.60 ± 0.35

R D -L P S 1 0 0 102.05 ± 7.08 78.74 ± 0 .2 0 103.97 11.47

All da ta  rep resen t m ean  ^ S E  of 2-4  rep ea ted  m easurem ents in pe r cen t of DNA co n ten t 
before  trea tm en t. E ach  d e te rm in a tio n  was carried  o u t w ith  the  pooled serum  of a t  least 4 anim als
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ten d en cy  to  norm aliza t ion  (Table I). The ten d en cy  of changes caused by  LPS 
and  R D -L P S  did no t  differ from each o ther ,  only  th e  m agn itude  of  a l te ra t io n  
was d ifferent. In  18 m o n th s  old ra ts  n o t  only  th e  decrease b u t  some e leva tion  
of th e  D N A  level was characteris tic  p a r t ic u la r ly  after  a h igher dose. I t  is 
likely t h a t  th e  decreased level of D N A  is due  to  an tig en -an t ib o d y  complexes, 
b u t  in  th e  present work D N A -an ti-D N A  complexes were no t de term ined .

Before th e  f irs t  t r e a tm e n t  and  also 6 weeks af te r  th e  f irs t  L P S  dose, th e  
an t i -D N A  t i t re  лгав low in all inves t iga ted  age groups. This result is in good 
ag reem en t w ith  th e  resu lts  of N iva et al. [16], who observed a t r a n s ie n t  a n t i ­
body  p roduc tion  a f te r  a com m on v ira l  infection. The au toan tibod ies  d is ­
appeared  after  6 to  8 weeks. In 4 m o n th s  old ra ts  the re  was no increase of th e  
an ti-D N A  ti tre .  In  th e  old animals (12 and 18 m onths)  after t r e a tm e n t  w ith  
b o th  endo tox in  p rep a ra t io n s  and  b o th  doses, a rap id  increase of c ircu la ting  
au toan tibod ies  h ave  been  observed. T he  rap id  increase of th e  t i t re s  raises th e  
question , as to  tvhether the  response is a real p r im a ry  or a secondary  one, or 
in th e  earliest t im e  af te r  the  t r e a tm e n t  th e  a lready  synthesized an t i -D N A  
only gets into th e  c ircu la tion  after th e  L PS or R D -L P S  stimuli. I t  is possible 
t h a t  a f te r  th is  m obiliza tion  a new a u to a n t ib o d y  p ro duc tion  is ta k in g  place. 
The o th e r  possib ili ty  is t h a t  after th e  f irs t  t r e a tm e n t  th e  quickly appear ing  
h igh a n t ib o d y  t i t r e  was a consequence of a secondary  ty p e  reaction . I n  th e  
18 m o n th s  old r a t s  a f te r  th e  second t r e a tm e n t ,  par t icu la r ly  a t  th e  h igher dose, 
th e  response was lower th a n  after th e  f irs t  t r e a tm e n t .  This decrease was 
s ta t is t ica l ly  sign if ican t on the  6 th  d a y  a f te r  th e  second L PS dose. T he  cause 
of th is  ph en o m en o n  is still obscure. One can  specula te  t h a t  i t  is still a la te  
effect o f  endo to x in  to lerance , bu t it  is possible t h a t  th e  capac ity  of th e  im m u n e  
sys tem  de te rm ines th is  lower secondary  response. F ro m  these  resu lts ,  i t  is 
clear t h a t  w h a t  we observed was not rea l  p r im a ry  an t ib o d y  response, a n d  th a t  
th e  secondary  response  differed also from  th e  typ ica l  secondary  ty p e  response. 
I t  m a y  also be concluded  th a t  th e  effect of L PS a n d  R D -L P S  did  no t  differ 
m arked ly . A u to a n t ib o d y  p roduction  a f te r  th e  f irs t  t r e a tm e n t  seems only  t r a n ­
sient. F u r th e r  experim en ts  a t  cellular level will p resum ab ly  provide b e t te r  
u n d e rs ta n d in g  of th e  m echanism  of s t im u la to ry  ac tion  of LPS and  R D -L P S .
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THE EFFECTS OF CANNABINOIDS 
AND CANNABISPIRO COMPOUNDS 

ON ESCHERICHIA COLI ADHESION 
TO TISSUE CULTURE CELLS AND 

ON LEUKOCYTE FUNCTIONS IN VITRO

J. Mo l n á r , I ldikó  P e t r i , I. B e r e k . 

Y u k ih ir o  S hoyama  and I t su o  N ishio k a

Institu te  o f  M icrobiology , U niversity M edical School, Blood T ransfusion  Centre,
Szeged, H ungary, and In stitu te  o f  Pharmacognosy, F a cu lty  o f  Pharmaceutical Sciences, 

K y u sh u  U niversity, F u ku o ka , J a p a n

(R eceived  D ecem ber 17, 1986)

zl9-T etrah y d ro can n ab in o l, cannabid io l, can n ab id io lic  acid, te trah y d ro can n ab id io lic  
acid, cannabisp iro l, a ce ty lcan n ab isp iro l. cannab isp irone , an d  cannab isp irenone  in a low concen­
tra tio n  did n o t affec t th e  adhesion  of Escherichia coli on  c u ltu red  H E p-2  cells. C annabino ids 
a t  10-6 M increased  th e  chem ilum inescence of h u m an  po ly m o rp h o n u c lea r leukocytes, while 
th e  cannah isp iro  com pounds failed  to  enhance th e  o x id a tiv e  b u rs t o f leukocytes. In  ly m p h o ­
cy te  and g ran u lo cy te  fu n c tio n  te s ts  (E- and E A -ro se tte  fo rm atio n , b las t tran sfo rm a tio n  of 
T -lym phocytes in  th e  presence of p h y to h ae m ag g lu tin in  an d  concanavalin -A , ADCC an d  
phagocytosis) all com pounds d isp layed  im m unosuppressive  effect a t  1.5 X l 0 ~ 5 m . T e tra h y d ro ­
cannabidio lic  acid e x erted  th e  w eakest im m u n o su p p ress io n  on h u m an  leukocy te  functions.

Cannabinoids h ave  stereospecific effects in  m an  an d  animals [1, 2]. 
Inves t iga t ions  in to  th e  an t ib ac te r ia l  activ it ies  of several cannabinoids  have  
shown th a t  cannabidiolic  acid exerts a n t ib a c te r ia l  ac t iv i ty  against G ra m ­
positive bac te r ia  [3, 4]. T e trah y d ro can n ab id io l ic  acid has a special k in d  of 
an tibac te r ia l  effect on Escherichia coli, inh ib i t in g  th e  p lasm id  rep lication  
Various com pounds  such as zl9- te t rah y d ro can n ab in o l  and  cannab ino l exert an 
inh ib ito ry  effect on in terce llu lar  p lasm id t ransfe r ,  b u t  l8- te trah y d ro can n ab in o l  
and cannabinol h ave  on ly  v e ry  m odera te  effects [5].

The chemical s tru c tu re -d ep en d en t  a n t ib ac te r ia l  and  plasmid curing 
effects o f  some new ly  discovered cannabisp iro  com pounds  have  been e s ta b ­
lished. These com pounds  inh ib it  m ating  pa ir  fo rm ation , which is essential for
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bacteria l  conjugation , an d  some of th e m  inh ib it  th e  pen e tra t io n  and  synthesis  
o f  p lasm id D N A  d ur ing  bacteria l  g row th  [6].

These com pounds  also influence th e  bacteria l pili. and  in th is  w ay  inhibit  
conjugation . I t  was therefore  considered w orthwhile  to  s tu d y  th e  effects on 
o the r  p lasm id -m ed ia ted  and p il i-dependent processes, e.g. th e  a d so rp t io n  of 
bac te r ia  on tissue cu l tu re  cells. We were in terested  in th e  chem ical s t ru c tu re -  
dependen t an t ib ac te r ia l  effects of th e  com pounds and in the ir  possible effects 
on the  host defence m echanism . T heir  ac tion  on some im m unological reactions 
were te s ted  in v itro .  W e repo rt  here th e  effects of some cannab ino ids  and  canna- 
bispiro com pounds on b ac te r ia l  adhesion to  HEp-2  tissue cu ltu re  cells. F u r th e r ,  
th e  m em brane  effects o f  th e  der iva tives  on the  chem ilum inescence of  h u m an  
granulocytes  and th e  reactions of h u m a n  leukocytes were inves t iga ted  in vitro .

M aterials and m ethods

Compounds. zl9-T etrah y d ro can n ab in o l, caim abino l and cannabid io lic  acid  w ere k ind ly  
p rov ided  b y  Keizo W atan a b e , U n ited  N a tio n s L abora to ries, N arco tics L a b o ra to ry  Section , 
V ienna, A ustria . C annabisp iro l, a ce ty l-can n ab isp iro l, cannab isp irone  and  cannab isp iren o n e  
were iso lated  by  Y. Shoyam a and  I. N ish ioka in  1978. T etrah y d ro can n ab id io lic  acid  w as p ro d ­
uced  by  A lkaloida, T iszav asv ári, H u n g a ry . T h e  chem ical s tru c tu re s  o f th e  com p o u n d s are 
show n in  Fig. 1.

Bacterial strain. Escherichia coli K 12/R 144 drd-3  was k in d ly  p rov ided  b y  I. B. H olland , 
D e p a rtm en t of G enetics, U n iv e rs ity  of L eicester, U K . F or th e  cu ltiv a tio n  of b ac te ria , try p to n e -  
y eas t e x tra c t (М ТУ) b ro th  and  ag ar p la te s  w ere p rep ared  according to  A lföldi e t  al. [7].

D eterm ination o f  bacterial adhesion to H E p -2  monolayers. H E p-2  m onolayers w ere p re ­
p a red  in  2 cm 2 m ultiw ell d ishes (C ostar tissu e  cu ltu re  c luster, USA) using  5.0 X 105 d issociated  
cells as inoculum  from  a c o n flu en t cu ltu re . C onfluen t cell layers resu ltin g  a f te r  24 h of g row th  
w ere w ashed th ree  tim es w ith  H E P E S -H a n k s  so lu tion , and 0.5 m l H E P E S -H a n k s  so lu tion  
co n ta in in g  cannab ino ids o r cannab isp iro  com pounds a t  tw ice th e  desired  fin a l co n ce n tra tio n  
was ad d ed  to  each well. N ex t, 0.5 m l E . coli K 12 R144 or o th e r E . coli suspension, g row n  in 
B ra in  H e a rt In fusion  b ro th  and w ashed tw ice w ith  H E P E S -H a n k s  so lu tion , w as ad d ed  to 
each  well. T he co n ce n tra tio n  of th e  cu ltu res  w as ad ju s ted  to OD 0.2 a t  620 nm , w h ich  cor­
resp o n d ed  to 2.2 to 2.8 X 108 b ac teria /m l. A fte r  20 m in  in cu b a tio n  a t  37 °C, th e  u n b o u n d  bac­
te r ia  were rem oved by  w ash ing  th ree  tim es w ith  1.0 m l H E P E S -H a n k s  so lu tion . To d e te rm in e  
th e  bound  bac teria , th e  m o n o lay er was d issociated  in to  single cells b y  th e  a d d itio n  of 1.0 ml 
try p s in  so lu tion; th e  la t te r  co n ta in s 0 .25%  try p s in  (Difco) and  0.05 т м  E D T A  in  H E P E S -  
H a n k s  so lu tion  (p H  8.2). A fte r  20 m in  in cu b a tio n  a t  37 °C, serial d ilu tio n  w ere p re p a re d  and 
0.1 m l a liquo ts of th e  d ilu tio n s w ere p la te d  on  MTY agar p lates for co un ting  th e  n u m b e r of 
colony form ers [8].

