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In  th e  last th ree  decades nosocom ial in fections due to  G ram -n eg a tiv e  
b a c te ria  have p lay ed  an  im p o rta n t role in  h u m an  pathology . One of th e  m ost 
im p o r ta n t o p p o rtu n is tic  pa thogen  in h o sp ita ls  is Pseudomonas aeruginosa, 
w h ich  is w idely d is tr ib u te d  in n a tu re , h a s  a high degree of a d a p ta b ility  to  th e  
en v iro n m en t and read ily  acquires re s is tan ce  to  m any  an tim icrob ia l agents. P .
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4 STANISLAVSKY et al.

aeruginosa is especially  pa thogen ic  fo r p a tie n ts  w ith  decreased n a tu ra l resis
tan ce  to  in fections asso c ia ted  w ith age, b u rn s , tra u m a , surgical opera tio n , 
d iabe tes, tu m o u r and  o th e r  d eb ilita tin g  cond itions. P red isposing  th e ra p y , as 
an tib io tic  tre a tm e n t an d  ad m in is tra tio n  of im m unosuppressive  and  a n tim e ta b 
o lite  drugs, also p la y  a n  im p o rta n t role in  th e  deve lopm en t of pseudom onas 
in fection .

S tructu re  of th e  cell wall

P. aeruginosa p roduces an  e x tra c e llu la r  slime w hich  covers th e  cell as a 
com pact layer. P a r t  o f th e  stra in s p ro d u ce  slim e in  g rea t am o u n t; such “ m u 
coid”  s tra in s  are f re q u e n tly  iso lated  from  th e  re sp ira to ry  tra c t  of p a tie n ts  
w ith  cystic  fib rosis [1, 2]. T he slime o f P . aeruginosa  d iffers from  th e  tru e  c a p 
sule o f o th e r b ac te ria  w hich , in  co n tra s t to  slim e, adheres to  th e  cell surface and  
does no t sep a ra te  from  it  in  liqu id  m ed iu m  [3]. The slim e layer in G ram -n eg a
tiv e  b ac te ria  inc lu d in g  P . aeruginosa, co n ta in s  h igh ly  organized  com plex p a t 
te rn s  of po lysaccharide  fib res p ro tru d in g  ra d ia lly  from  th e  cell wall [4, 5]. T he 
po lysaccharide  fib res  a re  a tta ch ed  to  th e  o u te r  m em brane  of the  cell w all [6].

In u ltra s tru c tu re , th e  cell wall o f P . aeruginosa corresponds to  th a t  of 
o th e r G rain -negative  b a c te ria . I t  is com posed  of an o u te r  m em brane, p ep tid o - 
g lycan  an d  a th ird  elec tron-dense  layer [7]. T he o u te r m em brane  is convex, an d  
consists o f an  e x te rn a l sm oo th  layer an d  an  in te rn a l la y e r  of spherical p ro te in - 
lipopo lysaccharide  agg regates 6-7  nm  in  th ickness. T he cell w all of P. aerugi
nosa co n ta in s  5 5 -6 5 %  lipopo lysaccharide  an d  lip id , 30%  p ro te in  an d  5 -1 5 %  
pep tidog lycan  [8].

T he p ep tid o g ly can  of P. aeruginosa  is com posed o f a m acrom olecvdar 
n e tw o rk  con ta in in g  g lu tam ic  acid, 2 ,5-d iam inop im elic  acid , alanine, 7V-acetyl- 
glucosam ine and  iV -acetylm uram ic acid  [9]. The cell w all of P. aeruginosa  cu l
tu re d  in  try p to se  soy b ro th  contains th re e  k inds of p ro te in : A (mol w t 43 000), 
B (m ol w t 16 500) a n d  C (m ol w t 72 000). P ro te in s  A an d  В are basic lip o p ro 
te in  com ponen ts of th e  o u te r m em b ran e  an d  are p ro b ab ly  p a rts  of th e  lipo- 
p o ly sa c c h a rid e -p ro te in  com plex. A queous e x tra c tio n  of ace tone-d ried  cells 
y ie lded  tw o k inds o f p ro te in  p resen t p ro b a b ly  in  th e  o u te r m em brane: A (m ol 
w t 110 000-120 000) an d  B (mol w t 11 000-37 000) [10]. By E D T A -T ris  
tre a tm e n t, 50%  o f th e  endotoxin  agg rega tes can be e x tra c te d  [11]. E x tra c ts  
o b ta in ed  in  th is  m a n n e r  were used fo r th e  p re p a ra tio n  of P. aeruginosa v a c 
cines consisting  of 16 s tra in s  [12].

V irulence factors

T ab le  I p re sen ts  d a ta  for e x tra c e llu la r  tox ic  substances w hich m ay be 
regarded  as v iru lence  fac to rs of P. aeruginosa. O f th e  m an y  kinds of e x tra c e llu 
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la r tox ic  com ponen ts syn thesized  b y  P. aeruginosa [13], exo tox in  A is th e  
one stu d ied  m ost extensively . T h is su b stan ce  is p roduced  b y  90%  of s tra in s  
fresh ly  iso la ted  from  clinical m a te r ia l [14]. E xo to x in  A is an  adenosine-di- 
phospho-ribosy l transferase  ta k in g  p a r t  in  p ro te in  syn thesis  b y  cata liz ing  th e  
tra n sfe r  o f adenosine-d iphosphate  ribose from  ad eny ln ico tinam ide  d inucleo tide  
to  e longation  fac to r 2 (EF-2) o f th e  p o ly p ep tid e  chain. T h is reversib le reac tio n  
is responsib le fo r th e  in ac tiv a tio n  o f E F -2  needed for p ro te in  synthesis o f th e  
host cell [15]. E x o to x in  A form s a single po lypep tide  chain  o f 71 000 m ol w t. 
T he n a tiv e  to x in  is a proenzym e co n sis tin g  of an active frag m en t (A, m ol w t 
26 000) and an  in ac tiv e  fragm en t (B , m ol w t 45 000) [15, 16]. The n a tiv e  to x in  
m olecule exh ib its  a m inim um  fe rm e n ta tiv e  ab ility , b u t  a f te r  d é n a tu ra tio n , 
red u c tio n  or pro teo lysis, it is a c tiv a te d .

The biological ac tiv ity  of th e  p u rif ie d  exotoxin  v aries and  depends on 
th e  presence of o th e r  ex trace llu lar p ro d u c ts . E xo tox in  A is a le th a l ag en t to  a 
w ide v a rie ty  of anim als inc lud ing  p r im a te s ; i t  exerts a cy to to x ic  effect in 
v itro  and a necro tiz ing  a c tiv ity  in  v ivo  [16]. E xo tox in  A ob ta in ed  from  P . 
aeruginosa  s tra in  PA-103 influences th e  resp ira tio n  of m ito ch o n d ria , reduces 
oxygen  ab so rp tio n  s tim u la ted  b y  c itra te s , succinates and  L -g lycerophosphatase, 
b u t  fails to  ac t on oxygen ab so rp tio n  s tim u la ted  by p y ru v ic  acid [17, 18]. 
E x o to x in  A causes oedem a of th e  m ito ch o n d ria  of liver cells [19]. In  the  op i
n ion  of P av lovsk is and  C allahan [18], ex o tox in  A in th e  f irs t  step  causes a 
change in th e  p ro top lasm ic  m em b ran e  an d  in the  second s tep  it  inh ib its in t r a 
ce llu la r p ro te in  an d  nucleic acid sy n th es is  o r acts d irec tly  u p o n  ex trace llu lar 
processes. E x o to x in  A is 2000 tim es m ore to x ic  to  mice th a n  th e  lipopo lysac
charide  of th e  sam e bac te ria l s t r a in  [20]. I t  is generally  accep ted  th a t  ex o to x in  
A is sensitive to  pro teases; some d a ta  in d ica te  th a t  it is re s is ta n t to  p u rified  
p ro teo ly tic  enzym es of pseudom onas, e.g. to  alkaline p h o sp h a ta se  and  elas- 
ta se  [21].

The p a th o g en e tic  role of ex o to x in  is n o t perfectly  clear. To produce th is  
fac to r  in v itro , defined  conditions a re  needed . Some la b o ra to ry  s tra in s do n o t 
p roduce  exo tox in  b u t  are still h ig h ly  v iru le n t for mice. I t  m ay  be assum ed  
th a t  th e  syn thesis  o f exotoxin  A a n d  p ro tea se  is reg u la ted  m u tu a lly : in  one 
p h ase  of its  life th e  bac te ria l cell sy n th esizes  exotoxin  an d  in  th e  n ex t p h ase  
p ro tease , w hich destroys th e  ex o to x in .

P . aeruginosa  produces tw o or th re e  k in d s of p ro tease  [22] w hich p ro b 
ab ly  p lay  a role in th e  p a th o g en ic ity  o f th e  organism  (T able I). A ccording to  
M ull an d  C allahan [23] in septic co n d itio n s  elastase is th e  m ain  fac to r re sp o n 
sible for vascu litis . P ro teases are assu m ed  to  be th e  m ain fac to rs  of tissue in v a 
sion b y  P. aeruginosa  [24].

I t  has been described th a t  P . aeruginosa  m ay cause d iarrhoea  [30]. 
K u b o ta  and  L iu [32] have show n th a t ,  s im ila rly  to  cholera exo tox in , v iru le n t 
P . aeruginosa  cu ltu re  in jected  in  lig a te d  segm ents of th e  sm all in te s tin e  of
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Table I

Virulence factors o f  P . aeruginosa

S u b stan ce C hem ical p ro p e r tie s B iological effect R eferences

E xo to x in  A Single po lypep tide  
chain  (m ol w t 
71 000); adenosine- 
d ip h o sp h a te  ribosyl 
tran sferase

Suppresses p ro tein  synthesis; 
le tha l to x in

[16-18. 20, 
25-301

H aem olysin
therm olabile P ro te in  (m ol w t 

70 0 0 0 - 9 0  000); 
phospholipase  C

Lysis o f an im al e ry th ro cy tes; 
an ti-leukocy tic  ac tiv ity

[22, 31. 33]

therm ostab le Acid glycolip id Lysis o f an im al e ry th rocy tes

E lastase
(p ro tease  P)

D im erous p ro te in  
(m ol w t 23 000 
or 39 000)

Suppresses com plem ent a c tiv ity , 
causes corneal kerato lysis, 
hydro lyses casein, egg a lbum in , 
e lastin , hum an and dog fib rin

[23. 34-36]

Pro teases P ro te in s Cause corneal keratolysis, h aem 
oly tic  in flam m ation , d ila ta 
tio n  of ligated  ra b b it  in testine , 
cy to to x ic  effect, cell p ro liferation

122, 34, 37]

E n te ro to x in H eat-lab ile  p ro tein Causes d iarrhoea in course of 
in te s tin a l infection

[30]

Collagenase P ro te in , m onom erous 
(m ol w t 13 500) 
or d im erous (mol 
w t 34 000)

H ydrolyses collagen, congocol, 
azochyl and casein

[38]

Leukocidin P ro te in  (m ol w t 
27 000)

C ytotoxic on hum an, sheep and 
dog leukocytes

[39-42]

Lecithinase,
lipase

P ro te ins Toxic on  H eL a cells, accelerate 
u lce ra tio n  of m am m al skin

[22, 431

E x trace llu la r
slime

G lycopro te in  (mol wt 
100 000-300 000); 
possib ly  agglom e
ra tio n  of molecules

E x erts  an tiphagocytosis, causes 
leukopenia, toxic for mice, 
ra b b its  and ra ts

[44-49]

m ice caused c h a ra c te r is tic  changes and  accu m u la tio n  o f flu id . T hey h av e  as
sum ed th a t  th is  w as due  to  en te ro tox in  p ro d u c tio n  by  P. aeruginosa. H ow ever, 
th e  pu rified  p ro tease  o f P . aeruginosa has been  show n to  ex e rt a sim ilar effect 
[37], w hich m akes i t  d o u b tfu l th a t  th e  organ ism  produces a tru e  en te ro to x in .

The role in  v iru len ce  o f ex trace llu la r slime has u n d o u b te d ly  been d em o n 
s tra te d . The a m o u n t o f slim e produced  by , and  th e  v iru lence  of, the  s tra in  
show ed a co rre la tio n  in  m ouse ex p erim en ts, a lthough  som e stra in s w hich h ad  
less slime were as v iru le n t as those p ro d u c in g  it a b u n d a n tly  [50]. This fin d in g
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suggests th a t  all these factors tak e  p a r t  in  th e  p a th o g en ic ity  of P. aeruginosa. 
S tra in s  w hich p roduce slime poorly  m ay  be v iru len t because of an a b u n d a n t 
p ro d u c tio n  of o th e r substances, e.g. th e  h ig h ly  m ouse v iru len t s tra in  PA -103, 
w hich  is a good exo tox in  producer, b u t  has a very  slight am o u n t of e x tra c e llu 
la r  slime.

B y u ltra f il tra tio n  the  purified  slim e w as frac tio n a ted  in to  several co m 
p o n en ts  of d ifferen t m olecular w eig h t: (1) >  300 000; (2) 100 000-300 000; (3) 
30 000-100 000; (4) 10 000-30 000; (5) <  10 000. C om pounds h igher in m olec
u la r  w eight th a n  30 000 were th e  m o st to x ic  for mice [46]. T he p u rified  g ly 
co p ro te in  of th e  slim e is tox ic  in  a 30 pg /g  dose for mice [47]; fo r th is  effect th e  
lip id  com ponent is responsible [51]. T h e  slim e purified  by  pheno l d ep ro te in iza- 
t io n  co n ta in s  galactose, glucose, rh am n o se , m annose, xylose, ribose an d  u ro n ic  
ac id  (Table I I ) . The lipopo lysaccharide  also con ta ins glucose an d  rh am n o se , 
w hereas galactose and  p robab ly  m an n o se  are  ch a rac te ris tic  of slime. P o ly u ro - 
nic acids, w hich are fu rth e r  ch a rac te ris tic  com ponen ts of th e  slim e [44, 52] are 
responsib le  for th e  less ready  so lu b ility  o f slim e in w ater.

Table II

Chemical composition o f  p u rified  slime (g ly  colipoprotein) prepared fro m  various strains
o f  P. aeruginosa

S tan is lav sk y  e t al. [50]

S train P ro tein1
%

Hexoses2
%

Heptoses1'
%

Carbohydrate constituents

Uronic
acids

Galac
tose Glucose M annose Xylose Ribose

R ham 
nose

170001 9.8 7.0 1.3 + t r t r + 4_ +
170002 12.6 8.0 n t + + -f- ± ± ± 4_
170005 10.0 8.0 0.9 + i t -f- t r — tr 4-
170006 6.9 9.0 — + ? -j- — — + +
170007 10.0 8.0 — + + -j- t r 4- 4- 4-
170009 16.6 6.0 — + + 4- tr t r -j- +
170012 14.0 14.6 2.2 + + + — + + +
170014 10.9 10.0 n t + + + — tr tr t r
170017 11.0 25.0 0.6 + г t r — tr t r
170018 9.0 11.8 l . i + 4- — 4- 4- -t-
170019 20.2 10.0 — + + + — — -j- t r
170021 n t nt n t + + + 4- — + 4-
170022 11.7 21.0 — + ± + + t r + +
170023 n t n t n t + ± + + tr + +
O -II 8.6 7.0 — + + + + 4- + —

1 P ro te in  assay w ith  Folin reagent
2 Assay w ith an th rone  reagent
3 Assay as described in [51]
+  Considerable am o u n t of sugar 
ih Sm all am oun t o f sugar 
t r  T races of sugar 
— No sugar 
n t  N o t tested
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Som e P . aeruginosa  s tra in s  syn thesize  cell-bound substances th a t  are 
tox ic  for h u m an  leu k o cy tes . These fac to rs, th e  leukocid ins, are released from  
th e  b a c te ria  a fte r au to ly s is  [39-42].

In  th e  p a th o g en ic ity  of P. aeruginosa , th e  v iru lence  factors m ay  be 
assum ed  to  ta k e  th e  fo llow ing schem atic o rd er. The f irs t phase is ch arac terized  
by  adherence  of, and in v as io n  by, th e  a g en t in  th e  host tissues. In  th is  phase 
pili an d  ex trace llu la r slim e p lay  an im p o r ta n t role. T he la t te r  ensures th e  
resistance  of th e  b ac te ria l cell to  phagocy tosis and possib ly  to  o ther im m une 
m echanism s. In  p ro te c tin g  th e  host ag a in st th e  firs t phase of infection , opso- 
n ins an d  p ro b ab ly  an ti-s lim e  and  an ti-p ilu s an tibod ies p lay  an  im p o rta n t role.

W hen  P . aeruginosa  has gained access to  th e  h ost tissue, an in tensive  
m u ltip lica tio n  phase ensues, in the course o f  w hich several ex trace llu lar fac to rs 
are  p ro d u ced  inc lud ing  ex o to x in  A, h aem olysin , p ro teases, etc ., w hich cause 
in to x ica tio n . In  th is  p h ase  of infection  a n tito x ic  im m u n ity  p lay  the  m ain 
p a r t  in  p ro tec tin g  th e  h o st. L a te r, w hen th e  b ac te ria l cells d isin teg ra te , a m ore 
severe in to x ica tio n  occurs as a result o f en d o to x in  an d  leukocid in  effects. A 
ce rta in  am o u n t of ex o to x in  m ay be released  from  th e  in ta c t  b ac te ria , too.

E xtracellu lar an tigens

A. Antigenic properties o f  proteases and  exotoxin A

In  p a tien ts  su ffering  from  P. aeruginosa  infection , an tibod ies have been 
show n to  develop ag a in s t P . aeruginosa p ro teases  (m ore precisely, to  e lastase); 
as d em o n stra ted  by  passive  h aem ag g lu tin a tio n , th e  sam e an tibod ies occurred  
in h e a lth y  sub jec ts , to o , w ho p robab ly  h a d  had  a h is to ry  of P. aeruginosa  
in fec tion  [53].

E x o to x in  A is a p o te n t  antigen w h ich  in  doses of low  to x ic ity  p roduces 
a fa irly  h igh im m une response. Toxoid p rep a red  from  th e  exotoxin  is also 
im m unogen ic  in  an im als, b u t  its  use for v acc in a tio n  of h u m an s is p ro b lem atic , 
as i t  m ay  rev e rt to  to x in  [16]. An a n ti-ex o to x in  serum  p rep ared  from  s tra in  
PA-103 was found to  p ro te c t anim als ag a in s t in fection  no t only  by hom ologous 
b u t  also b y  hetero logous s tra in s . I t  has b een  assum ed th a t  d ifferen t s tra in s  of 
P . aeruginosa p roduce th e  sam e, serologically  iden tica l exo tox in  A [54]. A n 
im m unological c ross-reaction  has been show n betw een  P. aeruginosa ex o to x in  
A an d  d ip h th e ria  to x in  A  [55]. In  th e  se ru m  of p a tie n ts  w ith  P. aeruginosa  
sepsis, an tibod ies for e x o to x in  A and lipopo lysaccharide  have been d em o n 
s tra te d  [56].

B. A ntigenic properties o f  extracellular slime

T he capsu lar an tig en s  of bacteria  p la y  an  im p o rta n t, som etim es p rim ary  
role in  s tim u la tin g  specific  im m unity  to  in fec tio n  [57]. T he ex trace llu lar slim e
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Table III

Active protection test using mice im m unized with extracellular slime prepared from  
S tan islavsky  e t al. [61]

different strains o f  P. aeruginosa

Strains used for preparation of slime Challenging strains

Designa
tion

Lányi serogroup Lányi Bergan 
[69] serogroup [67]

Fisher
immu
notype

180]
FI F2 F3 F4 F5 F6 F7 170014 170019 PA-103

170001 1 3 +  + + + + I__1 + + J-
170002 2a,2c 10a,10c 5 +  + + + + + +  + + + + + +  + -j-
170005 3a,3d 2a,2d 7 + + + + + + -j- + + + + + +  + +
170006 3a,3d,3e 2a.2d.2e + + + +  + + -j--F -f. + + +  +
170007 (3a),3d,3f (2a),2d,2f — + + + n t n t -L + + + +
170009 4a,4c 6a, 6c a ) +  + + + — -[- +  + -f + + + +  +
170012 5a,5b,5d 7a,7b,7d (6) +  + + + — + -f-f- +  + + + +  + +
170014 6 1 4 + — + + + -f- + + + + + -J-
170017 8 — — + + — + +  + + + +  + +  +
170018 9 — — + + + + + +  + + + + + +
170019 10a 9a — +  + + + + + +  + + + +  + + +
170021 11 4a,4b — +  + + + + + + + + + + +
170022 12 15 — +  + H- + + + + + + +  + + +
170023 13 12 — +  + + + _[_ + +  + + + + +  + +
O -II 7a,7b l i a , l ib 2 +  + + + + + +  + + + + + + +

F 1 -F 7  F isher reference stra ins [80]
+  +  LD 50 f° r heterologous s tra in  corresponds to LD 50 for hom ologous im m unotype (serogroup) stra in  
- f  L D 50 for te s t is significantly  h igher th an  LD 50 for control 

LD 50 for te s t corresponds to L D 50 for control
+  +  Results ob tained  w ith  hom ologous stra in  or w ith stra in  regarded as hom ologous because of close antigenic rela tionsh ip  
n t N ot tested
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or slim e layer of P. aeruginosa  con tains an  an tig en  (or an tig en s) which p roduce  
im m u n ity  in ex p e rim en ta l P. aeruginosa in fection  of an im als  [44, 49, 58 -60 ].

I t rem ains to  be e lu c id a ted  w hether slim e an tigens o f P. aeruginosa are 
species or subspecies specific  factors. A ccord ing  to  som e au th o rs  [14, 20], th e  
p ro tec tiv e  action  of slim e is О an tigen  specific. O ther w orkers have show n th a t  
th e  pu rified  slime in d u ces im m u n ity  in  an im als n o t o n ly  against in fec tion  
w ith  th e  hom ologous se rog roup  (im m uno type) b u t also ag a in st the h e te ro lo 
gous serogroup [49, 61]. T he presence in  slim e p rep ared  from  heterologous 
s tra in s  of com m on chem ical com pounds (e.g. uronic acids, galactose, glucose, 
rham nose , see T able I I )  allow s to  conclude to  the  ex istence  of com m on a n t i 
genic d e te rm in an ts . A c tiv e  cross-m ouse p ro tec tio n  te s ts  (Table I I I )  seem to  
confirm  th a t  th e  e x tra c e llu la r  slime is a species specific an tigen .

S tudies on slim e com ponen ts of d ifferen t m olecular w eights have show n 
th a t  large m olecule f ra c tio n s  (30 000-300 000) are fa irly  sim ilar or id en tica l in  
im m unogen ic ity . F ra c tio n s  o f lower m olecu lar w eight (10 000-30 000) h av e , 
in  ad d itio n  to  com m on d e te rm in an ts  w ith  th e  large m olecu lar w eight ones, 
th e ir  own specific d e te rm in a n ts . A serological cross-reaction  has been d e m o n 
s tra te d  betw een th e  large  m olecular w eight com ponen ts an d  lipopo lysaccharide 
[49]. In  opinion of o th e r  au th o rs  [47], th e  pu rified  slim e differs in th is re sp ec t 
from  the  lipopo lysaccharide.

In  active and passiv e  mouse p ro tec tio n  tests  all slim e com ponents w ere 
ac tiv e ; ac tiv ity  was h ig h e s t w ith  th e  large m olecular w eig h t fractions. T he n o n 
tox ic  low m olecular w eigh t fractions ex h ib ited  a p ro tec tiv e  effect a g a in s t 
s tra in s  w ith  hetero logous serogroup (im m uno type) [49].

A ctive im m u n iza tio n  w ith  purified  slim e of s tra in s  belonging to  15 d iffe r
e n t serological u n its  p ro te c te d  mice ag a in s t in fection  (T able I I I ) . The p ro te c 
tiv e  effect in m ost cases w as of the  sam e level for s tra in s  w ith hom ologous 
a n d  w ith  heterologous О an tigenic  s tru c tu re .

These ex p erim en ts  show ed th a t  frac tio n s  of e x tra c e llu la r  slime e x e rt a 
species specific p ro te c tio n . A ccordingly, non -tox ic  low m olecular w eight f ra c 
tio n s of the  slim e m ay  be used to g e th e r w ith  o th e r an tig en ic  products o f P . 
aeruginosa , for effective im m unization  ag a in st in fec tion  w ith  the agent.

Cell wall an tigens

The p ro te in -lipopo lysaccharide  com plex  localized in  th e  cell w all o f P . 
aeruginosa  rep resen ts tw o  kinds of an tig en : th e  lipopo lysaccharide (L PS) p a r t  
corresponds to  th e  serogroup-specific  О an tig en , th e  p ro te in  com ponent is th e  
com m on p ro tec tiv e  a n tig e n  of pseudom onads [62-64]. T here are o th e r c o m 
m on pro te in  an tig en s w hich  elicit an tib o d ies  p ro tec tiv e  against p seudom onas 
in fection  [65, 66].
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A. Serological grouping  o f P. aeruginosa

T he h is to ry  an d  th e  use in epidem iological tra c in g  of the  d e te rm in a tio n  
of P. aeruginosa  О an tig en s  were rev iew ed  b y  L ány i and  B ergan [67]. Since 
the  beg inn ing  of th is  c en tu ry , several serogroup ing  system s have been  e lab o 
ra ted . O w ing to  a v a r ie ty  of designations fo r the  О an tigens, and to  d eb a tes  
w hether or no t p a rtia l О an tigens shou ld  be included  in  th e  antigenic schem es, 
the  re su lts  o f d ifferen t au th o rs  are d ifficu lt to  com pare. In  an in te rn a tio n a l col
lab o ra tiv e  s tu d y , a tte m p tin g  to  e s tab lish  an  in te rn a tio n a l serogrouping schem e, 
L ányi and  B ergan [67] recom m ended th a t  an tigens designated  accord ing  to  
th e  H abs schem e [68] —  th e  firs t system  to  have  gained  m ore w idespread  recog
n i t io n —  should  be su b d iv id ed  into su b g ro u p s as described  by  Lányi [69] an d  
su p p lem en ted  by  an tig en s  no t included  in  these tw o system s (S andv ik  [70], 
V erder an d  E v an s [71], M eitert [72]). L a te r  A kato v a  an d  Sm irnova [73] and 
H om m a [74] recom m ended  for use th e  serogroup  d esignation  system  o f L án y i 
and B ergan . A k a to v a  an d  Sm irnova [73] su p p lem en ted  the  L á n y i-B e rg an  
schem e w ith  new  sub g ro u p s rep resen ted  by  s tra in s  chosen  from  th e  W o k a tsch  
collection [75]. Liu et al. [76] preferred  a schem e w hich designates th e  О a n t i 
gens by  con tinuous num bering , as opposed  to  the  a, b - a ,  c system  o f L ány i 
and B ergan  [67]. T ab le  IV  shows a com parison  of an tigen ic  sym bols o f th e  
m ore w idely  used system s. I t  is ad v an tag eo u s  th a t  in  th e  com piled schem es of 
L ányi and  B ergan  and  o f Liu et al. th e  n u m b erin g  o f О groups 1, 2, 3, 4, 6, 7, 
9, 10, 11 an d  12 co rresponds to  each o th e r  and  to  th e  orig inal H abs sy stem . In  
th e  L á n y i-B e rg a n  schem e the  H abs g roups 0 2  and  0 5  have been jo in ed  in to  
one group , 0 2 , on th e  basis th a t  th e y  sh are  a w ell-defined  p a rtia l an tig en . 
H ab s’ g roups 0 7  and 0 8 , for the  sam e reaso n , have also been un ited  in to  th e  
0 7  com plex. S tra in s S an d v ik  I I  and  V e rd e r-E v an s  1M-1 are re la ted  in  an 
a, b -a , c m an n er an d  w ere therefore c lassified  in to  one group (013) o f th e  
L á n y i-B e rg a n  schem e.

F o r th e  d e te rm in a tio n  of P . aeruginosa  0  an tigens, slide ag g lu tin a tio n  is 
th e  m eth o d  of choice [67, 69]. Some iso la tes , especially  those form ing  a b u n 
d a n t slim e, ag g lu tin a te  less read ily  by  th e  slide m ethod . Such cu ltu res becom e 
read ily  agg lu tin ab le  a f te r  au toclav ing  a t  120 °C for 1 h , or keeping a t  100 °C 
for 2 y2 h follow ed by  cen trifu g a tio n  and  hom ogen ization  in glycerol and  h e a t
ing to  130 °C for 1 h . F o r a g g lu tin a tio n , ap p ro p ria te  w orking d ilu tio n s of 
pooled O sera, u n ab so rb ed  group sera a n d  absorbed  subgroup  sera are  used 
[67, 69]. A sim plified  epidem iological tra c in g  of P . aeruginosa m ay  be p e r
form ed by  using  one se rum  for each serogroup . Due to  th e  m ajo r group an tig en  
(e.g. 0 6 a ) , s tra in s  be long ing  to  d iffe ren t subgroups o f th e  correspond ing  О 
group u su a lly  give -T -)- to  +  +  +  +  a g g lu tin a tio n  reac tio n  in a single g roup  
serum . F o r a m ore de lica te  m ethod , d e te rm in a tio n  o f th e  p a rtia l an tig en s 
show n in T ab le  IV  is perfo rm ed  w ith  ab so rb ed  0  sera (e.g. 0 6 b , 06c).
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Table IV to

0  antigenic structure o f  reference strains o f  different Pseudomonas aeruginosa antigenic schemes

Comipiled schemes Original schemes

0  groups 
Lányi and 

Bergan, 1978 
[67]

A katova and 
Smirnova, 
1982 [73] 

H om m a, 1982 
[741

P artia l 0  antigens and reference strains Lányi 
and Bergan,1978 [67]

* Supplemented by A katova and Smirnova, 1982 
[73]

Liu et al., 
1983 [76]

H abs, 1957 
[68]

M eitert, 1964, 
1966,1976,1978 

[72,77-79]

Lányi, 1966 67 
'[6 9 ]

Fisher et al., 
1969 [80]

Homma, 1974, 
1976 [81,82]

1 1 170014 or H abs 1 1 1 X I I I 6 4 10

2 2a ,2b 170003 16 — X V I За,3b — 13
* 2 a ,2 b ,2 e W okatsch  25 — — — — — —

( 2 a ) ,2c 170004 or H abs 2 2 2 — (За),3c 3 7, 16
2a ,2d 170005 5 5 — За,3d 7 —
2a ,2d ,2e 170006 — — II 3a,3d,3e — —
(2a),2d ,2f 170007 — — VI (3a),3d,3f — 2

3 *3a,3b W okatsch  14 — — — — — —
*3a,3b,3c H abs 3 or 170001 3 3 V 1 — 1
*3a.3d W okatsch 13 — — — — —

4 4a,41) H abs 4 or 170021 4 4 V i l i 11 — 6
4a,4c 170040 — — — — —

6 6a H abs 6 6 6 4a, . . . 1 —
6a,6b 170008 — — IV 4a,41) — —
6a,6c 170009 — — — 4a,4c — 8
6a,6d 170010 — — 1 4a,4 d — —

7 7a,7b,7c 170011 7 7 — 5a,5b,5c — —
7a,7b,7d 170012 — — — 5a,5b,5d — —
7a,7d 170013 8 8 I l l 5a,5d 6 3

9 *9a,9b,9d 170020 _ — X IV 10a ,10b — —
*9a,9c W okatsch  16 — — — — — —
*9a,9d 170019 9 9 — 10a — 4

ST
A

N
ISL

A
V

SK
Y
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10 10a ,10b H abs 10 10 10 X I _ — 9
10a ,10c 170002 — - 2 5 —

11 l l a . l l b 170015 or H abs 11 11 11 XV 7a,7b 2 5 ( I ID  1130)
l l a . l l c 170016 — — — 7a,7c — —

12 12 170023 or H abs 12 12 12 V II 13 - 14

13 13a,13b Sandvik 11 13 _ X X _ _ 12
13a-13c V erder-E vans 1M-1 14 — X X I — - -

14 14 M eitert X 17 — X - — -

15 15 170022 15 _ X X II 12 — 11

The reference strains are m ain tained  in H ungarian  N ational Collection of Medical B acteria , N ational In s titu te  of H ygiene, Gyáli ú t  2—6» 
И-1966 B udapest H ungary ; Czechoslovak N ational Collection of T ype C ultures, In s titu te  of H ygiene and Epidem iology, Srobárova 48, 100 42 
Prague 10, C zechoslovakia; T arassevich  S ta te  R esearch In s ti tu te  for S tan d ard iza tio n  and Control of Medical Biological P repara tions, 41, S iv tsev  
V razhek, 121002, Moscow. USSR
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14 STANISLAVSKY et al.

P . aeruginosa iso la te s  fre q u e n tly  show  p o ly ag g lu tin ab ility , i.e. sm ooth  
co lony  form  bac te ria  re a c t in a n u m b e r o f d ifferen t O sera. In  c o n tra s t, spon
ta n e o u s  ag g lu tin ab ility , i.e. clum ping  o f cells in all sera of th e  set an d  also in 
physio logical saline, is ra re ly  en co u n tered  [67, 69J. P i t t  and  E rd m an  [83] p re 
sen ted  evidence th a t  th e  fac to r responsib le  for p o ly ag g lu tin ab ility  is a heat- 
s tab le  cell c o n stitu en t d is tin c t from  th e  О an tigen . In  co n tra s t, spon taneous 
a g g lu tin a tio n  is assoc ia ted  w ith  m u ta tio n  to  serological R form  [67].

P . aeruginosa О an tig en s  m ay  be grouped  on th e  basis o f e lec tro p h o re tic  
m o b ility  of the ir e x tra c ts . V an E ed en  [84] show ed th a t  tr ich lo race tic  acid 
e x tra c ts  of P. aeruginosa  s tra in s  ex h ib ited  d iffe ren t im m unoelec trophore tic  
p a tte rn s . On the  basis o f the  b eh av io u r of various e x tra c ts , L án y i e t al. [85] 
c lass ified  P . aeruginosa  О an tigens in to  five  im m un o elec tro p h o re tic  groups; 
th e y  d iv ided  groups I  a n d  I I I  in to  3 an d  2 subgroups, respective ly . О an tigens 
id e n tif ie d  by a g g lu tin a tio n  corresponded  closely to  im m unoelec trophore tic  
p a tte rn s . S trains w ith  id en tica l О an tig en s or sharing  m ajo r so m atic  com po
n e n ts  fell, w ith one ex cep tion , in to  th e  sam e im m u n o elec tro p h o re tic  group 
(T ab le  Y, Fig. 1). Im m u n o e lec tro p h o resis  has su p p o rted  th e  a ssu m p tio n  of 
A d ám  e t al. [86] th a t  О an tigens desig n a ted  by  L ány i in  his o rig inal system  
[69] as 0 8  and 0 9  co rrespond  to  R  fac to rs . T his was fu r th e r  p ro v en  b y  Á dám ’s 
(u n p u b lish ed ) resu lts  o b ta in ed  w ith  d ifferen t p rep ara tio n s  inc lud ing  p h en o l- 
c h lo ro fo rm -p e tro le th e r  e x tra c ts  o f th e  reference s tra in s  (170017 an d  170018). 
In  th e  lig h t of these  s tu d ies, these  an tigens were o m itted  from  th e  L á n y i-  
B ergan  scheme.

Table V

Immunoelectrophoretic groups o f  P. aeruginosa 0  antigens

IE  group
0  antigens

L ányi scheme [69] L á n y i-Bergan scheme [67]

la 2 10a ,10c
3a,3b; (За),Зс; 3a ,3d; 3a,3d,3e; (3a),3d ,3f 2a,2b; (2a),2c; 2a ,2d; 2a,2d,2e; (2a),2d,2f

lb 1 3
6 1

Ic 4a,4c 6a ,6c
5a,5b,5c; 5a ,5b ,5d ; 5a,5d 7a,7b,7c; 7a,7b,7d; 7a,7d
10a; 10a ,10b 9a; 9a,9b

и 4a,4b; 4a,4d 6a ,6b; 6a ,6d

I l i a 12 15

111b 13 12

IV 7a,7b; 7a,7c 11a , l ib :  11 a, 1 lc
11 4a,4b

V 8; 9 -
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IE NaCl Ц LPS TCA NaOH NaOH
group ih 24 h

V o O ' _o о о о

Fig. 1. Schem atic  d iag ram  of p rec ip ita tio n  a rcs  o b ta in e d  in  im m unoelectrophoresis w ith  d iffe r
e n t e x tra c ts  o f P. aeruginosa  strains. A n tig en s in  th e  wells, anode on left. IE  =  im m unoelec- 
tro p h o re tic  g roup; N aC l =  su p e rn a tan t o f b a c te r ia  h e a ted  in  physiological sa line  a t  100 °C 
fo r 2 l/ 2 h ; L, =  s u p e rn a ta n t  of u ltra ce n tr ifu g e d  p h e n o l-w a te r  e x tra c t; L PS  =  purified  
p h e n o l-w a te r  e x tra c t;  TCA =  trich loracetic  acid  e x tra c t ;  N aO H  1 h =  su p e rn a ta n t o f bac teria  
e x tra c te d  w ith  0.5 N N aO H  a t 80 °C for 1 h ; N aO H  24 h  =  su p e rn a ta n t of b a c te r ia  e x tra c te d

w ith 0.5 N N a O H  a t 80 °C fo r 24 h

P . aeruginosa  an d  several o th e r  p seudom onads differ from  m ost G ram 
n eg a tiv e  b ac te ria  in  th a t  th e ir liv ing cells are read ily  agg lu tinab le  in th e  hom ol
ogous О serum , b u t  a f te r  exposure to  55-75  °C th e  suspension becom es slim y 
and  th e  cells loose th e ir  ag g lu tin ab ility . H ea tin g  a t  100 °C for 60 m in renders 
th e  cells agg lu tin ab le  in  low titre s . A fte r  boiling  fo r 2 %  h, th e  t i t re  increases 
m ark ed ly . The h ig h es t O titre s  a re  o b ta in ed  w ith  bac te ria  h ea ted  a t 120 
130 °C. T re a tm e n t w ith  form alin, e th a n o l an d  low con cen tra tio n s of h y d ro ch lo 
ric acid reduces agg lu tin ab ility . T he above p rocedures, how ever, do no t in flu 
ence th e  im m unogen ic ity  and a g g lu tin in -b in d in g  capac ity  of th e  0  an tigen . 
As live P . aeruginosa  cu ltures a g g lu tin a te  read ily  in 0  serum , th e re  is no 
reason  to  believe th a t  th ey  co n ta in  an tig en ic  fac to rs  w hich w ould  m ask  О 
ag g lu tin a tio n  like in th e  case of Enterobacteriaceae w ith  К  an tigens. In  P. 
aeruginosa  and m a n y  o ther pseudom onads, ev id en tly  th e  sam e an tig en  is re 
sponsib le  for th e  ag g lu tin a tio n  of live  an d  boiled  cells. E xposure to  m ild h ea t 
an d  chem icals p ro b a b ly  results in  a change o f th e  surface s tru c tu re  of P . 
aeruginosa  ren d erin g  th e  cells in ag g lu tin ab le , w hereas h ea ting  a t h igher te m p e r
a tu re s  restores agg lu tin ab ility  by  d estro y in g  the  ag g lu tin a tio n -in h ib itin g  
p ro d u c t. F o r fu r th e r  details of th is  p rob lem  see L án y i [69], L ány i and  B ergan 
[67] an d  L ányi an d  Czirók [87].
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B. Structure and im m unochem ical spec ific ity  o f  L P S  ( 0  antigen)

T u b e  p rec ip ita tio n , agar d iffusion an d  passive haem ag g lu tin a tio n  ex p e ri
m en ts  have  proved  th a t  in P. aeruginosa th e  L PS  corresponds to  th e  О a n t i 
gen [86, 88, 89]. E ach  О an tigen  is ch a rac te rized  b y  side-chain po lysaccharides 
a t ta c h e d  to  a com m on core po lysaccharide. A nalysis of P. aeruginosa  L PS  for 
m onosaccharide co m p o n en ts  and ch em o ty p in g  o f th e  species have  been p e r
fo rm ed  b y  several a u th o rs  [89-97]. These s tud ies w ere ex tended  by  sy s tem a tic  
in v es tig a tio n  in to  th e  im m unochem ical s tru c tu re  o f P. aeruginosa  an tigens 
in c lud ing  th e  s tru c tu re  o f com plete m onosaccharide  com position  of O -specific 
side chains and  d e te rm in a tio n  of com ponen ts n o t id en tified  by  p rev ious a u th o rs  
[98-102]. These ex p erim en ts  were aim ed  a t  es tab lish in g  a com plete  im m u n o 
chem ical c lassification  o f  P. aeruginosa О an tig en s , and  to  o b ta in  d a ta  w hich 
m ay  be useful in  s tu d ies  on LPS b iosyn thesis  an d  its  genetic co n tro l as well 
as in  th e  production  o f less toxic a rtif ic ia l an tigens.

P assive h aem ag g lu tin a tio n  in h ib itio n  te s ts  confirm ed  th e  О an tig en  spec
if ic ity  of L PS: in  hom ologous serological system s L PS  in h ib ited  h aem ag g lu 
tin a tio n  by  a n ti-0  se ru m  (m inim um  in h ib ito ry  co n cen tra tio n  of LPS 0 .30-10  
jUg/ml), w hereas in  hetero logous system s in h ib itio n  b y  LPS w as n il or o f a 
m in im um  degree. T h e  on ly  exceptions were subgroups L ányi 0 7 a ,7 b  and  
0 7 a ,7 c  (L ányi and  B ergan  0 1 1 a , l ib  an d  O lla ,1 1 c )  w hich were p rac tica lly  
id e n tic a l in  LPS h aem ag g lu tin a tio n  in h ib itio n  t i tre s  [98].

D a ta  for th e  m onosaccharide com position  an d  s tru c tu re  of p o ly sacch a
ride  chains of 0  an tig en s [98-103] are  sum m arized  in Tables V I an d  V II . 
N e u tra l sugars, w h ich  are  ch arac teris tic  o f po lysaccharides of m ost G ram -n eg a
tiv e  b a c te ria  [104] a re  in freq u en t in th e  L P S  o f P. aeruginosa. A m ong th e  
d e m o n s tra te d  15 m onosaccharides, o n ly  tw o n e u tra l  sugars (L -rham nose an d  
D-glucose) were found  and  these o ccu rred  in  som e subgroups on ly . A m ino 
sugars, w hich are th e  basic  com ponen ts o f P . aeruginosa  0  specific po ly sac 
charides, were p resen t in  all serogroups an d  subgroups. To th e  13 am ino  sugars 
described  in  th e  l i te ra tu re , 2 ,4-diam ino-2 ,4 ,6-trideoxy-D -glucose shou ld  be 
ad d ed ; th is  com ponen t was d em o n stra ted  in  s tra in  8505 [104] belong ing  to  
serogroup  L ányi 0 1  (L án y i-B erg an  0 3 ) . P . aeruginosa  differs also in  am ino 
su g ar com position  from  Enterobacteriaceae [104]. I n  th e  la t te r  iV -acetylgluco- 
sam ine  is a ch a rac te ris tic  com ponent, w hereas in P . aeruginosa it has n o t been 
show n. A nother am ino  sugar freq u en t in o th e r G rain -negative b ac te ria , ЛГ- 
ace ty lga lac tosam ine , occurs only in  one serogroup of P . aeruginosa. C h a ra c te r
istic  P . aeruginosa po lysaccharide  com ponen ts are  ЛГ-acety lfucosam ine an d  
./V -acetylquinosam ine p re sen t in  a t le a s t 10 an d  8 subgroups, respective ly . 
In  serogroup  L ányi 0 7  (L á n y i-B ergan  O i l )  b o th  of these  en an th iom eric  form s 
of Ar-acety lfucosam ine have  been show n. Seven o f th e  am ino sugars rep resen t 
u ron ic  acids inc lud ing  2-form am ide-2-deoxy-D -galacturonic  acid, th re e  2,3-
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Table VI

M onosaccharide constituents o f  О-specific polysaccharides o f  P. aeruginosa
See references [98—102]

Serogroup 
Lányi [69]

о■< о<
< < « о < <

EЬч 1 i< z,

1
'o'<3

z
§fa-

z1
Ï

z  г, 

1 1 1 Ï  
?  1 h5 Í I

2a ,21) 170034* + + — L .

2a ,2c 170002 +
3a,3b 170003 + - f ~ +
(3a),3c 170004 + + +
3a.3d 170005 + _ | _ +
3a.3d,3e 170006 + + +
(3a),3d,3f 170007 + +
4a,4b 170008 + + +  + +
4a,4c 170009 + + +  +
4a,4d 170010 + + +  + +
6 170014 +  + + +
7a,7b 170015 + +
7a,7c 170016 + +
10a 170019 + + +
13 170023 + + +

* 170034 =  H abs 10

Abbreviations

LRha
dGIc
DGalNAc
dQuíNAc
dFucNAc
lFucNAc
LGalNAcA
DGalNAcA
DGalNFmA
dG1c(NAc)2A
üM an(NAc).,A
l Gu1(NAc)2A
DManIMA
Sia
OAc

L-rham nose
D-glucose
N -  acetyl-D-galactosam ine 
N - acetyl-D-quinovosam ine 
iV-acetyl-D-fucosamine 
TV-acetyl-L-fucosamine 
TV-acetyl-L-galactosamiriuronic acid 
-ZV-acetyl-D-galactosaminuronic acid 
iV-form am ide-2-deoxy-D -galacturonic acid
2.3- diacetam ido-2,3-dideoxy-D -glucuronic acid
2.3- diacetam ido-2,3-dideoxy-D -m annuronic acid
2.3- diacetam ido-2,3-dideoxy-L-guluronic acid
2.3- (l-acetyl-2-m ethyl-2-im idazolino-5,4)-2,3-dideoxy-D -m am m ronic acid 
sialic acid
O -acetyl-group

-d iacetam ido-2 ,3-d ideoxy  com pounds of D-glucuronic, D -m a n n u r o n ic  and  
L-guluronic acids, and  a new bicyclic derivative , 2 ,3-(l-acety l-2-m ethyl-2-im i-  
dazolino-5,4)-2,3-dideoxy-D-mannuronic acid. In  add ition , in serogroups L ány i 
O10 and 0 1 3  (L án y i-B e rg an  0 9  and  0 1 2 )  sialic acids of unusua l  s t ru c tu re  have  
been shown.

R ep ea tin g  u n its  of the  О-specific po lysaccharide are c o n s titu ted  b y  3 or 
4 m onosaccharides . An exception is subgroup  L ány i 0 (3 a ),3 d ,3 f  =  L á n y i-  
B ergan  0 (2 a ),2 d ,2 f  po lysaccharide, in w hich the  sam e com ponen ts w ere d e te c t
ed as in  o th e r  subgroups of the  serogroup  b u t n o t in  th e  sam e sto ich iom etric
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Table VII

Structure o f  repeating units o f  О-specific polysaccharide and serological relationship o f  L P S  in  different serogroups o f  P. aeruginosa

See references 199—103J

Serogroup 
Lányi [69] S tructure of repeating units

Serological relationship
of LPS

2a ,21> 

2a ,2c

-<-4)LGalNAcA(al — 3)r>QuiNAc(al ->3)LR ha(al *-
2 f OAc

-►4)LGalNAcA(al *3)dQuíNAc(<x1 • 3 )i.K h a(a l-*•

In trag ro u p  cross-reaction 
betw een th e  two subgroups

3a,31) 
(3a),3c 
3a,3d 
3a.3d,3e

*4)nM anIm A(/?l -4)r)\Tan(^IAc)2A (/J1 ^ 3 )D F u c \A c(/)l * 
-  4)D M anIm A (^l - 4 ) lGu1(NAc)2Ä(«1 -  3)dFucNAc(/?1 — 
-► 4)üM anIm  A(/31 — 4)DMan(NAcj . ,\(ß  1—3)d F ucNAc(a 1 - 
->4)DM anImA(/3l-»4)LGul(NAc)2A (a l-* 3 )D F u c N A c (a l^

In trag ro u p  cross-reactions
betw een p a rt of subgroups by 
p recip ita tion

6 - 4)oG alN A c(a 1 - 4 ) dG1c(NAc)2A(/?1 - 3)dF ucN A c(al -3 )D Q u iN A c(a l — No cross-reaction w ith o ther 
groups

7a, 7b 
7a,7c

-  3)l FucN A c(a 1 -3 )i)F u c \A c(/il  — 2)dGIc(/?1 — 
—► 3)lFucN \c (a  1 > 3)d FucN A c(/?l- - 2)d G1c(/S 1 -

Subgroups no t d istinguishable 
by  precip ita tion

For abbrev iations see footnote to Table V I

ST
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N
ISL

A
V

SK
Y

 et at
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ra tio ;  th is  po lysaccharide  h ad  no  reg u la r s tru c tu re . U ronic acids are p re se n t 
in  th e  rep ea tin g  u n its  of 11 d iffe ren t serogroups (subgroups), and  7 of th e m  
co n ta in  tw o d ifferen t uronic acids. A cid ity  o f  th e  po lysaccharides is assoc ia ted  
w ith  sialic acids in  tw o serogroups. T he po lysaccharide  of serogroup L án y i 0 7  
(L á n y i-B e rg a n  O i l )  is neu tra l. О-A cety l sugars are p resen t in  po lysaccharides 
o f th ree  serogroups; each rep ea tin g  u n it  o f these  has, as an  average, 0.8 e q u iv a 
le n t of 0 -a c e ty l group.

A nalysis o f m onosaccharide com position  of О-specific po lysaccharides 
in d ica ted  an  association  betw een  th e  s tru c tu re  of 0  an tigens an d  im m u n o ch em i
cal specific ity  (Table V I). A ntigenic  subgroups belonging to  th e  sam e serogroup  
are  e ith e r  id en tica l in m onosaccharide com ponen ts or differ from  th e  o th e rs  
in  a single m onosaccharide (e.g. serogroup  L ány i 0 3  =  L á n y i-B e rg a n  0 2  
[103]) or a single acety l group (e.g. serogroups L ány i 0 2  =  L á n y i-B e rg a n  
OlO an d  L án y i 0 4  =  L án y i-B e rg an  Об).

These find ings have been co n firm ed  b y  s tru c tu ra l analysis o f th e  O -speci- 
fic  po lysaccharides (Table V II), w h ich  h av e  also proved  th e  ex istence o f an  
im m unochem ica l re la tionsh ip  b e tw een  subgroups belonging to  th e  sam e se ro 
group . S tru c tu ra l analysis has also ex p la in ed  th e  lack  of serological re la tio n sh ip  
betw een  d is tin c t serogroups: in  th e  re p e a tin g  u n its  of О-specific p o ly sacch a
rides o f these , n o t a single s tru c tu ra l e lem en t ex ists w hich could  be responsib le  
for a serological cross-reaction.

T hese resu lts  have confirm ed th a t  s tra in s  n o t being id en tica l in  an tig en ic  
s tru c tu re  b u t  ex h ib iting  a cross-reaction  due to  a com m on p a rtia l an tig en , 
shou ld  be classified  in  one serogroup . I t  is, accordingly , n o t o n ly  on a serologi
cal basis, b u t also on an  im m unochem ical one, ju s tif ied  to  es tab lish  subgroups 
w ith in  th e  serogroup defined in  th is  m an n er.

A com parison  of stra ins H ab s  10 and  170002 (L ányi 0 2 a ,2 b  and  0 2 a , 
2c =  L á n y i-B e rg a n  ОЮаДОЬ an d  010a,10c) revealed  th a t  b o th  cu ltu res  
h av e  th e  sam e s tru c tu re  of th e  trisa c c h a rid e  rep ea tin g  u n it; fo r th e  serological 
difference an  0 -a c e ty l group is responsib le , w hich  is p resen t in  s tra in  H abs 10 
on th e  rham nose  residues in  p o sitio n  2 [99]. T he cross-reaction  betw een  th e  
tw o  subgroups, due to  a p a rtia l a n tig e n  sh ared  b y  b o th  of th em  (L ány i 0 2 a  =  
=  L á n y i-B e rg a n  OlOa), is p ro b ab ly  assoc ia ted  w ith  th e  rep ea tin g  u n it f ra g 
m en ts  com m on to  th e  tw o po lysaccharides , th e  im m u n o d o m in an t sugar be ing  
iV -acety l-galactosam inuronic  acid. T he c ro ss-reactiv ity  of th e  tw o  subg ro u p s 
m ay  be a t tr ib u te d  to  an incom plete  O -ace ty la tion  of rham nose  in  th e  0 2 a , 
2b ( —-  ОЮаДОЬ) polysaccharide, in  consequence of w hich 2 0 -3 0 %  o f th e  
re p e a tin g  u n its  o f th is  subgroup h av e  th e  s tru c tu re  of subgroup  0 2 a ,2 c  ( =  
=  ОЮ аДОс). T hus, th e  factors responsib le  fo r th e  serological difference b e 
tw een  subgroups of th is  serogroup, a re  necessarily  re la ted  to  th e  presence o f 
th e  O -ace ty la ted  rham nose residue in  th e  0 2 a ,2 b  po lysaccharide (the fa c to r  
0 2 b ) an d  of th e  n o n ace ty la ted  rh am n o se  in  th e  02a ,2c  po lysaccharide  ( th e
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fac to r  0 2c), th e  la t te r  be in g  m arked  b y  th e  0 -a c e ty l g roup  in th e  0 2 a ,2 b  
po lysaccharide. O -D eacety la tion  of th e  l a t te r  po lysaccharide  gives in  fac t rise 
to  a d ifferen t O -specific ity  and  th is  is ex p la in ed  b y  th e  tran s itio n  of fac to r  
0 2 b  to  0 2 c . T his conclusion  has been d raw n  from  h aem ag g lu tin a tio n  in h ib i
t io n  experim en ts, w here  0 2 a ,2 b  po lysaccharide  h ad  a h igh  in h ib ito ry  t i t r e  in  
th e  hom ologous sy s tem  (L P S  0 2a ,2b  vs. serum  0 2 a ,2 b ), b u t was in ac tiv e  in 
th e  hetero logous one; how ever, after O -d eace ty la tion , it lost its a c tiv ity  in  the 
hom ologous system , w hile became in h ib ito ry  in th e  heterologous system  
(L P S  0 2 a ,2 b  vs. serum  02a,2c).

In  serogroup L á n y i 0 3  (L án y i-B e rg an  0 2 ) th e  subgroup  specific ity  is 
associated  w ith  changes in  the  co n fig u ra tio n  of rep ea tin g  un its . For exam ple, 
0 3 a ,3 b  and  0 3 a ,3d on  th e  one hand , a n d  0 (3 a ),3 c  an d  0 3 a ,3 d ,3 e  on th e  o th e r, 
differ in  th e  anom eric  con fig u ra tio n  of th e  glycosidic b o n d  of iV-acetylfucosa- 
m ine. Po lysaccharides 0 3 a ,3 b  and  0 (3 a ),3 c  as well as 0 3 a ,3d and  0 3 a ,3 d ,3 e  
differ from  each o th e r also in  the  co n fig u ra tio n  of th e  single asym m etric  cen tre  
n am ely  C-5 of 2 ,3 -d iacetam ido-2 ,3 -d ideoxyuron ic  acid. I t  m ay, consequen tly , 
be assum ed th a t  th e  b io sy n th e tic  p a th w a y s  are s im ila r in  these p o ly sacch a
rides, involv ing  a p o ly m eriza tio n  of th e  tr isacch a rid e  re p e a tin g  u n it co n ta in in g  
th e  iV -acetylfucosam ine residue a t th e  red u c in g  end. B iosynthesis o f 0 (3 a),3 c  
an d  0 3 a ,3d,3e po ly sacch arid es  invo lv es ,in  ad d itio n ,iso m eriza tio n  of 2 ,3-d iacet- 
am ido-2 ,3-dideoxy-D -m annuronic acid in to  2,3-diacetam ido-2 ,3-dideoxy-L -gulu- 
ron ic  acid. The reason  fo r th e  a fo rem en tioned  irreg u la r s tru c tu re  of th e  0 (3 a ), 
3d ,3 f po lysaccharide, w here m onosaccharides en te r  th e  po lysaccharide  in  non- 
sto ich iom etric  ra tio , rem ain s obscure [102, 103].

From  these  f in d in g s  it may be conc luded  th a t  th e  serological c lassifica
tio n  of serogroup 0 3  (L án y i-B erg an  0 2 )  e lab o ra ted  b y  L án y i [69] is ju s tif ie d  
on th e  basis o f th e  chem ical s tru c tu re  of po lysaccharides: th e re  are valid  reasons 
to  include these  cross-reacting  stra in s in to  one serogroup  and  to  d istin g u ish  
subgroups w ith in  th e  serogroup . The sp ec ific ity  of an  im m u n o d o m in an t sugar 
is u su a lly  d ep en d en t to  som e ex ten t u p o n  th e  s tru c tu re  of th e  n e ighbouring  
m onosaccharide u n its  in  th e  polym eric ch a in  [105]. One w ould  expect, acco rd 
ing ly , th a t  L ány i 0 3  (L án y i-B erg an  0 2 )  subgroups, th e  po lysaccharide  of 
w hich  con ta in , besides th e  im m u n o d o m in an t 2-im idazoline d erivative , a n o th e r 
com m on s tru c tu ra l e lem en t (the sam e d iace ta in id o u ro n ic  acid or iV -acetylfu- 
cosam ine w ith  an  id e n tic a l con figu ra tion  of glycosidic bond), are in  a closer 
an tigen ic  re la tio n sh ip  th a n  th a t  d em o n strab le  serologically . In  fac t, th e  0  
an tigen ic  fac to rs d e te rm in ed  by  b ac te ria l ag g lu tin a tio n  or LPS passive h aem 
ag g lu tin a tio n  [69, 86, 102] do no t q u ite  correspond to  those forecast on th e  
basis of the  s tru c tu re  o f О-specific po lysaccharides . T he correlation  is m uch 
m ore close betw een  chem ical s tru c tu re  a n d  th e  degree o f reac tio n  o b ta in ed  w ith  
th e  corresponding  lipopo lysaccharides in  im m u n o -p rec ip ita tio n  (Table V III ) . 
T hus th e  in te rre la tio n sh ip s  observed be tw een  0 3 a ,3 b  an d  0 (3a),3c  or 0 3 a ,3d
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and  0 3 a ,3 d ,3 e  are associa ted  w ith  th e  p resence  of com m on specific  d e te rm in an ts  
d F ucN A c(/31 —* 4)DManImA(/31- or D F ucN A c(al -> 4)DM anImA(/31-, w hile 
th o se  betw een  0 3 a ,3 b  an d  0 3 a ,3d or 0 (3 a ),3 c  and  0 3 a ,3 d ,3 e  w ith  th e  presence 
oi DM anIm A(^il —> 4)D M an(N A c)2A (/ll- o r l)ManImA(j>T -h» 4)LG ul(N A c).,A (al-, 
respective ly . On th e  o th e r  hand , for lipopo lysaccharides 0 3 a ,3 b  and  0 3 a ,3 d ,3 e  
or 0 (3 a ),3 c  an d  0 3 a ,3d, hav ing  no com m on  specific d e te rm in a n ts , cross-reac
tio n  in  ag ar gel p rec ip ita tio n  was n o t o b serv ed  [102]. The an tig en ic  in su la tio n  
o f 0 (3 a),3 d ,3 f, w hich reac ted  in p re c ip ita tio n  te s t  w ith  none o f th e  heterologous 
an tise ra , m ay  be associa ted  w ith a la ck  o f com m on specific d e te rm in an ts  or 
th e ir  low  ep itop ic  d en sity  in  th e  po ly sacch arid e  chain, in d u ced  b y  s tru c tu ra l 
irre g u la rity . I t  should , how ever, be n o te d , th a t  w ith  saline e x tra c ts  of h ea ted  
b a c te ria  an d  w ith  less p u rified  LPS p re p a ra tio n s , m ore or less m arked  cross
reac tio n s d id  ap p ear b e tw een  subgroups o f  0 3 , sim ilarly  to  th e  resu lts  ob ta in ed  
w ith  b ac te ria l ag g lu tin a tio n  and  LPS h aem ag g lu tin a tio n  [88].

Table VIII

Cross-precipitation reactions o f  L P S  prepared fro m  subgroup reference strains fo r  
P. aeruginosa serogroup L á n y i 03

Stanislavsky e t  al. [103]

Subgroup
Serum

L á n y i [69]
3a,3b (3a),3c 3a,3d 3a,3d,3e (3a),3d,3f

За.ЗЬ + +
(3a),3 c ± + — — —

З а .3d + — + + +
3a ,3 d ,3 e — + — + —

(3 a ),3 d ,3 f — — — +

+  M arked p recip ita tion  
±  W eak p recip ita tion  
— No p recip ita tion

In  view  of th e  s tru c tu re  of О-specific  po lysaccharides, th e  division of 
serogroup  L án y i 0 7  (L án y i-B e rg an  O i l )  does n o t seem ju s tif ie d : th e  repea ting  
u n its  o f subgroups 0 7 a ,7 b  an d  07a ,7c  a re  id en tica l. The p ra c tic a l id en tity  of 
th e  tw o  subgroups m ay be assum ed from  th e  re su lt of h aem ag g lu tin a tio n  te s ts  
[98]. A gar gel p rec ip ita tio n  allows a s im ila r conclusion: no w ell-defined  0 7 b  
an d  0 7 c  an tigens could be d em o n stra ted , since in  serum  0 7 a ,7 b  absorbed  by  
s tra in  0 7 a ,7 c  ex trac ts  o f th e  hom ologous s tra in  (07a ,7b) gave b u t  a trace  of 
p re c ip ita tio n , w hereas in  serum  0 7 a ,7 c  ab so rb ed  b y  s tra in  0 7 a ,7 b , ex trac ts  of 
th e  hom ologous cu ltu re  (0 7 a ,7 c ) en tire ly  fa iled  to  reac t [88]. Y e t, th e  presence 
of fac to rs  nam ed  0 7 b  and  0 7 c , in  add itio n  to  th e  group an tigen  0 7 a , is clearly  
d em o n strab le  b y  b ac te ria l agg lu tin a tio n  a n d  fac to r sera 0 7 b  an d  0 7 c  have 
been  used  for n early  tw e n ty  years for v a lu a b le  epidem iological trac in g . The 
serological difference b e tw een  th e  tw o su b g ro u p s of serogroup 0 7  m ay  be due
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to  a surface fac to r o th e r  th a n  th e  О an tig e n , e.g. to  a h e a t-re s is ta n t envelope 
an tig en . I t  should  be n o te d  th a t  im m un o elec tro p h o re tic  s tu d ies  [85] also seem  
to  in d ica te  th a t  0 7  rep re sen ts  a pecu lia r k ind  of an tig en  (T able V).

Iso la ted  О-specific po lysaccharides o f serogroups L án y i 0 3 , 0 6  an d  0 7  
(L án y i B ergan  0 2 , 0 1  an d  O i l ) ,  u n like  p u rified  L PS , fail to  ex ert any  a c tiv ity  
in  passive h aem ag g lu tin a tio n  in h ib itio n  te s t . C om parison of О-specific p o ly 
saccharides and  th e  correspond ing  L P S  b y  13C nu c lear m agnetic  reso n an ce  
spec tro scopy  has show n th a t  th e y  are p ra c tic a lly  id en tica l in  th e  carbon  signals 
fo r c a rb o h y d ra te  u n its . T h is m eans t h a t  po lysaccharides ob ta in ed  a t th e  d e 
g rad a tio n  of LPS are О -specific chains w ith  unchanged  s tru c tu re . The loss o f  
serological a c tiv ity  of po lysaccharides de tach ed  from  L P S  has no t been  e x 
p la ined . T his fin d in g  is ch a rac te ris tic  n o t on ly  of P. aeruginosa; po lysaccharides 
o b ta in ed  b y  d eg rad a tio n  of Escherichia coli 0 8  and  0 9  L P S  are likewise in a c 
tive  in th e  h aem ag g lu tin a tio n  in h ib itio n  te s t  [106].

U n ila te ra l cross-reactions in  serogroup  0 3  show n in Table V I I I  [1 0 1 - 
ЮЗ] m ay  be associated  w ith  a d iffe ren t degree of ex p o sitio n  of surface 0 -sp ec i- 
fic  d e te rm in an t g roups [107]. The concep tion  of co n fo rm atio n  d e te rm in a n ts  
[108] m ay  offer a n o th e r  ex p lana tion . A ccording to  th is  conception, th e  p re s 
ence of com m on s tru c tu ra l e lem ents do no t necessarily  m ean  a serological 
re la tio n sh ip , since differences in o th e r  p a rts  of th e  s tru c tu re  cause such  an  
a lte ra tio n  in  th e  co n fo rm atio n  of th e  po lym eric chain  th a t  th e  active d e te r 
m in an ts  are unaccessib le  for the  an tib o d ies .

I t  m ay  be concluded  th a t  know ledge of the  p rim a ry  s tru c tu re  of th e  O- 
specific po lysaccharide  is very  useful b u t  n o t su ffic ien t fo r s ta tin g  th e  ex istence  
of com m on an tigen ic  d e te rm in an ts  a n d  th a t ,  for e lu c id a tin g  the  problem , d a l a  
for th e  m acrom olecu lar s tru c tu re  of L P S  are needed.

C. Protein antigens

The p ro te in  com ponen t of e n d o to x in  was s tu d ied  in  deta il b y  H o m m a et 
al. [62-64]. T hey  e x tra c te d  the  en d o to x in  from  th e  f i l t r a te  of au to lysed  c u ltu re  
(“ orig inal endo tox ic  p ro te in ” , O E P ). B y  e lectrophoresis tw o com ponen ts w ere 
show n: (1) LPS p ro te in  and  (2) nucle in  polyribose com plex . O E P was iso la ted  
from  com ponen t 1. A p ro te in , id en tica l w ith  O E P  on th e  basis of e lec tro p h o re 
sis, u ltra c e n tr ifu g a tio n , n itrogen  c o n te n t, phosphorus co n ten t, s e d im e n ta tio n  
c o n s tan t and  an tig en ic  specificity , w as iso lated  from  th e  cell wall.

O E P  exerts  pyocin  and  a n ti- tu m o u r a c tiv ity  a n d  is p ro tec tive  in  m ouse 
[63] and  in  m ink  [64] experim en ts. H om m a te rm ed  O E P  the  com m on p ro te c 
tiv e  an tig en  of P . aeruginosa.

B y aqueous ex trac tio n , tw o o th e r p ro teins w ere iso la ted  from  P . aeru
ginosa : A (mol w t 120 000-140 000) an d  B (mol w t 11 000-37 000). Im m u n o 
chem ical analysis an d  active an d  passive  m ouse p ro te c tio n  te s ts  show ed th a t
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A  an d  В were p ro b ab ly  species-specific p ro tec tiv e  an tigens [65, 66]. B y  im m u 
n o p ré c ip ita tio n  an d  cross-im m unoelec trophoresis it  was d e m o n s tra te d  th a t  th e  
tw o  p ro te in s  shared  com m on an tig en ic  d e te rm in an ts  an d  each h ad  its  own 
specific  d e te rm in a n t [66]. The u ltra so n ic  ly sa te  of P. aeruginosa  y ie lded  a com 
m on p ro te in  an tig en  [109].

T here  are p ro b ab ly  o th e r ce llu la r substances w hich h av e  an tigen ic  p ro 
p e rtie s . L eukocid in , a to x in  b ound  to  th e  b ac te ria l cell, for exam ple , is a n t i 
genic. Im m u n iza tio n  of ra b b its  w ith  p u rified  leukocidin s tim u la tes  an tib o d ies  
w hich  in h ib it th e  effect of leukocid in  on bov ine  granu locy tes [39].

F lagellar an d  p ilus an tigens

A . Flagellar antigens; serotypes o f  P . aeruginosa

Y erder an d  E v an s  [71] w ere th e  f ir s t  to  subdivide P . aeruginosa  séro 
groupe in to  sero types (serovars) b y  th e rm o la b ile  an tigens. L án y i in  1970 b ro u g h t 
ev idence [110] th a t  therm olab ile  an tig en s  detec tab le  b y  ag g lu tin a tio n  an d  
im m obiliza tion  te s t in sera p rep ared  w ith  form alin ized  cu ltu re s  are associated  
w ith  flagella . He e lab o ra ted  a schem e, d isting u ish in g  tw o serologically  u n re la te d  
m ain  H  an tig en  com plexes, H I  an d  H 2 . S tra in s  w ith  an tig en  H I  were in  th e ir  
m a jo r ity  ch a rac te rized  b y  fo rm ula  H la ,  w hile some of th e m  h ad  an tig en s  
H l a , l b ,  in  w hich H lb  rep resen ted  a m in o r an tig en . The H2 com plex  w as d iv is
ib le in to  d ifferen t com binations of w ell-d efin ed  p a rtia l an tig en s: 2a,2b ; 2a,2c; 
2a ,2b ,2 f; 2a,2c,2f an d  2 a ,2d. A n tig en  c o m b in a tio n  2a,2d ,2e,2 f was show n on ly  
in  s tra in s  w hich la te r  p roved  to  be c a rry in g  R-like som atic  an tigens. O n th e  
basis o f co m b in a tio n  of О and  H  a n tig en s , L án y i d iv ided  his s tra in s  in to  53 
se ro ty p es [110].

In  1978 A nsorg [111], using in d ire c t fluorescen t a n tib o d y  tech n iq u e , 
dev ised  a  new  schem e for th e  H  an tig en s  of P . aeruginosa. A nsorg  d istingu ished  
a com plex  flage lla r an tig en  ,,a ”  d iv isib le  b y  p a r tia l factors an d  a u n ifo rm  H  
an tig en  “ b ” . S tra in s w ith  H  an tig en  “ a ”  sh a red  a com m on fa c to r  (a 0) a n d  fell 
in to  15 d iffe ren t fo rm ulae b y  th e  c o m b in a tio n  of p a rtia l H  an tigens a t, a 2, a 3 
an d  a 4. U sing  th e  ex tended  О an tig en ic  schem e of H abs an d  th e  above c lassifi
ca tio n  o f  H  an tigens, A nsorg d iv ided  P . aeruginosa  iso lates in to  99 serovars 
(se ro types). B y  th e  im m unofluo rescen t te ch n iq u e , A nsorg confirm ed  L án y i’s 
H  a n tig e n  c lassification  in  respect to  th e  d iffe ren tia tio n  of an tig en s H I  ( =  An- 
sorg H b ) an d  H2 ( =  A nsorg H a). B etw een  L á n y i’s subdiv ision  o f th e  H2 a n t i 
gen com plex  and  A nsorg’s subd iv ision  o f th e  H a  com plex th e re  w ere d isc rep an 
cies. T hese m igh t be due to  th e  use o f sera  abso rbed  in a d iffe ren t m an n er an d  
w ith  d iffe ren t s tra in s, as well as to  obv ious tech n ica l differences betw een  agg lu 
t in a tio n  a n d  th e  im m unofluorescen t m e th o d .
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In stead  of d es ig n a tin g  each p a rtia l H  an tig en  w ith  a sym bol expressing 
re la tio n sh ip  to  th e  com plex  H  an tigens, P i t t  in  1980 [112] devised  a con tinuous 
n u m b erin g  system  of six  fac to rs  (H 1-H 6). T he correspond ing  H -specific sera  
w ere prepared  b y  su itab le  abso rp tions. These sera  som etim es agg lu tina ted  field  
s tra in s  w ith o u t im m obiliz ing  th em , because th e y  m ay  h av e  contained  a n t i 
bodies to  o ther h e a t lab ile  fac to rs . To m ake th e  sera m ore flagella-specific , P i t t  
e lab o ra ted  a m eth o d  fo r p roducing  sera w ith  p u rified  flage lla  prepared  from  
pilusless stra ins [112]. P i t t ’s an tigen  H3 was d is tin c t an d  p ro b ab ly  co rrespond
ed to  the  “ un ifo rm ”  a n tig e n  of L ányi H I  an d  A nsorg H b . B y cross-absorp tion  
P i t t  d istinguished  com plexes H I ,  H2, H5 an d  H 4, H 6; th e se  an tigens m ay  be 
fac to rs  of th e  com plex  an tig en  of L ányi H2 an d  A nsorg H a.