Preparation o f  polym orphonuclear granulocytes. T w en ty  m l fresh ly  drawm h ep arin ized  
blood (10 U /m l) from  h e a lth y  h u m an  donors w ere d ilu ted  w ith  6.0 m l of 6%  d e x tra n  so lu tion . 
T he blood was allowed to  sed im en t in  a te s t  tu b e  a t  37 °C for 60 m in  in  a ca rb o n  d iox ide  in cu ­
b a to r. A fte r 60 m in, th e  u p p e r  lay e r was co llected  and  p u t in to  a cen trifuge  tu b e , to  w hich 
th e  sam e volum e of R P M I wras added . A fter m ix ing , th e  PN G  sam ple was cen trifu g ed  a t  1500 
rp m  for 10 m in  in an  M SE m inor cen trifuge. T he sed im ent was resuspended  in  2.0 m l R P M I 
m ed ium  co n ta in ing  10%  fe ta l ca lf serum . T he cells were d ilu ted  ten -fo ld , th e n  te s te d  fo r v ia ­
b ility  w ith  try p a n  blue so lu tio n  (5.0 m g/m l) an d  d ilu ted  to  give a f in a l cell co n ce n tra tio n  of
2.5 X 106/m l by  th e  ad d itio n  of R PM I. T he cell suspension was s to red  a t  4 °C in  a re fr ig e ra to r 
u n til  use.

Chemiluminescence assay. Two h u n d red  fil of th e  above-m en tioned  cell suspension 
(2.5 X 105 PN G ) were in cu b a ted  w ith  100 fi\ o f a d e fin ite  co n cen tra tio n  of p sy ch o p h arm aco n  
fo r 2 h  a t  4 °C. P re lim in ary  in v estig a tio n s show ed th a t  p re in cu b atio n  re su lted  in  less v a ria tio n s  
an d  b e tte r  rep ro d u c ib ility . T h erea fte r, th e  in cu b a tio n  m ix tu re  was w arm ed  to  37 °C a n d  10 [Л
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T P A  (1 2 -0 -te trad ecan o y l-p h o rb o l-1 3 -ace ta te , 100 f tg/rnl T PA  in R P M I) were ad d ed  to  each  
sam ple to  e lic it th e  re sp ira to ry  h u rts  of PN G . O ne hundred  //1 o f th e  d ru g , and th e n  th e  p re ­
tre a te d  an d  T PA -induced  cells, were p ip e tted  in to  glass vials w hich  co n ta in ed  a fin a l volum e 
of 4.0 m l P B S , including b u ffer and  lum inol (10 ~ G m ). The vials w ere m ixed  and  p laced  in  th e  
sc in tilla tio n  coun ter, w hich was th en  closed. R e p e titiv e  counts w ere reco rded  every  5 m in . T he 
chem ilum inescence was reg iste red  for 120 m in  in  a com puterized  P a c k a rd  T ricarb . T he in itia l 
zero tim e  w as spurious as a re su lt of th e  lum inescence of the v ials, h u t  la te r  on  th e  m ea su re ­
m ents w ere en tire ly  reproducib le  since th e  re s tin g  values w ith o u t s tim u lu s  e x tra p o la te  to  th e  
zero tim e  v a lu e  [9].

Data presentation. T he in teg ra l was ca lcu la te d  for the  reg is te red  im pulse ra te s  over the  
whole period  and com pared  for d ru g -in cu b a ted  versus n o n trea ted  cells. T his q u o tie n t, th e  CL 
in d ex , w as m ultip lied  by  100 and  was g iven  in  re la tio n  to th e  co n ce n tra tio n  of th e  psycho- 
p h a rm aco n  [9].

Erythrocyte rosette fo rm ation  assay. M ononuclear cells were se p a ra ted  on a F ico ll-U ro - 
m iro g ra d ie n t and  tre a te d  w ith  th e  drugs, th e n  m ixed w ith  30 p a r ts  of sheep red  b lood cells 
and  in cu b a ted  a t 37 °C for 5 m in. The sam ples w ere centrifuged a n d  in cu b a ted  a t  4 °C for 
14 h, w hen  th e  nu m b er of rose tte -fo rm ing  cells w as determ ined  b y  th e  m eth o d  of A iu ti e t  al.
1101. T h e  m ononuclear cells were tre a te d  w ith  th e  tes ted  co m pound  a t a co n ce n tra tio n  of 
1 . 5 x l 0 -5 M. T he resu lts are  expressed  as p e rcen tag es of ro se tte -fo rm ing  T-cells.

E A  rosette estim ation o f  the number o f  Fc-bearing lymphocytes. I n  th is assay  th e  n u m b er 
o f red  blood cells covered w ith  a n tib o d y  w as determ ined . M ononuclear cells se p a ra te d  on 
Ficoll—U rom iro  g rad ien t an d  tre a te d  w ith  th e  te s te d  drug a t  1.5 X Ю5 M w ere m ixed  w ith  
0 R h + h u m a n  an ti-D  tre a te d  red  blood cells an d  incubated  a t  37 °C fo r 5 m in. S am ples were 
cen trifuged  and  incubated  for 1 h  a t  4 °C. T h e  n u m b er of ro se tte -fo rm in g  cells was expressed  
in  p e rcen tag e  [11].

B last transform ation o f  T-lym phocytes in  relation to the capacity o f  cellular im m u n e  
response. M ononuclear cells w ere se p a ra ted  on  F icoll-U rom iro  g rad ien t. T h en  2 x l 0 5 cells 
were tre a te d  w ith  th e  cann ab in o id s a t  1.5 X 1 0 -5 м and incu b a ted  in  th e  presence of 10 //g/m l 
P H A  an d  5 fig /m l Con A for 72 h in R P M I m ed ium  contain ing  10%  fe ta l ca lf se rum . Cells 
were c u ltiv a te d  in G reinier m ic ro tite r p la tes. T h e  tran sfo rm a tio n  ra te  was e s tim a ted  a f te r  th e  
a d d itio n  of 0.5 f i d  3H -th y m id in e  to th e  sam ples and  in cubation  fo r 5 h. The con tro ls did not 
co n ta in  th e  m itogens. R esu lts  w ere ex pressed  in  cpm  as th e  in co rp o ra ted  ra d io a c tiv ity  by  
tran sfo rm ed  cells m inus ra d io a c tiv ity  of co n tro l cells.

A D C C  (antibody-dependent cytotoxicity)  assay. 0 R h + h u m an  red  blood cells w ere  used 
as ta rg e t,  a n d  a m oncyte-free  m ononuclear cell suspension was ap p lied  w hich was tre a te d  w ith
1.5 X l 0 -5 M of d rug  as effec to r in  1:10 ra tio . T he reaction  w as m ed ia ted  by  red  blood cell 
specific an ti-D  an tib o d y . T he assay  w as ca rried  ou t in G reiner m ic ro tite r  p la tes, w here  th e  
con tro ls d id  no t con ta in  a n tib o d y . The re su lts  w ere expressed in  te rm s of th e  a m o u n t o f 51Cr 
released  du rin g  th e  lysis o f th e  ta rg e t acco rd ing  to  U rban iak  [12]; th e  te s t  cu ltu re  re su lt  m inus 
c o n tro l/to ta l a c tiv ity  X 100 expressed  th e  c y to to x ic ity  as a p e rcen tage .

A ssa y  fo r  phagocytotic activity o f  neutrophilic  granulocytes. T he m eth o d  of K leb an o ff 
and C lark  [ 1 3 1 was applied . T he blood sam p le  was allowed to  sed im en t in d e x tra n , th e n  sus­
pended  in  C a++ and  Mg + +-free H anks m ed iu m  and layered  o n to  F ico ll-U rom iro  G rad ien t. 
A fter c en trifu g a tio n , th e  red  blood cells w ere rem oved  b y  lysis. T he g ran u lo cy tes o b ta in e d  were 
a c tiv a te d  w ith  125I-labelled  zym osan in th e  p resence of the  te s te d  d ru g  a t  1.5 X 10 ~5 м concen­
tra tio n . Labelling  of zym osan  partic les w ith  125I was perform ed a t  37 °C for 30 m in  to g e th e r 
w ith th e  opson isa tion  w ith  fresh  m ixed h u m a n  serum . A fter 60 m in  incu b a tio n  w ith  g ran u lo ­
cy tes th e  sam ples were p rec ip ita ted  w ith  TCA  th e n  th e  ra d io a c tiv ity  o f sam ples w as m easured . 
Basic a c tiv ity  was de te rm in ed  in th e  p resence of ,25I w ithout ad d in g  zym osan to  g ran u lo cy tes. 
The p h agocy tosis index was calcu la ted  as th e  q u o tie n t of zy m o san -ac tiv a ted  sam ple  cpm  and 
basic a c t iv ity  cpm . All im m unological assays w ere perform ed in  th ree  in d ep e n d en t e x p eri­
m en ts w ith  cells from  th ree  d ifferen t h e a lth y  persons.

R esu lts

C annabinoids and cannabisp iro  com pounds in h igh co n cen tra t ion  only 
were able  to  inhibit  th e  adhesion o f  E . coli to H E p-2  m onolayer cells. The 
effect was slight, b u t  it  was d e p e n d e n t  on the  drug concen tra t ion . As Table  I
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shows, te trahyclrocannabid io lic  acid, which has a p lasm id-curing  activ ity , d id  
no t differ considerab ly  in effect from com pounds  which do not influence 
b ac te r ia l  plasmid rep lica t ion .

0 - Ac

O-CH3

Cannabispirot
0

O-CH3
Cannabispirenone 

CH3

0-CH3

Acetylcannabi spiral 
0

H3 C
I OH

(CH2)4 -CH3

A 9 - Tetrahydrocannabinol

Cannabidiolic acid 
CH3

O-CH3 
Cannabspirone

(CH2I4-CH3

C-OH
(CH2)4-C H 3

Tetrahydrocannabidiolic acid 
CH

H3 C
(CH2)4-CH3 

Cannabinol

Fig. 1. C annabino ids and  can n ab isp iro  com pounds

Clearly, b o th  can n ab in o id s  and cannab isp iro  com pounds exert a ce rta in  
effect on the  surface p ropert ie s  of b ac te r ia  (e.g. bacte r ia l  fim briae) and/or 
t is sue  culture cells, w h ich  leads to  the  p a r t ia l  inh ib ition  o f  b ac te r ia l  adhesion.

The m em brane  a l te ra t io n  of tissue cu l tu re  cells in  m odel experiments 
was followed by m e a su r in g  th e  phorbol es te r- induced  chemiluminescence of 
h u m a n  neutrophilic  g ranu locy tes  in th e  presence of the  cannab is  derivatives.

The cannabis d e r iv a t iv e s  increased th e  chem ilum inescence in  p re trea ted  
cells a t  as low as 1.5 X 1 0 ~ (i M, while in a h igher  co n cen tra t ion  all o f  the  der iva­
t ives  exerted  an in h ib i to ry  effect on th e  chem ilum inescence, perhaps some of 
th e m  acting as a free ra d ic a l  scavanger. I t  w as in teresting  t h a t  cannabispiro 
com pounds  had in h ib i to ry  effects on th e  chem ilum inescence of leukocytes, 
w hich  were more exp ressed  th a n  those of cannab is  com pounds.

As Table II  show s, cannabispiro  com pounds  exhibit an imm unosupres- 
sive effect, while th e  m a jo r i ty  of  the  cannabis  com pounds  te s ted  h av e  a biphasic 
effect: at low c o n cen tra t io n  th ey  enhance, w hereas a t  high concen tra t ion  inhibit  
chemiluminescence.