Living and  fo rm alin ized  cu ltu res of m otile  P . aeruginosa  stra ins p roduce 
H  agglu tin ins in  h igh  t i t r e .  Im m u n o g en ic ity  and  an tib o d y -b in d in g  cap ac ity  
rem ain s unaffec ted  a f te r  h ea tin g  a t 60 °C fo r 1 h , h u t is lo s t a f te r  e thano l an d  
N HC1 tre a tm e n t or a f te r  h ea tin g  a t 75 °C or above. A g g lu tin ab ility  of H  a n t i 
gens rem ains in ta c t a f te r  fo rm alin iza tion . A fte r h ea tin g  to  70 °C or above and  
a f te r  exposure to  e th a n o l or N HCl, P . aeruginosa  cells lose th e ir  H -agg lu tinab il- 
i ty  [110].

The flage lla r an tig e n  iso lated  by  d iffe ren tia l cen trifu g a tio n  by  M ontie e t 
al. [113] showed in  e lec tro p h o re tic  analysis a m a jo r p ro te in  b an d  corresponding  
to  flagellin  of 53 000 m olecu lar w eight. The h igh ly  p u rified , single banded  flagel- 
lin  con ta ined  16 am ino  acids. A n on-flage lla ted  s tra in  exh ib ited  no flagellin  
b a n d .

It has been observed  th a t  m o tility  an d  ch em o tax is  p lay  an im p o r ta n t 
p a r t  in  th e  v iru lence  o f P .  aeruginosa on b u rn e d  ro d en ts  [114, 115]. H o ld e r e t 
al. [116] confirm ed  th e se  find ings by  show ing th a t  m ice im m unized  w ith  P . 
aeruginosa flag e lla r an tig en  survived longer w hen  th e y  are  subsequen tly  b u rn t  
an d  infected  a t th e  b u rn t  site. The p ro tec tio n  is flag e lla r an tigen  specific an d  
appears to  be assoc ia ted  w ith  th e  im m obiliza tion  of b a c te ria  in  the  b u rn t sk in .

B. Pilus antigens

In  P . aeruginosa  tw o  typ es of pili (fim briae) h av e  been  show n: (1) th in , 
p o la r pili associa ted  w ith  heat-lab ile  an tig en s [117, 118], and (2) th ic k e r, 
n on -po la r pili w ith  d ru g  resistance p lasm ids [119]. T he fim b ria l an tig en  is a 
po lym erized p ro te in  (pilin). I t  is d em onstrab le  by  ag g lu tin a tio n  of liv ing  b a c 
te r ia  in an ti-p ilu s  se rum  p rep ared  from  liv ing  cu ltu res. T he fim bria l an tig en  is 
heat-lab ile  and  u n d e r fo rm aldehyde tre a tm e n t or b ac te riophage  action , th e  pili 
a p p a re n tly  w ith d raw  in to  th e  cell and  th e  p ilin  is depolym erized [120]. T he 
fim b ria l an tigens are  serologically heterologous. To o b ta in  a fim bria-specific  
reaction , the  im m u n e  sera have to  he absorbed  w ith  hom ologous О an d  LI 
an tigens. 0  ag g lu tin in s  are  rem ovable  w ith  boiled cu ltu res , H  agg lu tin ins are
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absorbed  w ith  fo rm alin ized  suspensions of flagella ted  s tra in s , or p re fe rab ly , 
w ith  n o n -fim b ria ted  flag e lla ted  m u ta n ts . The la tte r  can  be selected by  th e ir  
resistance to  fim bria-specific  phages [121].

A dherence of some b ac te ria  to  cells involves f im b ria , so an tibod ies ag a in s t 
f im b ria  m ay  be p ro tec tiv e  to  th e  h o s t [122]. W oods e t al. [123] have show n 
th a t  adherence in  v itro  o f P. aeruginosa  to  th e  upper re sp ira to ry  ep ith e liu m  of 
seriously  ill p a tie n ts  is co rre la ted  w ith  its  subsequen t co lon iza tion  of th e  re sp i
ra to ry  tra c t. A n tisera  to  p u rified  pili decreased the  ad h eren ce  of th e  h o m o lo 
gous s tra in , w hereas a hetero logous an tise ru m  failed to  in h ib it the  adherence 
of th e  sam e s tra in . F ro m  these  fin d in g s i t  is tem p tin g  to  assum e th a t  adherence  
of, an d  possibly co lon iza tion , by , P . aeruginosa  m ay  be p rev en ted  by  ac tiv e  
or passive im m u n iza tio n  ag a in st p ilus an tigens of th e  m icroorganism .

Im m unoprophylaxis and im m unotherapy o f  

P. aeruginosa  in fection s

Several com prehensive  review s h av e  been pu b lish ed  recen tly  on th is  
to p ic  [124-132].

A. Active im m uniza tion

A ctive im m u n iza tio n  m ay  be effective if  vaccine p re p a ra tio n s  ex h ib itin g  
low to x ic ity , op tim al im m u n iza tio n  schedules and p a tie n ts  capab le  of su ffic ien t 
im m une response are  chosen. V accine p ro p h y lax is  m ay be usefu l in b u rn  p a t i 
en ts  an d  in  some diseases caused b y  a n tib io tic  re s is tan t P . aeruginosa such  as 
o titis , w ound in fections, osteom yelitis .

T able IX  shows th e  c h a rac te ris tic s  o f d ifferent P . aeruginosa  vaccines 
(PV). L ive or killed w hole-cell (we) vaccines produce im m u n ity  a fte r 3 -6  v a c 
c in a tions [133-143], or even a fte r a single dose of th e  an tig en  [140, 141]. Som e 
au th o rs  s ta te  th e  wc PV s p roduce O -an tigen  specific im m u n ity  [135, 140], 
w hile according to  o thers [142] th e y  are  able, in  ad d itio n , to  b ring  ab o u t a 
cross-im m unity  ag a in st hetero logous P . aeruginosa. A p o ly v a le n t vaccine w as 
applied  in  b u rn  p a tie n ts  [137—139] d u rin g  a period of 2 y ea rs  w ith  sa tisfac 
to ry  resu lts ; in  th e  vaccinées m o rta lity  w as s ign ifican tly  red u ced . In  an  o th e r 
s tu d y  [144], a p o ly v a len t wc vaccine te s te d  on 39 bu rn  p a tie n ts  was well to le r 
a ted  an d  stim vdated  a n tib o d y  p ro d u c tio n .

In  connection  w ith  th e  ap p lica tio n  o f wc vaccines, several p roblem s 
arise: (a) no exp erim en ta l resu lts  are av a ilab le  on th e  ch ron ic  to x ic ity  of v a c 
cines for an im als; (b) th e re  are re la tiv e ly  few  d a ta  on th e  re a c tiv ity  of these  
vaccines con ta in ing  a considerab le  a m o u n t of non-im m unogen ic  ba lla s t su b 
stances, w hich m igh t c o n tr ib u te  to  th e ir  reac togen ic ity ; (c) wc vaccines are 
fa irly  d ifficu lt to  s tan d ard ize .
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Table IX

toо

P. aeruginosa vaccines and their effectiveness

Product
Principle of preparation

Animal experim ents H um an trials

1 reference] effectiveness toxicity effectiveness reactivity

Whole-cell vaccines 

I. L iving [133] A tten u a ted  m u ta n t P ro tective  for mice 
a fte r  6 vaccinations

I I .  Killed
1. H eated  po ly

valen t [134]
E igh t im m unotypes 

-f- one u n typed  
P. aeruginosa -f- 
E. coli 014

Production  of 0  a n ti
bodies, bactericidal 
and pro tective  
antibodies

2. Po lyvalen t 
1135-139]

E lev en  serogroups, 
phenolized; 5 
serogroups, heated

Three vaccinations to 
mice: 30—100%  su r
v ival a fte r  hom o
logous, 0—20%  su r
v ival a fte r h e tero 
logous challenge

E ffective in burn  
p a tien ts

Well to le 
ra ted

3. Po lyvalen t 
[140, 141]

Seven serogroups 
killed by  chem icals 
heating

Single dose p ro tec ts 
against hom ologous 
s tra in

A ntibody production

4. M onovalent 
[142]

K illed by form alin or 
boiling

Single dose pro tec ts 
against hom ologous 
s tra in  in  0—100%

5. Mono- and 
polyvalent
|143]

One or 6 serogroups, 
autolysis

Two doses p ro tec t 
against homologous 
or heterologous 
serogroup
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Cell-free vaccines 

I. Po lyvalent
1. Pseudogen 

[126, 148]
LPS of 7 im m uno- 

types
Two vaccinations 

p ro tec t guinea pigs 
and ra ts  against 
hom ologous or h e te 
rologous im m unotype

Toxic for mice Seven doses p ro tect 
bu rn  pa tien ts

High

2. PEV-01 
[12. 149-1521

L ipid-protein-polysac
charide cell wall 
com plex of 16 sero- 
groups

Single dose p ro tects 
mice against hom o
logous and he tero 
logous serogroups. 
P ro tects guinea pigs 
against pneum onia

Low to x ic ity  for 
mice and 
em bryos

A ntibody production , 
increased phagocyto
sis. Three doses 
p ro tec t burn  pa tien ts

Low

3. Pioim m unogen 
[153-156]

W ater-soluble slime 
and cell wall antigen 
com plex of 3 or 5 
stra ins

Single dose p ro tects 
mice and ra ts  against 
hom ologous and 
heterologous sero
groups (im m uno- 
types)

Low to x ic ity  for 
mice, ra ts , 
guinea pigs 
and rab b its

A ntibody  production  
dem onstrable by 
mouse protection  
te s t; im proved 
recovery

Low

4. Cell-free vaccine 
[157]

W ater-soluble and 
u ltracen trifuged  
e x tra c t from  5 stra ins

P ro tection  of mice 
against hom ologous 
and heterologous 
challenge

Low to x ic ity  in 
experim ental 
anim als

II . M onovalent
1. Slime [46-491 

(a) Large mol w t 
complexes

Salt ex traction , c en tri
fugation , u ltra f iltra 
tion

Single dose pro tects 
mice against hom o
logous and h e tero 
logous serogroups

High

(b) Small mol w t D itto D itto Low for mice
complexes

2. High-m olecular- 
w eight poly
saccharide
[159-163]

P rec ip ita tion  w ith 
e thanol and cetavlon 
gel filtra tio n

Hom ologous and 
appreciable h e tero 
logous pro tec tion  in 
mice

Very low tox ic ity  
in experim en
ta l anim als

Low reac tiv ity H um oral 
im m une 
response 
in  m an

3. Polysaccharide 
[164, 165]

P recip itation  w ith 
ethanol

Hom ologous mouse 
protection

V ery low tox ic ity  
in experim ental 
anim als
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Table IX  (continued)
Ы

Product Principle o f preparation
Animal 1experiments H um an trials

[ reference] effectiveness toxicity effectiveness recativity

4. Cell-free vaccine S u p e rn a tan t heated  to Hom ologous mouse Low tox ic ity  in
(polysaccharide ?) 
1166-167]

70 °C precip ita tion  
w ith e thanol

protection mice

5. Antigenic com- Precip ita tion  w ith Hom ologous mouse Low to x ic ity  in
plex from  slime ethanol protection mice
[168, 169J

6 . Mono PV  [170] W ater-soluble protein  
antigens

Single dose protects 
mice against hom o
logous and h e te ro 
logous serogroups

Low for mice

7. Polycom ponent 
[62-64, 171]

Common protein  
an tigen  toxoids

P ro tective  a fte r 
2—6 vaccinations

Low for mice

8. Purified  LPS 
[158]

P hen o l-w a te r ex trac 
tion

Two vaccinations to 
mice: 50-90%  su r
v ival

H igh for mice

9. Pilus poly
saccharide 
[158|

D eacetylized LPS Two vaccinations to 
m ice: 5 0 -90%  su r
v ival

N ot toxic  for 
mice

10. Flagellar poly- Survival: 30%
saccharide [1581

11. Flagellin protein  
[П61

P urified  flagella antigen Single dose p ro tects 
burned  mice

12. R ibosom al PV 
[172-174]

R ibosom al fraction Single dose p ro tects 
mice against hom o
logous stra in

13. Toxoid [16, 175 1 Forinalin ized  exo tox in  A S tim ulates an titox ic  
im m u n ity  in  mice

Possible rev er
sion to to x i
c ity

A n titox in  production

14. Culture f iltra te  
[176]

Large m olecular frac
tion  separa ted  by 
gel filtra tio n

Two doses p ro tec t ra ts  
in  50—80%  against 
P. aeruginosa sepsis

Low

• N ot studied
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In  view  o f th e  above-m en tioned  prob lem s of these  vaccines [144], w ide 
scale ex perim en ts have  been s ta r te d  fo r th e  p rep a ra tio n  o f less tox ic  vaccines, 
w hich co n ta in  pu rified  or p a r tly  p u rif ied  cell wall an tigen(s). D evelopm en t of 
an  effective РУ  should  be based  on th e  know ledge of pathogenesis o f p seu d o 
m onas in fec tions an d  of viru lence fac to rs  o f th e  agen t (T able I). In  th e  early  
stage  of disease, an tiin fec tious im m u n ity  p lay s an  im p o r ta n t role in p ro te c tin g  
th e  host. In  th e  n ex t stages a n tito x ic  im m u n ity  tak es  over th e  lead ing  role.

In  op in ion  of P eterson  [145] p o ly m o rp h o n u clear leukocy tes are th e  m ain  
fac to rs  in  th e  dem arca tio n  of P. aeruginosa  invasion . O th e r w orkers [146] h av e  
agreed  w ith  th is  conception, and it has been show n th a t  tran sfu sio n  o f le u k o 
cy tes increases su rv iva l o f n eu tro p en ic  dogs in fec ted  w ith  P . aeruginosa  [147].

C apsu lar an d  cell wall an tig en s are  sign ifican t s tim u lan ts  of a n tiin fe c 
tious im m u n ity  [57]. For exam ple, im m u n iza tio n  w ith cap su la r an tig en s a f
ford  an  effective p ro tec tion  ag a in s t m eningococcal or pneum ococcal in fec
tions [21].

Cell-free PVs were effective in  m an y  experim en ts an d  in  a few clin ical 
tr ia ls  (see T ab le  IX ). Polyvalen t PV s, like P seudogen  1126, 148]. PEV-01 [12, 
149 -152]; P io im m unogen  [153-156] an d  an  o th e r cell-free vaccine [157] w ere 
h ig h ly  effective in  active m ouse a n d  r a t  p ro tec tio n  te s ts  against a challenge 
w ith  th e  hom ologous serogroup ( im m u n o ty p e). P io im m unogen  and  PE V -01 
w ere also p ro tec tiv e  against th e  he tero logous serogroup (im m uno type). P se u d o 
gen was show n to  be effective for th e  p ro p h y lax is  of pseudom onas in fec tio n  in 
b u rn  p a tie n ts  [148]; th e  serum  of h u m a n  vaccinées p ro tec ted  60%  of th e  ra ts  
a g a in s t challenge w ith  P. aeruginosa [148, 158]. H ow ever, th is  p re p a ra tio n  was 
n o t su ffic ien tly  ac tive  in  the  p ro p h y lax is  o f pseudom onas in fection  in p a tie n ts  
w ith  leukem ia  an d  cystic  fibrosis [128]. To o b ta in  an  effec tive  im m u n ity , 6 -7  
doses of th e  vaccine were given; s im u ltan eo u s  a d m in is tra tio n  of P seudogen  
an d  h y p erim m u n e  h u m an  im m une g lobu lin  y ie lded  th e  b e s t re su lt [148]. P se u 
dogen, p ro b ab ly  because of its  LPS c o n te n t, e licits several side effects invo lv in g  
local an d  system ic reactions [128].

V accine PEV -01 was effective u p o n  tr ia l  on 20 b u rn  p a tie n ts  in  p re v e n t
ing in fec tion  b y  P. aeruginosa [151]. In  v o lu n teers  th e  vaccine caused a s h o r t
te rm  rise in  bo d y  tem p e ra tu re  (0 .4-1  °C) 3 -6  h  a fte r v acc in a tio n  [150].

P io im m unogen  w as tried  on 20 h e a lth y  b lood  donors an d  20 bu rn  p a tie n ts  
[154, 155]. T he p re p a ra tio n  s tim u la te d  th e  p ro d u c tio n  of specific an tib o d ies; 
locally  a w eak hyperaem ia  of the  sk in  and  a sligh t rise in bo d y  te m p e ra tu re  
(0 .2 -0 .8  °C) w ere observed; the  te m p e ra tu re  decreased to  n o rm al in 6 -12  h. 
V acc in a tio n  p ro m o ted  th e  healing  o f b u rn  w ounds. The b lood plasm a o f th e  
donors ex h ib ited  a defin ite  p ro tec tiv e  a c tiv ity  in  mouse ex perim en ts an d  w as 
beneficial in th e  tre a tm e n t of p a tie n ts  w ith  pseudom onas sepsis. A t p resen t 
P io im m unogen  is being fu rth e r s tu d ied  b y  v acc in a tio n  of donors for e ffec tive
ness an d  reac tiv ity .
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In  la b o ra to ry  ex p e rim en ts  some o th e r po ly - an d  m o novalen t p rep a ra tio n s  
o b ta in ed  from  th e  slim e w ere pro tec tive  a g a in s t hom ologous an d  p a rtly  h e te ro 
logous serogroups (im m uno types) of P. aeruginosa  [157-167, 169]; see T ab le  
IX . A n o th e r p rom ising  vaccine  contains w a te r-so lub le  p ro te in  antigen(s) [170].

H igh ly  pu rified  L P S  an d  deace ty lated  L P S  com bined w ith  pilus, flagella  
and  m odified  exo tox in  A an tigens and  also w ith  te ta n u s  tox o id  were ac tiv e  in  
th e  О -specific in h ib itio n  o f serological reac tio n s . In  mice these  p rep a ra tio n s  
excep t L P S  and  d e a c e ty la te d  LPS, e lic ited  h igh  t i tre  О an tibod ies. A double  
im m uniz ing  dose in  r a ts  w ith  purified  L P S  a n d  L PS-pilus com plex induced  a 
d efin ite  p ro tec tiv e  effect, w hereas th e  L P S -flage lla  com plex s tim u la ted  specific 
im m u n ity  on ly  in  30%  o f th e  anim als [158]. O th e r au th o rs  [168] d em o n stra ted  
th a t  single im m u n iza tio n  o f mice and  ra ts  w ith  purified  L PS or O -specific 
po lysaccharide  com bined  w ith  hum an  or ra b b it  IgG  elicited  b u t slight im m u 
n ity  ag a in st p seudom onas infection . C onsidering th e  h igh to x ic ity  of L P S , it  
seem s obvious th a t  L P S  vaccines have l i t t le  p rac tica l fu tu re .

T he p o ly co m p o n en t vaccine developed  by  H ornina e t al. con ta in s the 
o rig inal en d o to x in -p ro te in  (O E P), p ro tease  an d  elastase toxo ids [62, 64, 171]. 
T his vaccine proved  to  be p ro tec tiv e  in  m ice a n d  p ro tec ted  ag a in st h a em o rrh ag 
ic pn eu m o n ia  in  m inks caused  by  P. aeruginosa.

T he so called rib o so m al vaccine has b een  d ebated  now  for 17 y ears , b u t 
no f in a l ag reem ent has been  settled . R ibosom al vaccines of P . aeruginosa  
[172-174] were p ro te c tiv e  against challenge w ith  th e  hom ologous s tra in , b u t  
n o t ag a in st th e  he tero logous ones. I t  has been  assum ed th a t  the p ro tec tiv e  
ac tio n  of P . aeruginosa  ribosom al vaccine is associated  w ith  a high LPS c o n te n t 
adso rbed  on th e  ribosom es [174].

T oxoid  p rep ared  from  exotoxin A elic its  a d e fin ite  an tito x ic  im m u n ity  
in  an im als [16]. H ow ever, vaccination  o f th e  anim als w ith  toxo id  failed  to  
p ro te c t th em  ag a in st challenge w ith  a n o n -to x in  p roducing  s tra in  of P . aeru
ginosa. A lthough  p u rif ied  exotoxin  A can  be converted  b y  fo rina lin iza tion  an d  
h ea tin g  to  toxo id , th e re  a re  d a ta  show ing th a t  to x ic ity  is res to red  w hen fo rm a 
lin  is rem oved from  th e  p rep ara tio n  [125]. One should be, therefore , cau tio u s 
in  using  tox o id  e ith e r  p e r se or in co m b in a tio n  w ith  cell w all an tigens o f P . 
aeruginosa  [16].

A m u ta n t o f P . aeruginosa  syn thesizes a non-tox ic  p ro te in  an tig en ica lly  
id en tica l w ith  ex o to x in  A. Such “ n a tu ra l”  to x o ids m igh t be useful for h u m a n  
v acc in a tio n  [125, 129, 175].

The use o f to x o id  p repared  from  ex o to x in  A in im m u n o p ro p h y lax is  is 
d eb a ted , as th e  role o f exo tox in  A in th e  p athogenesis  of pseudom onas in fec tion  
has n o t been su ffic ien tly  elucidated . E x tra c e llu la r  slim e an tigens [49, 61] and  
o u te r  m em brane p ro te in  antigens [170] p roduce  im m u n ity  in  anim als ag a in s t 
challenge by  tox igen ic  s tra in  PA-103. In co rp o ra tin g  tox o id  in a p o ly v a len t 
vaccine  or v acc in a tio n  w ith  toxoid per se does n o t seem ind ica ted . T oxoid  m ay
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be useful for th e  p ro d u c tio n  of a n tito x ic  im m une p lasm a effective for th e  t r e a t 
m e n t o f p a tie n ts  w ith  P . aeruginosa  sepsis.

Table X

Serum products fo r  passive im m uniza tion  against P. aeruginosa infection

P roduct Principle of
Effectiveness

[reference] p repara tion
animal experiments clinical tria ls

H um an

1. Im m une plasm a 
[154]

Donors im m unized 
w ith P ioim m unogen

P ro tec ts  mice against 
homologous challenge

Effective in  sepsis*

2. Im m une plasm a 
[177]

D onors im m unized 
w ith toxoid

P ro tec ts  mice against 
to x in ; contains a n ti
bodies against toxo id

Effective in sepsis

3. Specific hum an  
im m une globulin 
[178]

P repared  from  
im m une plasm a

P ro tec ts  mice and ra ts Prophylactic  an d  
therap eu tic  in  
bu rn  p a tien ts

4. “ N orm al”  hum an 
im m une globulin 
[179]

Commercial p rep ara 
tion from  placen ta l 
blood

C ontains antibodies 
against 0  antigen 
an d  slime; protects 
mice

T herapeutic  in
certa in  k inds o f  P. 
aeruginosa in fec 
tion

5. “ N orm al” hum an 
im m une globulin 
for in travenous 
use [180]

Commercial p rep ara 
tion  from  donor 
blood

C ontains antibodies to  
L PS  of 7 iinm uno- 
ty p es and to exotoxin 
A ; confers p rotection  
ag a in st burn-wound 
in fection  in mice

6. Pseudom onas 
im m unoglobulin  
[181]

Im m unization  of 
donors w ith  
vaccine PEV-01

C ontains antibodies to 
th e  serogroups con
ta in e d  in vaccine 
PEV-01

E ffective in b u rn  
pa tien ts

A n im a l

1. Sheep im m une 
serum  and 
im m une globulin 
[182-184]

H yperim m unization  
w ith  po lyvalen t 
form alized vaccine

P ro tec ts  mice T herapeutic  in  b u rn  
p a tien ts  on p a re n 
te ra l application

2. Sheep im m une 
serum  and im m une 
globulin to  slime 
[185]

H yperim m unization  
w ith slime

P ro tec ts  mice against 
challenge w ith hom o
logous and heterolo
gous serogroups 
(im m unotypes)

T herapeu tic  in
certa in  kinds of P . 
aeruginosa infec
tion  after local 
application

3. P u rified  and
concen tra ted  horse 
serum  [1861

H yperim m unization  
w ith po lyvalen t 
wc vaccine

P ro tec ts  mice against 
serogroups included 
in  th e  vaccine

A pplied paren tera lly  
in  bu rn  p a tien ts  
w ith  good resu lts

4. R a b b it im m une 
serum  [187]

H yperim m unization  
w ith  m u ltistra in
wc vaccine

P ro tec ts  mice against 
challenge

A pplied pa ren tera lly  
w ith  good resu lts  
in children

* L im ited  num ber of clinical tria ls  (S tan islavsky , E . S., K rochina, M. A ., K ölker, I. I ., 
G rish ina, I. A. and  o thers; unpublished observations)
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B. Passive im m un iza tion

T ab le  X  shows d a ta  fo r d ifferen t p re p a ra tio n s  used in  passive im m uniza
tio n  experim en ts. A m ong hom ologous a n tib o d y  p rep a ra tio n s , im m une plasm a, 
especially  specific im m u n e  globulin  gave th e  m ost p rom ising resu lts . C om m er
cial series of norm al h u m a n  im m une globulin  deserve a special a tten tio n : th e y  
h av e  been  proved  to  c o n ta in  an tibodies to  slim e and  to  О an tigens of P . 
aeruginosa  as well as an tib o d ies  p ro tec tin g  m ice against challenge w ith  th is  
m icroorganism  [179]. A ccordingly , it m ay  be expected  th a t  norm al im m une 
g lobu lin  is effective in ce rta in  kinds o f pseudom onas in fec tion , m ainly in 
ch ildren .

H eterologous serum  p rep ara tio n s m ay  be effective in  local tre a tm e n t of 
pseudom onas in fections. Sheep an ti-p seudom onas serum  an d  im m une globulin  
p rep ared  from  it w as recom m ended for m ed ical p rac tice  [179-183]. Serum  
p rep ared  against slim e an tig en  or slime g lycopro te in  p ro te c te d  mice ag a in st 
challenge w ith  hom ologous and hetero logous serogroups of P. aeruginosa 
[182-184]. Such p re p a ra tio n s  m ay also he useful for local th e ra p y  of ce rta in  
k inds of pseudom onas in fec tion . Our p re lim in a ry  clinical tr ia ls  (unpublished  
d a ta )  have proved  th e  effectiveness of serum  o f sheep im m unized  w ith p u rified  
slim e in  th e  t r e a tm e n t o f w ounds and  abscesses.

Specific an tib o d ies  ag a in st slime g lycopro te in , in  th e  presence of com ple
m en t, have an  o pson iz ing  effect on P. aeruginosa  and  in  th is  m anner decrease 
th e  resistance  o f th e  cau sa tiv e  agent a g a in s t phagocytosis.

I t  m ay be concluded  th a t  fav o u rab le  experiences w ith  purified  hom olo
gous and  hetero logous an ti-se ru m  p re p a ra tio n s  m ake p assive  im m unization  a 
w orthw ile  area  for fu r th e r  investigation .

C. Combined active-passive im m uniza tion

The s im u ltaneous app lica tion  of com bined  im m u n o th e rap y  seems logical, 
because th e  im m une  response of d e b ilita te d  and im m unodefic ien t p a tie n ts  to  
ac tive  im m u n iza tio n  m ig h t be defic ien t an d  in su ffic ien t or often too  la te , 
w hile b y  passive im m u n iza tio n  the  p a tie n t  receives im m ed ia te ly  th e  specific 
an tibod ies. Cell-free vaccine  (PEV-01) an d  specific h y p erim m u n e  hum an  im m u 
noglobulin  were successfu lly  applied in  b u rn  p a tien ts  [181, 188]. A p o ly v a len t 
wc vaccine an d  p u rif ied  co n cen tra ted  horse an tise ru m  w ere applied s im u lta 
neously  to  severe b u rn  p a tie n ts  w ith  good resu lts [137, 138, 186]. In  p a tie n ts  
w ith  severe leu k o p en ia , th e ra p y  m igh t be com pleted  w ith  leukocyte tr a n s fu 
sion [147, 189].

Acla Microbiologica Hungarica 32, 1985



ANTIGENS OF PSEUDOMONAS AERUGINOSA 33

R E F E R E N C E S

1. H e ib y , N ., Seand, J . :  Im m uno l 4, Supp l 2, 187 (1975).
2. D ogget, R. G. (ed.): P seudom onas aerug inosa . Clinical M anifesta tions o f In fec tio n  an d  C ur

re n t  T herapy . A cadem ic Press, New Y ork-—San Francisco —L o ndon  1979.
3. Schw arzm ann, S., B oring , J . R .: In fec t Im m u n  3, 762 (1971).
4. B aechler, C. A ., B erk , R. S.: Z Alig M ikrobiol 14, 267 (1974).
5. M oorhouse, R ., W in te r, W . T ., A m o tt,  S., B ayer, M. E .: J  Molec Biol 109, 373 (1977).
6 . Sadoff, J . C.: J  In fec t Dis 130, Suppl. S61 (1974).
7. W eiss, R. L., F rase r, D .: J  B acteriol 113, 963 (1973).
8. E ag o n , R. G.: J  In fec t Dis 130, Suppl. S65 (1974).
9. H eilm ann , H. D.: E u r  J  Biochem  31, 456 (1972).

10. S tan is lav sk y , E . S., P a lk in a , N. A., B oulk , V. F ., Z h v an e tsk ay a , M. I .,  C hekan, L. Y .,
M ashilova, G. M., F a th k in u zo v a , T. I . : Zh M ikrobiol E pidem io l Im m u n o b io l 8 , 37 (1981).

11. R ogers, S. W ., G illeland, H . E ., E agon , R . G.: C anad J  M icrobiol 15, 743 (1969).
12. M iler, J . M., Sp ilsbu ry , J .  E ., Jones, R . J . ,  R oe, E . A.. L ow bury , E . J .  L .: J  Med M icrobiol

10, 19 (1977).
13. Snell, K ., H older, I. A ., Leppla, S. H ., Saelinger, С. B.: In fec t Im m u n  19, 839 (1978).
14. P o llack , M., T ay lor, N . S., C allahan, L. T . I l l :  In fec t Im m u n  15, 776 (1977).
15. Iglew ski, В. H ., L iu , P . V ., K a b a t, D .: In fec t Im m u n  15, 138 (1977).
16. P o llack , M.: In  R obbins, J .  B ., H ill, J .  C., Sadoff, J . C. (eds): S em inars in  In fec tio u s D is

ease. Yol. 4, B acteria l Vaccines. T h iem e-S tra tto n , New Y ork  1982. p. 64.
17. Pav lovsk is, O. R .: J  In fec t Dis 126, 48 (1972).
18. Pav lovsk is, O. R ., C allahan, L. T. I l l ,  M eyer, R. D .: J  In fec t D is 139, Suppl. SlOO (1974).
19. V asil, M. L., L iu, P . V ., Iglew ski, В. H .: In fec t Im m u n  13, 1467 (1976).
20. L iu , P . V., Abe, Y ., B a te s , J . L .: .1 In fec t D is 108, 218 (1961).
21. Ja g g e r, K ., N ickol, M. M., Saelinger, C. B .: In fec t Im m u n  28, 746 (1980).
22. H eckley , R. J . :  In  W einbaum , G., K ad is , S., Ajl, J .  A. (eds): M icrobial T oxins. Vol 3.

A cadem ic Press, N ew  Y ork 1979. p. 473.
23. M ull, J .  D ., C allahan, W . S. : E x p  Molec P a th o l 4, 567 (1965).
24. D zierzanovska, D .: P o s tep y  M ikrobiologii 17, 81 (1978).
25. C allahan, L. T. I l l :  In fec t Im m u n  9, 113 (1974).
26. H o m m a, J . Y .: J p n  J  E x p  Med 50, 149 (1980).
27. Iglew ski, B. H ., K a b a t, D .: Proc N a tl A cad  Sei USA 72, 2284 (1975).
28. L iu , P . V.: J  B acterio l 88, 1421 (1964).
29. L iu , P . V.: J  In fec t D is 116, 112 (1966).
30. L iu , P . V.: J  In fec t Dis 130, Suppl S94 (1974)
31. L ochm ann , O., V ym ola, V. J . ,  C halcupecky, V. L .: J  H yg E p id  M icrobiol Im m u n o l 19,

65 (1975).
32. K u b o ta , Y ., L iu, P . V .: J  In fec t Dis 123, 971 (1971).
33. V ym ola, F ., L ochm ann , O.: J  H yg  E p id  M icrobiol Im m unol 18, 302 (1974).
34. K aw ah ara jo , K ., A be, Ch., H om m a, J .  Y ., K aw ano, M., G otoh, E ., T an a k a , N ., M orihara ,

K .: Jp n  J  E x p  M ed 44, 435 (1980).
35. M orihara, K ., T suzuki, M., Oka, T ., In o u e , H ., E b a ta , M.: J  B iol C hem  249, 3295 (1965).
36. S chu ltz , D. R ., M iller, K . D.: In fec t Im m u n  10, 128 (1974).
37. O kade, K ., K aw ah ara jo , K ., H om m a, J .  Y ., A oyam a, Y ., K u b o ta , Y .: J p n  J  E x p  Med

46, 245 (1976).
38. C arrick , L ., B erek, R .: B iochem  B iophys A c ta  391, 422 (1975).
39. S ch arm ann , W .: J  G en M icrobiol 93, 283 (1976).
40. S ch arm ann , W. : J  Gen M icrobiol 93, 292 (1976).
4 L  S ch arm an n , W .: In fec t Im m u n  13, 836 (1976).
42. S ch arm an n , W .: In fec t Im m u n  13, 1046 (1976).
43. B o tze n h a rt, K ., E bel, E . A.: Zbl B a k t A  225, 387 (1973).
44. B a rte ll, P . F ., O rr, T. E ., Chudio, B.: In fec t Im m u n  2, 543 (1970).
45. B a rte ll, P . F ., O rr, T. E ., G arcia, M.: J  In fec t Dis 118, 165 (1968).
46. P a lk in a , N. A., B oulk , V. F ., Z h v an e tsk ay a , M. J . ,  S tan is lav sk y , E . S., K ölker, I. I .,

G rishina, I. A.: Zh M ikrobiol E pidem iol Im m unobio l 6, 50 (1978).
47. Sensakovic, J .  W ., B arte ll, P. F .: In fec t Im m u n  12, 808 (1975).
48. Sensakovic, J .  W ., B arte ll, P. F .: J  In fec t Dis 129, 101 (1974).
49. Z aidner, I. G., P a lk in a , N . A., S tan is lav sk y , E . S., L andsm an, N . M.: Z h M ikrobiol E p id e 

m iol Im m unobiol 4, 92 (1981).
50. S tan is lav sk y , E . S., Y ushkova, N. A., E d v a b n a y a , L. S., L an d sm an , N. M., Z aidner, I. G .:

A c ta  Microbiol H u n g  32, 49 (1985).