The im m u n o m o d u la to ry  effects of the  cannab is  and cannabispiro  com ­
p o u n d s  were s tud ied  in experim ents  on th e  a c t iv i ty  of T and  B-lym phocytes
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Table I

Adhesion o f  E . coli to H E p-2  monolayers in the presence o f  cannabinoids and 
cannabispirol compounds

C om pounds
C oncen tra tio n ,

M
V ia b le  b a c te r ia ,  

b o u n d  %

2zd9-T etrahydrocannab ino l 1 .5 x 1 0 - " 1.40
1 .5 x 1 0 - * 0.90

C annabinol 1 .5 x 1 0 - ° 1.20
1 .5 x 1 0 - * 0.80

C annabidiol 1 . 5 x 1 0 “ 1.62
1 .5 x 1 0 - * 1.10

C annabidiolic acid 1.5 X 1 0 -° 1.45
1 . 5 x 1 0 * 1.04

T etrahydrocannab id io lic  acid 1 .5 x 1 0 - ° 1.30
1 .5 x 1 0 - * 1.12

C annabispirol 1 .5 x 1 0 - °
1 .5 x 1 0 - *

1.26
0.80

A cety lcannabisp iro l 1.5 X 1 0 - “ 
1 .5 x 1 0 - *

1.20
0.80

C annabispirone 1.5 X  1 0 -°  
1 .5 x 1 0 - *

1.32
0.67

C annabispirenone 1 .5 X 1 0 -°
1 .5 x 1 0 - *

1.28
0.69

Control — 1.28

Table II

M odulation o f  chemiluminescence reaction o fT P A -in d u ced  polymorphonuclear granulocytes 
in  the presence o f  cannabinoids and cannabispiro compounds

C hem ilum inescence as p e r ce n ta g e  o f the con tro l

1.5 X 1 0 7 1 .5 x 1 0 -« 1.5 X 10 ~5 7.5 X  1 0~ 5 M

/l9-T etrahydrocannabino l 100 112 96 91
Cannabinol 100 140 82 60
Cannabidiol 100 190 126 25
Cannabidiolic acid 100 341 165 56
T etrahydrocannabid io lic

acid 100 168 118 78

Cannabispirol 100 110 152 150
A cetylcannabispiro l 100 8 6 45 90
Cannabispirone 100 96 103 17
C annabispirenone 120 34 18 4
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Table III

E ffects o f  cannabinoids a n d  cannabispiro compounds on the cellular im m une response o f
hum an leukocytes in  vitro

Com pounds

R o se tte
fo rm a tio n ,

Of/0

M itogen-induced  
tra n s fo rm a tio n  
o f ly m p h o cy tes  

(cpm )

ADCC
a c tiv ity .

%
P h agocy tic

index

E E A P H A ConA

d 9-T H C 46 18 17.853 10.611 25 110.4
C annabino l 42 16 18.956 15.638 35 143.4
C annabid io lic  acid 28 12 2.724 18.707 35 31.7
T etrahydrocannab id io lic  acid 20 36 25.327 22.020 29 70.1
C annabisp iro l 36 32 11.790 12.040 26 58.0
A cety lcannabisp iro l 20 18 14.193 13.820 32 65.9
C annabispirenone 22 30 24.955 28.702 32 45.5
C annabisp irone 20 32 24.146 32.003 35 75.4
C ontro l 55 44 22.790 35.256 32 48.4

T h e  compounds were a p p lied  in  a  concen tra tion  of 1.5 X l O -5 m ; th e y  were toxic a t 
1.5 X 10 ~4 M in trypan  blue assays

a n d  phagocy tic  functions. As th e  results in Tab le  I I I  show, all o f  th e  tested 
d e r iv a t iv e s  inhibited severa l  g ranu locy te  and  lym p h o cy te  fu nc tions  to  various 
e x te n ts  e.g. E and E A  ro s e t te  fo rm ation , p h y to h a e m a g g lu t in in  and  concana- 
v a l in  А -induced t r a n s fo rm a t io n  of T - lym phocy tes ,  ADCC a n d  phagocy te  acti­
v i t ie s .  O n the  basis o f  t h e  in d ex  it  seems t h a t  th e  phagocytosis  ac t iv i ty  is 
inc reas in g  in the cases o f  /Г '-ТНС and  cannabinol,  b u t  th e  cannabidiolic  acid 
in h ib i ts  this function.

T o  summarize th e  re su l ts  re la ting  to  the  cannabinoids ,  te t ra h y d ro c an n a -  
b idiolic  acid inhibited E . coli adhesion to H Ep-2  cells, en h an ced  th e  chemi­
lum inescence  of leukocytes and  had th e  w eakest inh ib i to ry  effect on  leukocyte 
func t io n s .  In  the group o f  cannab isp iro  com pounds  cannab isp irone  inhibited 
the  adhes ion  of E. coli to  t is sue  cu ltu re  cells more effectively th a n  acetylcanna- 
b isp iro l a n d  cannabisp irenone did. In  addition , cannabisp irone  h a d  th e  weakest 
in h ib i to ry  effect on th e  p h o rb o l  ester- induced  chem ilum inescence an d  cellular 
im m u n e  response of h u m a n  leukocytes .

Discussion

G enerally  a co rre la tion  exists betw een  inh ib it ion  of chemiluminescence 
and  phagocy tic  ac tiv ity  of  leukocy tes  by  the  com pounds  applied  in  a re la tively  
high concentra tion .

T h e  findings presen ted  here suggest th a t  th e  in tro d u c t io n  of  different 
s u b s t i tu e n ts  might m odify t h e  dose-dependent an tibac te r ia l  a n d  th e  immuno-
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suppressive effects o f th e  cannab ino ids an d  cannab isp iro  com pounds. T he 
question  arises as to  w h e th e r the  com pounds effective ag a in st b ac te ria  do or 
do no t in fluence som e factors of th e  n a tu ra l host res is tan ce  to  various k inds 
of in fec tion . P rev ious experim en ts show ed th a t  one of th e  cannab ino ids, te tra -  
hydrocannab id io lic  ac id , and one of th e  cannab isp iro  com pounds had  p lasm id  
curing  effects [5, 6]. F u r th e r , all of th e  com pounds te s te d  in h ib ited  th e  adhesion  
of E . coli to  th e  tissu e  cu ltu re  cells p o ssib ly  th ro u g h  an  in te rac tio n  w ith  b a c ­
te ria l f im b riae  [6]. T h e  tw o groups of d ru g s, w ith  th e  excep tion  of te tra h y d ro -  
cannab id io lic  acid a n d  cannab isp irenone exerted  a m ark ed  in h ib ito ry  effect 
on th e  fu n c tio n  of h u m a n  leukocytes. T h e  in h ib itio n  of n a tu ra l host res is tan ce  
to  in fec tions b y  cannab ino ids is in te re s tin g  an d  im p o rta n t.

I t  can  exp la in , fo r instance , th e  h ig h er incidence o f an  im m unodefic ien t 
s ta te  am ong d rug  ab u sers  th a n  in o th e r  m em bers o f th e  p o p u la tion . T hough  
cannab ino ids have a r a th e r  low p lasm a co n cen tra tio n  in  m an  [14], th eo re tica lly  
th e y  can  re su lt in  th e  im m unosuppressive  effect of cannab ino ids an d  c a n n a ­
bispiro  com pounds.

V arious effects o f  cannabinoids are  bo th  in vivo and  in v itro  m etabo lic  
processes [15-17].

T he d ifferen t pharm aco log ical p o tencies of can nab ino ids m ay  possib ly  
be due  to  th e ir  d iffe ren t activ ities on  th e  cen tra l nervous system , in  con­
sequence of th e ir  d iffe ren t affin ities to  th e  h y p o th e tica l recep to r [18]. I t  has 
been re p o rte d  th a t  ZF-THC is d is tr ib u te d  alm ost eq ua lly  betw een  trig lyceride  
and  phospho lip id  phases, h u t th e  am ide  exh ib its a s tro n g  preference for 
phospho lip ids, w hich  can  he in te rp re te d  as high re la tiv e  m em brane a ffin ity . 
I t  h as been  show n th a t  some d e riv a tiv e s  can  affect th e  im m u n o co m p eten t 
cells d irec tly  [19]. B esides th e  can n ab in o id s , can n ab isp iro  com pounds h av e  
recen tly  been iso la ted  from  Cannabis sativa  by  S hoyam a and  N ishioka [20]. 
These m igh t have e ith e r  th e  sam e o r d ifferen t ac tio n  from  cannab ino ids on 
b ac te ria  and  im m u n o co m p eten t cells. M oreover, d ifferen t cannab ino ids m ay  
h av e  s im ila r m e tab o lite s , w hich can  ac t sim ilarly  on  th e  biochem ical p ro ­
cesses on th e  cells [21]. F rom  a p ra c tic a l po in t o f view  it is im p o rta n t th a t  
in  th e  U SA , herpes in fections reach ed  a n ea rly  epidem ic incidence [22] w hen  
m a riju an a  was in ex tensive  use. T h e  m ajo r p sych o ac tiv e  com ponent of 
th is  d ru g , zF-TH C, has been show n to  be im m unosuppressive  [23]. I t  
decreases th e  h ost resistance  to  a n u m b e r of in fectious agents, d im in ish ing  
b o th  h u m o ra l an d  ce llu la r responses in  a v a r ie ty  o f an im als an d  m an  as well 
[24-26].

S tud ies con d u c ted  in th is la b o ra to ry  have also d e m o n s tra te d  th a t ,  
th ro u g h  th e ir  a c tio n  on th e  various fu n c tio n s  of T  an d  В ly m phocy tes, c a n n a ­
binoids an d  can n ab isp iro  com pounds possib ly  can decrease host re s is tan ce  in  
v itro . T his decreased  resistance can  lead  to  an  increased  sen s itiv ity  to  in fections 
and  possib ly  to  th e  sp read  of m a lig n an t diseases.
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On th e  basis o f  th e se  ex perim en ts th e  im m unosuppressive  effects o f th e  
d ru g s  te s ted  can n o t be p red ic ted  for ind iv id u a ls  exposed to  m ariju an a , s ince  
dosages and ro u te  o f ad m in is tra tio n  are no t rep re sen ta tiv e  o f h u m an  ex p o su re . 
I n  ad d itio n  th e  d rugs m a y  in te ra c t w ith  o th e r system s in  v ivo . F u r th e r  e x p e ri­
m e n ts  need to  give d e fin itiv e  answ ers w h e th e r or no t th e  cannab ino ids an d  
sp iro  com pounds in crease  th e  su scep tib ility  of h u m an  d rug  abusers to  various 
in fec tio u s diseases or w hich isom ers o f te trah y d ro can n ab id io lic  acid have  
im m u n o m o d u la tin g  effect.
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ELIMINATION OF NON-SPECIFIC NUCLEASES 
FROM RESTRICTION ENDONUCLEASE PREPARATIONS 

BY DIFFERENT BINDING ON FREE DNA LIGAND

P . G e c k , A. M o l n á r  and I . N á s z

Institu te o f  M icrobiology , Sem m elw eis University M edical School, Budapest 

(R eceived J a n u a ry  16, 1987)

In  th e  p u rificatio n  o f a  novel re s tr ic tio n  endonuclease (an  A v a l l l  isoschizom er, iso lated  
in  th is  lab o ra to ry ) s ta n d a rd  m ethods w ere  insufficien t to e lim in a te  non-specific  nuclease 
c o n tam in a tio n s . Taking a d v an tag e  of th e  sp ec ific  site  recognition  a n d  b in d in g  of th e  restric tio n  
endonuclease  on  DN As, a m eth o d  is d escribed  fo r th e  sim ple e x tra c tio n  of non-specific  nuc­
leases. D N A  su b stra tes  w ith o u t recognizab le  sites do not b ind  th e  re s tr ic tio n  endonuclease, 
w hile non-specific  nucleases a re  absorbed to ,  a n d  elim inated w ith , th e  D N A  via  gel f iltra tio n  
c h ro m a to g ra p h y  un d er sp ec ia l conditions.

A novel re s tr ic tio n  endonuclease has recen tly  been  iso la ted  in  th is  
la b o ra to ry  (p a ten t pend ing ). In  o rd e r  to  analyse th e  basic  p ro p ertie s  of th e  
enzym e a high q u a lity  pu rifica tion  p ro to co l had  first to  be estab lished . S tan d ard  
ch ro m ato g rap h ic  m e th o d s  failed to  e lim in a te  th e  trace  am o u n ts  of non-specific 
co n ta m in a tin g  nucleases. E x p erim en ts  w ith  carboxym ethyl-cellu lose, phospho- 
cellulose, D E A E -cellu lose, heparin -ag aro se , B lue-Sepharose, pheny l-S epharose, 
h y d ro x y l-a p a tite  an d  gel f iltra tio n  m ed ia  in d ifferen t co m bina tions were 
eq u a lly  fru s tra tin g .

F in a lly , a m ethod  based  on d iffe ren tia l a ffin ity  b ind ing  of nucleases on 
D N A s w as successfully app lied . C hrom atograph ies on sing le-stranded  or double- 
s tra n d e d  DNAs bound to  d ifferent so lid  supports are w idely  exp lo ited  as fina l 
steps in  res tric tio n  endonuclease p u rif ic a tio n  protocols [1—5], b u t  th e se  ch ro ­
m a to g ra p h y  m edia m u s t be p rep ared  p rio r to  use in th e  la b o ra to ry , o r th e y  
are  expensive  if  com m ercially  availab le .

In  ou r approach  th e  ligand D N A  is no t insolubilized to  an y  solid su p ­
p o rts  th u s  avoiding expenses and  com plica tions of th e  la b o ra to ry -m a d e  p re ­
p a ra tio n s . The D N A  is free, and  since  th e re  is no recognizable  nucleo tide  
sequence on th is  D N A  fo r th e  site-specific  re s tric tion  endonuclease ( th e  p o in t 
o f th e  th e o ry ), the  enzym e rem ains u n b o u n d  in  th e  so lu tion . N on-specific 
nucleases, how ever, b in d  to  th e  ligand  D N A  in the  presence o f ED TA  in a low 
ionic s tre n g th  buffer. In  th is  way th e  otherw ise un rem ovab le  non-specific

P é t e r  Ge c k , Á r p á d  Mo ln ár , I s tv á n  N ász

I n s t i tu te  o f  M icrobio logy, Sem m elw eis U n iv e rs i ty  M edical S ch o o l 
H -1445 B u d a p e s t,  P .O .B . 370, H u n g a ry

5 Acta Microbiologica Hungarica 34, 1987 
Akadémiai Kiadó, Budapest



242 GECK et al.

nucleases share th e  d iffu sio n  and  m obility  ch a rac te ris tic s  o f th e  ligand  DNA, 
an d  th e y  can be e lim in a ted  w ith o u t any  fu r th e r  com plica tions in  th e  exclusion 
vo lu m e of a usual gel f i l t r a t io n  ch ro m ato g rap h y , to g e th e r  w ith  th e  carrier DNA.

M aterials and m ethods

Chemicals. Most o f  th e  chem icals used w ere of an a ly tic a l g rade  (R enal, H ungary). 
S epharose  6B (Pharm acia) a n d  W h atm an  P l l  phosphocellulose w ere used . E th id iu m  brom ide 
an d  agarose  (Type I, low E E O ) w ere purchased  from  Sigm a.

Bacterial strain and cultivation . The b acteria l cells w ere c u ltiv a ted  in tw o litres of B acto 
B ra in  H e a rt Infusion (D ifco) m edium , and  were h a rv ested  in th e  la te  logarithm ic grow th 
ph ase  determ ined sp ec tro p h o to m etrica lly  a t  550 nm . C u ltiv a tio n  a t  37 °C lasted  for ab o u t 
10 h  w ith o u t shaking. T he cells were w ashed in 10 т м  T risH C l p H  8, 1 т м  E D T A , and stored  
a t  - 2 0  °C.

Preparation o f the crude extract. The cells were suspended  in  tw o volum es of ex tractio n  
b u ffer: 20 т м  TrisHCl p H  8, 7 т м  2 -m ercap toethanol, 5 т м  E D T A , 200 g g /m \  RNase (bovine 
p an creas , R eanal, H u n g a ry ). A n MSE u ltrason ic  d e s in teg ra to r was used  (m axim al o u tp u t, 
5 m in  a t  0 °C) and th en  0 .2 %  T rito n  X100 was added . T he cell debris w as sedim ented by 
u ltra cen trifu g a tio n  ( J a n e tz k y  VAC601, 30 000 rpm , 1 h, -f-4 °C). T he su p e rn a ta n t was fu r th e r  
p u rif ied  by  the add ition  of a c tiv a te d  phosphocellulose pow der in a h a tc h  procedure for 20 m in 
a t  4 -4  °C. The su p e rn a ta n t, o b ta in ed  a fte r pellc tting  th e  phosphocellu lose by  cen trifugation  
(Ja n e tz k y  К  23, 4000 rp m , 5 m in, -j-4 °C) was im m ed ia te ly  app lied  to  gel f iltra tio n  chro­
m ato g rap h y .

Gel filtra tion  chromatography. Sepharose 6B c h ro m a to g rap h y  w as carried  ou t in each 
case in a colum n (1.5 cm 2 X 80 cm) prew ashed w ith  th e  e lu tion  b u ffer contain ing  20 т м  
T risH C l pH  8, 7 т м  2 -m ercap to e th an o l. 5 т м  E D T A , w ith  or w ith o u t 1 м NaCl (see late r). 
O ne or two ml fractions w ere  collected and  d irec tly  te s ted  for DN A  an d  nuclease content.

Substrate D N A s. In  te s ts  of nuclease a c tiv ity  th e  su b s tra te  was lam b d a  phage D N A  
p u rch ased  from  R eanal. PM 2 DN A  was a generous gift from  Dr. P . M edveczky.

Restriction endonuclease digestion. D igestions w ere carried  o u t in  th e  m edium  ionic 
s tre n g th  buffer suggested  b y  M aniatis e t al. [6] in 20 [Л a t  37 °C for 1 h. The reaction  was 
s to p p ed  by the ad d itio n  of 2 p \  of the  electrophoresis m ark e r so lu tion  (100 т м  EDTA, 20%  
succrose, 0.1%  b ro m p h en o l b lue) and the digest was an alysed  by agarose gel electrophoresis.

Agarose gel electrophoresis. A horizon tal e lectrophoresis sy s tem  was used w ith su b ­
m erged  gel, the  DNA fra g m e n ts  were ru n  in 1%  agarose. T he b u ffer an d  vo ltage  were th e  sam e 
as in  [7]. The DNA fra g m e n ts  were v isualized by  e th id iu m  b rom ide (0.5 //g/m l) stain ing  an d  
p h o to g rap h ed  under UV  illu m in a tio n .

R esults and d iscu ssion

E xtrinsic , heterologous D N A .  In  th e  f irs t ex p erim en ts , applying th e  
p rinc ip le  described, th e  nuclease-con tam inated  en d -p ro d u c t of th e  usual p u rif i­
c a tio n  procedures w as th e  object of our a tte m p ts  to  get rid  of a non-specific 
nucleases. PM2 D N A  w as re s is tan t to  th e  cleavage of th e  novel re s tric tio n  
endonuclease in p rev io u s te s ts  d em o n stra tin g  th e  absence of th e  recognition  
sequence, and acco rd in g ly , no b inding  of th e  site-specific  enzym e could be 
assum ed. PM2 D N A  (500 /ig) was added  to  2 ml of th e  p a r tia lly  purified  p re ­
p a ra tio n  in the  p resen ce  of 5 т м  E D T A , an d  p rio r to  gel f iltra tio n  the  reac tio n  
w as allowed to  s ta n d  a t  0 °C for h a lf  an  hour. T he resu lt o f th e  Sepharose 6B 
ch ro m ato g rap h y  is show n  in Fig. 1, panel A: PM2 D N A  e lu ted  in the  exclusion
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Fig. 1. Panel A .  T he a c tiv ity  te s t  of frac tio n s  from  Sepharose 6B ch ro m a to g rap h y  of th e  
nuclease c o n tam in a ted , a n d  PM2 tre a te d  re s tr ic tio n  enzym e p re p a ra tio n  is d e m o n s tra ted  b y  
agarose gel electrophoresis. E ach  frac tio n  (2 [A) was tes ted  in  20 (A  te s t  buffer w ith  1 /ug lam b d a  
D N A  fo r 1 h  a t  37 °C and  applied  on to  th e  agarose gel from  le f t  to  r ig h t according to  elu tion . 
Panel B . The re su lt o f a c tiv ity  te s t  of frac tio n s  from  Sepharose  6B c h ro m a to g rap h y  of the  
crude  e x tra c t co n ta in in g  1 M NaCl and  5 т м  ED TA . C onditions and  a rran g em en t o f te s t 
a liquo ts on th e  gel a re  as ind ica ted  fo r p an e l A. Panel C. A c tiv ity  te s t  of frac tio n s from  
Sepharose 6B ch ro m a to g ra p h y  of th e  c ru d e  e x tra c t  co n ta in ing  5 т м  E D T A  w ith o u t sodium  
chloride. A ssay co n d itions an d  a rra n g e m e n t o f tes t a liquo ts on  th e  gel are as in d ica ted  for

p an el A

PM2 DNA restriction enzyme

nuclease
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v o lu m e  of the  co lum n  (fain t double  b an d  w ith in  the nuclease sm ear in  th e  
second  slot of th e  gel). T he presence o f th is  nuclease sm ear d em o n stra te s , th a t  
non-specific  nucleases b o u n d  to  an d  e lu ted  w ith  th e  ligand  PM 2 D N A , sepa­
r a te ly  from  th e  re s tr ic tio n  endonuclease a c tiv ity  show n in  te s t  slo ts of la te r  
frac tio n s .

In trinsic , chromosomal D N A .  S ubsequen t experim en ts  w ere based on a 
so m ew h at d ifferen t ra tio n a le . In  m o st cases b ac te ria l ch rom osom al D N A  is 
p ro te c te d  against th e  cleavage o f its  ow n re s tr ic tio n  endonucleases b y  th e  
m od ifica tion  of th e  reco g n itio n  sequences v ia  site-specific m e th y lase  m ed iated  
m é th y la tio n . I t  w as reaso n ab le  to  suppose th a t  also in  th is  case th e  chrom o­
so m al DNA, w hich is in  form  of son ica ted  frag m en ts  in  th e  c ru d e  ex tra c t, is 
m od ified  as well b y  site-specific  m é th y la tio n , an d  if  so, th e  re s tr ic tio n  endo­
nuc lease  can no t recogn ize an d  b in d  to  i t ,  while b ind ing  of non-specific  n u c­
leases is p robab ly  n o t  in h ib ited . T h is th e o ry  m akes th e  a d d itio n  o f ex trinsic  
l ig a n d  DNA su p erflu o u s, since som e m odifica tions in  th e  co n d itions of crude 
e x tr a c t  and  gel f i l t r a t io n  ch ro m a to g rap h y  could ren d e r th e  ch rom osom al DNA 
a n  o p tim a l a ffin ity  ch ro m a to g ra p h y  ligand .

According to  genera lly  accep ted  m ethodo logy  [2, 8 -1 0 ], gel f iltra tio n  
ch ro m ato g rap h ies  a re  carried  o u t m o stly  in  h igh  ionic s tre n g th  buffers to  
d im in ish  non-specific in te rac tio n s  a n d  aggregations of p ro te in s  and  nucleic 
ac id s . In  testin g  o p tim a l cond itions fo r nuclease —  chrom osom al D N A  b in d ­
ing  th e  conventional buffer (1 м N aCl, 20 п ш  TrisH C l pH  7.5, 7 т м  2-m er- 
cap to e th an o l) was u sed  f irs t w ith  th e  ad d itio n  o f 5 т м  E D T A . T he resu lt o f 
th e  Sepharose 6B c h ro m a to g ra p h y  is show n in  F ig . 1, panel B : th e  sonicated  
D N A  fragm ents w ere e lu ted  se p a ra te ly  from  th e  re s tr ic tio n  endonuclease 
a c tiv ity , bu t no d e te c ta b le  non-specific  nuclease could be d em o n stra ted  in  
a ssoc ia tion  w ith th e  D N A . In s tead , th e  sm ear of non-specific nucleases appeared  
in  th e  elu tion  range o f  th e  re s tr ic tio n  endonuclease, in  slots 13 an d  14. Thus th e  
u su a l high ionic s tre n g th  buffer p ro v ed  to  be in h ib ito ry  for b in d in g  of non ­
specific  nucleases to  th e  chrom osom al D N A .