3 Acta Microbiologica Hungarica 32, 1985



34 STANISLAVSKY et al.

51. O sborn , M. J .:  P roc  N a tl  A cad Sei USA 50, 499 (1963).
52. Carlson, D. M., M a tth e w s , L. W .: B iochem istry  5, 2817 (1966).
53. H om m a, J . Y ., T o m iy a m a , T ., Sano, H ., H irao , Y ., Saku , K .: J p n  J  E xp  Med 45, 361

(1975).
54. L iu , P. V., H sieh, H .: J  In fec t Dis 128, 520 (1973).
55. Sadoff, J . C., B uck , G. A ., Iglew ski, B. H ., B jo rn , M. J . ,  G rom an, N. B .: In fec t Im m u n  37,

250 (1982).
56. Po llack , M., Y oung , L. S .: J  Clin In fec t 63, 276 (1979).
57. S tan islavsky , E . S.: B ak te ria ln ie  s tru k tu ra m i i ich an tig en n o st. ( In  R ussian) M edicina,

Moscow 1971.
58. A lm s, T. H ., B ass, J .  H .: J  In fec t Dis 117, 257 (1967).
59. D im itracopoulos, G ., S ensakovic, J . W ., B arte ll, P. F .: In fec t Im m u n  10, 152 (1974).
60. B arte ll, P. F ., K rik sen s , A .: In fec t Im m u n  27, 777 (1980).
61. S tan islavsky , E . S., Y u sh k o v a , N. A., L an dsm an , N. M.: Zh M ikrobiol E pidem iol Im m u-

nobiol 6, 72 (1983).
62. H om m a, J . Y .: In  M itsu h ash i, S., H ash im oto , H . (eds): M icrobial D ru g  R esistance. U n i

v e rsity  of T okyo  P ress , T okyo  1975, p. 267.
63. A be, C., Shionoya, H ., H ira o , Y ., O kada, K ., H om m a, J .  Y .: J p n  J  E x p  M ed 45, 355 (1975).
64. Shim izu, T ., H o m m a, J .  Y ., A be, C., T an am o to , K ., A oyam a, Y ., O kada, K ., Y anagaw a,

R . , F u jim oto , Y ., N o d a , H ., T ak ash im a, I .,  H o n d a , E ., M inanide, S.: Am er J  V et Res 
37, 1441 (1976).

65. C hekan, L. V., S ta n is la v sk y , E . S.: Zh M ikrobiol E pidem io l Im m u n o b io l 12, 49 (1980).
66. C hekan, L. V., S ta n is la v sk y , E . S., P a lk in a , N. A .: Zh M ikrobiol E pidem io l Im m unobiol

2, 92 (1983).
67. L án y i, В., B ergan , T .: In  B ergan , T ., N orris, J . R. (eds): M ethods in M icrobiology. Vol.

10. Academ ic P ress , L o n d o n -N ew  Y ork  1978. p. 93.
68 . H abs, L : Z H yg In fe k t-K r  144, 218 (1957).
69. L án y i, В.: A cta  M icrobiol A cad Sei H ung  13, 295 (1966/67).
70. S andvik , 0 . :  A c ta  P a th  M icrobiol Scand 48, 56 (1960).
71. V erder, E ., E v an s , J . :  J  In fec t Dis 109, 183 (1961).
72. M eitert, T .: A rch R o u m  P a th  E x p  M icrobiol 23, 679 (1964).
73. A k a to v a , N. S., S m irn o v a , N. E .: Zh M ikrobiol E pidem iol Im m unob io l 7, 87 (1982).
74. H om m a, J . Y .: J p n  J  E x p  Med 52, 317 (1982).
75. W okatsch , R .: Zbl B a k t  I Orig 192, 468 (1964).
76. L iu , P . V., M atsu m o to , H ., K u sam a, H ., B ergan , T .: I n t  J  S y st B ac t 33, 256 (1983).
77. M eitert, T ., M eite rt, E .:  A rch R oum  P a th  E x p  M icrobiol 25, 427 (1966).
78. M eitert, E ., M eite rt, T ., S im a, F ., Savulian , C., M ichalache, V .: A rch  R oum  P a th  E x p

Microbiol 35, 83 (1976).
79. M eitert, E ., M eite rt, T ., S im a, F ., S avulian , C., B u to ian u , A.: A rch  R oum  P a th  E x p

Microbiol 37, 161 (1978).
80. F isher, M. W ., D ev lin , H . B ., G nabasik , F . J . :  J  B acterio l 98, 835 (1969).
81. H om m a, J . Y .: J p n  J  E x p  Med 44, l (1974).
82. H om m a, J . Y .: J p n  J  E x p  M ed 46, 329 (1976).
83. P i t t ,  T. L., E rd m a n , Y . J .  : J  Med M icrobiol 11, 15 (1978).
84. E eden , D. van : J  G en M icrobiol 48, 95 (1967).
85. L ány i, В ., Á dám , M. M ., Szen tm ihály i, A.: J  Med M icrobiol 8, 225 (1975).
86 . Á dám , M. M., K o n tro h r , T ., H o rv á th , E .: A cta  M icrobiol A cad Sei H ung  18, 307 (1971).
87. L ány i, B ., Czirók, É .: Zbl B a k t A  243, 308 (1979).
88. L ányi, B ., Á dám , M. M.: A cta  M icrobiol A cad Sei H ung  20, 337 (1973).
89. C hester, J . R ., M eadow , P. M., P i t t ,  T. L .: J  Gen M icrobiol 78, 305 (1973).
90. Á dám , M. M., K o n tro h r , T .: P roc  12th M eeting of th e  H u n g arian  Society  for B iochem istry ,

Pécs. H u n g a rian  S o c ie ty  for B iochem istry . B u d ap est 1971. p. 257.
91. C hester, I. R ., G ray , G. W ., W ilkinson, S. G.: B iochem  J  126, 395 (1972).
92. C larke, P. H ., R ich m o n d , M. H .: Genetics and  B iochem istry  o f Pseudom onas. W iley,

L ondon 1975.
93. W ilkinson, S. G., W elb o u rn , A. P .: B iochem  J  149, 783 (1975).
94. K oval, S. F ., M eadow , P . M.: J  Gen M icrobiol 91, 437 (1975).
95. Suzuki, M., T su n e m a tsu , Y ., M atsum oto , H. : In fec t Im m u n  15, 692 (1977).
96. H o rton , D., R o d em ey er, G., H askell, T. H .: C arbohydr R es 55, 35 (1977).
97. H o rton , D., R iley , D. A ., S am reth , S., Schw eitzer, M. G.: P roc 6th  I n t  Sym p Glycocon-

ju gates. J a p a n  S cien tific  Societies Press, T okyo  1981. p. 53.
98. D m itriev , B. A ., K n ire l, Y u. A., K ocharova, N. A., K ochetkov , N. K ., S tan islavsky , E.

S. , M ashilova, G. M .: E u r  J  Biochem  106, 643 (1980).

A d a  Microbiologica Hungarica 32, 1985



ANTIGENS OF PSEUDOMONAS AERUGINOSA 35

99. K n ire l, Yu. A., V in o g rad o v , E . V., S h ash k o v , A. S., D m itriev , B. A ., K ochetkov , N. K ., 
S tanislavsky, E . S ., M ashilova, G. M .: E u r J  B iochem  125, 221 (1982).

100. D m itriev , B. A ., K o ch aro v a , N. A ., K n ire l, Y u. A., Shashkov , A. S., K ochetkov , N. K .,
S tanislavsky, E . S., M ashilova, G. M. : E u r  J  B iochem  125, 229 (1982).

101. K n ire l, Yu. A., V in o g rad o v , E. V., S h ash k o v , A. S., D m itriev , B. A ., K o ch etk o v , N. K .,
S tan islavsky , E . S ., M ashilova, G. M .: E u r  J  B iochem  128, 81 (1982).

102. K n ire l, Yu. A., V in o g rad o v , E . V., S h ash k o v , A. S., D m itriev , B. A ., K o ch etk o v , N. K .,
S tanislavsky, E . S ., M ashilova, G. M. : E u r  J  B iochem  134, 289 (1983).

103. S tan islavsky , E . S., M ashilova, G. M ., D m itriev , B. A., K nire l, Y u , A ., V inogradov, E . V.:
In  press.

104. W ilk inson, S. G.: B io ch em  J  161, 103 (1977).
105. L ü d eritz , O., W es tp h a l, O., S taub , A. M ., N ikaido, H .: In  W ein b au m , G., K adis, S., A jl,

S. J .  (eds): M icrobial T oxins. Vol. 4 . A cadem ic Press, New Y o rk  1971. p. 145.
106. Sadoff, J . C., A rte n s te in , M. S.: J  In fe c t  D is 130, Suppl S81 (1974).
107. H o ib y , N., A ndersen , V ., B endixen, G. : A cta  P a th  M icrobiol Scand  C 83, 459 (1975).
108. D rskov , I., D rskov, F .,  J a n n , B., J a n n , K .: B acterio l R ev  41, 667 (1977).
109. S tan is lav sk y , E. S . : Z h M ikrobiol E p id em io l Im m unobio l 12, 91 (1980).
110. L án y i, В.: Acta M icrobiol A cad Sei H u n g  17, 35 (1970).
111. A nsorg , R .: Zbl B a k t A  242, 228 (1978).
112. P i t t ,  T. L.: J  Med M icrobiol 14, 251 (1981).
113. M ontie, T. C., C raven, R . C., H older, I .  A .: In fec t Im m u n  35, 281 (1982).
114. M cM anus, A. T. E ., M oody, E . E ., M ason , A. D .: B urns 6, 235 (1980).
115. C raven , R. C., M onde, T . C.: Can J  M icrobiol 25, 458 (1981).
116. H o ld e r, I. A., W heeler, R ., M onde, T . C.: In fec t Im m u n  35, 276 (1982).
117. B rad ley , D. E .: J  G en M icrobiol 45, 83 (1966).
118. B rad ley , D. E ., P i t t ,  T . L .: J  H yg (L o n d ) 74, 419 (1975).
119. B rad ley , D. E .: V iro logy  58, 149 (1974).
120. P i t t ,  T . L „  B radley , D . E .: J  Med M icrobiol 8 , 97 (1975).
121. B rad ley , D. E „  P i t t ,  T . L .: J  Gen V irol 23, 1 (1974).
122. B u ch an an , T. M., P e a rce , W . A.: In fe c t Im m u n  13, 1483 (1976).
123. W oods, D. E ., S trau s, D. C., Jo h an so n , W . G. J r . ,  B erry , V. K .. B ass, J .  A .: In fec t Im m u n

29, 1146 (1980).
124. P o llack , M.: Rev In fe c t D is 5, Suppl. 5, S979 (1983).
125. C ryz, S. J . J r . ,  Ig lew ski, В . H .: R ev In fe c t  D is 5, Suppl. 5, S992 (1983).
126. F ish e r , M. W .: J  In fe c t D is 130, Suppl. S149 (1974).
127. P e n n in g to n , J . E ., P ie r, G. B .: R ev In fe c t D is 5, Suppl. 5, S852 (1983).
128. P e n n in g to n , J . E .: In  D o g e tt,  R . G. (ed .): P seudom onas aerug inosa . Clinical M anifesta tions

a n d  C urren t T h erap y . A cadem ic P ress , N ew  Y ork 1979. p. 191.
129. Y o u n g , L. S., Pollack , M .: In  S ab a th , L . e a t(ed .): P seudom onas aerug inosa  — th e  O rgan

ism , Diseases i t  C auses, and  th e ir T re a tm e n t. H ans H u ber, B e rn -S tu ttg a r t-V ie n n a  
1980. p. 119.

130. Jo ó , I . ,  S tanislavsky, E . S.: J  H yg E p id em io l Microbiol Im m unob io l 26, 417 (1982).
131. B o d ey , G. P., B olivar, R ., F a in ste in , V ., J a d e ja ,  L. : R ev In fec t Dis 5, 279 (1983).
132. S tan is lav sk y , E. S., Jo ó , I .:  Zh M ikrobiol E pidem io l Im m unobio l 7, 22 (1983).
133. Syek locha , Ö.: Can J  M icrobiol 19, 573 (1973).
134. W aisb ren , B. A., M artin s , R . R ., B runs, W . T ., K u rzy n sk i,T . A.: W iscosin M ed J  S42 (1974).
135. M e ite rt, E ., M eitert, T ., P e tro v ic i. M., S im a, F ., Savulian , C.: A rch R o u m  P a th  E x p

M icrobiol 37, 251 (1978).
136. M e ite rt, E ., M eitert, T ., P e tro v ic i, M., S im a, F ., Savulian , C., M itricä , N ., Georgescu, C.,

C ostache, G.: A rch R o u m  P a th  E xp  M icrobiol 38, 309 (1979).
137. Io n escu , A., M eitert, E .,  V asiliu , S., M e ite rt, T ., Milicescu, S., S im a, F ., Savulian , C .:

A rch  R oum  P a th  E x p  M icrobiol 38, 317 (1979).
138. Io n escu , A., Vasiliu, S., M ilicescu, S., M e ite rt, E ., M eitert, T ., S im a, F ., Savulian , C.:

B u rn s  7, 1 (1980).
139. Io n escu , A., M eitert, E ., V asiliu , S., M e ite rt, T ., Sim a, F ., Savulian , C., M ilicescu, S.:

A rch  R oum  P a th  E x p  M icrobiol 40, 323 (1981).
140. M oroz, A. F ., R adkevich , S. A ., A n tsife rova, N . G.: Zh M ikrobiol E pidem io l Im m unobio l 8,

44 (1981).
141. G erasim ov , N. I., M oroz, A. F ., R ad k ev ich , S. A.: C hirurgiya 11, 36 (1980).
142. A k a to v a , N. S.: Zh M ikrobio l E pidem iol Im m u n o b io l 9, 89 (1976).
143. S a to , H ., D iena, B. B .: R e v  C anad Biol 33, 93 (1974).
144. V o ro b y ev , A. A., A fan asy ev , S. S., V oro b y ev a, M. A.: Zh M ikrobiol E pidem io l Im m unobio l

8 , 6 (1982).

3* Acta Microbiologica Hungaricy 32, 1985



36 STANISLAVSKY et al.

145. P e terso n , P. K .: In  S á b á t, L. D. (ed.): P seudom onas aerug inosa  — th e  O rganism , Dis
eases it Causes, a n d  th e ir  T rea tm e n t. H ans H uber, B e rn -S tu ttg a r t-V ie n n a  1980.
p . 103.

146. W eber, B ., Nickol, M. M., Ja g g e r, K . S., Saelinger, С. B .: Can J  M icrobiol 28, 679 (1982).
147. K azm ierow ski, J . A., R ey n o ld s , H. Y ., K au ffm an , J . C., D u rb in , W. A., G raw , R. G. J r . ,

D evlin , H. B.: J  In fe c t D is 135, 438 (1977).
148. A lexander, J . W ., F ish e r. M. W .: J  In fec t Dis 130, Suppl. S152 (1974).
149. Jo n e s , R. J . ,  Roe, E. A ., L o w b u ry , E . J .  L ., Miler, J . J . ,  S p ilsbu ry , J . F .: J  H yg  (Cam b) 76,

429 (1976).
150. Jo n es, R. J . ,  Roe, E . A ., G u p ta , J . L .: L ancet 2, 401 (1978).
151. Jo n es, R. J .:  J H yg (C am b) 82, 453 (1979).
152. P en n in g to n , J . E ., M iler, J .  J . :  In fec t Im m u n  25, 1029 (1979).
153. K o lker, I. I., S tan is lav sk y , E . S., G rish ina , I. A.: Zh M ikrobiol E pidem io l Im m unobio l 5,

67 (1979).
154. K ro ch in a, M. A., G rish in a , I. A., A rkh ipova , IS. A., Z aru b in a , E . K ., E d v ab n a y a , L. S..

R usanov , Y. M., S ta n is la v sk y , E . S., K olker, I. I .: Zh M ikrobiol E pidem io l Im m unobiol 
10, 95 (1981).

155. G rish ina , I. A., P a n o v a , Y u . M., K olker, I. I ., S tan is lav sk y , E . S., Z aru b in a , E . K .: Zh
M ikrobiol E pidem io l Im m u n o b io l 7, 34 (1982).

156. S tan islavsky , E . S., Jo ó , I . ,  S evertsova, M. K ., M ashilova, G. M., B o ltu tsk y , L. G., K olker,
L I., G rishina, I. A ., G ladus, M. A., D an ilyuk , V. D ., L azarev a , E . S., F a tk h in u ro v a ,
T . L : Zh M ikrobiol E p id em io l Inn u m o b io l 5, 70 (1982).

157. S tan islavsky , E . S., Z h v an e tsk ay a , M. L , M ashilova, G. M., G ladus, M. A.: Zh M ikrobiol
Epidem iol Im m unob io l 8 , 66 (1980).

158. Sadoff, J . C., F u tro v sk y , S. L ., S idberry , H. F ., Iglew ski, В. H ., Seid. R. C. J r . :  In  R obbins,
J .  B ., Hill, J . C., S adoff, J .  C. (eds): Sem inars in  In fec tio u s Disease. Vol. 4. B acterial 
Vaccines. T h ie m e -S tra tto n  In c ., New Y ork 1982. p. 346.

159. P ier, G. B., S idberry , H . F ., Z ólyom i, S., Sadoff, J . C.: In fec t Im m u n  22, 908 (1978).
160. P ier, G. B., S idberry , H . F ., Sadoff, J .  C.: In fec t Im m u n  22, 919 (1978).
161. P ier, G. B.: J Clin ív e s t  69, 303 (1982).
162. P ier, G. B.: In fec t Im m u n  38, 1 117 (1982).
163. P ier. G. B., T hom as, D. M.: J  In fec t Dis 148, 206 (1983).
164. M aresz-B abczyszyn, J . ,  Sokalska, M.: A rch Im m unol T h er E x p  27, 585 (1979).
165. Sokalska, M., M aresz-B abczyszyn , J . :  A rch Im m unol T h er E x p  29, 649 (1981).
166. B erche, P ., V éron, M., T inelli, R .: A nn M icrobiol 127A, 247 (1976).
167. B erche, P ., V éron, M., F e rm an ian , J . ,  D aoulas-L ebourdelles, F ., Guégen, A.: A nn Microbiol

130A, 179 (1979).
168. E d v ab n ay a , L. S., S ta n is la v sk y , E . S., K olker, I. L, G rish ina , I. A., Z arub ina, E. K .: Zh

M ikrobiol E pidem io l Im m unob io l 9, 36 (1979).
169. A leksandrov, A. D ., A n tsife ro v a, N. G., Z hm yrina, T. L , M oroz, A. F .: Zh M ikrobiol

Epidem iol Im m u n o b io l 1, 14 (1984).
170. S tan islavsky , E . S., Jo ó , I .,  B oulk, V. F ., Z h v an e tsk ay a , M. L , M ashilova, G. M., G ladus,

M. A., E d v ab n ay a , L. S., F a tk h in u ro v a , T. L: Zh M ikrobiol E pidem iol Im m unobio l 10, 
25 (1982).

171. H om m a, J . Y ., A be, Ch., T an am o to , K ., H irao , Y., M orihara, K ., T suzuki, H ., Y anagaw a,
R ., H onda, E ., Aoi, Y o., F u jim o to , Y ., Goryo, M., Im azek i, N ., N oda, H ., Goda, A., 
Takeuchi, S., Ish ira , T .: J p n  J  E x p  Med 48, 111 (1978).

172. Gonggrijp, R ., M ullers, W. J . H. A ., Lem m els, P. J . M. R ., v a n  B őven, C. P . A.: In fec t
Im m un 27, 204 (1980).

173. L ieberm ann, M. M. : In fe c t Im m u n  21, 76 (1978).
174. L ieberm ann, M. M., M cK issock, D. C., W righ t, G. L.: In fec t Im m u n  23, 509 (1979).
175. Cryz, S. J . J r . ,  Paw low skis, O. R ., Iglew ski, B. IL : In  R obb ins, B. J . ,  H ill, J .  C., Sadoff,

J . G. (eds): Sem inars in  In fec tious Disease. Vol. 4. B acteria l Vaccines. T h ie m e-S tra tto n , 
New York 1982. p . 70.

176. K ostia la , A. A. L: J  M ed M icrobiol 13, 201 (1980).
177. B ialik, I. F ., K ro ch in a , M. A., D av a td a ro v a , G. M.: S ov rem en n ay a  M edicina 3, 27 (1977).
178. Jones, C. E ., A lex an d er, J . W ., F isher, M.: J  Surg R es 14, 87 (1973).
179. S tanislavsky, E . S., B o u ltu c i, L. G., Y ushkova, N. A., C hekan, L. V ., Z aidner, I. G.. K on-

tim ova, L. R ., M ign iv itsh , L. R ., L andsm an , N. M.: R ev  In s t  P a s te u r de Lyon 3, (1983).
180. Pollack, M.: J  In fe c t Dis 147, 1090 (1983).
181. Roe, E . A., Jones, R . J . :  R ev  In fec t Dis 5, Suppl. 5. S922 (1983).
182. Buchowicz, L . Sch iller, B ., K orbeck i, M., L ysakow ska, E .: A rch Im m u n o l T her E xp  29,

635 (1981).

Acta Microbiologica Hungarica 32, 1985



ANTIGENS OF PSEUDOMONAS AERUGINOSA 37

183. Schiller, B ., B uchow icz, I . ,  K o rb eck i, M., L ysakow ska, E ., R u d n ick a , W ., R obaczew ska,
E .: A rch Im m uno l T h er E x p  29, 627 (1981).

184. Sakiel, S., Schiller, B ., B uchow icz, I ., K o tro w sk a-T o m an ek , E .: A rch  Im m unol T her E x p
31, 517 (1983).

185. Z aidner, I. G., S tan is lav sk y , E . S., G ladus, M. A.: Zh M ikrobiol E pidem io l Im m unobio l
10, 52 (1980).

186. M eitert, T ., M eitert, E ., Szegli, G ., Pelig rad , I.: A rch R oum  P a th  E xp  M icrobiol 41,
115 (1982).

187. De F a ja rd o , C. L ., Z aidenberg , A. .)., L aborde, H. F . ; Sym p Ser Im m unob io l S tan d ard  15,
253 (1971).

188. Jones, R . J . ,  R oe, E . A ., G u p ta , J .  L .: L an cet 2, 1263 (1980).
189. Sue Siler M asters, B ., B a x te r , Ch. R ., D obke, M., N ak am u ra , M., Dees, J .  H ., H eck, E .,

Pearson , G., R o b erts , Ch., E d g a r, M. A.: In  N in n em an n , J . L. (ed.): T rau m atic  In ju ry  
In fec tion  and  O th er Im m uno log ic  Sequelae. U n iv ersity  P a rk  P ress , B altim ore  1983. 
p. 163.

Acta Microbiologica Hungarica 32, 1985





Acta Microbiologica Hungarica 32 (1 ) , pp . 39 —  47 (1985)

IN VIVO MODEL FOR THE ACUTE, LATENT 
AND REACTIVATED PHASES OF CYTOMEGALOVIRUS

INFECTION*

É v a  G ö n c z ö l , E r z s é b e t  D a n c z i g , I. B o l d o g h , T .  T ó t h  a n d  L. V Á czi

Institu te  o f  Microbiology, U niversity M edical School, Debrecen, and Szolnok C ountry Hospital,
Szolnok

(R ece iv ed  M a y  27, 1982)

Tissue sam ples from  th e  sa liv o ry  g land , lung  spleen, liver an d  k id n ey  o f B alb/c nice 
in fec ted  w ith  m urine  cy tom egalov irus (MCMV) co n ta ined  in fective  MCMV a n d  virus-specific  
an tigens fo r 6—7 weeks following th e  in fec tio n . A fte r  th e  8th  w eek no in fec tive  v iru s  could  be 
d e tec ted  in  a n y  organ and an tigens w ere fo u n d  on ly  in  th e  spleen an d  th e  m esan g ial cells of 
th e  ren a l glom erules. As a resu lt o f cy clophospham ide  tre a tm e n t app lied  in  th e  22nd—24th 
weeks, th e  la te n t  v ira l infection w as re a c tiv a te d  in  nearly  all an im als, in fec tiv e  v iru s p ro d u c
tio n  s ta r te d  again  in  the  organs, an d  la s te d  for a b o u t 3 weeks. D uring  th e  su b seq u en t la te n t 
period  th e  v iru s was again re ac tiv a te d  b y  re p ea te d  cyclophospham ide t re a tm e n t. T he experi
m en ta l a lte rn a tio n  of the  la te n t an d  re a c tiv a te d  phases o f v iral in fec tion  ren d ers  th e  m odel 
su itab le  fo r s tu d y  of th e  m echanism  a n d  consequences of v ira l la te n cy  an d  re a c tiv a tio n  in  
vivo.

E x p e rim en ta l infection of m ice w ith  m urine cy tom egalov irus (MCMV), 
as a m odel of infection by h u m a n  cy tom egalov irus (HCMV), has been s tud ied  
on m an y  occasions [1-9]. A ccord ing  to  these  stud ies th e  p a th o g en esis  o f 
MC MY in fec tion  in  mice show s a close sim ila rity  w ith  th e  p athogenesis  o f 
h u m an  СМУ infection.

On th e  o th e r hand , s tu d y  of th e  m urine  m odel has been  re s tr ic te d  to  th e  
acu te  phase of th e  infection [1 -6 ], an d  li ttle  a tte n tio n  has been  p a id  to  th e  
e lab o ra tio n  of a m odel th a t  m igh t be help fu l in stu d y in g  th e  stage  of v ira l 
la ten cy  an d  th e  possib ility  of re a c tiv a tio n  from  th e  la te n t phase [7 -9 ]. This 
p a p e r rep o rts  on th e  e labora tion  o f such a m odel.

M aterials and m ethods

Virus. S m ith  s tra in  of m urine  CMY (MCMV) w as k in d ly  supplied  b y  P rof. C. A. Mims 
from  G uy’s H o sp ita l, London. F or th e  in o cu la tio n  of 4 -5  week old B alb /c  m ice, 0.1 m l (103 
p .f.u ./m ouse) in ocu lum  was applied in tra p e rito n e a lly . The v irus source was th e  sa liv a ry  g land

É va  Gö n c z ö l , E r z s é b e t  D a n c z ig , I stván  B o l d o g h , L a jo s  V aczi 
In s titu te  of M icrobiology, U niversity Medical School,
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of a M CM V-infected an im al, rem oved  2 -3  weeks a fte r  th e  in fec tio n . A fter m echanical hom oge
n iza tio n  in PB S and c en trifu g a tio n  a t  2000 rpm  for 10 m in, th e  suspension  was sto red  a t  —70 °C 
u n til use [10]. The v irus p ro d u ced  in th is  w ay was su itab le  fo r e lab o ra tio n  of the  model.

Reactivation o f  the latent v irus by cyclophosphamide treatment. T he m ice th a t  were in  th e  
phase  of la te n t  v iral in fec tio n  w ere in jec ted  in tra p erito n ea lly  w ith  150 m g/kg cyclophospham 
ide d issolved in 0.5 ml P B S , on  4 occasions in 5-day in te rv a ls .

V irus isolation fro m  the organs o f  infected anim als. T he organs w ere excised a t  th e  p o in ts  
o f tim e  g iven in  “ R esu lts” , m ech an ica lly  hom ogenized an d  10%  suspensions (W /v) were p re 
p a red  from  them . A fter cen tr ifu g a tio n  a t  2000 rpm  for 10 m in  tissu e  cu ltu res  were ino cu la ted  
w ith  0.1 ml and a fte r  2 h  ad so rp tio n  th e  inoculum  was rem o v ed  an d  th e  cu ltu res  were w ashed 
once and  covered by fresh  c u ltu re  m edium . T he appearan ce  of c y to p h a to g en ic  effect was fo l
low ed for 2 weeks. F o r v iru s  iso la tion  syngenic B alb/c m u rin e  em bryon ic  fib ro b la s t cu ltu res  
were used ; and in th e  ph ase  of la ten cy , in add ition  to  th e  B a lb /c  cu ltu res , also fib ro b last cu l
tu res  from  an allogenic D B A  m urine  s tra in . P rep a ra tio n  o f th e  m urine  fib ro b la s t cu ltu res was 
perform ed as described p rev io u sly  [11].

Detection o f M C M V  antigens in  the organs o f  infected anim als. T he in d irec t im m u n o 
fluorescence m ethod  ( IF )  w as used. Quick-frozen sections p re p are d  from  th e  organs were fix ed  
in  a 1 : 1 m ix tu re  of ace to n e-m eth an o l a t  —20 °C for 5 m in. As serum  th e  serum  m ix tu re  of 
M CM V-imm unized ra b b its  w as used and  as contro l serum , th e  m ix tu re  of th e  sera o f th e  sam e 
ra b b its  tak en  before im m u n iza tio n . Im m unization  was pe rfo rm ed  w ith  MCMV produced  in  
ra b b it  k idney  tissue in  th e  presence of m inim um  essen tia l m ed iu m  (M EM ) contain ing  10%  
ra b b it  serum . A fter th e  o n se t o f diffuse cy to p a th ic  effect on  th e  8th —10th  d ay  a fte r ino cu la tio n  
th e  su p e rn a ta n t of th e  cu ltu res  was purified  from  th e  cell d eb ris b y  cen trifu g a tio n  a t  8000 
rp m  for 10 m in, th en  a t 1000 00 g for 1 h. The sed im ent was su spended  in  PB S , th en  a fte r div ision  
in to  several p a rts , s to red  a t —70 °C. The anim als were g iven  2 m l o f v iru s suspension in tra v e 
nously  once a week six tim es. The t it re  of th e  virus was 9 X 10(i p .f.u ./m l t i t r a te d  in  m urine  f ib 
ro b la s t cu ltu re. In  th e  3rd  w eek a fte r  th e  las t dose th e  an im als received  fu r th e r  5 ml v iru s sus
pension , th en  20 days la te r  th ey  were exsanguinated . T he t it re  o f th e  im m u n e  serum  w as 
1 : 160 according to th e  in d ire c t IF  m ethod , on M CM V-infected m urine  fib ro b last cu ltu res , 
w hen th e  infected  tissue was fix ed  4 days a fte r infection . T he im m u n e  serum  was app lied  in 
1 : 60 d ilu tion . The p re -im m u n e  ra b b it  serum  was com ple te ly  negative  even a t  a d ilu tion  of 
1 : 2 on M CM V-infected m urine  f ib ro b last cu ltu res. As a co n ju g a te , a n ti- ra b b it  IgG  (H y lan d ) 
was used.

M C M V  antibody determ ination in  the sera o f  infected anim als. The de te rm in a tio n s were 
perform ed w ith  th e  in d ire c t im m unofluorescence m eth o d . C overslip cu ltu res of B alb /c  
em bryon ic  fib ro b lasts  w ere f ix ed  in  1 : 1 m ix tu re  of ace tone  and  m eth an o l a t  -2 0  °C for 3 m in , 
4 d ay  a fte r the  in fection . T he sera used were m ixed an d  d ilu ted  sera  o f 10 mice in each sam ple . 
A nti-m ouse IgG  (H y lan d ) was used  as con jugate.

Reagents. A n ti- ra b b it  IgG  and an ti-m ouse IgG  co n ju g a tes  (H y lan d  D ivision T rav e lo r 
L ab o ra to ries, Costa M esa, Calif, USA). C yclophospham ide (Je n a p h a rm  A nkerw erk, R u d o lf
s ta d t, GDR).

R esults

Follow-up o f  the acute, latent and reactivated phases o f  infection through 
infective virus isolation from  different organs. T he  resu lts  are sum m arized  in 
T ab le  I. I t  is c learly  seen th a t  infective v irus could be recovered u n til th e  7 th  
w eek a fte r in fec tion  from  th e  salivary  g land , lung , spleen, k idney  an d  liver 
an d  longest from  th e  sa liv ary  g land. The n u m b e r o f an im als in whose organs 
in fective MCMV w as d e tec ted  was iden tica l w ith  th e  n u m b er of in fec tive  
M C M V -containing sa liv a ry  g lands. This m eans th a t  th e re  was no anim al w ith  
neg a tiv e  sa liv ary  g land  b u t positive o th e r o rgan . T his stage  is called th e  acu te  
phase  of in fection .

In  the  8 th  p o stin fec tiv e  week no in fec tive  v iru s could be detec ted  in th e  
organs any longer irrespec tive  of w heth er syngenic  B alb/c or allogenic D BA
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Table I

Recovery o f  infective H C M V  fro m  infected mice in the acute (1st—7th weeks), 
latent ( 8th—22nd, 28th—30th and 37th weeks)  and reactivated 

(25th—27th and 33rd—35th weeks)  phase o f  the infection

Organs Postinfective weeks

1 2 3 4 5 6 7 8 12 15 22 25 26 27 28 30 33 34 35 37

Salivary  gland 10 10 10 8 5 2 2 0 0 0 0 4 3 0 0 0 3 4 0 0
Lung 10 9 9 3 2 0 0 0 0 0 0 4 6 0 о 0 3 4 0 0
Spleen 10 10 8 8 4 0 0 0 0 0 0 5 6 1 и 0 4 6 2 0
K idney 8 9 6 0 0 0 0 II 0 0 0 6 7 2 0 0 4 5 1 0
L iver 8 9 8 0 0 0 0 0 0 0 0 4 5 1 0 0 3 4 2 0
Skeletal muscle 0 0 0 0 0 0 0 NÍT о 0 0 NT NT NT
H eart 0 0 0 0 0 0 0 NT 0 0 0 NÍT NT NT
B rain 0 0 0 0 0 0 0 N;t 0 0 0 NT NT NT
Spinal cord 0 0 0 0 0 0 0 NT 0 0 0 NT NT NT

T otal 10 10 10 8 5 2 2 0 0 0 0 9 8 2 0 0 8 6 4 0

R eactivation  was perform ed by cyclophospham ide trea tm e n t (150 m g/kg, 4 tim es, on 
ev ery  fifth  day) beginning w ith the  22nd an d  30 th  postinfective weeks

Virus isolation  was perform ed from  th e  organs of 10 anim als each  tim e. The num erica l 
values show the  nu m b er of anim als (ou t o f 10) from  whose p a rticu la r organs infective MCMV 
w as isolated

tissu e  cu ltu res w ere exposed by  th e  hom ogenized  organs. H ow ever, th e  success 
o f  cyclophospham ide tre a tm e n t s ta r te d  in  th e  22nd week, p roves th a t  th e  v iru s 
h a d  been p resen t in  la te n t form  in  th e  cells o f th e  organs p rio r to  cyclophos
p h am id e  tre a tm e n t. T herefore, th e  14-w eek period betw een  th e  8 th  an d  22nd 
w eeks is called th e  la te n t  phase of in fec tio n .

O ut of th e  10 an im als ex san g u in a ted  4 days a fte r th e  la s t cyc lophospha
m ide dose th ere  w ere 9 in  w hich in fec tiv e  v iru s  was d e tec ted  in  th e  hom ogeni- 
sa te  o f some organ. T he reac tiv a ted  v iru s  could no t in  every  case be d e tec ted  
in  th e  sa livary  g land , despite  th e  fa c t th a t  in  th e  acu te  p h ase  of in fec tion  th e  
sa liv a ry  gland alw ays con ta ined  in fec tiv e  v irus. In  m ost an im als infective 
v iru s  was p resen t in  th e  k idney  an d  th e  spleen, these w ere follow ed b y  th e  
lung , liver and sa liv a ry  gland. In fec tiv e  v iru s  was only found  in th e  course of 
3 w eeks; in th e  4 th  w eek a fte r th e  la s t  cyclophospham ide dose th e  organs were 
n eg a tiv e  again. T he three-w eek  p e rio d  b e tw een  the  2 5 th  an d  27 th  w eeks is 
ca lled  th e  re a c tiv a tio n  phase. The second cyclophospham ide tre a tm e n t s ta r te d  
in  th e  30th  week, a f te r  an o th er la te n t  period  betw een th e  2 8 th  30 th  w eeks, 
ag a in  resu lted  in  re a c tiv a tio n  of th e  v iru s . In  th e  33rd w eek in fective v iru s  
w as d e tec ted  in  th e  organs of 8 mice o u t o f 10; by  the  37 th  w eek th e  mice w ere 
ag a in  free of in fective v irus.