In  th e  n ex t s te p  sodium  chloride was o m itte d  from  th e  e lu tion  buffer, 
w hereas 5 т м  E D T A  w as in v ariab ly  p resen t. As it  is d e m o n s tra te d  in Fig. 1, 
p a n e l C, th e  low ionic s tre n g th  buffer d id  no t in te rfe re  w ith  D N A  —  non-specific 
nuc lease  binding, since th e se  nucleases e lu ted  w ith  th e  h ighest m o lecu lar w eight 
f ra c tio n s  of son ica ted  D N A  (nuclease sm ear of th e  te s t  D N A  in  th e  slots in d i­
c a te d ). The re s tr ic tio n  endonuclease, free from  th e  ab o v e-d em o n stra ted  con­
ta m in a tin g  nucleases e lu ted  in su b seq u en t frac tions. W ith  tw o  add itional 
p u rif ic a tio n  steps (h y d ro x y la p a tite  an d  D E A E -cellu lose ch rom atog raph ies) 
a  nuclease-free re s tr ic tio n  endonuclease p re p a ra tio n  could be p roduced  from  
th e se  fractions (p u b lish ed  in  deta il elsew here).

The m ethod described  is o f u p in o st sim plic ity , because in s te a d  of soph isti­
c a te d  ch ro m ato g rap h y  m edia, devices or chem ical com pounds, ju s t  som e slight
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and  reasonable  m od ifica tions in well es tab lish ed  m eth o d s are  necessary . In  th e  
system  described th e  m eth o d  works sa tisfac to rily , h u t  th e  p rincip le  possesses 
ce rta in  inheren t lim ita tio n s . P re d ic ta b ly  n o t all of th e  c o n ta m in a tin g  nucleases 
in  d ifferen t re s tric tio n  endonuclease p re p a ra tio n s  belong  to  th e  so rt th a t  b inds 
to  th e  su b stra te  D N A  upon  in h ib itio n  of its c a ta ly tic  a c tiv ity  b y  ED TA . 
Secondly , th e  overall ionic charge o f  th e  re stric tion  endonuclease m olecule 
m u st also be tak en  in to  co n sid era tio n , because th e  p rin c ip le  described  w ould 
w ork  on ly  in case of enzym e m olecules w ith  overw helm ing  n egative  charges, 
since a positively  ch a rg ed  restric tion  endonuclease w ould also b ind  to  th e  DNA 
in  low ionic s tren g th  buffers via non-specific  e lec tro s ta tic  forces. T hus th e  
ap p licab ility  of th e  m e th o d  needs p re lim in a ry  in v estig a tio n s in in d iv id u a l cases.

R E F E R E N C E S

1. M odrich, P ., Zabel, D .: J  Biol Chem 251, 7866 (1976).
2. B ingham , A. H. A ., A tk in so n , T.: B iochem  Soc T ransac tions 6, 315 (1978).
3. J a n u la it is ,  A., M arcinkeviciené, L., P e tru s y te ,  M., M ironov, A .: F E B S  L e tte rs  134, 172

(1981).
4. P e tru sy te , —M., J a n u la i t is ,  A.: E ur J  B io ch em  121, 377 (1982).
5. S h ib a ta , T ., W atabe , H ., K aneko , T., l in o , T ., Ando, T .: J  B iol Chem  259, 10499 (1984).
6. M aniatis, T ., F ritsch , E . F ., Sam brook, J . :  I n  M olecular Cloning — A L ab o ra to ry  M anual.

Cold Spring H a rb o u r L abora to ries, Cold Spring  H arb o u r, N ew  Y ork  1982. pp . 104-106.
7. H elling , R . B., G oodm an, H . M„ B oyer, H . W .: J  Virol 14, 1235 (1974).
8. B ingham , A. H. A., D e rb y sh ire , J .:  Gene 18, 87 (1982).
9. Seurinck, J . ,  V an de V o o rd e , A., V an M o n ta g u , M.: Nucl Acid R es 11, 4409 (1983).

10. Cruz, A. K-, K idane, G ., P ires, M. Q., R a b in o v itch , L ., G u ay cu ru s , T . V., M orel, C. M.: 
F E B S  L etters 173, 99 (1984).

Acta Microbiologica Hungarica 34, 1987





Acta Microbiologica Hungarica 34 (3-4), pp. 247-254 (1987)

DISTRIBUTION PATTERN 
OF ADENOVIRUS HEXON EPITOPES 
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Tw o m onoclonal an tib o d ies  (MAbs) spec ific  for two d is tin c t ep itopes on  th e  hum an 
ad en o v iru s ty p e  1 (AV I) h ex o n  were used to  d e te rm in e  th e  subcellu lar lo ca lizatio n  of hexon 
ep ito p es in  th e  infected H E p -2  cells by  in d ire c t  im m unofluorescence. On th e  basis o f cross­
re a c tiv ity  p a tte rn  of M Abs, p resum ab ly  one  o f th e  epitopes is genus specific a n d  the  o ther 
should  be  in te rty p e  specific. T h e  epitopes, i.e. t h e  adenovirus hexons could be d e te c te d  th ro u g h ­
ou t th e  cell and could d isp lay  d ifferen t a cc u m u la tio n  form s. F luorescence ap p ea red  e ith e r in 
the  cy to p la sm  only or b o th  in  th e  nucleus a n d  th e  cytoplasm . In  th e  cy to p lasm  th e  hexons 
could be found  in diffuse o r p e rinuclear d is tr ib u tio n  or accum ula ted  in to  d iscrete  spo ts. In  the  
nucleus th e y  form ed g ranules o r clusters or w e re  diffusely d is tr ib u ted  causing  a b r ig h t fluores­
cence o f th e  whole nucleus. T h e  different a cc u m u la tio n  form s app eared  a t  th e  sam e tim e in 
d iffe ren t cells of a cu ltu re , b u t  in  one given cell th e  fluorescence alw ays ap p eared  f irs t  in  the 
cy top lasm .

M onoclonal an tib o d ies  are w id e ly  applied  in  research  lab o ra to rie s  and 
in c lin ical diagnostic m edicine. T here a re  research and d iagnostic  procedures 
in w hich im m unofluorescence is s till th e  m ost sensitive and  re liab le  m ethod  
[1, 2 ], p rov id ing  a w ide v a r ie ty  of q u a n ti ta t iv e  im m unological, h istochem ical 
an d  ro u tin e  clinical ra p id  assays for b a c te r ia l, v ira l, an d  p a ra s itic  infections 
[3]. T h e  invo lvem ent o f M Abs in th e  im m unofluorescence  tech n iq u e  provides 
fu r th e r  b enefits  [4-7]. F o r instance, s tu d ie s  on th e  subcellu lar loca liza tio n  of 
a v ira l p ro te in  by im m unofluorescence requ ires th e  av a ilab ility  of an tibod ies 
recognizing  th is  unique p ro te in  [8 12].

T h e  m ain s tru c tu ra l adenovirus p ro te in  is the  hexon capsom er, w hich 
co nsists  o f th ree  id en tica l po lypep tide  su b u n its . The hexon p ro te in s  are  syn-
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th esized  in the  cy to p la sm  of th e  in fec ted  cell and a re  rap id ly  tran sp o rted  in to  
th e  nucleus p ro b ab ly  in  tr im e tic  form  [13]. In  o u r prev ious experim ents a 
p an e l of MAbs d ire c te d  aga in st AVI hexon was te s ted  w ith  purified  hexon 
p ro te in s  of d ifferen t ad en o v iru s  ty p es . I t  was d e m o n s tra te d  th a t  besides th e  
genus specific ep itope(s) th e re  are  a n um ber of d ifferen t in te rty p e  specific 
ep itopes on the  su rface  o f th e  hexon  [14]. In  th is  p ap e r we describe th e  localiza­
tio n , and the  d iffe ren t accu m u la tio n  form s o f th e  hexon  in  th e  infected  cells 
as d e tec ted  by im m unofluo rescence  w ith  MAbs d irec ted  ag a in st tw o d ifferen t 
ep itopes.

M aterials and m ethods

Production o f hybridom as. B alb /c  m ice were im m unized  w ith  crysta llized  AVI hexon. T he 
im m unizing  an tigen  w as p re p a re d  as described previously  [15]. T he an im als were in jec ted  
tw ice  w ith  A 1 -p recip ita ted  a n tig e n  th ree  weeks a p a rt, an d  th ree  days p rio r to  the  fusion, 
th e  spleen cell donors rece iv ed  an  in trav en o u s  in jec tion  of an tig en  in  PB S. D escription of 
th e  cell lines, th e  fusion  p ro toco il, and  cu ltiv a tio n  of fused  cells could be found in deta ils 
elsew here  [16]. The su p e rn a te s  o f th e  in d iv id u a l cu ltu res  w ere te s ted  by  ind irect E L IS A  
(E n zy m e  Linked Im m u n o so rb e n t A ssay) for specific an tibod ies . T he positive  clones were 
in je c te d  in trap erito n ea lly  in to  m ice an d  th e  developed asc itic  flu id  was sucked  off from  th e  
ab d o m en , centrifuged, a n d  sto red  a t  —20 °C.

Indirect E L I S A .  W ells of 96-well fla t-b o tto m ed  p o ly stiren e  p la te s  (Falcon  Micro T est 
T . C., or Novogen) w ere c o a ted  w ith  pu rified  hexon p re p a ra tio n  of th e  hom ologous AVI hexon  
as well as of ten d iffe ren t h u m a n  he tero logous hexon ty p es a n d  w ith  two h exon  ty p es of an im al 
o rig in  for determ ining th e  p ro d u c tio n  of AVI hexon specific M Abs and  for characteriz ing  th e m  
b y  th e ir  c ross-reac tiv ity  p a tte rn s . T he bound  MAbs w ere d e tec ted  by  horse rad ish  perox idase  
(H R P O ) conjugated  r a b b i t  an ti-m ouse  IgG  (H u m an  I n s t i tu te  for S e robacteria l P ro d u c tio n  
a n d  R esearch , H u n g a ry ) u sing  fresh ly  p rep ared  o -phenylene d iam ine (O P D ) as su b s tra te . 
T h e  absorbance was d e te rm in e d  b y  a T ite r te k  M ultiskan  sp e c tro p h o to m ete r equipped w ith  
a 492 nm  filter.

Passive haem agglutination  (H A ) w as carried  o u t as described  earlie r [17].
Indirect imm unofluorescence assay  (IFA ). H E p-2  cells w ere grow n in  R oux flasks a n d  

w ere infected w ith  A V I a t  a m u ltip lic ity  of 104 CPU. A fte r  in cu b a tio n  a t  37 °C for 18 h  th e  
in fec ted  cells were w ash ed  w ith  H a n k s’ B SS. Cells w ere sc ra tch ed  off th e  glass wall, and su s­
p en d ed  in  2 m l of H a n k s ’ BSS. F o r IF A  0.1 m l a liquo ts o f cell suspensions were a ird ry ed  on 
cover slips and fix ed  w ith  ace to n e-m eth an o l m ix tu re  (1:1) for 10 m in . F o r the  de tectio n  of 
b o u n d  MAbs an ti-m ouse  Ig G  co n ju g a ted  w ith  fluorescein  iso th io cy an a te  (H u m an  In s t i tu te  
fo r Serobacterial P ro d u c tio n  and R esearch , H u n g ary ) w as used. T he re su lts  were ev a lu a ted  
b y  a Zeiss-Fluoval m icroscope a t  a m ag n ifica tion  of 630.

Results

Characterization o f  M A bs. F o r the  p resen t s tu d ies  tw o MAbs (1A3 an d  
H I  2) were selected  on th e  basis o f th e ir  s im ilar b ro ad  cross-reacting  a b ility  
w ith  th e  pu rified  h ex o n s o f te n  d ifferen t h u m a n  adenov irus types belonging 
to  four subgenera, as well as on th e  basis of d iffe ren t re a c tiv ity  w ith  adenov irus 
hexons of sim ian an d  bov ine  origin. The c ro ss-reac tiv ity  p a tte rn s  were te s te d  
b o th  in  ind irect E L IS A  and  passive HA. R esu lts are  show n in T able I. In  a d d i­
tio n , these MAbs w ere  te s ted  ag a in st d ifferen t hexon  ty p es  fo r p rec ip itin  line  
fo rm atio n  in ag a r gel co n ta in in g  5 %  P E G  4000 [18]. B o th  MAbs form ed a

A d a  Microbiologica H ungarica 34, 1987



ADENOVIRUS H EX O N  EP IT O P E S 2 4 9

single p rec ip itin  line w ith  AVI h ex o n , as well as w ith  SA7 (SAY 16) hexon. 
MAh 1 A3 form ed a line  w ith  bovine AV ty p e  3 (BAV3), too, w hile MAh H12 
d id  n o t. F u rth e rm o re , MAb 1A3 fo rm ed  a line of doub le  p a r tia l id e n tity  (double 
spur) w itli MAb H 12 w hen th ey  w ere  placed in  tw o  ju x tap o sed  wells. This 
phenom enon  ind ica tes th a t  these M A bs iden tified  tw o  sterica lly  d is tin c t epito-

T ab le  I

Cross-reactivity pa ttern  o f  M A bs 1A 3 and H12

Human adenovirus types according to subgenera 

MAbs A B  C D
Simian Bovine

adenoviruses

12 7 35 1 2 5 6 8 9 10 13 SAV 16 BAV3
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+ + n .e .

H12 E _L + + + + + + + + + + + —
H + + + + + + + + + + + + n .e .

E  =  ELISA , H passive  hem agg lu tination , n.e. =  n o t evaluable
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F igs 1 -11 . D ifferent a cc u m u la tio n  form s of h exon  in  th e  AVI in fec ted  H E p-2  cells 18 h p o st­
in o cu la tio n  detected  by  im m u nofluo rescence  w ith  MAb 1A3 (F igs 1, 3, 4, 5, 6, 7, 10, 11) and  

w ith  M A b H12 (F igs 2, 8, 9). See te x t  for deta ils

pes, in  sp ite  of th e ir  s im ila r c ro ss-reactiv ity  p a tte rn s  w ith  h u m a n  heterologous 
hexon  types stud ied . T h e  d iss im ila rity  of th e  tw o M Abs w ere also dem o n stra ted  
b y  th e  correlation  coeffic ien t ca lcu la ted  from  th e ir re a c tiv ity  v alues and in 
co m p e titiv e  b ind ing  E L IS A  experim en ts. The d e ta ils  o f th ese  experim ents 
w ere published  elsew here [19, 20].

Localization o f  adenovirus hexon epitopes in  the infected cells. T he fluores­
cence p a tte rn  show n b y  th e  M Abs in  in d irec t IF A  on H E p-2  cells a t  th e  sam e 
s tag e  of infection i.e. 18 h po stin o cu la tio n , d isp layed  a w ide d iv e rs ity , in d ica t­
ing th a t  the  hexon an tig en s ap p eared  th ro u g h o u t th e  cell. T h ey  could be 
fo u n d  both in th e  cy to p la sm  and  in th e  nucleus show ing d iffe ren t form s of 
accum ulation . The m ost ch a rac te ris tic  form s of hexon  accu m u la tio n  revealed 
b y  th e  d is trib u tio n  o f fluorescence were the  follow ing. One of th e  m ost fre ­
q u e n t finding was th e  loca liza tio n  of th e  hexon an tig en s in th e  cy top lasm  in 
la rg e  patches near th e  nucleus, th e  fluorescence filling  up  th e  la rg e r p a rt o f 
th e  cy toplasm , w hile th e  nucleus seem ed to  be in ta c t  (Figs 1 and  2). A nother 
form  of cytoplasm ic ap p earen ce  w as th e  th in  co n flu en t p e rin u c lear accum ula­
tio n  (Fig. 3). The h ex o n  ep itopes could also be found  in  th e  cy to p lasm  diffusely  
d is tr ib u te d  w ith a n e tlik e  s tru c tu re  (F ig. 4). There w ere also b rig h tly  fluorescent 
sp o ts  and patches o f v a ry in g  size in  th e  cy top lasm  (Fig. 5). T he whole c y to ­
p lasm  could som etim es be s tro n g ly  fluorescen t (F ig. 6). F ine g ran u la te  (Fig. 7) 
or cluster-like fluo rescence  (Fig. 8) or sep a ra ted  la rg e r b rig h t spots in th e  
nucleus (Fig. 9) o ccu rred  besides th e  d ifferent form s of cy top lasm ic  fluorescence. 
In c id en ta lly  the  w hole cen tra l p a r t  of the  nucleus was b rig h tly  fluorescen t 
(F ig . 10). In  o th e r cases th e  cells becam e ro u n d ed  and  only  th e  rem n an ts  o f 
th e  cy toplasm  could be seen, while th e  whole nucleus w às b rig h tly  fluorescen t
(F ig . 11).
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The d ifferen t d is trib u tio n  fo rm s of hexon  ep itopes could be seen a t th e  
sam e tim e in th e  d iffe ren t cells of th e  cu ltu re  (F igs 1, 3, 5, 6, 11) and  th e  in te n ­
s ity  of th e  fluo rescence  varied w ith  th e  in fec ted  cells.

The hexon ep ito p es could be  d e tec ted  in  th e  cy to p lasm  w ith o u t a p p e a r­
in g  in  th e  nucleus, b u t  if  present in  th e  nucleus, th e y  were alw ays revealed  in  
th e  cyto  plasm  as w ell.

No difference w as observed betw een  th e  fluorescence p a tte rn s  of th e  
tw o  MAbs recogn iz ing  different h ex o n  ep itopes.

D iscussion

W ith  th e  he lp  o f tw o MAbs recognizing  tw o  d ifferen t hexon  ep itopes, it  
w as proved  b y  in d ire c t IFA  th a t  th e  recognized  ep itopes could be de tec ted  
all over the  in fec ted  cells and co u ld  d isp lay  d iffe ren t accum ulation  form s. T he 
ep itope  recognized b y  MAb 1A3 m ay  be assum ed  to  be th e  genus specific 
ep itope  because o f  th e  wide c ro ss-reac tiv ity  sp ec tru m  w ith  h u m an  and  an im al 
adenov irus hexon  p rep ara tio n s. O n the basis o f th e  c ro ss-reactiv ity  p a tte rn  
and com petition  re su lts  of MAb H12 the  o th e r  ep itope could be in te r ty p e  
specific [19, 20]. C onsidering th a t  m ultip le  copies of these  epitopes occur on 
one com plete h e x o n  [21] and th e  M Abs can on ly  reac t w ith  com plete hexons 
[22], th e  lo ca liza tio n  of a given ep itope  m ig h t m ean  th e  localiza tion  o f th e  
com plete hexon in  th e  infected cell. A ccordingly , th e  adenov irus hexons can  
lie found in the  cy to p la sm  of th e  in fec ted  cell in diffuse or perinuc lear d is tr ib u ­
tio n  or th e y  can  be  accum ulated  in to  spots. In  th e  nucleus th e y  form ed g ra ­
nules or c lusters or th ey  can be  d iffusely  d is tr ib u te d  (the  w hole nucleus is 
b rig h tly  flu o rescen t). This phenom enon  m ay  be o f som e use from  a d iagnostic  
v iew poin t. The f in d in g  th a t  th e  hexons are localized th ro u g h o u t th e  in fec ted  
cell is co nsisten t w ith  th e  rep lica tio n  cycle o f adenoviruses. As th e  hexon  
p ro te in s  are sy n th es ized  in th e  cy to p la sm  o f th e  cell and  th e n  qu ick ly  t r a n s ­
p o rted  to  th e  n u c leu s  [13, 24] a n d  th is  p rocedure  continues fo r several ho u rs , 
it m ay lie ex p e c te d  th a t  the h e x o n  should be dem o n strab le  b o th  in th e  c y to ­
p lasm  and in  th e  nucleus. The d iffe ren t accu m u la tio n  form s m ay  rep resen t th e  
d ifferent tra n s p o r ta t io n  stages o f  th e  hexon p ro te in s  in to  th e  nucleus.
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EFFECT OF ORGANIC YOFATILES 
FROM SACCHAROMYCES 

ON THE SPORE GERMINATION OF FUNGI
(A NO TE)

N xtix Sa k s e n a  and H . H . S. T ripath i

Departm ent o f  B otany, U niversity  o f  Saugar, Sagar (M . P .) ,  In d ia  

(R ece iv ed  S eptem ber 13, 1984)

Com m on v o latile  organic co m p o u n d s (ace ta ldehyde , e th y la c e ta te , e th an o l, n-propanol, 
isobu tano l, 2 -m eth y l-b u tan o l. 3 -m eth y l b u tan o l) te s ted  singly  and  in  co m b in a tio n  inh ib ited  
th e  spore (conidium ) g e rm in atio n  o f H elm inthosporium  oryzae, Cercospora personata, Cun- 
nighamella blakesleeana, Colletotrichum capsici, and  A lternaria  solani.

Glen and  H u tch in so n  [1], R ob inson  and  P a rk  [2] and  R ob inson  et al. [3] 
id en tified  some organic v o la tile s  from  Saccharomyces cerevisiae and  showed 
th e ir  in h ib ito ry  ac tion  on th e  g e rm in a tio n  of Aspergillus niger and  Pestalotia 
rhododendri. D esh m u k  [4] has re p o rte d  th e  effects of som e organic volatiles 
on d e rm ato p h y tes . T he p re se n t s tu d y  deals w ith  th e  effect o f these  organic 
vo la tiles on some com m on p la n t pathogens.

M ateria ls  and m ethods

The paired  P e tr i d ish  tech n iq u e  o f  D ennis and W eb ste r [5] was u sed  to  s tu d y  the  effects 
o f o rganic vo latiles (ace ta ld eh y d e , e th y la c e ta te , e th an o l, n -p ropano l, iso b u tan o l, 2-m ethyl- 
b u tan o l, and  3 -m eth y l-b u tan o l) a g a in s t 5 te s t  pa thogens (H e lm in thosporium  oryzae, Cerco­
spora personata, C unningham ella blakesleeana, Colletotrichum capsici an d  A lternaria  solani).

T he te s t  p a th o g en s  were g row n  on  S ab o u rau d ’s D ex tro se  A gar (d e x tro se , 40 g; pep tone, 
10; agar, 15 g; w a te r  1 litre ) for 7 d a y s  a t  28 h  1 °C. T h en  sterilized  p e p to n e  discs (3%  ag ar 
an d  1%  pep tone , 0.6 m m  th ick  a n d  4 m m  in  d iam ete r) w ere m ade  a n d  w ere stuck  on th e  
sealed slide in th e  u p p e r  lid of th e  P e t r i  dish. The spore (conidium ) susp en sio n  of the  te s t 
p a th o g en s was in o cu la ted  over each d isc  an d  2 ml of th e  p u re  organic v o la tile s  were k e p t in 
th e  lower lid singly a n d  in  various co m b in a tio n s. T he P e tr i  dishes w ere  p laced  in m ou th  to  
m o u th  co n tac t and w ere sealed in  th e  r im  by  cello-tape to  avo id  an y  o u tw a rd  diffusion, th en  
in cu b a ted  a t  28 i  1 °C for 24 h. A fte r  th is  th e  percen tage  of spore g e rm in a tio n  was recorded.