Follow-up o f  the acute, latent and  reactivated phases by I F  exam ination o f  
quick-frozen sections fro m  the organs. Q uick-frozen  sections w ere su b jec ted  to  
I F  ex am in a tio n ; four sections were p rep a red  from  each organ.

Acta Microbiologica Hungarica 32, 1985



42 GÖNCZÖL et al.

Fig. 1. MCMV-specific an tig en s in  th e  sa liv a ry  g lan d  (a), lung (b), sp leen  (c), k idney  (d) and  
liver (e) o f an im als in  th e  acu te  phase  o f in fec tion , de te rm in ed  b y  th e  IF  m eth o d

In  th e  acu te  phase  M CM \ specific an tigens could be detec ted  in  n ea rly  
all organs from  w hich  in fective v iruses h a d  been iso la ted  (Figs la , b, c, d , e). 
D e tec tab ility  of th e  an tigens was in  no co rre la tion  w ith  v irus iso la tion ; it  
occurred  th a t  in fec tive  v irus was iso la ted  from  an organ  in w hich no MCMV- 
specific an tigen  w as found . The possible cause was th a t  fo r v irus iso lation  th e  
organs were hom ogenised  so th a t  th e re  w as a h igher p ro b a b ility  of th e  p resence 
of v iru s-co n ta in in g  cells in th e  m ateria l, w hereas th e  fou r sections su b jec ted  to  
I F  ex am in a tio n  m a y  h av e  o rig inated  in  p a r t  o f th e  o rgan  in  which th e re  w as 
no v irus rep lica tio n . A m ong th e  organs excised in  th e  la te n t  phase (8 th , 12 th , 
15 th  and  22nd w eeks a fte r  infection) o n ly  th e  spleen an d  th e  k idney  w'ere I F  
positive , 8 ou t o f 40 spleens, and  o u t o f 40 13 k idneys. MCMV-specific an tig en s
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F ig. 2. M CM V-specific antigens in th e  sp leen  (c) a n d  k id n ey  (d) of an im als in  th e  la te n t  ph ase  
o f  in fec tion ; no  an tig en s  could be d e te c te d  in  th e  cells o f th e  sa livary  g land  (a), lu n g  (b ) and  

liv e r (e). E x am in atio n s w ere pe rfo rm ed  w ith  IF  m eth o d

w ere found in  th e  cells of th e  sp leen  and  in  th e  m esangial cells of th e  ren a l 
gloinerules (F igs 2c, d).

In  the  p h ase  of reac tiv a tio n , I F  an tig en s could be d e tec ted  only  in  a b o u t 
4 0 -5 0 %  of sec tions prepared from  in fec tive  v iru s  con ta in ing  organs. T his m ay  
m ean  th a t  th e  in fection  affected  on ly  som e p a r ts  of th e  organs, and  th e  foci 
o f v iru s rep lica tio n  were missed w hen  th e  sections were m ade. F igures 3a, b , c, 
d show  th e  I F  im ages of th e  sec tio n s m ade from  these o rgans. The sections 
w ere p repared  in  th e  firs t week fo llow ing th e  la s t cyclophospham ide dose.

Specific ity  o f  immunofluorescence. A ll sections proved  to  be com ple te ly  
n eg a tiv e  w hen  pre im m une ra b b it  serum  d ilu te d  1 : 2 was applied .
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F ig. 3. MCM V-specific a n tig e n s  in  th e  sa livary  g land  (a), lung  (b), spleen (c), k idney  (d ) and  
liver (e) of an im als in  th e  reac tiv a te d  phase  of in fec tion , de te rm in ed  by IF  m eth o d

Serological response in  M C M V -in fected  mice R esu lts are  given in F ig . 4. 
I t  is obvious th a t  th e  m ax im u m  an tib o d y  level had  developed by  the  8 th  w eek, 
and  rem ained  p ra c tic a lly  unchanged  d u rin g  th e  la te n t and  reac tiv a ted  phases, 
a lth o u g h  a n o n -s ig n ifican t increase of anti-M CM Y IgG  ti tre  was d e tec ted  
a fte r  re a c tiv a tio n  o f th e  la te n t virus.

Effect o f  cyclophospham ide treatment in  mice previously  not inoculated with  
M C M V .  T w en ty  B a lb /c  mice 6-7 m o n th s o f age were tre a te d  w ith  cyclophos
p h am id e  in a w ay  s im ila r to  th a t  of an im als p rev iously  inocu la ted  w ith  MCMY. 
In  th e  1st and  2nd  w eeks a fte r th e  la s t dose, 10 mice were used for th e  d e tec tio n  
of in fective v iru s an d  th e  o th e r 10 for MCMV an tigen  sep ara tio n . In  th e  organs 
of these  an im als n e ith e r  infective v irus n o r MCMV an tigens were found .
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Time after MCMV infection (weeks)

Fig. 4. Serological response of m ice a f te r  in tra p e rito n ea l a d m in is tra tio n  of MCMV. T he figu re  
show s th e  m in im um , m ax im u m  an d  th e  average  (o  — o )  IgG  t it re  in  each  group

of 10 anim als

D iscussion

T he described m odel helps in in v estig a tio n  in vivo of a n u m b er of q u es
tio n s  em erging in  connection  w ith  v irus la te n c y  an d  re a c tiv a tio n  ch a ra c te ris 
tics o f herpesv iruses. I t  allows to  s tu d y  how m a n y  tim es a fte r p rim a ry  in fec tion  
an d  in  w h a t period  of tim e CMV in fection  can  be reac tiv a ted , w h a t h isto log ical 
changes are cha rac teris tic  o f th e  reac tiv a tio n , in  w h a t form  an d  in w hich cells 
th e  la te n t  v irus persists, how  i t  is expressed  th e re , and  w h a t im m une m ech a
n ism s influence  th e  course of in fec tion , etc. T hese questions w ere answ ered on ly  
p a r t ly  in  th e  p resen t experim en ts, b u t  it  was show n th a t  such an  in  vivo m odel 
can be developed.

In  th e  experim en ts cyclophospham ide w as used for th e  reac tiv a tio n  of 
la te n t  v iru s, since i t  is w idely used  in  h u m an  im m unosuppressive  th e ra p y  an d  
has been  rep o rted  to  reac tiv a te  CMV in fection  in  m an  [12] an d  m ice [8]. The 
in v ivo  m odel developed by  us m ay  be considered ap p ro p ria te , since cyclophos
p h am id e  tre a tm e n t resu lted  in  re a c tiv a tio n  in a lm ost every an im al, i.e. n early  
all o f th e m  w ere p roven  to  be la te n t  carriers o f th e  v irus p rio r to  tre a tm e n t, 
th u s  a lm o st all could be u tilized  for th e  s tu d y  o f la te n c y  and  reac tiv a tio n .

W hen  an ti-m ouse ly m p h o cy te  serum  had  been  used as im m u n o su p p res
sive ag en t, re a c tiv a tio n  of la te n t  v iru s was successful only in ab o u t ha lf of th e  
an im als [7]. W ith  m ore p o ten t im m unosuppressive  tre a tm e n t w ith  an ti-m ouse  
ly m p h o cy te  serum  to g e th e r w ith  cortisone, re a c tiv a tio n  was m ore efficient, 
b u t because of th e  high d ea th  ra te  th e  exp erim en t h ad  to  be te rm in a te d  on th e  
16th d ay  of reac tiv a tio n .

In  ou r experim en ts, dea th s  occurred  only  sporad ically . A fter cyclophos
pham ide  tre a tm e n t th e  virus could be iso lated  from  the  liver, spleen, k idney , 
lung  a n d  sa liv ary  g land , i.e. i t  w as e ith e r  a c tiv a te d  in  an organ  an d  dissem i-
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n a te d  from  there , or it w as ac tiv a ted  in v a rio u s organs a t th e  sam e tim e . Since 
in th e  course of re a c tiv a tio n  no organ was found  positive on all occasions in  all 
m ice, th e  la t te r  possib ility  is regarded  as m ore likely.

I t  w as rem ark ab le  th a t  in  th e  la te n t  phase  th e  k idneys co n ta ined  v irus 
an tig en s. T hus, a possible site  of la te n c y  m ay  be th e  m esangial cell sy s tem  of 
th e  ren a l glom erules. T h is m igh t exp la in  th e  frequency  of CMY in fec tion  in 
rec ip ien ts  of k idney  g ra fts .

T he cells of frozen spleen sections also co n ta in ed  МСМУ specific an tigens, 
d e te c ta b le  by  IF  m eth o d , in  the  la te n t phase .

O lding et al. [13] inocu la ted  fe ta l an d  n eo n a ta l mice w ith  MCMY a t te n 
u a te d  b y  serial passages in  tissue cu ltu re . T he mice becam e la te n t ca rrie rs  in 
th e  В lym phocy tes o f th e ir  spleen, and  th e  la te n t  v irus could be a c tiv a te d  by  
p lac ing  th e  lym p h o cy tes  in  allogeneic f ib ro b la s ts . In  our experim en ts no infec
tiv e  v iru s  was de tec ted  in  th e  spleen in th e  la te n t phase, using e ither allogenic 
or syngeneic  fib ro b las ts . T he difference betw een  th e  resu lts  of th e  tw o ex p eri
m en ts  m ay  have been due to  th e  fac t th a t  th e  fo rm er au th o rs  used an  a t te n 
u a te d  v iru s stra in , w hereas our v iru s w as v iru len t or perhaps to  th a t  in  the 
fo rm er exp erim en t th e  m ice were in o cu la ted  a t an  earlier age. A p ro o f of th e  
spleen la te n tly  ca rry in g  MCMY w as th e  observ a tio n  of M ayo et al. [8] who 
p ro d u ced  MCMV in fec tio n  in allogenic and  syngenic mice w ith  speen  cells 
o f m ice in  th e  la te n t s tag e . In fective v iru s  could no t be d e tec ted  in th ese  spleen 
cells e ith e r. I t  is no t c lear w hether for th e  p ro d u c tio n  of la ten cy  M ayo e t al. 
u sed  v iruses a t te n u a te d  in  tissue c u ltu re  or v iru len t ones from  th e  sa liv ary  
g land .

T he problem  of th e  specificity  o f I F  positive cells in frozen sections needs 
d iscussion. In  the  I F  m ethod  M CM Y -iinm unized ra b b it  serum  w as applied , 
w h ich  gave a positive reac tio n  w ith  th e  cells. P re im m une  serum  gave a negative  
re a c tio n  in  every  case. This serum  could  d e tec t non-M CM V-specific an tigen  
o n ly  i f  th e  MCMV in fec tio n  of ra b b its  a c tiv a te d  som e persisting  m icroorganism  
w hich  resu lted  in  an  im m une reac tio n , an d  if th is  m icroorganism  b a d  some 
an tig en ic  a ffin ity  to  a m icroorganism  persisting  in  m ice. The p ro b a b ility  of 
such  a cond ition  is n o t h igh, and  it  can  com pletely  be ru led  out w ith  th e  resu lt 
th a t  th e  frozen sections p rep ared  from  th e  organs of mice w ith o u t MCMY 
in fec tio n  and  cyclophospham ide t r e a tm e n t and  tho se  w ith o u t MCMV infection  
b u t  sub jec ted  to  cyclophospham ide tre a tm e n t w ould  give a n eg a tiv e  resu lt 
w ith  ra b b it im m une serum .

T he MCMY a n tib o d y  level in  the  in fec ted  an im als did no t rise in the 
course of re a c tiv a tio n . The reason  m ay  be th a t  im m unosuppressive  tre a tm e n t 
in h ib ite d  the  a c tiv ity  o f th e  an tib o d y -p ro d u c in g  cells. I t  is, how ever, also pos
sib le th a t  a lthough  th e  an tib o d y  level resu lting  from  p rim ary  in fec tion  de
creased  w ith  tim e  an d  increased in consequence of reac tiv a tio n , neverthe less the  
decrease and rise in  an tib o d y  levels com pensated  each o ther and  could  no t be
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followed because of th e  quick  a lte rn a tio n  of th e  acu te , la te n t and re a c tiv a te d  
phases.

O ur ex p erim en ts  are  more in fo rm a tiv e  th a n  th e  previous in vivo m urine  
m odels in  th a t  th e  im m unosuppressive  tre a tm e n t w as perform ed in th e  phase  
of e ith er acu te  or ch ro n ic  v iral in fection  w hen in fec tive  virus was d e tec tab le  
in th e  o rgans, b u t re a c tiv a tio n  of th e  v iru s  took p lace from  the  s ta te  o f real 
la ten cy  w hen  no in fec tiv e  virus can be d e tec ted  in  th e  organs. Few  sim ilar 
w orks have  been re p o r te d  [7-9] b u t i t  shou ld  be n o te d  th a t  virus rep lica tio n  
u n d er th e  level o f d e te c ta b ility  m ay  h a v e  occurred  in  th e  organs. Since we 
know  of no m ore sen s itiv e  m ethod for th e  iso la tion  of th e  v irus, th is possib ility  
canno t be ru led  ou t a n d  th e  defin ition  can  be considered acceptable. M oreover, 
our m odel is m ore in fo rm a tiv e  th an  th e  prev ious ones since reac tiv a tio n  could  
be perfo rm ed  re p e a te d ly , i.e. a fter a second  la te n t period , too . We do n o t know  
of such a tte m p ts . I t  seem s th a t  the  la te n t  an d  re a c tiv a ted  phases m ay a lte rn a te  
periodically  and  be p ro v o k ed  ex p erim en ta lly  by  im m unosuppression . T hus, 
the  course o f CMV in fec tio n  rem inds of th a t  of herpes sim plex , where the  a l te r 
n a tion  of th e  ac tive  an d  la te n t phases o f th e  v irus is w ell-know n, and it  is n o t 
sim ilar to  varice lla  v iru s  in fection , w here re a c tiv a tio n , to  th e  best of our k n o w l
edge, ap p ears  on ly  once or in very  lim ite d  num bers, in  th e  form  of herpes 
zoster. W e do n o t k now  how  m any tim es  an d  in  w h a t fo rm  a reac tiv a tio n  of 
E p s te in -B a rr  v irus ta k e s  place during a life tim e.

O ur m odel is u sefu l an d  its s tu d y  m a y  open u p  new  possibilities in  th e  
recognition  of v iral la ten c ies  and reac tiv a tio n s .
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IMMUNOLOGICAL STUDY OF PSEUDOMONAS 
AERUGINOSA EXTRACELLULAR SLIME

” 4

E .  S .  S t a n i s l a v s k y , N a t a l y  A .  Y u s h k o v a , L i l i y a  S .  E d v a b n a y a , N a t a l y

M. L a n d s m a n  a n d  I r e n a  G. Z a i d n e r

Laboratory o f Protective A ntigens, M echnikov Research Institu te  fo r  Vaccines and  Sera, M oscow,
U S S R

(R eceived A pril 18, 1983)

Crude e x trace llu la r slime (C-ES) was iso lated  from  15 la b o ra to ry  s tra in s  o f Pseudomonas 
aeruginosa. G lyco lypopro tein  (G L P) was p rep ared  from  p a rtia lly  p u rif ied  C-ES b y  th e  phenol 
tre a tm e n t m ethod . L ipopolysaccharides (L PS) w ere iso la ted  from  P . aeruginosa  and  Salm o
nella typh i-m urium . Som e corre lation  has been found  be tw een  th e  q u a n ti ty  o f th e  produced 
C-ES and v irulence o f P . aeruginosa for m ice. T ox ic ity  (L D 50 va lue) a n d  th e  y ield  of G L P d id  
n o t corre late  w ith  th e  s tra in  viru lence. C-ES and G L P co n ta in ed  hexose, p ro te in  and hexos- 
am ine. H eptoses (ch arac te ris tic  L PS com ponents) were p re sen t in  C-ES a n d  p rac tica lly  absen t 
from  G LP. P ap er ch ro m ato g rap h ic  analysis of G L P show ed th e  presence of u ro n ic  acids, ga lac
tose, glucose and ribose  in  all s tra in s ; G L P of m o st s tra in s  co n ta ined  rh am n o se  and a low7 
a m o u n t of m annose a n d  several s tra in s  xylose. U ronic acids, galactose a n d , p ro b ab ly , ribose 
and  m annose were c h a rac te ris tic  ES com ponents. C-ES and  G L P w ere s tu d ie d  in  active  and 
passive  m ouse p ro tec tio n . E S iso lated  from  P. aeruginosa s tra in s  of d iffe ren t О serogroups or 
im m u n o ty p es induced  a m ark ed  cross p ro tec tiv e  response.

The contro l o f Pseudomonas aeruginosa  in fec tion  has becom e an u rg en t 
p rob lem  of p rac tica l m edicine. A ctive an d /o r passive im m u n iza tio n  can p lay  
an  im p o rta n t role in  so lv ing th is  problem . A m ong th e  num ero u s P . aeruginosa 
v iru lence factors, ex trace llu la r  slim e (ES) is of su b s ta n tia l p a th o g en e tic  signif
icance as a fu n c tio n a l analogue of th e  capsule. ES of P. aeruginosa , like cap 
sules of o ther m icrobes, exerts  an an tip h ag o cy tic  effect [1] w hich m akes slime- 
p roducing  P . aeruginosa  v iru len t for th e  h ost [2 -6 ]. Iso la te d  ES is tox ic  
[7-9] and  im m unogenic  for lab o ra to ry  an im als [2, 3, 6, 7, 9 -1 2 ]. L iu e t al.
[13] was th e  f irs t to  show  th a t  P. aeruginosa ES s tim u la tes  ty p e  specific  im m u n 
ity . H ow ever, som e o th e r  au th o rs  rep o rted  c ro ss-reactiv ity  o f  E S  in  te s ts  on 
m ice [1, 14, 15].

W e th in k  th a t  th e  question  o f th e  an tigen ic  c ro ss-ac tiv ity  o f P . aerugi- 
no.saES is n o t clear enough, and  th e  problem  of u sin g E S  as a p ro te c tiv e  im m uno
genic agent is no t y e t solved. In  th e  p resen t p ap e r we give an  account of 
cross-im m unologic te s ts  w ith  various O -serogroups or im m u n o ty p es .

E v g e n y  S. St a n is l a v s k y , N a ta l y  A. Y u sh k o v a , L il iy a  S. E d v a b n a y a , N a ta ly  M. L a n d sm a n , I r e n a  G. Z a id n e r

Laboratory  of Protective A ntigens, Mechnikov Research
In s titu te  for Vaccines and Sera
Per. Mechnikova 5a, 103064 Moscow, USSR
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M aterials and  m ethods

Bacterial strains. W e used  P. aeruginosa s tra in s  170001-170023 [16, 17] from  th e  H u n g a
ria n  N a tio n a l Collection o f M edical B ac te ria ; im m u n o ty p es 1—7 of F ish e r’s schem e [18] o b 
ta in e d  from  Dr. B. L án y i [H u n g a ry ]; s tra in  N o. 8 iso lated  from  b u rn e d  p a tie n ts  in  V ishnevsky  
I n s t i tu te  for Surgery  of th e  U S S R  A cadem y o f Sciences and rece ived  from  Dr. I. A. G rish ina; 
to x ig en ic  stra in  PA -103 rece iv ed  from  D r. P . V. L iu (USA): P . aeruginosa  s tra in  O - l l  and 
Salm onella  typh i-m urium  s t ra in  No. 78 (0 1 , 4, 5, 12) from  th e  C ollection of th e  T arasev ich  
S ta te  C ontrol In s t i tu te  (M oscow , U SSR).

Preparation o f  E S . P . aeruginosa  s tra in s  w ere grown on M acC onkey agar [19] covered  w ith 
cellophane  disks in  P e tr i  d ishes a t  37 °C for 16—18 h  and th en  a t  room  tem p e ra tu re  fo r 4 days. 
T he b ac teria l cells w ere w ash ed  off th e  cellophane disks w ith  sa line , shaken  for 30—60 s w ith 
glass beads in  a flask  an d  cen trifu g ed  a t 1000 g  fo r 40—60 m in. T h e  cells were rem oved  and th e  
s u p e rn a ta n t  was cen trifu g ed  again  u n d e r th e  sam e condition. D ry  sod ium  chloride was added 
to  th e  su p e rn a ta n t up  to  10%  c o n cen tra tio n ; a f te r  the  sa lt dissolved 2 -4  volum es of e thano l 
(9 6 % ) were added. T he p re c ip ita te  was se p a ra ted  by  c en trifu g a tio n  (3000 g for 20—30 m in), 
w ash ed  tw ice w ith  cold e th a n o l, redissolved in  saline and ES w as p re c ip ita te d  again  by  2—4 
volum es of cold e th an o l. T h e  p rec ip ita te  was th e n  sep ara ted  by  c en trifu g a tio n  and  redissolved 
in  a  m in im um  volum e o f d is tilled  w a ter b y  carefu l m ixing. T he aqu eo u s so lu tion  of ES was 
cen trifu g ed  a t 1000 g  fo r 40—60 m in, and  th e  su p e rn a ta n t w as lyophilized . The p rep ara tio n  
w as nam ed  crude E S (C -ES).

Glycoprotein (G L P )  w as iso lated  from  E S  by  m eans of phenol dep ro te in iza tio n  [5].
Preparation o f  L P S .  L P S  was iso la ted  from  P. aeruginosa a n d  S. typ h i-m u riu m  by  the 

m eth o d  of p h e n o l-w a te r  e x tra c tio n  as described  earlier [20].
Passive haem agglutination test (P H A ) w as perform ed as described  by  Z aid n er e t  al. [9 1 

using  E S an tigen . F o rm alin ized  sheep red  b lood cells were sensitized  w ith  ES by  in cu b a tin g  a 
5 %  suspension of cells in  sa line  w ith  an  equal volum e of ES (250 jug/m\ of saline) a t  37 °C for 
2 h . To 0.5 ml serial d ilu tio n s  of an ti-se ru m  w as added  0.05 ml o f th e  suspension of sensitized  
cells. A gglu tina tion  w as re a d  a f te r  2 h  a t  room  tem p era tu re .

Virulence determ ination. The cu ltu re  g row n on m eat—p e p to n e  ag ar (M PA) for 16-18 h a t 
37 °C w as suspended in  sa line  and  ad ju s ted  according to th e  o p tica l s ta n d a rd  for en te ro b ac teria  
o f  th e  T arasevich  S ta te  C ontro l In s ti tu te  (M oscow, U SSR). F ive  g ra d ie n t doses w ere p repared  
b y  tw ofold d ilu tions in  saline. The dosage w as checked by in o cu la tio n  of th e  suspensions onto 
M PA  plates. The cu ltu re  w as in jec ted  in tra p e rito n ea lly , the  an im als  w ere observed fo r 7 days, 
th en  L D 50 was e s tim a ted  [21]. Sim ilar m eth o d  of p reparing  cu ltu re  w as used in  ac tiv e  and pas
sive m ouse p ro tec tion .

Active mouse protection. N on-inbred  m ice ( ty p e  Swiss) w eigh ing  18 to  20 g w ere im m u 
nized in tra p erito n ea lly  w ith  100 jug of C-ES, G L P  or LPS. Seven d ay s a f te r  v acc in a tio n  the  mice 
w ere challenged by  in tra p e rito n e a l a d m in is tra tio n  of graded doses o f live P . aeruginosa  cu ltu re  
in  saline. D eath  of th e  an im als  was reco rded  du ring  7 days. L D 50 a n d  s ta n d a rd  erro r were cal
cu la ted  for bo th  im m u n ized  and  non-im m unized  (contro l) m ice [21] an d  th en  s ta n d a rd  in te r 
v a ls  w ere calcu la ted  a t  p =  0.05.

Passive mouse protection. Mice w ere in o cu la ted  in tra p e rito n ea lly  w ith  1 ml o f anti-C -E S 
serum  (1 : 10) and 2 h  la te r  were challenged in trap erito n ea lly  w ith  g raded  doses o f P. aerugi
nosa  live cu ltu re. D e a th  of th e  anim als was reco rded  for 7 days. L D 50 values were calcu la ted  for 
im m unized  mice and  fo r con tro ls (non-im m unized  mice im m unized  w ith  pooled p re im m une ra b 
b i t  serum ).

Im m uniza tion  o f  rabbits. Chinchilla ra b b its  weighing 2—3 kg  w ere used. Before im m uni
za tio n  all rab b its  w ere sam pled  and th e  se ra  of ind iv idual ra b b its  were pooled (preim m ue 
sera). R ab b its w ere th e n  im m unized  w ith  C-ES according to tw o  schem es. (1) As f irs t  dose, a 
sub cu tan eo u s in jec tio n  o f 1 m g an tig en  in  F re u n d  com plete a d ju v a n t  (FCA), as a second and 
th ird  one in trav en o u s  in jec tio n s of 2 mg an tig en  each w ith  a n  in te rv a l of 3 to 4 days, were 
g iven. Four weeks la te r  2 in trav en o u s  in jec tio n s  of the  an tig en  (4 m g and 6 mg) w ere adm in is
te re d  w ith  an in te rv a l o f 3 to 4 days; 15 d ay s a fte r  th e  las t im m u n iza tio n  th e  ra b b its  w ere bled. 
(2) T he f irs t and second im m u n iza tio n s w ere subcu taneous in je c tio n s  of th e  an tig en  in FCA (0.1 
a n d  0.2 mg, resp ec tiv e ly ), followed by  a course of in trav en o u s in jec tio n s  (one 0.5 mg and five 
1 m g doses a t  in te rv a ls  o f  3 to 4 days). B efore each im m uniza tion  an d  also on th e  5 th  day and on 
th e  8th  day  a fte r  th e  la s t  im m u n iza tio n , th e  ra b b its  blood sam ples w ere tak en  and  15 days la te r 
to ta l bleeding was m ad e . T he an tisera  w ere s to red  a t —30 °C to  —40 °C or lyophilized.

Chemical analysis . D e term in a tio n  of p ro te in  was done b y  th e  Fo lin  re ag e n t [22], of 
hexose b y  th e  a n th ro n e  re ag e n t [23], h ep to se  [24] and of hex o sam in e  as described by L üderitz  
e t al. [25]. C a rb o h y d ra te  com position  of C-ES and G L P w as show n by  th e  p a p e r ch rom atog
ra p h y  [20].
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R esu lts

1. Correlation between C -E S  y ie ld s, C -E S  toxicity and virulence. C om pari
son of C-ES y ie ld  w ith  virulence o f th e  s tra in  (Table I), show ed som e co rre la tio n  
be tw een  these  param eters .

The g re a te s t yield of C-ES w as observed , for exam ple, in  s tra in s  170006 
a n d  170007 w hich  appeared  to  be th e  m ost v iru len t for m ice. S tra in s  like, for 
in s tan ce , 170002, 170014 or 170017 w ith  sm all C-ES yield show ed co m p ara tiv e ly  
low  v iru lence an d  stra in s 170001 a n d  170019 show ed an  average  p ro d u c tio n  of 
E S  as well as an  average value o f L D 50.

C-ES to x ic ity  (L D 50 value) or y ield  o f G L P  had  no co rre la tio n  w ith  v iru 
lence of th e  corresponding  stra in .

2. Chemical analysis o f C -E S  and  G LP. R esu lts of th e  chem ical analysis 
(T able I) p roved  th a t  p ro te in  is p re se n t in  C-ES of various s tra in s  (average 
20.2 -  3 .8% ), an d  th a t  its co n te n t becom es ab o u t tw o tim es low er a fte r  p h e 
no l tre a tm e n t (see G L P). The a m o u n t o f h ep tose  (ch aracte ris tic  co m p o n en t of 
E P S ) is ab o u t 7 tim es lower and  hexose  is a b o u t tw ice h igher in  G L P  th a n  in  
C -ES. G L P of s tra in s  170002, 170006, 170007, 170009, 170014, 170019, 
170021-23 and  O—l l  contained  no h ep to se . T he hexosam ine c o n te n t (n o t show n 
in T ab le  I) averaged  a t  3.7 +  2 % ; o n ly  170022 G LP was show n to  co n ta in  
11%  of hexosam ines.

R esu lts of p ap e r ch ro m ato g rap h ic  analysis (Table I I )  p ro v ed  th e  p re s 
ence of uronic acids, galactose, glucose a n d  ribose in  G L P of all s tra in s ; rh am - 
nose w as show n in  all b u t one s tra in  (O —l l ) ,  w hereas m annose  an d  xylose in  
sev era l s tra in s. D a ta  for ca rb o h y d ra te  c o n te n t of LPS [25] an d  G L P  of co rre 
spon d in g  s tra in s in d ica te  th a t  galactose is fo u n d  only  in  G L P an d  is ev id en tly  
a ch a rac te ris tic  com ponen t of ES. M annose is p resen t to  a ce rta in  e x te n t, in  
G L P  o f s tra in s  170001,170002,170005, 170007, 170009,170017,170021, 170022, 
170023, 0 -1 1  b u t  has n o t been rev ea led  in  L P S  of these  s tra in s . H ow ever, 
m annose  is ab sen t from  G LP of 170012, 170014, 170018 an d  170019, w hereas 
i t  is p re sen t in L P S  o f these stra ins. R ibose  is m ain ly  revealed  also in  G L P  an d  
is h a rd ly  found  in  L P S . Glucose is rev ea led  in  G L P  of all th e  s tu d ied  s tra in s  
and also found  in  L PS .

3. Active mouse protection w ith C -E S  and  G LP. C-ES im m u n iza tio n  induced  
a good im m u n ity  in mice against in tra p e r ito n e a l challenge w ith  hom ologous 
and  hetero logous P . aeruginosa s tra in s  (T able  I I I ) .  T hus, we have  revea led  
s ta tis tic a lly  valid  (in com parison w ith  th e  contro ls) p ro tec tio n  o f m ice im m u 
nized w ith  alm ost all C-ES except for C -ES 170022 w hen challenged  w ith  F I  
and  ex cep t for C-ES 170014 and 170021 w hen  challenged w ith  F2. S ign ifican t 
C-ES cross p ro tec tiv e  response was d e m o n s tra te d  w hen im m unized  m ice w ere 
challenged  w ith  F4, F5 and  F7.
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Table I

Yields and chemical analysis o f  crude extracellular slime and glycoprotein , virulence and toxicity o f  slime o f
P . aeruginosa strains

Strain
Lányi’s 

serogroup [16]
Fisher’s
immuno-

typ» f1**]

C-ES 
yield 
(™g /
dish)

GLP
yield

(%  of
C-ES)

Protein % Hexose % Heptose % LD S„ of

C-ES GLP C-ES GLP C-ES GLP culture X 106 cells C-ES (mg)

170001 l _ 31.5 21.1 31.4 9.8 3.4 7.0 6.1 1.3 93 (66-132) 0.8 (0 .5 -1 .2)
170002 2a ,2c 5 16.0 25.0 28.0 ND 5.0 8.0 5.8 0 282 (205-382) 1.4 (0 .7-2 .7)
170005 3 a .3d 7 20.0 8.0 16.2 12.6 6.0 8.0 5.6 0.9 182 (138 -280) 0.7 (0.4-1.2)
170006 3a,3d,3e — 40.0 10.8 9.5 6.9 3.4 9.0 11.2 0 41 (30-59) 1.7 (1.1-1.8)
170007 (3a),3d,3f — 84.8 12.5 27.2 10.0 6.0 8.0 0.9 0 22 (17-30) 2.2 (1 .3-3 .6)
170009 4a,4c 1 14.0 35.0 28.6 16.6 5.0 6.0 1.3 0 178 (123-257) 3.2 (2 .2-4 .7)
170012 5a,5b,5d 6 21.0 28.6 12.1 14.0 3.4 14.6 1.3 2.2 62 (47-81) 3.2 (1 .9 -5 .6)
170014 6 4 9.0 29.5 16.9 10.9 5 10.0 1.1 15.1 151 (107-214) ND
170017 8 — 6.0 32.3 23.2 11.0 4.2 25.0 2.8 0.6 195 (123-324) ND
170018 9 — 10.0 34.0 23.6 9.0 5.0 11.8 1.1 1.1 ND 2.8 (1.9-4.3)
170019 10a — 20.0 18.6 11.0 ND 6.0 10.0 0.4 0 93 (58-75) 1.2 (0.6- 1.9)
170021 11 — 11.4 ND 16.5 ND 5.0 ND 2.9 0 62 (49-78) 1.6 (1.1-2.3)
170022 12 — 10.0 20.6 ND 11.7 ND 21.0 ND 0 ND ND
170023 13 — 15.4 12.5 23.8 ND 6.0 ND 2.2 ND 162 (107-246) 0.7 (0 .4-1 .2)
0-11 7a,7b 2 25.9 13.3 15.2 8.6 5.0 7.0 0.4 0 62 (47-81) 1.4 (0.6-2.4)

ND -  not determ ined
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Table II

Carbohydrate composition o f  P. aeruginosa G LP

Strain Uronic
acids

Galactose Glucose Mannose Xylose Ribose Rhainnose

170001 + traces + traces + + +
170002 + -L -j- 4“ ± ± +
170005 + ± + traces — traces +
170006 + ? + — — - f +
170007 + + -1- traces 4 - -f- -j-
170009 + + -j- traces traces -j- +
170012 + + + — - f + +
170014 + + + — traces traces traces
170017 + + + traces — traces traces
170018 + + + — -|- 4-
170019 ± + — — -J- traces
170021 -j- + + + — + 4_
170022 + ± + + traces + +
170023 ± + + traces + +
O - l l -f- + + + + + —

-|- P resen t in  significant am ounts 
4i P resen t in  small am ounts 
— A bsent

H av in g  com pared  th e  re su lts  (Table I I I )  o f challenge b y  d iffe ren t s tra in s  of 
sim ilar v iru lence (F I and  F2 or F4 and  F7) we d em o n stra ted  a sim ilar p ro tec 
tiv e  a c tiv ity  of C-ES. Some cross a c tiv ity  o f C-ES was revealed  w hen  im m u n 
ized mice w ere challenged  w ith  F3.

D a ta  show ing th a t  C-ES o f various s tra in s  is able to  s tim u la te  im m u n ity  
in  m ice ag a in st infection  w ith  the tox igen ic  s tra in  PA-103, (T able I I I )  are of 
g rea t im p o rtan ce . C-ES ev id en tly  induces syn thesis  of opsonins p rom oting  
th e  phagocy tosis of th e  tox igen ic  bac te ria .

Im m u n iza tio n  by G L P  an d  challenge b y  F3 gave sim ilar resu lts  (Table 
IV ). H ow ever, i t  should  be n o te d  th a t  C-ES 170001 and  170007 p ro tec ted  mice 
w ell against challenge w ith  F3 (Table I I I )  an d  th a t  th e  co rrespond ing  G L P 
(T able IV) h ad  a low  p ro tec tiv e  a c tiv ity . I t  shou ld  be n o ted  th a t  s tra in  170007 
an d  s tra in  F3 belong  to  th e  sam e serogroup or im m u n o ty p e  [16, 17].

The type-specific  an d  especially  cross p ro tec tio n  of L PS  ap p eared  to  be 
m uch  w eaker th a n  th e  co rrespond ing  a c tiv ity  o f C-ES (Table IV ). H ow ever, 
L P S  170005, 170006 and especially  170007 s tim u la te d  a m ark ed  cross p ro tec 
tiv e  response in  mice. L PS  170009 show ed p rac tica lly  no p ro tec tiv e  a c tiv ity  
a fte r  challenge w ith  th e  hom ologous s tra in  F I .

4. Production o f  an ti-C -E S antibodies in  rabbits. A fter th e  f irs t  im m u n iza 
tio n  (Schem e 1) a low a n tib o d y  level w as d iscovered  in  ra b b its  (accord ing  to  
P H A ) and  a fte r th e  second im m u n iza tio n  a sh a rp  rise of a n tib o d y  p ro duc tion  
was observed. In  th e  course of su bsequen t im m u n iza tio n  th e  a n tib o d y  level 
did n o t change su b stan tia lly .
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Table III
Active cross protection o f  mice im m unized with C -E S o f  P. aeruginosa o f  various 0  serogroups (im m unotypes)

C-ES of 
strain Fl

170001 490
(309-776)

170002 692
(437-4096)

170005 851
(490-1479)

170006 302
(174-525)

170007 977
(562-1778)

170009 1202
(724-1995)

170012 603
(316-1148)

170014 427
(269-676)

170017 347
(209-575)

170018 302
(200-457)

170019 525
(347-794)

170021 646
(372-1122)

170022 246
(141-427)

170023 372
(204-676)

0-11 490
(246-977)

Control (non- 107
im inunized
mice)

(68-170)

F2 F3

646 33
(355-1175)

347
(28-40)

68
(182-661)

497
(57-89)

155
(234-776)

368
(123-195)

646
(209-575)

1047
(513-812)

246
(603-1820)

302
(229-363) 

<  25
(200-457)

302 < 2 5
(191-479)

200 35
(126-316)

646
(28-45)

< 2 5
(355-1175)

490 47
(282-851)

427
(35-62)

107
(269-676)

282
(78-148)

71
(141-562)

457
(56-89)

31
(288-724)

1122
(28-37)

200
(617-2042)

603
(151-263)

29
(302-1202)

100
(25-33)

6
(57-174) (4-9)

LD 60 and standard  interval ( x  10e c<

F4 F5

427 1202
(309-589) (919-1585)

302 1862
(219-417) (1549-2239)

372 1202
(282-490) (955-1514)

141 1380
(112-178) (1047-1820)

ND ND

603 1862
(479-759) (1549-2235)

186 1479
(129-269) (1122-1950)

1479 1047
(1175-1862) (794-1380)

457 1698
(347-603) (1342-2138)

427 1380
(309-589) (1096-1738)

347 2089
(271-479) (1820-2390)

372 912
(295-468) (724-1096)

692 1122
(550-871) (955-1349)

282 2089
(204-389) (1820-2399)

200 1380
(138-295) (1096-1738)

50 246
(36-69) (195-309)

Is) of the strain

F6 F7

302 54
(240-380) (39-74)

794 87
(575-1096) (60-126)

380 741
(263-550) (617-977)

186 246
(135-257) (204-295)

302 977
(219-417) (813-1175)

229 263
(116-316) (191-363)

912 151
(794-1148) (115-207)

372 66
(295-468) (48-91)

372 246
(269-513) (170-355)

246 141
(195-309) (93-214)

562 263
(407-776) (101-363)

246 123
(204-295) (93-162)

372 87
(282-490) (60-126)

372 115
(282-490) (83-159)

398 107
(275-575) (87-141)

< 2 5 35
(26-49)

170019 PA-103

562 178
(427-741) (132-209)

851 331
(617-1175) (263-417)

562 251
(468-676) (202-316)

794 178
(575-1096) (135-234)

851 141
(617-1175) (112-1781)

692 316
(550-871) (251-398)

794 93
(575-1096) (78-112)

741 115
(562-876) (87-151)

977 219
(692-1413) (170-269)

427 191
(339-537) (145-251)

1288 347
(977-1698) (288-417)

603 302
(457-794) (240-380)

1047 282
(794-1380) (224-355)

1202 178
(870-1660) (135-234)

741 372
(617-891) (295-468)

123 25
(98-155) (17-36)

C-ES of every  stra in  was in jected  to  50 mice each and these mice was challenged w ith  5 d ifferen t doses of the  live cu ltu re : 10 mice per 1 
challenge dose. N on-im m unized mice were challenged in the sam e w ay 5 m ice 1 per challenge dose. ND --  not determ ined
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T able  IV

Active protection o f  mice im m unized w ith  G LP or P. aeruginosa L P S

G LP o f stra in
L D 50 and standard  in terval ( x 10e cells)

im m unization  w ith GLP 
and challenge w ith F3

im m unization with LPS 
and challenge with FI

170001 <100 ND
170002 123(93-162) <100
170005 562(389-843) 427(309-589)
170006 N D 246(162-372)
170007 <100 851(617-1175)
170009 162(118-224) <100
170012 115(87-151) ND
170014 245(170-355) 263(200-347)
170017 100 ND
170018 107(85-135) ND
170019 214(148-309) 372(269-513)
170022 <100 ND
170023 N D 123(71-170)
0-11 <100 ND

S. typhi m urium — <100
Challenge con tro l 10(7-14) < 5 0

R esu lts of 2 ex p erim en ts are summed up . P re p a ra tio n  of every  strains was in je c te d  to  
50 mice an d  these  mice w ere challenged with 5 d iffe re n t doses of th e  live culture: 10 m ice p e r  1 
challenge dose. N on-im m unized mice were challenged in  the  sam e w ay.

ND =  no t determ ined

In  ra b b its  im m u n ized  according to  th e  Schem e 2, a slow increase o f 
P H A -an tib o d y  titre s  w as observed. T he lev e l of an tib o d ies  reached its  p e a k  
a fte r th e  th ird  to  f if th  im m unization , a n d  a fte r  th a t  a n tib o d y  titre s  slow ly  
decreased th o u g h  im m u n iza tio n  con tinued .

T he resu lts  of p assiv e  mouse p ro te c tio n  w ith  an tise ru m  to  C-ES (T able 
V) proves t h a t  bo th  im m u n iza tio n  schem es gave m ore or less th e  sam e effect. 
I t  was found  th a t  a n tise ra  protective a c t iv i ty  (p ro tec tiv e  an tib o d y  level) rose 
sharp ly  a f te r  th e  f irs t im m unization : E l  (efficacy  in dex , th e  ra tio  be tw een  
L D 50 for te s t  mice an d  L D 50 for non -im m unized  mice) w as 24.8 a fte r th e  c h a l
lenge w ith  hom ologous s tra in  No. 8, an d  7 .9  a fte r  th e  challenge w ith  h e te ro lo 
gous s tra in  170015. S u b seq u en t im m u n iza tio n s re su lt in  a ce rta in  increase o f 
p ro tec tive  a c tiv ity  as v e ry  clearly  show n b y  th e  challenge w ith  a hom ologous 
stra in .

D iscu ssion

A m ong th e  clinical iso lates of P. aeruginosa  th e re  are m any  m uco id  
(slim e-producing) s tra in s  w hich  are of g re a t im p o rtan ce  in hum an  path o lo g y  
[26-28]. P . aeruginosa ex trace llu la r slim e (E S ) is know n to  be one of th e  v iru 
lence fac to rs  [2-6].
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T he p resen t re su lts  have clearly  d e m o n s tra te d  th a t  th e re  is some co rre 
la tio n  betw een  E S  p ro d u c tio n  (yield p e r  one P e tr i dish) an d  v iru lence  o f P .  
aeruginosa. H ow ever, th e  to x ic ity  o f E S  (L D 30 value), and  y ield  of G L P  h a d  
no co rre la tion  w ith  th e  m ouse v iru lence  o f th e  stra in . T he v iru lence of P . 
aeruginosa  m ucoid  s tra in s  depends p ro b a b ly  on th e  q u a n tity  of ES p ro d u ced  
an d  no t on its chem ical (including c a rb o h y d ra te )  com position  (Tables I a n d  
I I ) .  Specific opsonins (an ti-E S  an tibod ies) p lay  an  im p o rta n t role in  th e  in d u c 
tio n  o f postin fec tio u s im m u n ity  a g a in s t P .  aeruginosa in fec tion  [1, 14, 15]. 
S erum  p rep a ra tio n s  [12, 29] should e v id e n tly  con ta in  an ti-E S  an tibod ies ab le  
to  p ro te c t an im als from  P . aeruginosa in fec tio n  (Table V).

Iso la ted  E S  is a b iopolym er w ith  m o lecu lar w eight 100 000-350 000 [8, 
12, 30], consisting , p ro b ab ly , of su b u n its  w ith  m olecular w eight 10 000-30 000 
[8, 12]. D uring  e x tra c tio n  and fra c tio n a tio n  iso lated  ES can  d issociate in to  
su b u n its  an d /o r ag g reg a te  in to  large cong lom erates w ith  m olecular w eight fro m  
300 000-2  000 000 [8, 12]. A ccording to  im m unodifussion  and  im m unoelec- 
tro p horesis , iso la ted  C-ES is also h e te ro g en o u s [8, 12]. W e show ed p rev io u sly  
t h a t  low  m olecular w eigh t ES co m ponen ts, i.e., its  su bun its  are n o t to x ic  fo r 
m ice and  ra ts  an d  t h a t  h igh m olecular w eig h t com ponents, correspond ing  to  
c ru d e  E S, are to x ic  fo r lab o ra to ry  an im als  [8]. H ow ever, all th e  ES co m p o n en ts  
h av e  induced  good p ro tec tiv e  response [7, 12]. W e and  o th e r au th o rs  [3, 30, 
31] de tec ted  uron ic  acids, glucose, g a lac to se , ribose and  rham nose  in  iso la ted  
slim e, and  also m an n o se  in  m ost s tra in s  a n d  xylose in  some s tra in s . A ccord ing  
to  th e  resu lts  of L in k e r and Jones. [31] E S  of P . aeruginosa con ta in s a lg in ic  
acids. H av ing  co m p ared  our resu lts w ith  th e  resu lts o f th e  analysis of E P S  
[32], u ronic  acids o r  alginic acids, g a lac to se  and , perhaps, m annose can  be  
considered  as ch a ra c te ris tic  c a rb o h y d ra te  com ponents of ES. The presence o f  
glucose, rham nose  an d  xylose in ES is s till questionable  because these  c a rb o 
h y d ra te s  are also fo u n d  in  the  co rresp o n d in g  LPS [32].

The resu lts  of ou r presen t ex p e rim en ts  (Tables I I I  an d  V) and  e a r lie r  
d a ta  [12, 29] h av e  show n th a t  ES in d u ced  a good cross p ro tec tiv e  re sponse  
n o t depend ing  on serogroup  (or im m u n o ty p e ), w hich c o n trad ic ts  to  p rev io u sly  
know n facts th a t  E S  o f P . aeruginosa is a type-specific  an tig en  [4, 6, 13]. W e 
believe th a t  ES has th e  properties o f species-specific (or group specific) p ro te c 
tiv e  an tigen . M oreover, high m o lecu lar w eight toxic com ponen ts could be 
used  for p re p a ra tio n  o f an titox ic  he te ro logous serum  p rep a ra tio n s  [12] a n d  
low  m olecular w eig h t non-toxic co m p o n en ts  could be used as a p ro te c tiv e  
im m unogen . W e show ed earlier t h a t  low  m olecular w eight com ponen ts o f  
P . aeruginosa  ES h av e  cross an tigen ic  a c tiv ity  [12].

A ntigenic re la tio n sh ip  betw een  О an tigen  and ES is a n o th e r in te re s tin g  
aspec t of the p rob lem . We [12] an d  o th e r  au tho rs [30] found cross a n tig en ic  
a c tiv ity  betw een  E S  and  LPS of th e  correspond ing  s tra in . Is th is  due to  an 
im p u rity  in  th e  E S  p rep ara tio n  or ex istence  of com m on an tigen ic  d e te rm i-
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Table V

Passive protection o f  mice injected with anti-C-ES-770006 (serogroup-03) serum  
(Rabbit im m unization scheme 1)

Challenge strains 
and E l

l d 50 of the strains and standard  in terval ( x 10” cells) (p =  0.05)
Serogroup

(immunotype) samples of the rabb it serum  after immunization
pool preimmune 

rabb it serumJBt 2nd 3rd 4th 5tb mice

cc6£

3 (3/7) 473 646 741 831 851 72 23

E l
(381-659)

24.8
(475-877)

34
(576-954)

34
(716-1034)

46
(692-1043)

45
(59-90)

2.7
(21-26)

No. 170015 7 (2 ) 562 562 603 488 603 87 50

E l
(408-775)

7.9
(436-725)

7.9
(444-818)

8.5
(329-665)

6.6
(444-818)

8.5
(79-96)

1.7
(43-59)

R esults o f two experim ents are sum m ed up. E ach sam ple of the  an tise ru m  (1 : 10) and of the  preim m une serum  (1 : 10) was in jec ted  to 
50 mice; groups of 10 mice were challenged w ith  5 g radual doses o f the live cu ltu re ; non-im m unized mice were challenged in th e  sam e say

E l  (efficacy index)
LD 50 for tes t mice 

L D 50 for non-im m unized mice

СЛ

PSE
U

D
O

M
O

N
A

S E
X

T
R

A
C

E
L

L
U

L
A

R
 SL

IM
E



58 STANISLAVSKY et al.

n a n ts ?  Sensakovic and  B a rte ll [4] show ed th a t  an tigen ic  p ro p erties  of these  
su b stan ces  are d ifferen t. I n  our earlie r ex p erim en ts  we show ed th a t  pu rified  
ES co m p o n en ts  w hich do n o t p rac tica lly  co n ta in  K D O  (com ponen t of LPS) 
re a c te d  w ith  th e  co rrespond ing  L P S  in th e  in  v itro  te s ts  [12]. C arb o h y d ra te  
co m p o n en ts  w hich are  com m on for ES an d  L PS  (for exam ple , glucose and  
rh am n o se), perhaps, co n d itio n  an tigen ic  re la tio n sh ip  betw een  these  substances. 
T he d a ta  of P rie r e t al. [30] show ed th a t  th e re  w ere an tigen ic  re la tio n sh ip s  
b e tw een  L PS  and p u rified  ES polysaccharide.

In  ac tiv e  m ouse p ro te c tio n  we h av e  show n th a t  ES cross a c tiv ity  does 
n o t d ep e n d  on the  О serogroup  (im m uno type) of th e  s tra in  (Table I I I ) .  F rom  
d a ta  o f  th e  serological analysis  [16, 17], it  is know n th a t  L PS  a c tiv ity  of P. 
aeruginosa  is s tr ic tly  type-spec ific . In  ou r ex p erim en ts  we h av e  revealed  ce rta in  
cross p ro te c tiv e  a c tiv ity  o f L PS  in te s ts  on m ice (Table IV). In  ra t ex perim en ts 
(m odel o f  w ound P . aeruginosa  sepsis) we h av e  show n th a t  LPS has no p ro 
te c tiv e  a c tiv ity  [33] an d  th a t  iso lated  ES and  its frac tions p ro tec ted  ra ts  from  
P. aeruginosa  in fection  [7, 9]. W e believe th a t  C-ES cross p ro tec tiv e  a c tiv ity  
is n o t  co n d itioned  b y  im p u rity  or by  ex istence  of com m on L PS  an tigen ic  
d e te rm in a n ts  b u t b y  “ t ru e ” ES p ro tec tiv e  an tigens w hich can be used as a 
“ species-specific” p ro tec tiv e  im m unogen  a f te r  p u rifica tio n .
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INDUCTION OF STABLE L-FORMS OF SALMONELLA 
TYPHI  AND LISTERIA MONOCYTOGENES

P . J .  A s n a n i  a n d  K . G il l

Department o f  M icrobiology, Panjab U niversity C handigarh, India  

(R eceived  A u g u st 3, 1983)

S tab le  L -form s of Salm onella typh i an d  Listeria  monocytogenes were p roduced  using  
penicillin (4500 u n its /m l) as in d u cer, and  sucrose, no rm al horse serum  a n d  M g+ + as s tab ilizers. 
S tab le  L-form s w ere p roduced  a f te r  100 an d  56 passages, then  a d a p te d  to  grow and  m ultip ly  
in  a m edium  free o f in d u cer an d  stab ilizers so th a t  th e y  did no t re v e r t  to  p a ren ta l form s even 
a f te r  12 con tinuous passages.

B acteria l v a ria n ts  w ith o u t cell w all, being able to  grow  and  m u ltip ly  
in d ep en d en tly  were f irs t observed a t th e  L iste r In s t i tu te  an d  were n am ed  as 
L-form s in hon o u r of L is te r [1]. These organism s, m orphologically  in d is tin 
guishable from  m ycoplasm as, are being recognized as a d is tin c t e n tity  a lth o u g h  
th e y  could be induced  from  b ac te ria , using  d ifferen t in d uc ing  agen ts inc lud ing  
penicillin  [2-6].

E arlie r, we have induced  stab le  L -form s of Staphylococcus aureus an d  
Streptococcus faecalis  and  observed  th e ir  biological p ro p ertie s  [7, 8]. In  th e  
p resen t s tu d y  a tte m p ts  w ere m ade to  induce L-form s o f Salmonella typ h i and  
Listeria  monocytogenes using penicillin  as an  inducer and  sucrose, no rm al horse 
serum  and M g++ as stab iliz ing  agents.

M aterials and m ethods

Source o f  organisms. One s tra in  each of S. typ h i  (B-34—6) an d  L. monocytogenes o b ta in e d  
from  C entral R esearch  In s t i tu te , K asau li, and  In d ian  V eterin ary  R esearch  In s ti tu te , Iz a tn a -  
gar, In d ia , respec tive ly , were te s te d  for p u r ity  an d  used to produce stab le  L-form s.

Induction  process. The m edium  for in d u c tio n , vary ing  co n ce n tra tio n  of penicillin , th e  
stab ilizing  agen ts and th e  process o f ind u ctio n  hav e  been described earlie r [7]. Induced  L -form s 
were th en  te s ted  for reversion , s ta b ility  and  a d a p ta tio n  to grow in  th e  absence of pen ic illin , 
horse serum  an d  sucrose [9J. Sm ears of b ro th  cu ltu res  and  th e ir  colonies, sta ined w ith  G ram  
and  G iem sa sta in s , were s tu d ied  for th e ir  cell an d  colony m orphology.
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D epartm ent of Microbiology, Panjab U niversity  
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R esu lts

S . typh i was p assag ed  10 tim es in  th e  presence of 1000 un its /m l of pen ic il
lin an d  sta in ed  sm ears o f L-form s show ed G rain -negative  filam en tous form s 
an d  ro u n d  bodies. L a te r  these  were p assag ed  in  1500 u n its /m l of penicillin . 
T h ey  form ed “ fried egg”  colonies, d isp lay in g  long bac illa ry  form s w ith  large 
ro u n d  bodies w hich re v e rte d  in penicillin -free m edium , th ere fo re  th e  penicillin  
co n cen tra tio n  was increased  to  2000 u n its /m l. T hen  ty p ica l “ fried  egg” colonies 
w ere form ed show ing d a rk  cen tres and lig h t periphery , d isp lay ing  p re d o m in a n t
ly  b ac illa ry  form s w ith  sm all ro u n d  bodies. A fter a to ta l  of 47 passages in  2500 
an d  3000 u n its /m l p en ic illin  co n cen tra tio n  L-form s revealed  only filam en tous 
fo rm s in  th e  f irs t 4 passages and  rev e rted  b a c k  com pletely  in  th e  fifth  passage. 
A fte r  fu r th e r  16 passages in  3500 u n its /m l, i t  was no ticed  th a t  these rev e rted  
wdien sucrose was decreased  to  25%  of th e  orig inal am o u n t b u t  n o t in  th e  sam e 
a m o u n t of serum . T hese w ere still u n s ta b le  as th e y  rev e rted  w hen grow n in  a 
m ed iu m  free of sucrose, serum  and  penic illin . A fter a n o th e r  16 passages in 
4000 an d  4500 u n its /m l ( to ta l , 100 passages) th e  “ fried egg”  colonies w ith  ro u n d  
bodies d id  no t re v e r t in  penicillin , sucrose an d  serum  free m edium  and  could 
a d a p t to  grow fo r 12 passages co n tin u o u sly  w ith o u t reversion  in  n u tr ie n t 
b ro th , agar and  blood ag ar m edia.

S im ilar were th e  observ a tio n s w ith  th e  L-form s of L . monocytogenes, 
w hen passaged  10 tim es in  th e  presence o f 1000 u n its /m l an d  6 tim es in  1500 
u n its /m l of penicillin . I t  also form ed “ fried  egg”  colonies, show ing sim ilar cell 
an d  co lony m orpho logy  as described above . A fter 9 m ore passages ( to ta l 25) 
in  3500 u n its/m l, th ese  re v e rte d  to  p a re n ta l  form s step-w ise in  5 passages, 
n am ely  G ram -negative  f ilam en ts , bacilli, G ram -positive cocci and  fin a lly  
G ram -positive  rods on  penicillin , sucrose a n d  serum  free m edium . These s till 
being u n stab le  were fu r th e r  passaged 6 tim es  in  increased , 4000 u n its /m l of 
penicillin . These could grow  in a m edium  c o n ta in in g  25%  of th e  original am o u n t 
of sucrose and  serum  b u t  rev e rted  in  th e  3 rd  or 4 th  passage in  sucrose, serum  
an d  penicillin  free m ed ium . A fter a d d itio n a l 25 ( to ta l 56) passages in  4500 
u n its /m l, L -form s n o t o n ly  grew  in sucrose, serum  and  pen ic illin  and  M g+ + free 
m ed ium  b u t ad a p te d  to  grow  in n u tr ie n t b ro th , agar an d  n u tr ie n t blood agar 
m ed ia  for 12 con tinuous passages w ith o u t a n y  reversion, so th a t  these could 
a lread y  be considered s tab le  L-form s.

D iscussion

D ifferen t in d uc ing  ag en ts  inc lud ing  penicillin  and sod ium  chloride w ere 
used  to  produce s tab le  L -form s [9-15]. In  th e  p resen t s tu d y  a tte m p ts  were 
m ade to  induce stab le  L -form s of S. typ h i an d  L . monocytogenes using penicillin
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as an  inducer and  sucrose, norm al horse serum  and  M g+ + as stabilizing  agen ts. 
I t  was observed  th a t  L-form s could no t be induced  using  500 un its/m l of p e n i
cillin an d  th erefo re  its  concen tra tion  w as g rad u a lly  increased  to  4500 u n its  
per m l u n til s tab le  L -form s had  form ed, confirm ing  th e  observations [16 22] 
th a t  th e  o p tim um  co n cen tra tio n  of pen ic illin  depended  upon th e  b ac te ria l 
species, while o th e r [23] noticed v a ria tio n s  w ith in  th e  species.

A lthough  L -form s are in itia ted  using  1000 u n its /m l of penicillin, th e ir  
s ta b ility  seem ed to  d ep en d  upon the  co n cen tra tio n  o f inducers. L-form s p ro 
duced w ith  1500 u n its /m l reverted  b ack  sp o n tan eo u sly  to  th e ir  p a ren ta l form  
a fte r th e  f irs t passage in  penicillin-free m edium . As th e  co n cen tra tio n  w as 
increased  to  3500 u n its /m l, reversion w as no ticed  in  5 th  passage, like in  an  
earlier s tu d y  w ith  S. aureus and  S. faecalis  w hich in  penicillin-free m ed ium  
rev e rted  in  4 th  an d  5 th  passages, re spec tive ly . T he o p tim u m  co n cen tra tio n  
was found  to  be 4500 u n its/m l for in d u c tio n . S tab le  L -form s produced  in th is  
m anner did n o t re v e r t back  even in 12 con tinuous passages and  no t o n ly  on 
penicillin-free m ed ium  b u t also in  n u tr ie n t b ro th , ag a r and  blood agar m edia , 
free of penicillin , sucrose, serum  and Mg + +.

I t  was fu r th e r  observed th a t  th e  s ta b ility  an d  a d a p ta b ility  of th ese  
form s depended  n o t o n ly  on the  co n cen tra tio n  of pen icillin  b u t also on th a t  of 
sucrose and  serum  as th ese  fac ilita ted  g ro w th  w hen th e  serum  was g rad u a lly  
decreased to  50, 25, an d  zero per cen t keep ing  th e  o th e r  ingred ien ts c o n s ta n t. 
S im ilar was th e  effect o f sucrose, as re p o rte d  also b y  o th e r au thors [9] w ho 
sim ilarly  p roduced  a n d  ad ap ted  L -form s o f Streptococcus MG.

I t was also n o ticed  th a t  stable L -form s could n o t be induced sp o n ta n e 
ously in  single passage, even if  the  inducers an d  stab iliz ing  factors were p re sen t. 
The n u m b er of passages necessary for in d u c tio n  and  s tab iliza tio n  [7, 15] v a ried  
from  species to  species. E arlie r [7], s tab le  L-form s of S. aureus and  S. faecalis  
were produced  a fte r  49 and  52 passages, re spec tive ly . Likewise, L -form s of 
group A haem oly tic  strep tococci needed 229-233 passages [15]. S im ilarly  s tab le  
L -form s of S . typ h i an d  L. monocytogenes needed 100 an d  56 passages, resp ec
tive ly .

Acknoivledgement. T he au th o rs  are th a n k fu l to  P rofessor D. Y. V a d e h r a , th e  th en  
C hairm an , D e p a rtm en t o f M icrobiology, P an  jab  U n iversity , C h and igarh , Ind ia , for p ro v id in g  
the necessary  facilities fo r th is  study.
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PARTIAL PURIFICATION AND SOME PROPERTIES OF 
TRYPTOPHAN DECARROXYLASE FROM 

A BACILLUS STRAIN

K . G . B ü k i , D a n g  Q u a n g  Y in h  an d  I. H o r v á t h

Second Institu te o f  Biochemistry, Sem m elw eis U niversity  M edical School, B udapest 

(R eceived S ep tem b er 16, 1983)

B acteria  of d iffe ren t origin were screened for try p to p h a n  d ecarboxy lase  a c tiv ity . T he 
b est p roducer belonged to  an  un id en tified  tax o n o m ic  e n ti ty  of th e  genus B acillus. In  com ple te  
m ed ium  it  produced  try p ta m in e  from  try p to p h a n . T he decarboxylase  could  p a r tia lly  be p u rified  
from  th e  cells by  so n ication  and D E A E -cellu lose  ch ro m ato g rap h y . T he enzym e h a d  an  Mr of 
150 000 and  a pH  o p tim u m  of ab o u t 7, w as s tab le  up  to  37 °C, and  its  K m was a b o u t 0 .3  т м  fo r 
try p to p h a n . The enzym e needed p y ridoxal p h o sp h a te  fo r m axim um  ac tiv ity .

In  our search for try p to p h a n  d ecarboxy lase  a c tiv ity  in  b a c te ria  of p o te n 
tia l  m an u fac tu rin g  in te re s t, we succeeded  in  iso lating  a few  s tra in s  w ith  th e  
req u ired  ac tiv ity . One of these was s tu d ie d  in  deta il, an d  th e  re su lts  are p re se n t
ed below.

A m ino acid decarboxylase a c t iv i ty  is w idespread  am ong  m icroorgan ism s 
[1]. T he only  am ino acid  n o t f re q u e n tly  found  on th e  d ecarboxy lase  lis ts  is 
t ry p to p h a n . M itom a an d  U denfriend  [2] fo u n d  try p to p h a n  d eca rb o x y la tio n  
in  Streptococcus faecalis, Perley  an d  S tow e [3] show ed th is  a c tiv ity  in  B acillus  
cereus, Sabelnikow a e t al. [4] re p o rte d  on try p to p h a n  d eca rb o x y la tio n  in  
R hizobium  phaseolis. N akazaw a e t al. [5] fo u n d  several m icrococci h av in g  th is  
a c tiv ity . One of th e ir  s tra in s , Micrococcus percitreus, w as fu r th e r  s tu d ied  an d  
th e  try p to p h a n  decarboxy lase  of th is  s tra in  w as purified  to  h om ogeneity  from  
severa l kilogram s o f w et cells [6]. T he enzym e had  a p H  o p tim u m  o f 9, K ra 
of 2.4 т м  and  tran sfo rm ed  p h en y la lan in e , ty rosine , 5 -O H -try p to p h a n  as well 
as try p to p h a n  to  th e  corresponding  am ines. U n fo rtu n a te ly , th e  a u th o rs  d id  no! 
p u b lish  m ore details o f th e ir  enzym e; o u r s tu d ies  w ith  in h ib ito rs  h av e  no p a ra l
lel d a ta  in th e ir w ork.

M aterials and m ethods

M edium . The follow ing m edium  w as used  th ro u g h o u t excep t o therw ise  s ta te d  [7). 
T rypcasin . 20 g; glucose, 10 g; L -try p to p h an , 1 g; sa lt  m ix  A, 100 m l; sa lt m ix  B, 100 m l; d is
tilled  w a te r  ad  1000 ml. S a lt m ix  A con ta ins K H 2P 0 4, 8.75 g; K 2H P 0 4, 1.25 g; NaCl, 1.0 g ;

K á lm án  G. B ü k i , D ang  Qu a n g  Y in h , I stván  H orváth  
Second In s titu te  of Biochemistry, Semmelweis University 
Medical School
P uskin u . 9, H-1444 Budapest, P .O .B . 262, Hungary
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d is tilled  w ater ad 1000 m l. S a lt m ix  В co n ta in s M gSO, • 7 H 20 ,  5.0 g; CaCl2 • 2 H 20  1.0 g; 
d is tilled  w ater ad 1000 m l. T ry p casin  is a try p tic  d igest o f casein m an u fac tu red  by H u m an  
I n s t i tu te  for Serobacterio log ical P ro d u c tio n  and  R esearch , B u d ap est. T he m edium  was s te r il
ized  a t  121 °C in 500 m l E rlen m ey e r flasks co n ta in in g  100 ml m edium .

Inoculation , growth. T h e  m icroorgan ism  was m a in ta in ed  on n u tr ie n t  ag ar slants. In o c u 
lu m  w as m ade by  tra n s fe r r in g  a loopful o f cells in to  an  E rlen m ey e r flask , w hich was th e n  sh a k 
en a t  room  tem p e ra tu re  fo r 24 h. F e rm en ta tio n  was carried  o u t in  E rlen m ey er flasks in o c u la t
ed  w ith  10%  inoculum , sh a k e n  a t  35 ° C for 20 h  if  n o t in d ic a te d  o therw ise.

The cells w ere h a rv e s te d  b y  cen trifu g a tio n  (angle ro to r , 6000 rp m , Ja n e tz k y  К  26 
cen trifu g e , GD R). T he s u p e rn a ta n t  was saved for try p ta m in e  (m etab o lite ) d e te rm in a tio n  an d  
th e  cells were w ashed once w ith  0.15 м NaCl. T he w ashed  cells w ere used  im m edia te ly  fo r e n 
zym e p rep ara tio n  or fro zen  fo r la te r  use.

Optical density. T h e  o p tica l densities of grow ing cu ltu res  w ere de te rm in ed  a t  600 n m  in  
a  Spectrom om  195 (M OM  W orks, B u d ap est) sp ec tro p h o to m ete r. T he cells were d ilu ted  to  
d en sitie s  th a t  did n o t ex ceed  0.25 abso rb an cy  u n its . U n d e r these  co n d itio n  OD followed wet 
cell m ass in linear fa sh io n ; 6 ab so rb an cy  u n its  were eq u iv a len t to  2 g o f w et cells per 100 m l o f 
c u ltu re .

Tryptam ine and tryp tophan  determ ination in  m edium . T ry p ta m in e  and try p to p h a n  
w ere separa ted  by  u sin g  io n  exchange resin. T heir c o n cen tra tio n  was de te rm in ed  by p -d im eth - 
y lam in o b en zald eh y d e  (p D A B ) reagen t [8]: A m berlite  CG 50 resin  (R ohm  and  H aas, USA) 
w as w ashed w ith  h y d ro c h lo ric  acid , th en  w ith  sodium  hy d ro x id e  follow ed by  distilled w a ter. 
T h e  resin  was eq u ilib ra ted  w ith  50 mM T ris—HCl b u ffer p H  7.5.

One ml of th e  fe rm e n ta tio n  m edium  w as le t th ro u g h  a 0 .6 x 3  cm  colum n of the  resin  and 
w ash ed  w ith the  b u ffer. T h e  w ash co n ta in ed  try p to p h a n . T ry p ta m in e  was e lu ted  w ith  30%  
fo rm id  acid.

Colour reagents. (1) 6%  pD A B  in 3 N  su lphuric  acid ; (2) 30 N  su lphuric  acid; (3) 0.1%  
N a N 0 2 in w ater.

Colour reaction. O ne ml of th e  e lu a te  was in cu b a ted  w ith  0.2 ml of reagen t 1 an d  0.6 
m l o f reagen t 2 a t room  te m p e ra tu re . A fte r 60 m in, 20 ju\ o f reag en t 3 was added . Colour in te n 
s ity  w as m easured a f te r  30 m in a t  580 nm  and  com pared  to  th a t  of a s ta n d a rd  try p ta m in e  or 
try p to p h a n  solution.

A ssay o f  enzym e activity. T he enzym e so lu tion  (300 //1 in  50 mM im idazole b u ffer, p H  
6.5 and  12 /Л of 50 mM L -try p to p h a n  in 100 mM N aO H , an d  3 [Л of 33 mM pyridoxal p h o sp h a te  
in  33 mM N aO H ) w as in c u b a te d  a t  37 °C for 0.5 to  2 h. T he p ro te in  w as p rec ip ita ted  an d  th e  
re a c tio n  stopped by  b o ilin g  for 2 m in. T he p re c ip ita te  was se p a ra ted  by  cen trifu g a tio n , th e  
try p ta m in e  co n ten t o f th e  su p e rn a ta n t was d e te rm in ed  as above. E n zy m e u n it: //m oles of 
try p ta m in e  form ed /hour.

W hen pH  d ep en d en ce  was stu d ied , th e  enzym e was d ialysed  ag a in st 0.1 м NaCl.
Transform ation o f  other aromatic am ino acids. T yrosine, ph en y la lan in e  and h is tid in e  

(2 mM final c o n cen tra tio n ) w ere in cu b a ted  w ith  p a rtia lly  pu rified  enzym e in  50 mM im idazole 
b u ffe r , pH  6.5 in  th e  p resence  of 0.3 mM p y ridoxal p h o sp h a te  as above for 2 h. A fter-incubation , 
th e  reac tio n  m ix tu re  w as acid ified  w ith  co n cen tra ted  HC1 an d  10 [Л w as applied  on a F ix io n  
50 X 8 ion exchange th in  la y e r  sheet (C hinoin, B u d ap est). T he ch ro m ato g ram  was developed 
w ith  th e  following so lv e n t: c itric  acid, 14.1 g; N aO H , 8.0 g; HC1 (cone.), 12.3 ml; NaCl, 11.7 
g; d istilled  w a ter to  1000 m l [9]. T he spo ts were v isua lized  by  sp ray ing  th e  sheets w ith  n in h y d - 
r in e  reagent.

R esu lts and d iscu ssion

Isolation and  taxonom y . O ver 600 b ac te ria l s tra in s  iso la ted  from  soil or 
food were screened fo r try p to p h a n  decarboxy lase  a c tiv ity . O nly four iso lates 
produced  try p ta m in e  from  try p to p h a n . T he best p ro d u cer of the  four, N o. 
230, was ch a rac te rized  by  s ta n d a rd  tax o n o m ica l m ethods [10].

In  b ro th , iso la te  No. 230 form s 3-5  [im  long m otile  G ram -negative  rods 
arranged  in long  chains. On agar, it  p roduces endospores a fte r 6 -8  days o f 
incuba tion . T he spores are cen tra l and  deform  the  body  sligh tly .

On n u tr ie n t ag a r, s tra in  No. 230 form s easily  em ulsifyable, irreg u la rly  
edged colonies w ith  rough  surface, 3 m m  in d iam eter. Colonies on b lood ag ar
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are  sim ilar and  a fte r  several d ay s  th e y  show haem olysis. T he b ac te riu m  does 
n o t grow on eosin m ethylene b lu e  ag a r, b rillian t green agar, b ism u th  su lp h ite  
ag ar or deoxycho la te  c itra te  ag a r. B ro th  cu ltures are  un ifo rm ly  tu rb id  and  
have  a pellicle on  the  surface. N o p ig m en t is p roduced . Good grow th a t  37 °C, 
m odera te  g row th  a t 56 °C. G row s ae rob ica lly  and  anaerob ically . No acid  d u rin g  
14 days in cu b a tio n  in adon ito l, d u lc ito l, inositol, in u lin , raffinose, rh am n o se  
an d  s ta rch . A cid p roduction  in  one d a y  in  glucose, m annose , lactose, m alto se , 
trehalose , salicin  an d  sucrose a n d  delay ed  acid p ro d u c tio n  in galactose, g ly 
cerol, m an n ito l, sorb ito l and xy lose. T h e  d - ta r tra te , in a lo n a te , o rn ith ine , indole, 
HoS (th io su lp h a te -iro n ), Y o g es-P ro sk au e r, oxidase, lec ith inase , lipase  and  
try p to p h a n  deam inase tests  are  n e g a tiv e . The aesculin , S im m ons’ am m onium  
c itra te , m e th y l red  an d  ca talase te s ts  a re  positive; n i tr a te  is reduced  to  n itr i te , 
ge la tin  is liquefied  slowly.

The d a ta  show  th a t  s tra in  N o. 230 belongs to  th e  genus Bacillus  b u t  is 
no t iden tica l w ith  any of the species described. I ts  colonies resem ble th a t  of 
Bacillus cereus and  Bacillus sub tilis  b u t i t  differs from th e  fo rm er in positio n  of 
th e  spore and in  biochem ical re a c tio n s  such  as lec ith inase , Y oges-P ro sk au er 
an d  b eh av io u r in  m ann ito l, xy lose an d  s ta rch , and  from  th e  la t te r  in  to le ran ce  
to  7%  NaCl, in  grow ing anaerob ica lly  a n d  in  the  Y o g es-P ro sk au er an d  s ta rc h  
te s ts . A ccording to  biochem ical re a c tio n s  i t  resem bles B acillus circulans and  
Bacillus po lym yxa  b u t  differs re m a rk a b ly  in colony m orphology.

T ryp tam ine  production by grow ing cultures. F igure 1 p resen ts a ty p ica l 
g row th  curve and try p tam in e  p ro d u c tio n  in  shaken E rlen m ey er flasks in a 
rich  m edium  co n ta in in g  5 h i m  (0 .1 % ) try p to p h a n . I t  is rem ark ab le  th a t  in th e  
f irs t  18-24 h , t ry p to p h a n  loss a p p e a rs  q u a n tita tiv e ly  in  try p ta m in e  p ro d u c tio n . 
T ry p ta m in e  p ro d u c tio n  reaches a b o u t  1 т м ,  irrespective  of th e  try p to p h a n  
co n cen tra tio n  above 2 т м  (d a ta  n o t  show n). A fter 20 -24  h of fe rm en ta tio n , 
th e  p roduced  try p ta m in e  begins to  tra n s fo rm  to  u n id en tified  m etabo lites, th e  
try p ta m in e  curve tu rn s  dow nw ard.

T ryptam ine production at d ifferen t temperatures. G row th  curves an d  t r y p 
tam in e  p ro d u c tio n  w ere stud ied  a t  d iffe ren t tem p era tu res  (F ig . 2). G row th an d  
try p ta m in e  p ro d u c tio n  were o p tim a l a t  35 °C. The tw o fu n c tio n s seem to  ru n  
para lle l.

Is tryptophan decarboxylase inducible by exogenous tryptophan?  In  ou r 
rich  m edium , abou t 0.5 т м  of try p to p h a n  cam e off w ith  T ry p casin . In  o rder 
to  answ er th e  above question , we h a d  to  d e s tro y  try p to p h a n  in the  m ed ium . 
T w en ty  p er cen t T rypcasin  was d isso lved  in  2 м  HCl and  h e a t tre a te d  a t  121 °C 
for 30 m in th e n  n eu tra lized  w ith N aO H  an d  used for p re p a ra tio n  of m edium  
w ith o u t try p to p h a n . C ontrol m ed ium  w as m ade w ith th e  sam e acidic so lu tion  
of T rypcasin , w ith o u t heating  an d  n e u tra liz e d  im m ed ia te ly  a fte r  dissolving. 
F u r th e r  con tro l flasks were shaken c o n ta in in g  trea ted  or n o t tre a te d  T rypcasin  
m edium  su pp lem en ted  w ith  5 т м  try p to p h a n . R esults are show n in T able I.
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F ig . 1. T ry p tam in e  p ro d u c tio n  and grow th curve  of s tra in  No. 230. M edium , abso rbancy , 
try p ta m in e  and  try p to p h a n  d e te rm in a tio n  were as described  in M ethods. X — X try p to p h a n , 

О  ---------- • О try p tam in e , Д -----------Д  grow th

T ry p tam in e  levels a f te r  20 h grow th re flec t o f course th e  in itia l try p to p h a n  
co n te n t, i.e. w ith o u t t ry p to p h a n , and a v e ry  low  level of t ry p ta m in e . N ev e rth e 
less, specific a c tiv itie s  o f cells grown u n d er d iffe ren t cond itions were essen tia lly  
th e  sam e, th e  enzym e is n o t inductive.

Isolation o f  tryp tophan decarboxylase enzym e. In  p re lim in a ry  experim en ts 
th e  enzym e p roved  to  be v e ry  sensitive, i t  lo s t its  a c tiv ity  ra p id ly  upon p u r if i
ca tio n . Therefore, we dev ised  a rap id  iso la tio n  m ethod  th a t  allow ed to  o b ta in  
an  enzym e p re p a ra tio n  w ith in  a day. A ll th e  following s tep s  wrere carried  o u t 
a t  4 °C.

F irst step. T he  h a rv es ted  and w ashed  w et cells w ere suspended in  50 
h i m  im idazole b u ffe r p H 6 .5 , con tain ing  try p to p h a n ,E D T A , 2 -m ercap to eth an o l,

Fig. 2. T em p era tu re  depen d en ce  of t ry p ta m in e  p ro d u c tio n  an d  g ro w th  of s tra in  N o. 230.
Д ---------- A 25 °C, □  ------------ □  30 °C, -i---------------- b

35 °C, O - -------- О  40 °C
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Table I

Tryptam ine production and tryptophan decarboxylase levels in cells 
grown in  the presence or absence o f  tryptophan, after 20 hours growth

Medium W et cell mass 
g/100 ml

Tryptam ine 
in  medium 

after 20 h, mM

Enzyme activity, 
U per mg 

w et cell

Acid trea ted  
T rypcasin 1.4 0.3 0.0058

Acid trea te d
T rypcasin  +  try p to 
p han 2.1 1.07 0.0085

U n tre a ted  m edium 2.0 0.8 0.0060

U n trea ted  m edium  -j- 
try p to p h a n 2.1 1.1 0.0068

In cubation : 100 ml culture in  500 ml E rlenm eyer flasks a t  37 °C. W et cell m ass was 
de term ined  a fte r cen trifugation  a t 6000 rp m  for 20 m in. E nzym e assay: 20 mg of w e t cells, 
1 m l o f 50 him im idazole buffer pH  6.5, 40 p \  of 50 т м  try p to p h a n , 30 p \  o f 33 mH P L P ; 37 °C, 
one hour.

R esults o f a  rep resen ta tiv e  ex p erim en t are show n. All experim ents were done a t  lea s t 
in  trip lica te . S.E.M . w as 5%

5 т м  each, an d  P L P  0.2 т м .  To 1 g of w et cells, 2.5 m l bu ffer was used. T he 
cell suspension w as sonicated  in  a 100 W  U ltra so u n d  D is in teg ra to r (M SE, L o n 
don) 4 tim es fo r 5 m in  w ith a p p ro p ria te  cooling in te rv a ls .

Second step. T he cell debris w as cen trifuged  a t  20 000 g  fo r 20 m in . 
T h e  su p e rn a ta n t con ta ined  60—7 0%  of th e  to ta l  enzym e a c tiv ity .

Third  step. P rec ip ita tio n  o f nucleic acid  w as m ade b y  2%  p ro tam in e  
su lp h a te  so lu tion . T his solution w as ad d ed  as long as a th read lik e  p re c ip ita te  
w as form ed. F u r th e r  add ition  p re c ip ita te d  th e  enzym e an d  caused considerab le  
loss. Excess a d d itio n  of p ro tam ine  w as signalled  b y  hom ogeneous tu rb id ity .

Fourth step. C entrifugation  as in  step  2.
F ifth  step. D E A E -cellu lose ch ro m a to g rap h y . D E A E -cellu lose (R ean a l, 

B u d ap est)  eq u ilib ra ted  w ith  50 т м  im idazole bu ffer p H  6.5 w as stirred  in to  
th e  enzym e so lu tio n  contain ing  0.2 т м  P L P , ju s t  enough to  adsorb  th e  enzym e 
(2 m l p er 10 g of o rig inal wet cell). A fte r 30 m in  of stirring , th e  ad so rb en t w as 
p o u red  in  a ch ro m ato g rap h y  co lu m n  and  w ashed  w ith  th e  sam e buffer u n til  
th e  e fflu en t co n ta in ed  negligible a m o u n t o f p ro te in  (A O80 less th a n  0.05). E lu 
tio n  w as m ade w ith  lin ear g rad ien t o f NaCl, reach in g  0.4м. T he enzym e cam e 
off as a b ro ad  peak , its  m axim um  w as a t 0.25 м (F ig . 3).

S ix th  step. C oncen tra tion  of th e  p ro te in  so lu tio n .T h e  frac tions con ta in ing  
th e  p eak  enzym e a c tiv ity  were pooled , d ilu ted  and  p u t  on a sm all D E A E -ce llu 
lose co lum n to  adso rb  th e  enzym e w h ich  was e lu ted  w ith  50 т м  im idazole buf-
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fe r c o n ta in in g  0.4 м  N aC l. T h e  en zy m e s o lu t io n  o b ta in e d  w as a b o u t 10 tim e s  
m o re  c o n c e n tra te d  (15—25 ing /m l) th a n  th e  f ra c tio n s  fro n t th e  5 th  s te p . T h is  
c o n c e n tra t io n  s te p  w as  im p o r ta n t  b ec au se  d i lu te  en z y m e lo s t  i ts  a c t iv i ty  q u ic k 
ly . T h e  en z y m e  s o lu t io n  w a s  k e p t fro z en . T h e  y ie ld  o f  th is  p ro c e d u re  is sh o w n  
in  T a b le  I I

P r o p e r t i e s  o f  t r y p t o p h a n  d e c a r b o x y l a s e  i s o l a t e d  f r o m  B a c i l l u s  s t r a i n  N o .  

2 3 0 .  T h e  r e la t iv e  m o le c u la r  m ass w as d e te r m in e d  b y  gel f i l t r a t io n  on  a S ep h a- 
d ex  G 200 co lu m n . T h e  r e s u l t  is sh o w n  in  F ig . 4. T h e  en z y m e  em erg ed  in  th e  
sam e f ra c tio n s  as a ld o la s e  (Mr 148 000). A ssu m in g  t h a t  i t  is a g lo b u la r  p ro te in , 
i ts  M r is a b o u t  150 000. T h e  enzym e a c t iv i ty  h a d  its  p ea k  a t  p H  7 -7 .5  (F ig . 5) 
a n d  w as  r a p id ly  in a c t iv a te d  above 40 °C (F ig . 6).

Table II

P urification  o f  tryptophan decarboxylase — a typical experiment

P rotein  Enzyme activity

m g/m l m g U/ml и U /m g  p ro te in y ield  %

Sonicated  cell su p e rn a ta n t, 40 ml 22.5 900 0.54 22 0.024 100

P ro tam in e  sulphate  su p e rn a ta n t, 
41 ml 15 619 0.41 17 0.027 77

D EA E-cellulose ch rom atography , 
active  fractions com bined,
20.5 ml 3.5 72 0.46 9.4 0.130 43

P rep ara tio n  was s ta r te d  w ith 18 g w et cells. R esults o f a rep resen ta tive  ex p erim en t are 
show n. All experim ents w ere done a t least in  trip lica te . S.E.M. was 5%

A c ta  M ic ro b io lo g ic a  H u n g a r ic a  3 2 , 1985

Fig. 3. D E A E -cellu lose c h ro m a to g rap h y . The D E A E -cellu lose  colum n ( 2 .3 x 7  cm ) was equ ili
b ra te d  w ith  50 mM im idazole b u ffe r  containing 0.2 mM  P L P . L inear g ra d ie n t e lu tion  w ith  160

ml 0 .0 -0 .4  M NaCl. X ----------  X A280, Д  ----------  Д  enzym e a c tiv ity , ---------- NaCl
co n cen tra tio n
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Fig. 4. Gel f i ltra tio n  of try p to p h a n  d ecarboxy lase  on  Sephadex G200. T he reference com pounds 
an d  th e  d ecarboxy lase  w ere gel-filtered on  th e  sam e colum n (2 X 37 cm ) afte r each  o th er.
E lu e n t: 50 т м  im idazole buffer pH  6.5. X ----------  X blue d e x tra n , •  ----------  •  aldolase

( rab b it m uscle , Mr 148 000), Д  ----------  Д  try p to p h a n  decarboxylase

Fig. 5. p H  dependence of enzym e activ ity . In c u b a tio n  m ix tu re  co n ta in ed  0.5 ml of enzym e 
(12 m g) d ialysed  ag a in st 0.1 м NaCl and 0.5 m l o f  0.1 м buffer co n ta in in g  10 mM try p to p h a n
plus 0.4 т м  P L P . In c u b a tio n  tim e: one hour. B u ffe rs : Д ----------Д  sod ium  c itra te , □  ----------- □

sodium  p h o sp h a te , X ----------- X im idazole HCl, О  -----------  О
am m onium  chloride

Fig. 6. T em p era tu re  d ependence  of enzym e a c tiv ity . In c u b a tio n  m ix tu re  con ta ined  in  1 m l: 12 
m g of p ro te in , 50 т м  im idazo le  buffer pH  6.5, т м  try p to p h a n  and  0.2 т м  P L P . In c u b a tio n

tim e: one h o u r
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Tryptophan ,mM

F ig . 7. E ffec t of su b s tra te  co n cen tra tio n  on enzym e a c tiv ity . The in cu b a tio n  m ix tu re  w as th e  
sam e  as in  legend to  F ig . 6 excep t th a t  t ry p to p h a n  co n cen tra tio n  v a ried  from  0.3 to  5 т м

T h e su b stra te  co n cen tra tio n  versus reac tio n  velocity  is show n in F ig . 7. 
F ro m  th e  L in ew eav er-B u rk  p lo t (insert) a K m o f abou t 0.3 т м  is o b ta ined  for 
try p to p h a n .

T he enzym e seem s to  be v e ry  specific for L -tryp tophan . W e could n o t d e 
t e c t  a n y  p ro d u c t form  D -try p to p h an  or o th e r  arom atic  am ino acids like h is ti
d in e , pheny la lan ine , ty rosine . (D etec tio n  lim it w as abou t 10%  p ro d u c t form ed.)

P y ridoxa l p h o sp h a te  req u irem en t of th e  enzym e could  be d em o n stra ted  
o n  enzym es th a t  w ere ch ro m ato g rap h ed  on D E A E -cellu lose several tim es in  
th e  absence of th e  cofactor. A fter th e  3rd  ch ro m ato g rap h y , th e  enzym e a c tiv 
i t y  w as enhanced  2.5-fold by  0.2 т м  p y rid o x a l p h o sp h a te  p resen t in  th e  
en zy m e  assay.

R esu lts of in h ib ito r  experim en ts are  lis ted  in  Table I I I .  T he effect o f th e  
c a rb o n y l reagen ts K C N  and  p h en y lh y d raz in e  ind ica ted  th a t  th e re  is a req u ired  
c a rb o n y l com pound, m ost likely  th e  p y rid o x a l p h o spha te  co facto r itself. U p 
to  now , th ere  is on ly  one am ino acid decarboxy lase  know n hav in g  no p y rid o x a l 
p h o sp h a te  co facto r [11]; i t  con ta in s co v a len tly  a tta ch ed  p y ru v a te  in stead .

P araeh lo ro m ercu ry  benzoate  and  io d o ace ta te  in h ib itio n  p o in ted  to  
(som e) SH -group(s) th a t  is (are) e ssen tia l for ac tiv ity . A m ong th e  p y rid o x a l 
p h o sp h a te  enzym es s tu d ied , a sp a r ta te  tran sam in ase  co n ta in s  such a cy ste in y l 
re s id u e  [12].

P h en y lm eth y lsu lp h o n y l flu o rid e  in d ica tes  req u ired  O H -group(s) here . 
G lu ta m a te - , arg in ine- and  ly sine-decarboxy lases of Escherichia coli co n ta in  
se rin e  in  th e  p y rid o x a l p h o sp h a te  b in d in g  sequence of th e  enzym e; it  is a lw ays 
th e  4 th  residue from  lysine to w ard s th e  N -te rm ina l [13, 14]. O ur enzym e to o , 
m a y  con ta in  such a sequence.
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Table III

Inhibitors o f  tryptophan decarboxylase

Inhib itor
F inal

concentration
ПМ

Tem perature
°C

R esidual ac tiv ity
%

1 KCN 5 22 18
2 P henylhydrazine 1 22 20
3 p-C hlorom ercury  benzoate 3 0 0
4 Iodoaceta te 3.3 0 7
5 Phenyl me thy lsu lphony l fluoride 3 x 3 0 40
6 2 ,4,6-T rinitrohenzene sulphonic acid 1 22 31
7 The sam e in  th e  presence of 0.2 m M  P L P 1 22 50
8 D ie thy lpyrocarbonate 10 0 17
9 E th an o l as contro l 20 0 105

10 Sodium  borohydride 10 22 0

In cu b atio n  of 5 m g enzym e was carried  o u t in  300 /il of 50 m i buffer (1—6 in  im idazole, 
pH  6.5; 7 and 8 in ph o sp h a te , pH  7) for 30 m in. Gel f iltra tio n  im m ediately  on sm all S ephadex  
G25 colum n before enzym e assay. W ith  each ex p erim en t, an  u n trea te d  control was ru n  to  
o b ta in  th e  100%  value. R esu lts of a  rep resen ta tiv e  ex p erim en t are shown. All experim en ts  
were done a t  least in trip lica te . S.E.M. was 5%

T rin itro b en zen e  sulphonic acid m ay  reac t, am ong o th e r N H ^-groups, w ith  
th a t  o f th e  ly sy l-residue  responsible for p y rid o x a l p h o sp h a te  b ind ing ; th e re fo re , 
excess co facto r in  th e  reac tio n  m ix tu re  p ro tec ts  enzym e ac tiv ity .

D ie th y lp y ro ca rb o n a te  reac ts  exclusively  w ith  im idazole side chains a t  
n e u tra l p H  [15]. T his enzym e m ay  co n ta in  such a fu n c tio n a l h istidy l residue  
as do th e  th ree  m en tio n ed  E . coli enzym es [13, 14].

F in a lly , i t  is n o t su rp rising  th a t  sod ium  b o ro h y d rid e  b y  reducing  th e  • 
Schiff base betw een  restin g  cofactor-enzym e com plex also effectively in h ib its  
its  a c tiv ity .
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EPIDEMIOLOGICAL ANALYSIS OF SALMONELLA 
TYPHI-MURIUM INFECTIONS ON THE BASIS 

OF LABORATORY METHODS

I .  D IS T R IB U T IO N  OF P IIA G E  T Y P E S  A N D  B IO T Y P E S  O F S A L M O N E L L A  
T Y P H I - M U R I U M  ISO LA TED  IN  H U N G A R Y  IN  T H E  P E R IO D  1960 TO 1981

H e d d a  M i l c h , V e r a  G. L á s z l ó  a n d  E r z s é b e t  S z . C s ó r iá n  

National In s titu te  o f  H ygiene, B udapest 

(Received S e p tem b e r 26, 1983)

P hage  and b iochem ical types w ere d e te rm in e d  of 34 937 Salmonella typ h i-m u riu m  cu l
tu res  includ ing  31 708 h u m an  strains, 2732 an im a l stra in s  an d  497 s tra in s  iso lated  from  w a te r . 
Phage  ty p e  4, no t ty p a b le  stra ins (n t) a n d  p h a g e  ty p e  2b w ere p re d o m in an t am ong th e  s tra in s  
of h u m an  and  an im al o rig in , and n t, 4 a n d  2b am ong  th e  s tra in s  iso la ted  from  w ater. T he m o st 
f re q u e n t phage types a n d  th e  n t strains w ere  su b d iv id ed  by  b io ty p in g  and  ad d itio n a l phages. 
The incidence of S. typ h i-m u riu m  var. Copenhagen s tra in s  was 12 .4% , th ey  belonged m ain ly  to  
p hage  ty p es  2b and n t .  T h e  num ber of S . typ h i-m iru m  isolates o f h u m an  orig in  show ed a  2—4 
y ear period ical f lu c tu a tio n  betw een 1960 a n d  1981. A connection  was found  betw een  th e  in c i
dence of th e  p re d o m in an t phage types (4, n t ,  2b) and  th e  period ica l changes in  th e  to ta l  n u m b er 
o f iso lates. Phage ty p e  4, w hich p red o m in ated  am ong  the  s tra in s  of h u m an  and  an im al o rig in  
till 1976, w as ousted  g ra d u a lly  by n t ones. I n  th e  period  w hen th e  change in  p redom inance w as 
observed  th e  nu m b er o f  epidem ics decreased  a n d  th e  n u m b er of sporad ic  cases increased . T he 
change in  th e  freq u en cy  o f phage types to o k  p lace a t  th e  sam e tim e w hen th e  freq u en cy  of 
phage ty p es  changed a m o n g  the  stra ins iso la te d  from  c a ttle  an d  m ea t-p ro d u c ts  (4 —► n t) . 
The in creased  num ber o f  sporad ic  cases a f te r  1976 refers to in fec tions from  c a ttle  and  n o t fro m  
p ou ltry .

As th e  H u n g a ria n  N ational C en tre  of E n te ric  P h ag e  T yp ing , p a rtic ip a tin g  
in th e  In te rn a tio n a l Salm onella S u rv e illan ce  P rog ram m e coord inated  by  th e  
W orld  H e a lth  O rgan iza tion , we d e te rm in e d  phage an d  b io ty p e  of S . typh i-  
m urium  s tra in s , th e ir  sensitiv ity  to  a n tib io tic s  and th e  R -p lasm id  carrie r s ta te . 
R esu lts  concerning p h ag e  and b io ty p es  w ere rep o rted  period ically  [1—5]. The 
p resen t p ap e r gives a n  account of p h a g e  an d  b io type  resu lts  of 22 years (1960— 
1981).

M aterials an d  m ethods

B acterial strains. A  to ta l  of 34 937 S . typ h i-m u r iu m  s tra in s  (31 708 h u m an , 2 732 an im al 
and  497 w a te r  stra ins) w ere  exam ined for p h a g e  a n d  biochem ical ty p es  iso lated  betw een  1960 
and 1981 in  H ungary .

H ed d a  M il c h , V e r a  G. L ászló , E r z s é b e t  Sz . Cscrián  
N ational In s titu te  of Hygiene 
H-1966 B udapest, P.O.B. 64, H ungary
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Phage typing  was p e rfo rm ed  according to  th e  F e lix —Callow schem e [6] and  6 add itional 
p h ages w ere also used: A n d e rso n ’s phage 35, L illeengen’s phages L30, L31, L37 [7] and tw o 
p h ages, 284 and  183, iso la ted  b y  us.

Biochem ical typ ing  w as carried  ou t acco rd ing  to  M ilch [3] on th e  basis o f reac tions in  
rh a m n o se  and  inositol. (B iochem ical ty p e , rh am n o se/in o sito l:

1 + / + 2- 5; 2 + / - ;  3 + / + ;  4 - / + 2- 6; 5 6 + 8- * ° /+ ;
7 +  6~8/ —; 8 +  5- 8/ + . )

M edia . M e a t-ex trac t b ro th  and  agar and  O xoid  n u tr ie n t  b ro th  No. 2 w ere used.

R esu lts

T able I  show s th e  phage ty p e  d is tr ib u tio n  of S . typ h i-m u riu m  s tra in s  
iso la te d  from  p a tie n ts  an d  a sy m p to m a tic  excre ters  in  1960-1981. B etw een 
1960 an d  1963 p hage  ty p e s  la , la  v ar. 1 a n d  2b w ere p red o m in an t an d  th e  n o t 
ty p a b le  (n t) s tra in s  w ere also freq u en t. I n  th e  period  1964-1975, phage ty p e  4 
w as th e  m ost com m on, in  1976 th e  ra tio  o f phage ty p e  4 an d  n t  w as iden tica l 
a n d  fro m  1977 on w ard s n t  s tra in s h av e  becom e p red o m in an t.

Table I

Phage type distribution o f S . typh i-m urium  strains o f

' Year 
Phage type ------- __ I960 1961 1962 1963 1964 1965 1966 1967 1968 1969

l 1.8 4.3 5.3 6.5 2.0 0.9 2.1 3.0 3.6 2.6
la 33.9 14.4 8.2 7.2 4.4 5.4 8.1 6.7 6.8 2.2
l a  var. 1 14.3 22.6 19.9 20.3 8.6 12.1 1.6 8.7 3.6 4.2
lb 7.1 0.1 4.7 — 0.2 0.2 — 0.8 — —

2 3.6 10.3 0.1 0.2 2.5 0.9 3.0 0.8 2.1 7.5
2a — 0.3 1.0 — 0.2 0.3 1.0 0.1 — —
2b and 2b -j- 5 9.0 13.7 19.7 12.4 14.0 30.9 25.1 4.5 — —
2c 0.9 2.0 1.9 0.9 2.5 3.5 4.3 2.6 — —
2d — — — — — — 0.4 0.2 — —

3 — 0.1 — — — — — 0.6 — —

3a — 1.2 0.5 8.1 — 0.2 0.2 0.1 — —

4 2.7 10.9 12.8 9.8 27.3 35.1 46.4 58.3 67.2 58.5
5 2.7 13.0 18.4 12.4 9.6 4.2 5.9 5.4 9.7 4.4

N o t characteristic — 1.6 1.4 0.5 — — 0.7 3.4 5.4 3.2
N o t typab le 24.0 5.5 6.1 21.7 28.7 6.3 1.2 4.8 1.6 17.4

N u m b er of exam ined
stra ins 112 902 954 571 778 1108 1101 1086 1214 849

A m ong th e  s tra in s  iso lated  from  anim als and  food-p roducts of an im al 
o rig in , phage ty p e s  l a  v ar. 1, 1, 2b an d  n t  w ere th e  m ost f re q u e n t betw een  1961 
a n d  1964, s im ila rly  to  h u m an  s tra in s  (T able I I ) . Phage ty p e  4 w as p red o m in an t 
from  1965 to  1976, its  p redom inance la s te d  one y ea r longer th a n  am ong th e  
h u m a n  stra in s. P h ag e  typ es 4 and n t  p red o m in a ted  a lte rn a tiv e ly  betw een  1977 
an d  1981.
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S tra ins o rig in a tin g  from  p o u ltry  belonged in  th e  m a jo rity  to  p h ag e  ty p es  
4 an d  2b from  1961 to  1975 and  to  p hage  ty p es 2b, 4 an d  n t  betw een  1976 an d  
1981. A m ong th e  s tra in s  iso lated  from  c a ttle  an d  m e a t p roducts, th e  m o st fre 
q u e n t phage ty p e s  w ere la  v ar. 1 an d  1 from  1961 to  1965, phage ty p e  4 in  
1966-1970 and n t  betw een  1971 an d  1981 (Table I I I ) .

S tra in s iso la ted  from  w ater w ere exam ined  be tw een  1973 and  1981 (T able 
IV ). In  th is  p erio d , except in  one y e a r, n t  s tra in s  p redom inated . S tra in s  of 
phage ty p e  2b, l a ,  4 , l a  var. 1 w ere also frequen t.

F igure 1 show s the  to ta l n u m b e r  of h u m a n  S . typh i-m urium  iso la tes , 
th e  n u m b er of th e  phage typed  s tra in s  an d  th e  freq u en cy  of th e  th re e  m ost 
com m on phage ty p e s  in  the period  betw een  1960 a n d  1981. The n u m b e r of 
th e  S. ty p h i-m u riu m  isolates of h u m a n  origin w as observed  to  show a tw o  to  
four y e a r period ical flu c tu a tio n . D u rin g  th e  te n  y e a r  period  betw een  1960 and  
1969, phage ty p e  w as determ ined  from  th e  iso la tions in  50-65%  y e a rly  an d  
d u ring  th e  second period  betw een 1970 and  1981 th is  ra tio  increased to  8 0 -  
9 0 % . A connection  w as found be tw een  th e  incidence o f th e  p red o m in an t phage

hum an origin in  percentage, in  Hungary (  1960—1981 )

1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 T o ta l

3.5 2.9 2.1 4.1 l . i 3.1 l . i 3.5 5.1 3.2 0.3 0.3 2.6
5.8 8.5 5.6 9.6 3.7 2.3 4.1 3.5 3.1 4.8 0.6 1.0 5.1
7.8 4.0 16.1 3.7 3.6 2.9 4.1 1.4 1.9 1.3 10.5 3.9 6.7

— 0.1 0.1 — — 0.2 0.2 0.1 0.1 0.5 — 0.2 0.3
0.2 1.7 0.3 0.1 0.3 0.2 0.7 4.3 3.9 1.2 0.2 0.2 1.6
— — — 0.1 0.1 0.2 — 0.4 0.1 0.2 0.1 0.1 0.2
6.2 1.9 7.1 12.3 10.2 7.8 7.1 8.6 7.9 14.9 11.1 16.0 10.5
0.6 0.1 0.7 1.1 0.6 0.9 0.2 0.4 3.1 1.8 0.3 0.8 1.2
— — — — — 1.2 0.3 0.5 0.6 3.0 8.9 6.5 1.5
0.1 — — — — — — — — — — — < 0.1
— — 0.4 0.2 — — 0.1 0.1 0.1 0.7 1.7 1.4 0.5

54.5 67.0 52.1 44.7 57.7 49.9 37.0 29.6 16.8 26.1 19.4 29.6 39.3
11.4 6.9 3.0 2.6 2.2 2.6 3.5 8.5 3.3 4.4 1.1 2.2 5.4

6.3 3.4 5.3 7.9 5.2 1.6 4.7 3.9 1.3 0.8 0.2 — 2.9
3.6 3.5 7.2 13.6 15.3 27.1 36.9 35.2 52.7 37.1 45.6 37.8 22.1

1523 2080 1745 1923 1772 1992 1823 1921 1749 1664 2536 2305 31 708

types (4, n t , 2b) of th e  hum an and an im al s tra in s  and  th e  periodical changes 
in  th e  to ta l  num ber o f  isolates (Figs 1 a n d  2). The incidence of the fre q u e n t 
phage ty p es  of s tra in s  iso la ted  from  w a te r  d iffered from  th a t  observed am ong  
th e  h u m an  and  an im al s tra in s  (Fig. 3).

Biochem ical typ in g  was used to  su b d iv id e  phage ty p es  in to  8 b io types. 
F igure 4 show s th e  subd iv ision  of th e  m o st freq u en t phage ty p e  4 according to
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Tabic II

D istribution  o f  phage types o f  S . lyph i-m urium

—----— Year
Phage ty p e  — ■—______ 1961 1962 1963 1964 1965 1966 1967 1968 1969

: 3.3 40.6 47.6 5.0 1.5
la 10.0 15.6 4.8 — — 3.0 8.8 3.6 4.8
l a  v a r . 1 46.7 21.9 4.8 21.1 24.5 — 10.0 — 1.6
lb — 3.1 — — — — — — —
2
2a
2b a n d  2b +  5

10.0 — — — 5.7 9.1 1.2 — —

— 6.3 — 36.8 22.6 45.5 2.5 0.7 —
2c
2d

— — — — — — 3.7 — —

3
3a
4

3.3 - — - - - — - —

10.0 3.1 _ 21.1 35.9 36.4 45.0 61.4 46.9
5 16.7 — 14.2 15.8 7.5 — — 25.5 16.1

N o t ch arac te ris tic — — — — 1.9 6.0 8.8 4.4 —
N o t ty p ab le — 9.4 28.6 5.2 1.9 — 15.0 2.9 30.6

N u m b er o f exam ined stra in s 30 32 21 19 53 33 80 137 62

b io ty p e s . S tra ins o f b io ty p e  1 were p re d o m in a n t from  1972 to  1974. T hey  were 
o u sted  b y  b io ty p e  3 from  1975. S trains o f  b io ty p e  2 were com m on on ly  betw een  
1972 a n d  1974. F igure  5 show s th e  su b d iv ision  o f no t ty p ab le  s tra in s  according 
to  b io ty p es . The m a jo rity  of n t  s tra in s  w ere o f b io type  2 in  1972, 1974, 1977; 
in  th e  o th e r years m ost o f th em  fell in to  b io ty p e  3.

F o r a b e tte r  su b d iv ision  ad d itio n a l phages were used, because of th e  
in c reas in g  n u m b er of n t  s tra in s  in  th e  la s t  seven  year period . F ig u re  6 show s 
th e  subd iv ision  o f n t b io ty p es by  th e  help  o f six ad d itio n a l phages betw een

Table I I I

Phage type distribution o f  S. typhi-m urium  strains o f  anim al origin in

1961 -1965 1966 -1970

Phage type
Poultry Cattle Meat-

produet

Hygienic
exam ination,

other
animals

Poultry Cattle Meat-
product

H ygienic
exam ination,

other
animals

l 7.4 7.4 40.0 33.3 1.9 5.4 1.9
la  var. 1 13.6 55.5 — 30.9 3.3 4.1 — 5.7
2b 19.7 18.6 — — 7.2 1.3 2.7 13.3
4 29.6 3.7 20.0 2.4 69.3 44.6 56.0 30.5
5 9.9 — — 16.7 4.6 2.7 9.3 36.2

N o t typab le 6.2 — — 14.3 1.3 28.4 8.0 7.6
O thers 13.6 14.8 40.0 2.4 12.4 13.5 24.0 4.8

N u m b er of exam ined
stra in s 81 27 5 42 153 74 75 105
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strains o f an im al origin in  H ungary 1961—1981

1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 Total

4.2 2.2 6.2 3.1 4.2 1.6 8.1 3.6
1.1 2.2 6.7 4.6 4.2 4.6 — 2.4 1.6 3.5 — 1.6 3.2
5.3 8.5 9.5 4.6 3.9 1.5 0.9 4.0 1.3 3.5 8.5 3.2 5.3
— — — — — — — — — 0.4 — — 0.1
— — 1.1 — 0.3 — — 1.6 3.1 — — — 1.0
— — — — — — — — — 0.4 — — < 0.1

11.6 1.8 10.6 33.5 6.6 12.1 24.2 16.8 10.4
10.6

26.2 21.6 17.7 14.3
1.6
1.1
0.2
0.3

2.1
— - -

0.9
— 2.1 6.4 2.3 5.7 6.5

— 1.1 — ___ ___ ___ 0.2 ___ 3.8 4.9
56.8 67.7 51.4 39.2 42.1 69.7 36.7 19.2 15.1 19.3 16.1 35.5 36.8
10.5 2.2 2.8 — 0.9 — 2.2 1.6 2.1 0.4 1.9 1.6 3.6

6.3 3.5 2.8 3.6 5.1 — 5.5 20.0 1.3 — 0.9 — 3.8
2.1 11.9 7.8 11.4 31.8 12.1 28.4 28.0 52.7 35.9 41.5 29.0 25.0

95 226 179 194 333 66 235 125 385 259 106 62 2732

1979 and 1981. T he su b ty p es dete rm in ed w ith ad d itiona l phages p rov ided  valu -
able resu lts  fo r epidem iological exam in a tio n s.