N it in  Sa k s e n a , H. H. S. T r ip a t h i 
Department of Botany, University of Saugar 
Sagar (M. P.), 470 003 India
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Table I

Effect o f  organic volatiles applied singly

Spore germination, %
organic
volatiles I I . oryzae C. personata C. blakeslelana c. capsici A . solani

test control test control test control test control test contro 1

A cetaldehyde 48.2 100 92.1 100 72.1 69 12.0 92 32.1 89
E th y la ce ta te 39.1 42.6 32.0 12.2 14.0
E th a n o l 2.3.4 17.4 28.0 14.0 17.1
n -P ro p an o l 90.9 89.5 84.0 23.4 28.2
Iso b u tan o l 92.1 84.3 72.0 16.2 32.0
2-M ethylbutanol 33.2 32.2 82.0 72.2 42.7
3-M ethylbu tanol 42.3 16.1 91.3 33.0 14.2

E ach  reading is an average  of 3 de te rm in a tio n s. Test: %  spore g e rm ination  in th e  presence 
o f volatiles. Control: agar discs w ith  te s t organism s in the absence of volatiles

Table II

Spore germination, %

No.
Organic
volatiles H . oryzae C. pe rsonata

C. blakes­
lelana C. capsici A .  scLuii

test control test control test control test control test control

l A ceta ldeh  yde-f- e th y l-
aceta te 42.1 100 14.0 100 34.0 69 42.0 92 1.3.0 89

2 E th y lace ta te  -f- e th an o l 23.3 2.3.2 34.0 23.0 21.7
3 A cetaldehyde -(-ethyl-

aceta te-f-e thanol 14.5 42.9 23.0 14.1 19.0
4 E th a n o l+ n -p ro p a n o l 23.7 33.4 42.5 22.0 16.1
5 n -P ro p a n o l+  n-bu tano l 14.9 34.3 82.5 14.0 22.7
6 1 so b u tan o l+ n -p ro p an o l-f-

-{-n-butanol 16.3 14.2 89.4 23.1 14.6
7 E th a n o l - |-n -p ropano l-f-

+  n -bu tano l 23.0 17.0 82.3 42.0 21.7
8 Iso bu tanol-{-aceta ldehyde 24.0 19.9 82.7 1.3.7 3.3
9 E thvlaceta te-{-

-j- n -b u tano l -{-n-propanol 23.4 22.7 83.4 12.7 4.2
10 2-M ethylbutanol-{-

— 3n-butanol 17.5 32.7 89.7 21.3 10.0
11 Isobutanol-j- 2-m ethyl-

bu tanol-]-3 -m -bu tano l 16.7 14.2 84.0 23.7 10.1
12 M ixture of all 7 v o la tile s 12.9 16.7 82.0 10.1 14.0

E ach reading is an  average of 3 d e te rm inations. Test: %  spore  germ ination  in th e  presence 
of volatiles. Control: ag ar discs w ith  te s t  organism s in the absence of volatiles. C om binations of 
volatiles are in  equal p rop o rtio n s (1 ml each).
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Results and  discussion

T able  I shows th a t ,  w hen app lied  singly, all b u t  one organic volatiles 
suppressed  th e  spore germ in a tio n  o f all te s t p a th o g en s. C. blakesleeana was 
suppressed  only by  e th an o l and e th y la c e ta te , bu t s tim u la te d  b y  th e  re s t of 
th e  vo latiles. This o rgan ism  is k n o w n  to  u tilize th e  h y d ro carb o n s fo r its 
g row th  [6]. C om para tive ly  high germ in a tio n  was o bserved  in H . oryzae and  
C. personata  against n -p ro p an o l and  isobu tano l.

T ab le  I I ,  w hich show s th e  com plex  in te rac tio n  of organic vo la tiles  in 
various com binations, c learly  dep ic ts th a t  certa in  com b in a tio n s are  effective 
su p p ressan ts against all th e  te s t  pa th o g en s. The spore g e rm in a tio n  of C. blakes­
leeana was suppressed considerab ly  b y  com binations 1, 2, 3 and  4, b u t on th e  
c o n tra ry  it was s tim u la te d  by  th e  re st of th e  co m b in a tio n s. In  som e cases, 
especially  w ith  co m bina tions 7 an d  9 th e  effect o f e th a n o l and e th y la c e ta te  
was m asked  by  n -p ro p an o l and  n -b u tan o l, respective ly . T hus th e  g ro w th  of 
C. blakesleeana was found  to  be s tim u la ted . In  m an y  cases th e  suppression  of 
spore germ ination  w as m ore de fin ite  w ith  com bined as com pared  to  single 
vo la tiles (Table II) .

I t  was in te re s tin g  to  no te  th a t  th e  m ix tu re  of all v o la tiles was responsib le 
for rem ark ab le  in h ib itio n  of spore g erm ina tion  in all cases b a rrin g  th e  7 cases 
of C. blakesleeana w here s tim u la tio n s w ere seen. In  all co m bina tions A . solani 
g e rm ina tion  was in h ib ite d  to  a g rea te r ex ten t.

K eeping these aspec ts  in view  th is  s tu d y  can be used as a useful ad ju n c t 
in con tro lling  th e  p rev a lan ce  of these  p la n t pa thogens in th e  soil b y  Saccharo­
myces spores w hich are  responsib le  fo r th e  p ro d u c tio n  of these  vo la tiles.

Acknowledgements. T he a u th o r  is th a n k fu l to Professor G. P . M i s h r a , H e ad , D e p a rt­
m en t of B o tan y , U n iv e rsity  o f Saugar, Sagar, for all th e  n ecessary  facilities.
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re fe rred  to  in  th e  te x t  and  th e ir  ap p ro x im a te  p lace  in d ica ted  on th e  m arg in .

A bbreviations and  sym bols. Q u an tities  shou ld  b e  expressed in  S I  u n its . All ab b rev ia tio n s  
sh o u ld  be  spelled o u t w hen f i r s t  u sed  in  th e  te x t. P lease  iden tify  u n u su a l sym bols in  th e  m arg in .

N om enclature  o f m icroorgan ism s. B inom ial n am es should co nfo rm  to  th e  In te rn a tio n a l  
R u les  o f N o m enclatu re  a n d  to  c u rre n t te rm s o f th e  In te rn a tio n a l C o m m ittee  on S y s tem atic  
B acterio logy . N am es used  fo r v iru se s should  be th o se  app ro v ed  b y  th e  In te rn a tio n a l C om m it­
tee  on  T ax o n o m y  of V iruses (IC TV ). Generic a n d  specific  nam es o f species should  b e  w ritte n  
in  fu ll in  th e  t it le  a n d  th e  f irs t  tim e  th e y  a p p ea r in  th e  a b s trac t a n d  in  th e  te x t .  S u b seq u en tly  
th e y  shou ld  he  a b b rev ia ted . G eneric  a n d  specific n am es should be  u n d e rlin ed  fo r ita lic s . No 
specific n am e  w ith o u t a  cap ita lized  generic nam e sh o u ld  he  used.

Proofs and  reprin ts. Tw o se ts o f proofs will be  p rov ided , w h ich  a re  req u ested  to  be 
re tu rn e d  w ith in  48 hours o f re ce ip t to  th e  E d ito r. A lte ra tio n s  in  th e  t e x t  a n d  especially  in  th e  
i llu s tra tio n s  a re  expensive a n d  sh o u ld  be  avoided. O ne h u n d re d  and  f if ty  re p rin ts  o f each  p a p e r 
a re  supp lied  free o f charge. A d d itio n a l rep rin ts  can  be  o rd ered  a t  cost p rice  a t  th e  tim e  th e  page 
p ro o f is re tu rn ed .



Periodicals of the Hungarian Academy of Sciences are obtainable 
at the following addresses:

AUSTRALIA
C.B .D . LIBRARY AND SU B SC R IPT IO N  SERV ICE 
Box 4886, G.P.O., Sydney N .S . W. 2001 
CO SM O S BOOKSHOP, 145 A ckland  Street 
S t. Kilda (Melbourne), Victoria 3182

A U STRIA
G LO B U S, Hochstädtplatz 3, 1206 Wien X X  

BELG IU M
O F F IC E  IN TERN ATIO N A L D E  LIBRA IRIE 
30 Avenue Marnix, 1050 Bruxelles 
L IB R A IR IE  DU M ONDE E N T IE R  
162 rue du Midi, 1000 Bruxelles

BULGARIA
H E M U S, Bulvár Ruszki 6, Sofia  

CANADA
PA N N Ó N IA  BOOKS, P.O. Box 1017 
Postal Station “ B”, Toronto, Ontario M 5T 2T8

CHINA
C N P IC O R , Periodical D epartm ent, P.O. Box 50 
Peking

CZECHOSLOVAKIA
M A D ’ARSKÁ K U LTÚ RA , N áro d n í tíida 22 
115 66 Praha
PNS DOVOZ TISKU, V inohradská  46, Praha 2 
PNS DOVOZ П А С Е , Bratislava 2

D EN M A RK
E JN A R  M UNKSGAARD, N orregade  6 
1165 Copenhagen К
FED ERA L REPUBLIC O F  GERM ANY 
K U N S T  UN D  WISSEN E R IC H  BIEBER 
Postfach 46, 7000 Stuttgart 1
FINLA N D
A K A TEE M IN EN  K IR JA K A U P P A , P.O. Box 128
SF-00101 Helsinki 10
FRANCE
DAW SO N -FRA N CE S. А ., В. P. 40, 91121 Palaiseau 
EU R O PÉ RIO D IQ U E S S. A ., 31 Avenue de V er­
sailles, 78170 La Celle S t. Cloud  
O F F IC E  IN TER N A T IO N A L D E D O C U M E N T A ­
T IO N  ET LIBRAIRIE, 48 rue Gay-Lussac 
75240 Paris Cedex 05
GERM AN  DEM OCRATIC REPU B LIC  
H A U S D ER U N G A R ISC H E N  K U LT U R  
K arl Liebknecht-Straße 9, D D R-102 Berlin 
D EU T SC H E POST Z E IT U N G SV E R T R IE B SA M T  
Sraße der Pariser K om m üne 3-4 , DDR-104 Berlin
G REAT BRITAIN
BLACKW ELL’S PE R IO D IC A L S DIV ISIO N
H ythe Bridge Street, O xford  0 X 1  2E T
B U M PU S, HALDANE A N D  M AXW ELL L T D .
C ow per Works, Olney, Bucks M K 46 4BN
C O L L E T ’S H O LD IN G S L T D ., D enington E state
Wellingborough, Nor t hant s N N 8  2Q T
W M . DAWSON A N D  SO N S L T D ., C annon H ouse
Folkstone, Kent CT19 5EE
H . K . LEWIS AND C O ., 136 G ow er Street
London WC1E 6BS
G REECE
KOSTA RA K IS B R O T H E R S IN T E R N A T IO N A L  
BOOKSELLERS, 2 H ippokra tous  S t r e e t Athens-143
H O LLA N D
M EU LE N H O FF-B R U N A  B.V ., Beulingstraat 2, 
Amsterdam
M A R T IN U S N IJH O FF B.V.
Lange Voorhout 9-11, Den Haag

SWETS SU BSCRIPTIO N  SERV ICE 
347b Heereweg, Lisse

INDIA
ALLIED PU BLISH IN G  PR IV A TE LTD., 13/14 
Asaf Ali R oad, New Delhi 110001 
150 B-6 M ount Road, M adras 600002 
IN T ER N A T IO N A L BOOK H O U SE PVT. LT D . 
M adame Cam a Road, Bombay 400039 
TH E STA TE T R A D IN G  C O R PO R A TIO N  O F 
IN D IA  LT D ., Books Im port Division, C handralok 
36 Janpath , New Delhi 110001

ITALY
IN T ER SC IEN T IA , Via M azzé 28, 10149 Torino 
L IBR ERIA  C O M M ISSIO N A RIA  SANSONI, Via 
Lam arm ora 45, 50121 Firenze 
SANTO VANASIA, Via M. M acchi 58 
20124 Milano
D. E. A., Via Lima 28, 00198 Roma 

JAPA N
K IN O K U N IY A  BOOK -STO RE CO. LTD.
17-7 Shinjuku 3 chôme, Shinjuku-ku, Tokyo 160-91 
M A R U ZE N  COM PANY L T D ., Book D epartm ent, 
P.O. Box 5050 Tokyo In ternational, Tokyo 100-31 
N A U K A  LTD. IM PO R T D EPA R T M E N T 
2-30-19 M inami Ikebukuro, Toshima-ku, Tokyo 171

KOREA
C H U L PA N M U L , Phenjan 

NORW AY
TA N U M -TID SK R IFT-SEN T R A L EN  A S ., K arl 
Johansgatan 41-43, 1000 Oslo

POLAND
W ÇG IERSK I IN STY TU T K U LTURY , M arszal-
kowska 80, 00-517 Warszawa
CKP I W, ul. Towarowa 28, 00-958 Warszawa

ROUM ANIA
D. E. P ., Bucureçti
ILEX IM , Calea Grivitei 64-66, Bucure§ti 

SO V IET UNION
SO JU ZPECH A T -  IM P O R T , Moscow 
and the post offices in each town 
M E Z H D U N A R O D N A Y A  K N IG A , Moscow G-200