O ut o f  th e  9254 S .  t y p h i - m u r i u m s tra in s  exam ined  from  1978 to  1981,
1145 stra in s  (i. e. 12.4% ) belonged to  S .  t y p h i - ■ m u r iu m  v a r. C o p en h a g en  (h u m an
stra in s in  12 .1% , anim al s tra in s  in  14 .2% , w a te r s tra in s  in  14.9% /I. T ables V,
V I and  V II d em o n stra te  th e  subd iv ision  o f S .  t y p h i - m u r i u m var. C o p e n h a g e n
stra in s accord ing to  phage an d  b io ty p es (1978/1981). S tra in s of h u m an  and
anim al origin belonged in th e m a jo rity  to  ph ag e  ty p e  21> an d  nt., s tra in s iso la ted

percentage according to the sources o f  isolation H ungary , 1961--1981

1971-1975 1976-1981

Poultry Cattle M eatproduct
Hygienic

exam ination, P ou ltry Cattle M eatproduct
Hygienic

examination,
o ther animals other animals

0.7 l i . i 7.5 3.7 0.2 2.5 10.2 0.8
4.4 5.5 13.1 6.4 2.8 5.0 3.2 1.7

13.7 3.5 6.5 16.4 28.3 9.2 5.7 13.2
71.4 29.8 25.2 27.7 27.0 13.4 7.6 23.4
0.7 2.1 0.9 1.4 2.0 2.5 1.9 0.6
4.4 48.3 31.8 29.4 23.3 59.8 61.2 47.1
4.7 9.7 15.0 15.0 16.4 7.6 10.2 13.2

527 144 107 220 541 119 157 355
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F ig . 1. Incidence of h u m an  S . typ h i-m u riu m  s tra in s  an d  d is trib u tio n  of th e  freq u en t p h age  
ty p e s  (1960-1981). ■" —  to ta l  nu m b er o f iso la te s ; = =  — • nu m b er o f phage ty p ed  s tra in s ;
— — — — — stra in s  o f phage ty p e  2b; — . — . — . — stra ins o f p hage  ty p e  4; ----------

n o t ty p a b le  s tra in s

F ig . 2. Incidence of an im al S. typ h i-m u riu m  s tra in s  an d  d is trib u tio n  of th e  freq u en t p hage  
ty p e s  (1961-1981). — —  to ta l n u m b er o f iso la tes; —  —  n u m b er o f phage ty p ed  s tra in s ;
— — — — — stra in s  of phage ty p e  2b ; — . — . — . — stra in s  o f phage ty p e  4; ----------

no t ty p a b le  stra in s
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No of strains

Fig. 3. D istri b u tio n  of f re q u e n t phage types o f  S . lyp h i-m u riu m  s tra in s  o rig ina ting  from  w a te r  
(1973-1981). —  —  n u m b er o f phage ty p ed  s tra in s ; — — — — — s tra in s  o f phage ty p e  2b ; 

— . — . — . — stra in s  of phage ty p e  4 ; --------- - n o t ty p a b le  stra ins

from  w ate r were n t.  B io ty p e  5 was fre q u e n t am ong th e  S . typhi-murium  v a r. 
Copenhagen stra in s  o f ph ag e  ty p e  2b, o therw ise  phage ty p e  d is trib u tio n  acco rd 
ing  to  b io types w as s im ila r to  th a t  o b serv ed  am ong S . typhi-murium  s tra in s .

1972 1973 T9*. 1975 1376 1977 1978 t979 1960 1961 years
Fig. 4. Subdivision of h u m an  S. typ h i-m u riu m  s tra in s  of phage ty p e  4 according 

to  bio types (1972—1981)
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Table IV

Phage type distribution o f  S. typhi-m urium  strains isolated from  water in  H ungary ,
1973-1981

-------  Year
Phage type  ~ 1973 1974 1975 1976 1977 1978 1979 1980 1981 Total

l 2.9 6.2 2.2 3.5 4.9 5.1 2.0 3.4
la 25.9 2.9 5.0 4.3 8.1 6.6 — — — 5.2
l a  v a r. 1 — 5.8 2.4 4.3 — 8.2 7.7 19.4 7.7 5.4
lb — — — 2.2 — — — — — 0.2
2 — — — — 1.2 6.6 2.5 2.8 — 1.4
2a — — — — 3.5 — — — — 0.6
2b 25.9 23.2 7.4 26.1 12.8 4.9 15.4 2.8 17.3 14.3
2c — — — — — 11.4 — 2.8 — 1.6
2d — — 3.7 — 1.2 — 2.5 — 7.7 1.8
3a — — — — — — — 11.1 5.6 1.4
4 22.3 23.2 22.3 17.4 12.7 8.2 10.3 2.8 7.7 14.7
5 — 5.8 — 13.0 3.5 — — — — 2.6

N o t characteris tic — 4.3 3.7 — 7.0 — — — — 2.4
N o t ty p ab le 25.9 31.9 49.3 30.5 46.5 49.2 56.5 58.3 52.0 45.U

N u m b e r of exam ined 
stra in s 27 69 81 45 86 61 39 36 52 497

Table V

Phage type distribution o f hum an S. typhi-m urium  var. Copenhagen 
strains in H ungary 1978—1981

~~ ___ ______  Year
Phage type — -------- 1978 1979 1980 1981 Total

l 5 2 l 8
la 5 3 l l 10
la  va r. 1 2 4 7 12 25
2 7 — — — 7
21) 48 85 108 188 429
2c — — — 1 1
2d 2 5 17 9 33
3a 1 10 13 20 44
4 9 9 9 12 39
5 1 30 3 1 35

Not characteris tic 13 3 2 — 18
N ot ty p ab le 67 115 57 113 352

Total 160 226 217 358 1001
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Not typabte
strains
•/. No. 126 261 272 540 674 677 921 616 1157 867

Bk*ype

(ИЗ 2
CZJ 3 
CD 5

1972 «73 «74 1975 1976 «77  «Ж  197S « 0 0  1381 years

Fig. 5. Subdiv ision  o f hum an , n o t ty p a b le  S. typ h i-m u r iu m  s tra in s  according to b io ty p es
(1972-1981)

No. of strains
1100 '

1000

900;

800

700

600

500

400

300

Nt subtypes

ED

□
П

E3
□

Nt 1 
Nt 1/30 
Nt 1/35 
Nt 1/30/35 
Nt 2/30+
other Nt subtypes

200

1979 '81 1979 ’81 1979 '81 years
80 '80 80 biotypes
1 2 3

F ig. 6. Subdivision of h u m an , no t ty p ab le  S. typ h i-m u r iu m  b io types b y  ad d itio n a l phages 
(1979-1981)
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Table VI

Phage type distribution o f S. typhi-m urium  var. Copenhagen strains o f 
animal origin in Hungary, 1978—1981

Phage type 1981 T otal

1 1 3 — — 4
la  var. 1 — — — 2 2
2b 4 18 12 5 39
2c 10 — — — 10
2d — — — 1 1
3a — — 1 1 2
4 1 2 1 2 6

N o t typab le 38 9 4 1 52

T otal 54 32 18 12 116

Table VII

Phage type distribution o f S. typhi-murium var. Copenhagen strains isolated 
from  water in Hungary, 1978—1981

Phage type 1978 1979 1980 1981 Total

l a  var. 1 — — 2 — 2
2 1 1 — — 2
2b — 2 — 1 3
2d — — 1 1 2
3a — — 2 3 5

N ot typab le 1 5 6 2 14

Total 2 8 11 7 28

D iscussion

O n th e  basis of th e  d a ta  co llected  b y  th e  bacterio log ical lab o ra to rie s  of 
th e  P u b lic  H ea lth  S ta tio n s , since 1960 S . typ h i-m urium  w as th e  m ost freq u en t 
in  each  y ear b u t 1980. A ccording to  th e  rep o rt o f th e  H u n g a ria n  N a tio n a l 
S alm onella  C entre [4] th e  n u m b er o f d ifferen t k inds o f sero types iso la ted  in 
one y e a r  was betw een  66 an d  75 an d  S . typ h i-m u riu m  w as th e  m ost com m on 
b e tw een  1972 and  1976. T herefore, i t  w as needed to  su b d iv ide  f irs t  th is  sero
ty p e  fo r epidem iological purposes b y  m eans of phage a n d  b iochem ical ty p in g . 
Y early  analysis o f th e  iso lates from  epidem ics and  spo rad ic  cases rev ea led  th a t  
be tw een  1960 an d  1975 th e  h ighest p o in ts  o f the  cycles w ere caused by  ep idem 
ics an d  th e  low er periods were due to  sporad ic  cases. F ro m  1976 onw ards spo-
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rad ie  cases a m o u n ted  to  6 5 -6 8 %  of th e  iso lations. F o r th is  epidem iological 
observ a tio n  an  e x p lan a tio n  w as given b y  s tu d y in g  th e  changes in  th e  p re d o m 
inance of phage types. T he change in th e  p red o m in an ce  of phage ty p e s  oc
curred  in  1976 (phage ty p e  4 was ousted  b y  ty p e  n t) ;  d u rin g  th is period  th e  
n u m b er o f spo rad ic  cases increased  g radua lly  w ith o u t th e  developm ent of 
sign ifican t epidem ics.

A m ong th e  an im al s tra in s  th e  iso lates from  p o u ltry  belonged m ain ly  to  
phage ty p e  4 b e tw een  1961 an d  1981, those iso la ted  fro m  c a ttle  were in  th e  
m a jo rity  of phage ty p e  la  v ar. 1, 1 and  4 betw een  1961 an d  1970, and  n t  from  
1971 to 1981. T he change in  th e  predom inance of phage ty p e s  observed am ong  
th e  hum an  s tra in s  (4 —> n t) p ro b ab ly  refers to  th e  co n ta m in a tio n  from  c a ttle .

I t  is d ifficu lt to  com pare phage ty p es found  in  H u n g a ry  and  those re p o r t
ed  from  o th e r coun tries, because d ifferen t m ethods are  used  in  d ifferent co u n 
trie s . The f irs t  S . ty p h i-m urium  phage ty p in g  schem e w as e labo ra ted  by  F e lix  
an d  Callow [6]. T h e ir m eth o d  consisted  f irs t  o f 11 phages, la te r  of 14 an d  29 
phages [7] an d  th e  s tra in s  w ere subd iv ided  in to  12, 17 a n d  34 phage ty p es , 
respectively . A nderson  et al. |8 ] repo rted  a schem e acco rd ing  to  w hich 207 
ph ag e  ty p es w ere d istingu ished  w ith  34 phages. A fte r th is  schem e a n o th e r, 
com pleted  v a r ia tio n  w as used, b u t  i t  has n o t been p u b lish ed  [9]. L illeengen 
[10] described a m e th o d , w hich consists of 27 ty p es using 12 phages. The m eth o d  
rep o rted  b y  S cho ltens [11] an d  G uinée e t al. [12] was u sed  in  th e  N etherlands. 
K ü h n  et al. [13] pub lished  th e ir  epidem iological observ a tio n s an d  phage ty p in g  
re su lts  using th e  sam e m ethod  as we did in  th e  sam e period . Am ong h u m an  
s tra in s  th e  freq u en t phage ty p es w ere: 2d (1968/69), 4, 2 v a r . 1, 2b, l a  and  n t. 
A m ong  the  an im al s tra in s  iso la ted  from  p o u ltry  and  c a ttle  th e  com m on phage 
ty p e s  were 2 v a r. 1 an d  4. A ccording to  d a ta  from  th e  G erm an  D em ocratic  
R epub lic , th ere  in  1981 th e  n t s tra in s  were th e  m ost freq u en t, and  using F e lix -  
C allow ’s ty p in g  m eth o d , m ore th a n  80%  of th e  s tra in s  belonged  to  th is group. 
T herefo re , L illeengen’s phage ty p es  were also used  [14]. L alko  an d  Buczow ski 
[15] also subd iv ided  F e lix -C allow ’s [6] phage ty p es using  L illeengen’s schem e 
[10]. B randis e t al. [16] found  th a t  th e  s tra in s were n o t ty p a b le  or no t ch a rac 
te r is tic  in  64 .2% , using  A nderson’s type-phages in  th e  G erm an  F edera l R ep u b 
lic in 1971.

S. typ h i-m u riu m  var. Copenhagen stra in s exam ined in H u n g a ry  betw een  
1978 and  1981 w ere iso la ted  from  p o u ltry , ca ttle , pigeons an d  rab b its .

Phage and  b io ty p e  resu lts o f S. typh i-m urium  s tra in s  w ere com pleted  w ith  
d e te rm in a tio n  of an tib io tic  resistance p a tte rn s  an d  c h a ra c te riz a tio n  of R-plas- 
m id s; th is will be re p o rte d  in an o th e r paper.
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EPIDEMIOLOGICAL ANALYSIS OF SALMONELLA 
TYPHI-MURIUM INFECTIONS ON THE BASIS 

OF LABORATORY METHODS
I I .  R E SIST A N C E  TO A N T IB IO T IC S  AND R -P L A S M ID  C A R R IE R  STA TE 

IN  S A L M O N E L L A  T Y P H I - M U R I U M  ISO L A T E D  IN  H U N G A R Y  
IN  T H E  P E R IO D  1974 TO 1981*

H e d d a  M i l c h , V e r a  G .  L á s z l ó  a n d  S .  N i k o l n i k o v

N ationa l In stitu te  o f  Hygiene, B udapest 

(R eceived S ep tem b er 26, 1983)

P hage  and b iochem ical ty p in g  of Salmonella typ h i-m u riu m  s tra in s  perfo rm ed  in  th e  
course o f th e  Salm onella S urveillance P ro g ram m e were com ple ted  w ith  ex am in atio n s on resis
tan ce  to  an tib io tics an d  R -p lasm ids. A to ta l  o f 15 600 stra in s  o f h u m an , an im al an d  w a te r  o r i
gin w ere te s te d  betw een 1975 an d  1981 a n d  m o st of th e  m o n o res is tan t s tra in s  were found  am ong 
th e  an im al stra ins (73 .6% —9 4.9% ), while double  resistance w as th e  m o st f req u e n t am ong th e  
h u m an  stra in s  (5 .5 % -2 5 .5 % ) an d  m u ltires is tan ce  occurred in  th e  h ig h est ra tio  (2 .8 % -2 5 .6 % ) 
am ong th e  stra in s  of w a te r  o rig in . T etracycline  resistance was th e  m o st f req u e n t in  all th e  th ree  
m ate ria ls . T he curves re p re se n tin g  the  incidence of te tracy c lin e  (Tc), ch loram phenico l (Cm ), 
s trep to m y c in  (Sm), k an am y cin  (K m ) resistance  were sim ilar to  th e  cu rve  of m ultip le  resistance  
and d iffered  from  the  cu rv e  show ing th e  incidence of am picillin  (A p) resistance. G en tam icin  
resis tan ce  was found on ly  am ong  h u m an  stra in s  (in 0.3 and  0 .7 % ), s tra in s  re s is ta n t to n i tro 
fu ran to in  an d  co-trim oxazole  occurred  am o n g  stra ins of h u m an  and  w a te r orig in  in  low p e r
cen tages. T he m ost com m on  a n tib io tic  re sis tan ce  p a tte rn s  o f th e  m ultip le  re s is ta n t s tra in s  
were Tc, Cm, Sm, K m , A p, S u ; T c, Sm, Su; Sm , K m , Ap, Su. M ultip le  re s is ta n t s tra in s  belonged 
in th e  m a jo rity  to phage ty p e  n t  (n o t ty p ab le )  an d  2b. O ut of th e  exam ined  512 S . typ h i-m u r iu m  
s tra in s  re s is ta n t to  an tib io tic s , th e  presence of R -p lasm id  was d e m o n s tra ted  in  408 stra in s  (i.e. 
79 .7% ). T he R -plasm ids, d e riv ed  from  s tra in s  o f hum an , an im al and  w a te r orig in , of phage 
ty p e  n t ,  b io ty p e  3 (nt/3) iso la te d  in  1979, w ere characterized  acco rd ing  to  th e  resistance  d e te r 
m in a n ts ,/ i - c h a ra c te r ,  in co m p a tib ility -g ro u p , phage-inh ib ition  and  m olecular w eight. Tw o 
k inds o f R -plasm ids were c a rr ied  by  th ree  h u m an  stra ins (F I  an d  H , F I  and a). R -p lasm ids 
belonging to  Inc  P and In c  H  w ere carried  by  one anim al s tra in . S tra in s  iso la ted  from  sewage 
carried  R -p lasm ids of In c  g ro u p s  H  and la .  O u t of th e  exam ined  15 S. typ h i-m u r iu m  s tra in s  
o f phage ty p e  2b, iso lated  in  1981, th e  m olecu lar w eight for 7 s tra in s  was 66 Md and  four 
belonged to  In c  la . The R -p lasm id s derived  from  2b/2 stra in s , iso la ted  in  th e  sam e co u n ty , 
were id en tica l according to  a n tib io tic  re sistan ce  d e te rm in an ts , phage in h ib itio n  an d  m olecu lar 
w eight. T he m olecular w e ig h ts o f R -p lasm ids derived from  10 stra in s  o u t of th e  exam ined  30 
n t  s tra in s  w ere also 66 Md a n d  th e  four exam in ed  plasm ids belonged also to  In c  la . O u t of th e  
ex am ined  15 2b and 30 n t  s tra in s  S. typ h i-m u riu m  var. Copenhagen were 12 an d  9 s tra in s , 
re spec tive ly . Plasm id c h a ra c te riz a tio n  co m ple ted  w ith  d e te rm in a tio n  of p h ag e-in h ib itio n  
effect gave a fu rth e r p o ss ib ility  to  trace  p lasm ids epidem iologically.

T he Salm onella S urveillance P rogram m e co o rd in a ted  b y  th e  W orld 
H ea lth  O rganization  s ta r te d  in H u n g a ry  in  1972 [1]. B esides phage an d  b io typ -

H e d d a  M il c h , V e r a  G. László , Se r g e i  N ik o l n ik o v  
N ational In s titu te  of Hygiene,
H-1966 B udapest, P.O.B. 64, H ungary

* This research was carried out w ithin the scope o f No. 07/6-10/017 “ Genetic and Molecular Biologic Characterizatiou 
of Epidemiologically, Economically and Clinically Im portan t B acterial Plasmids”  research program m eof theH ungarianM inistry  
of H ealth.
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ing  re p o rte d  previously  [2] it  was im p o r ta n t to  d e te rm in e  th e  incidence of 
a n tib io tic  resistance an d  R -p lasm ids an d  th e  ch a rac te riza tio n  o f R -plasm ids. 
T h e  p re se n t paper gives a n  accoun t of ou r stud ies on an tib io tic  resistance  of 
S . typ h i-m u riu m  s tra in s  iso la ted  in H u n g a ry  during  7 years, th e  incidence of 
R -p lasm id s  and th e ir  c h a ra c te riz a tio n .

M aterials an d  m ethods

S tra ins. A to ta l o f 15 600 S. typ h i-m u riu m  s tra in s , 13 974 h u m an  s tra in s , 1 230 anim al 
s tra in s  a n d  396 stra ins iso la ted  fro m  w ater, w ere te s ted  for sen sitiv ity  to  a n tib io tic s . The stra ins 
w ere iso la ted  in the  ep idem io log ical-bacterio log ical lab o ra to ries o f 20 reg ional Public  H ealth  
S ta tio n s  and  were sen t to  th e  P h ag e  R esearch  D ep artm en t of th e  N a tio n a l In s t i tu te  of H ygiene 
fo r p h ag e  typ ing .

A ntib io tic  sensitiv ity  w as d e term ined  to  te tracy c lin e  (Tc), ch loram phenico l (Cm), s trep 
to m y c in  (Sm ), kanam ycin  (K m ), neom ycin  (N m ), am picillin  (A p), su lp h ad im id in e  (Su), na li
d ix ic  acid  (Nal) b y  th e  use  o f “ R esis tes t”  disks (H u m an  In s t i tu te  for Serobacteriological 
P ro d u c tio n  and R esearch , B u d a p es t) ; in  th e  y ears 1980 and  1981 su lp had im id ine  was no t used 
an d  a d d itio n a lly  gen tam ic in  (G m ), co-trim oxazole (Cot) and  n itro fu ra n to in  (F t)  were applied.

M edia . To de te rm in e  p h ag e-re stric tio n , m ea t-e x trac t b ro th  and  ag ar (O xoid n u tr ie n t 
b ro th  N o. 2) were used. F o r  R -p lasm id  tran s fe r  an tib io tic  co n ta in ing  ag ar (Cm , Tc, K m : 20 
//g /m l; Sm , Ap: 30 p g/m l; r ifa in p ic in  (rif): 250 //g /m l; N al: 50 //g /m l), and  for an tib io tic  sensi
t iv i ty  te s t  Mueller—H in to n  a g a r  w as used.

R -p lasm id  transfer w as carried  ou t b y  th e  b ro th  m ethod : th e  2 h  b ro th  cu ltu res of the  
d o n o r a n d  recip ien t s tra in s  w ere  m ixed 1 : 1 and  added  to  4.5 m l b ro th , a f te r  o v e rn ig h t in cu b a 
tio n  a t  37 °C dilu ted  an d  0.1 m l q u an titie s  p la te d  on selective m edia  an d  in cu b a ted  a t  37 °C 
fo r 17 h . The colonies w ere  su b cu ltu red  on selective agar p la tes.

Recipient strain. E scherichia coli J5 -3  F - R ~ r if r.
D etermination o f  f i  character. R -p lasm id  was tran sferred  to  E . coli K l  2 H frH  na lr stra in  

a n d  th e  H frH  R + cu ltu re  w as te s te d  for visib le lysis on p la tin g  w ith  m ale specific phages 
Ms2 an d  f2 by  spo t te s t.

Incojnpatibility groups  w ere d e term ined  as described in  [3—5].
To determine phage inhibition/restriction  th e  follow ing phages w ere used : T l—T7, Ф 2 

[6] a n d  th e  E. coli ty p e  p h ag es 2, 3, 4, 6, 7, 12, 14, 15, 16, 17, 18, 23, 24 [7].
P lasm id molecular weight was de te rm in ed  according to  B im bó im  a n d  Doly [8], in 

agarose-gel electrophoresis. A s s ta n d a rd  p lasm ids S-а (In c  W ) 23 M d; R N 3 (In c  N) 33 M d; R1 
( In c  F I I )  62 Md; R 40a ( In c  C) 96 M d; T p l l 6  (In c  H ) 143.7 Md; R478 (In c  S) 166 Md were 
used .

R esults

Sensitiv ity  to an tib io tics . F igure  1 shows the  re su lts  of an tib io tic  sensitiv 
i ty  te s ts  of S. typ h i-m u riu m  s tra in s of hum an , an im al and  w a te r origin iso lated  
be tw een  1975 and  1981. M onoresistance varied  am ong th e  h u m a n  stra ins be
tw een  61.4%  and  8 4 .3 % , am ong th e  an im al s tra in s  betw een  73 .6%  and 94.9% , 
a n d  am ong th e  s tra in s  iso lated  from  w ate r betw een 62.8%  an d  80.8% . The 
ra te  o f double re s is tan ce  was 5 .5 % -2 5 .5 % , 0 .9 % -2 0 .0 %  an d  2 .8%  and  19.7% , 
respective ly . T he inc idence  of resistance  to  th ree  or m ore an tib io tics was 
4 .4 % -1 1 .9 %  am ong h u m a n  s tra in s , 1 .7 % -9 .7 %  am ong an im al stra ins and 
2 .8 % -2 5 .6 %  am ong th e  s tra in s  of w a te r origin. P redom inance  of m onoresis
ta n c e  was observed am o n g  an im al s tra in s , o f double resistance  am ong hum an  
s tra in s  and of m u ltip le  resistance am ong th e  s tra in s  o f w a te r  origin.
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Fig. 1. A n tib io tic  resistance  of S. typ h i-m u riu m  s tra in s  iso lated  in  th e  period 1975—1981. 
H =  stra in s  o f h u m an  orig in ; A =  stra in s  of an im al orig in ;

W =  s tra in s  o f w a te r  origin

The incidence of resistance to  single an tib io tics am ong  hum an , an im a l 
an d  w a te r s tra in s  is given in  percen tages in  F igs 2a-2e. F ig u re  2/a show s th e  
cu rv e  of Tc, 2 /b :C m , 2/c:Sm , 2 /d :K m  an d  2/e:A p resistance. Tc resistance w as 
th e  m ost f req u en t in all the  th ree  m ateria ls . A m ong the  h u m a n  stra ins it v a ried  
be tw een  7.5%  an d  20.0%  an d  w as follow ed b y  Sm, A p, Cm and  K m  (N m ) 
resistances. A m ong th e  an im al s tra in s  Tc resis tan ce  varied  betw een  0 an d 9 .6 %  
an d  th e  order o f frequency  o f th e  an tib io tic s  w as th e  fo llow ing: Sm, Ap, K m  
(N m ) and  Cm. T he incidence of Tc resistance  w as the  h ighest am ong the  s tra in s  
o rig in a tin g  from  w a te r  (3 .8 % -2 8 .2 % ), Tc resis tan ce  was follow ed by  Sm , Cm , 
K m  (N m ) and  A p resistance . T he curves rep resen tin g  the  freq u en cy  of Tc, Cm , 
Sm  an d  K m  resistances are sim ilar betw een  1975 and  1981, b u t  differ from  th e  
Ap resistance  curve . A m ong th e  h u m an  s tra in s  Tc, Cm, Sm , K m  resis tan ce  
show ed th e  h ig h est value in  1978, Ap res is tan ce  in  1975. A m ong th e  an im a l 
s tra in s  th e  frequency  of Tc resistance  w as th e  h ighest in  1978, th a t  of Cm re s is 
tan ce  in  1977, 1979, 1980, o f Sm resistance  in  1978, of K m  resistance  in  1977 
an d  1979, and  of A p resistance in  1976. A m ong th e  stra ins iso la ted  from  w a te r  
th e  p eak  frequency  of resistance was reached  in 1977 and 1979 w ith  all o f th e  
exam ined  an tib io tics . R esistance to  g en tam ic in , co-triinoxazole and n itro fu 
ra n to in  occurred  am ong h u m an  s tra in s  in  1980 (0.7% , 1 .4% , 2 .8% , resp ec 
tive ly ). In  th e  y ea r 1981, am ong h u m an  s tra in s  Gm resistance was found in
0 .3% , Cot resistance  in  0 .4% , F t  resistance in  9 .0% ; am ong s tra in s  of w a te r  
origin Cot and  F t  resistance  w as found  in 3 .9%  an d  1.9% , respective ly .

F igu re  3 show s th e  incidence of m u ltip le  re s is tan t s tra in s  according to  
th e ir  origin. The curve  of m u ltip le  resistance  an d  th e  curves o f T c, Cm, Sm, K m
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Fig. 2. R esistance  to  a n tib io tic s  o f S. lyp h i-m u riu m  s t r a in s . ---------- s tra in s  of h u m an  orig in ;
— — — — s tra in s  o f  an im al origin; — . — . — . — stra in s  o f w a ter orig in

years

Fig. 3. M ultiple re s is ta n t  S. typh i-m urium  s t r a in s . --------- - s tra in s  o f hu m an  orig in ; — — —
stra in s  o f  an im al origin; — . — . — stra in s  o f w a te r  origin
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resistance are  sim ilar, b u t  differ from  th e  А р -resistance curve. The ra te  of 
m ultip le  res is tan ce  w as th e  h ighest am ong th e  h u m an  s tra in s  in  1977 an d  
1978, am ong th e  an im al s tra in s  in  1979 an d  am ong th e  w a te r  stra ins in  1977 
an d  1979. T he m ost com m on an tib io tic  res is tan ce  p a tte rn s  am ong th e  m u ltip le  
re s is tan t s tra in s  w ere, b e tw een  1975 an d  1981: Te, Cm, Sm , K m , Ap, Su; Tc, 
Sm , Su; Sm , K m , A p, Su. T he m ost com m on phage ty p e s  am ong m u ltip le  
re s is tan t s tra in s , d u ring  th e  sam e period w ere n t,  2b, 4 an d  5. In  th e  y e a r 
1981, m u ltip le  res is tan ce  w as th e  m ost fre q u e n t am ong  2b and  n t  s tra in s  
(11.7%  and  8 .9 % , resp ec tiv e ly ), am ong th e  o th e r phage ty p e s  m ultip le  res is
tan ce  was fo u n d  on ly  in  2 .5 % .

Occurrence o f  R -p lasm ids. A to ta l of 512 re s is ta n t S . typ h i-m u riu m  s tra in s  
iso la ted  b e tw een  1976 an d  1981 were exam ined  for th e  p resence of R -p lasm ids. 
R -plasm ids w ere d e m o n s tra te d  from  408 s tra in s  (79.7% ). A ll o f th e  120 resis
ta n t  s tra in s, exam ined  in  1980 and  1981, w ere R -p lasm id  carriers . The crosses 
w ere carried  o u t w ith o u t m obiliza tion . O u t o f th e  408 R + s tra in s  356 s tra in s  
were of h u m an , 36 of an im al and  16 of w a te r  origin. T he R + stra in s belonged  
in  78.9%  to  phage ty p es n t ,  2b and  5 (52 .7% , 14.7%  an d  11 .5% , respective ly ).

Characterization o f  R -p lasm ids. R -p lasm ids carried  b y  n t  an d  2b s tra in s  
were charac terized , because m ost of th e  m u ltip le  re s is ta n t an d  R -p lasm id  c a r
rier s tra in s ex am in ed  b e tw een  1979 and  1981 belonged to  th ese  phage ty p es .

Table I

Characterization o f  R -plasm  ids carried by hum an S. typh i-m urium  stra ins o f phage type  
nt/biotype  3, isolated in  1979

H o st s tra in  R -p lasm id

Designation
Resistance

determ inant
M olecular 
w eight, Md

Inc
group

Fi-
charac-

ter Ф2

Phage inhibitio 

T-phages

n of £ .  coli  phages 

type phages

l * Tc, Cm 98 FI + + 1 ,4 , 5 14, 23, 24

2a* Km 78 FI + + 1 ,4 ,5 12, 14, 16. 23,24

2b* Tc. Cm 98 H — — 1,4 23

3a Tc, Cm, Sm FI + + 1 ,4 ,5 2, 3, 7 ,1 2 ,1 4 , 23, 24

3b Tc, Cm 98 H + + 1,4 14, 23, 24

4a Km F I + + 1 ,4 ,5 2 ,1 4 ,2 3 .2 4

4b Tc, Cm 92 l a — + 1 ,4 , 5 2, 1 4 ,23 ,24

5 Km , Ap 68 Iá — — 4 4, 14, 15, 16

6 Tc, Cm, K m 127 — — — —

7 Tc, Cm, Sm , K m 133 H — — — —

8 Tc, Cm, Sm 141 H - — - -

*  The host s tra in  was S. t y p h i - m urium var. 'C o p e n h a g e n
. =  not exam ined
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R -p lasm ids, derived from  a n tib io tic  re s is ta n t stra ins o f p h ag e /b io ty p e  n t/3 , 
iso la ted  from  sporadic h u m a n  cases, ex am in ed  and ch arac te rized  in 1979 are 
lis ted  in  T ab le  I. O ut of th e  fo u r h u m an  s tra in s  belonging to  the  sam e phage 
an d  b io ty p e , tw o kinds o f  R -p lasm id  w ere carried  by  th re e  s tra in s. P lasm ids 
o f In c  F I  an d  In c  H  w ere ca rried  b y  tw o  s tra in s  and  p lasm ids of In c  F I  an d  
I  a  w ere carried  b y  one s tra in , an d  one o f th e  s tra in s  w as S . typ h i-m u riu m  
v a r. Copenhagen. P lasm ids belong ing  to  In c  F I  and In c  H  differed in  re sp ec t 
of p hage  in h ib itin g  effect a n d  m olecu lar w eight.

F o u r  plasm ids, derived  from  s tra in s  iso la ted  from  foodstuffs of an im al 
orig in  w ere ch aracterized . Tw o kinds o f R -p lasm id , In c  P  (K m ) an d  In c  H  
(Tc, Cm) w ere h arb o u red  b y  one s tra in  iso la ted  from  sausage. Single p lasm ids 
belong ing  to  Inc  I a, Ico a n d  W were ca rried  b y  the  o th e r s tra in s  iso la ted  from  
pork . Tw o R -plasin ids, d eriv ed  from  tw o s tra in s  iso lated  from  sewage, w ere of 
In c  H  an d  I  oc, respective ly  (T able II) .

R -p l asm ids, carried  by  45 S. typ h i-m u riu m  s tra in s o f p h ag e /b io ty p e  n t/2 , 
n t/3 , 2b/2 iso lated  in 1981, w ere exam ined . T ab le  I I I  show s th e  c h a rac te riza tio n  
o f th e  R -p lasm ids carried  b y  th e  s tra in s  o f  phage ty p e  2b an d  th e  d a ta  o f th e  
h o st s tra in s . All p lasm ids w ere ch a rac te rized  on th e  basis o f / i-p ro p e r ty , phage- 
in h ib itio n  and  m olecular w eigh t. A m ong th e  15 ex am in ed  phage ty p e  2b 
s tra in s , 7 carried  R -p lasm ids w ith  a m o lecu lar w eight o f 66 M dal. B y  these  
R -p lasm ids Tc; Tc, K m ; T c, A p and  A p resistances w ere d e te rm in ed  a n d  four 
be longed  to  In c  group I  a. R -p lasm ids o f 66 M dal d e te rm in in g  Tc a n d  Ap 
resis tan ces  h ad  no p h ag e-in h ib itin g  effect. T he tw o R -p lasm ids c a rry in g  Tc, 
K m  resis tan ce  d e te rm in an ts , h a d  o rig in a ted  from  th e  sam e co u n ty  an d  inh ib -

ТаЫе II

Characterization o f  R -p lasm ids carried by S. typhi-m urium  stra ins o f phage type  
nt/biotype 3, o f  anim al and water origin , isolated in  1979

H o st strain R-plasm id

D esign ation
Resistance M olecular Inc F i-

charac-
ter

Phage inh ib it ion  o f  E . coli phages

determ inant w eig h t, Md group
Ф2 T-phages typ e phages

9 A Tc 72 l a — -j- 4 4, 1 4 ,15 ,16 , 23

10 A Tc, Cm, Km 112 I (O — + — —

11a A Ivin 62 p - + 1, 3, 4, 5 23,24

l i b  A Tc, Km 1 1 5 H - — - —

12 A Cm, Ap w - + 1 , 4 , 5 14,16,23

13 W Tc, Cm, Km 118 H — + — —

14 "W Tc, Cm 90 l a — + 1 ,4 ,5 14, 23,24

A =  stra ins of anim al origin 
W =  stra ins of w a ter origin 

. - - no t exam ined
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Table III

Characterization o f  R -p lasm ids carried by S . typh i-m urium  strains o f  phage type 2b, isolated
in  Í981

Host strain R-plasm id

Bio-
Serovariant

Place of Desig- Molecular Resistance
Phage inhibition o f E. coli phages

type isolation nation weight, Md determ inant
02 T-phages type phages

l — C ounty  Pest l 62 Tc + 3 14, 15,16
2 — C ounty  Tolna 2 62 Tc, Cm — — —
2 Copenhagen C ounty  Veszprém 3 56 Tc - - —
2 Copenhagen C ounty  Heves 4 66 Tc — — —
2 Copenhagen B udapest X. 5* 66 Ap — — —
2 Copenhagen C ounty  Vas 6* 66 Ap — - —
2 Copenhagen C ounty  Veszprém 7* 66 Ap - - —
2 Copenhagen C ounty Szolnok 8* 66 Tc, K m + 3 14 ,1 5 ,1 