SPAIN
D IA Z D E SANTOS, Lagasca 95, Madrid 6 

SW EDEN
ALM QVIST AND W IK SELL, Gamla Brogatan 26
101 20 Stockholm
G U M PER TS U N IV ERSITETSBO K H AN D EL AB 
Box 346, 401 25 Göteborg 1

SW ITZERLAND
K A R G E R  LIBRI AG , Petersgraben 31, 4011 Basel 

USA
EBSCO SU BSCRIPTIO N  SERVICES 
P.O. Box 1943, Birmingham, Alabama 35201 
F . W. FA X O N  C O M PA N Y , INC.
15 Southw est Park, Westwood Mass. 02090 
TH E M OO RE-CO TTRELL SUBSCRIPTION 
A G EN C IES, North Cohocton, N. Y. 14868 
R E A D -M O R E  PU B LICA TIO N S, INC.
140 C edar Street, New York, N . Y. 10006 
STEC H ER T-M A C M ILLA N , INC.
7250 Westfield Avenue, Pennsauken N. J. 08110

YUGOSLAVIA
JUG O SLO V EN SK A  K N JIG A , Terazije 27, Beograd 
FO R U M , Vojvode MiSida 1, 21000 Novi Sad

Index: 26.016


	1. szám��������������
	Visy, M.–Wiseman, R. F.–Gordon, H. A.: Renal Function in Normal and Kidney Traumatized Germfree Rats�����������������������������������������������������������������������������������������������������������
	Lugosi, L.: Stability of the Hungarian National BCG Reference Preparations. Trend of Viability During 4–7 Years Storage at +4°C��������������������������������������������������������������������������������������������������������������������������������������
	Seltmann, G.–Beer, W.: Nourseothricin (Streptothricin) Inactivated by a Plamid pIE636 Encoded Acetyl Transferase: Nature of the Inactivated Nourseothricin�����������������������������������������������������������������������������������������������������������������������������������������������������������������
	Czirók, E.–Milch, H.–Vincze, I.: Virulence Factors of Escherichia coli. IV. Association in Escherichia coli of LD50 with Haemolysin Production, Haemagglutinating Capacity, Antigens K1, K5, Colicinogenicity and Pathogenicity��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Uri, J. V.: A Comparison of Cefonicid with other Beta-Lactams Regarding the Effect of Human and Mouse Sera on Antibacterial Activity�������������������������������������������������������������������������������������������������������������������������������������������
	Premecz, G.–Markovits, A.–Földes, I.: A Novel Approach for Understanding the Effects of Interferons. – A Working Hypothesis����������������������������������������������������������������������������������������������������������������������������������
	Banerjee, M.–Kumar, H. D.: Effect of Light Quality, Anaerobiosis and Glucose on Nitrogen-Fixation by the Rice Field Cyanobacterium Aulosira fertilissima Ghose���������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Elekes, E.–Merétey, K.–Bertók, L.: In Vivo and in Vitro Effect of Toxic and Radio-Detoxified Endotoxin Preparations on Chemiluminescence of Peritoneal Cells of Mice���������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Boze, H.–Nicol, D.–Moulin, G.–Galzy, P.: The Role of Genes LAC1 and LAC2 in the Biosynthesis of Lactose Metabolism Enzymes by Kluyveromyces lactis���������������������������������������������������������������������������������������������������������������������������������������������������������
	Rabsch, W.–Paul, P.–Reissbrodt, R.: A New Hydroxamate Siderophore for Iron Supply of Salmonella������������������������������������������������������������������������������������������������������
	Sziller, I.–Orsós, M.–Mász, L.–Dömötör, J.: Detection of Chlamydia trachomatis in the Female Genital Tract by Fluorescein-Labelled Monoclonal Antibody (A Note)����������������������������������������������������������������������������������������������������������������������������������������������������������������������

	2. szám��������������
	Marjai, E.–Kálmán, M.–Kajáry, I.–Bélteky, Á.–Rodler, M.: Isolation from Food and Characterization by Virulence Tests of Yersinia enterocolitica Associated with an Outbreak����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Joshi, S.–Dhar, N. D.: Specificity of Fungal Lipase in Hydrolytic Cleavage of Oil����������������������������������������������������������������������������������������
	Sipka, S.–Boldogh, I.–Ábel, Gy.–Csongor, J.–Fachet, J.–Szegedi, G.: Effect of Herpes Virus Infections on the Chemiluinescence Induced by Zymosan Phagocytosis in Mouse Peritoneal Macrophages����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Csukás, Zs.–Ferenczi, I.–Nász, I.–Bánóczy, J.: Diffusion of Metronidazole through the Dentinal Tubules of Extracted Teeth��������������������������������������������������������������������������������������������������������������������������������
	Milch, H.–G. László, V.–Tóth, I.–Czirók, É.–Árr, M.–Magyar, T.–Gráber, H.: Antibiotic Resistance and Plasmid Profiles of Escherichia coli and Klebsiella Isolated from In-Patients Receiving Prolonged Antibiotic Therapy��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Vassilev, Tch.–Petrova, R.–Bozadjiev, L.–Peeva, Z.–Bineva, I.: Protective Activity of Two Human Intravenous Immunoglobulin Preparations in Experimental Infection with an Encapsulated Staphylococcus aureus Strain��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Petrás, Gy.–Ádám, M. M.: Phases of the Serological Response in Pseudomonas aeruginosa Infections�������������������������������������������������������������������������������������������������������
	Pál, t.–Brasch, G.: IgG Response of Dysenteric Patients to Antigens Coded by the Virulence Plasmid of Enteroinvasive Pathogens�������������������������������������������������������������������������������������������������������������������������������������
	Kétyi, I.–Pál, T.: Protective Value of the Plasmid-Coded Outer Membrane Protein of Enteroinvasive Escherichia coli�������������������������������������������������������������������������������������������������������������������������
	H. Kotsis, I.–Ádám, M. M.: Paper-Disc Method for Campylobacter Hippurate-Hydrolysis Test (A Note)��������������������������������������������������������������������������������������������������������

	3–4. szám����������������
	Kőhidai, L.–Darvas, Zs.–Csaba, G.: The Effect of Varying Illumination of Imprinting of Tetrahymena by Insulin��������������������������������������������������������������������������������������������������������������������
	Ongrádi, J.–Farkas, J.–Csata, S.: Complementability of Temperature-Sensitive Adenovirus Mutants with Extracts of Urogenital Tumour Cells�����������������������������������������������������������������������������������������������������������������������������������������������
	Minárovits, J.–Karczag, E.–Földes, I.: Effect of Poly I:C-Activated Peritoneal Cells on the Take of Transplantable Murine Tumours����������������������������������������������������������������������������������������������������������������������������������������
	Karczag, E.–Minárovits, J.–Földes, I.: Mouse Peritoneal Cells Activated with a Combination of Indomethacin, Poly I:C and Syncumar Inhibit the Take of Lewis Lung Carcinoma in Adoptive Transfer Assay������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Ternai, A.–Kulcsár, G.–Dán, P.–Pataki, I.–Veszelovszky, I.–Nász, I.: Cervical and Vaginal Microflora of Women Under Screening������������������������������������������������������������������������������������������������������������������������������������
	Czirók, É.–Petheő, G.–Szöllősy, E.–Milch, H.–Herpay, M.–Csík, M.: Adsorption to Al(OH)3 Gel of Escherichia coli is Correlated with O and K Antigens and with Type of Extraintestinal Infection�����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Elekes, É.–Merétey, K.–Bertók, L.: Age Dependent Effect of Toxic and Detoxified Endotoxins on the Natural Anti-DNA Antibody Level in Rats������������������������������������������������������������������������������������������������������������������������������������������������
	Molnár, J.–Petri, I.–Berek, I.–Shoyama, Y.–Nishioka, I.: The Effects of Cannabinoids and Cannabispiro Compounds on Escherichia coli Adhesion to Tissue Culture Cells and on Leukocyte Functions in Vitro���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Geck, P.–Molnár, A.–Nász, I.: Different of Non-Specific Nucleases form Restriction Endonuclease Preparations by Different Binding on Free DNA Ligand�����������������������������������������������������������������������������������������������������������������������������������������������������������
	Ádám, É.–Dán, P.–Nász, I.–Lengyel, A.–Erdei, J.–Fachet, J.: Distribution Pattern on Adenovirus Hexon Epitopes in Infected Cells Determined with Monoclonal Antibodies by Immunofluorescence Analysis�����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Saksena, N.–Tripathi, H. H. S.: Effect of Organic Volatiles from Saccharomyces on the Spore Germination of Fungi. (A Note)���������������������������������������������������������������������������������������������������������������������������������

	Oldalszámok������������������
	_1���������
	_2���������
	_3���������
	_4���������
	_5���������
	_6���������
	1��������
	2��������
	3��������
	4��������
	5��������
	6��������
	7��������
	8��������
	9��������
	10���������
	11���������
	12���������
	13���������
	14���������
	15���������
	16���������
	17���������
	18���������
	19���������
	20���������
	21���������
	22���������
	23���������
	24���������
	25���������
	26���������
	27���������
	28���������
	29���������
	30���������
	31���������
	32���������
	33���������
	34���������
	35���������
	36���������
	37���������
	38���������
	39���������
	40���������
	41���������
	42���������
	43���������
	44���������
	45���������
	46���������
	47���������
	48���������
	49���������
	50���������
	51���������
	52���������
	53���������
	54���������
	55���������
	56���������
	57���������
	58���������
	59���������
	60���������
	61���������
	62���������
	63���������
	64���������
	65���������
	66���������
	67���������
	68���������
	69���������
	70���������
	71���������
	72���������
	73���������
	74���������
	75���������
	76���������
	77���������
	78���������
	79���������
	80���������
	81���������
	82���������
	83���������
	84���������
	85���������
	86���������
	87���������
	88���������
	89���������
	90���������
	91���������
	92���������
	93���������
	94���������
	95���������
	96���������
	96_1�����������
	96_2�����������
	96_3�����������
	96_4�����������
	96_5�����������
	96_6�����������
	97���������
	98���������
	99���������
	100����������
	101����������
	102����������
	103����������
	104����������
	105����������
	106����������
	107����������
	108����������
	109����������
	110����������
	111����������
	112����������
	113����������
	114����������
	115����������
	116����������
	117����������
	118����������
	119����������
	120����������
	121����������
	122����������
	123����������
	124����������
	125����������
	126����������
	127����������
	128����������
	129����������
	130����������
	131����������
	132����������
	133����������
	134����������
	135����������
	136����������
	137����������
	138����������
	139����������
	140����������
	141����������
	142����������
	143����������
	144����������
	145����������
	146����������
	147����������
	148����������
	149����������
	150����������
	151����������
	152����������
	153����������
	154����������
	155����������
	156����������
	157����������
	158����������
	159����������
	160����������
	161����������
	162����������
	163����������
	164����������
	165����������
	166����������
	167����������
	168����������
	169����������
	170����������
	171����������
	172����������
	173����������
	174����������
	175����������
	176����������
	177����������
	178����������
	178_1������������
	178_2������������
	178_3������������
	178_4������������
	178_5������������
	178_6������������
	179����������
	180����������
	181����������
	182����������
	183����������
	184����������
	185����������
	186����������
	187����������
	188����������
	189����������
	190����������
	191����������
	192����������
	193����������
	194����������
	195����������
	196����������
	197����������
	198����������
	199����������
	200����������
	201����������
	202����������
	203����������
	204����������
	205����������
	206����������
	207����������
	208����������
	209����������
	210����������
	211����������
	212����������
	213����������
	214����������
	215����������
	216����������
	217����������
	218����������
	219����������
	220����������
	221����������
	222����������
	223����������
	224����������
	225����������
	226����������
	227����������
	228����������
	229����������
	230����������
	231����������
	232����������
	233����������
	234����������
	235����������
	236����������
	237����������
	238����������
	239����������
	240����������
	241����������
	242����������
	243����������
	244����������
	245����������
	246����������
	247����������
	248����������
	249����������
	250����������
	251����������
	252����������
	253����������
	254����������
	255����������
	256����������
	257����������
	258����������
	259����������
	260����������
	261����������
	262����������


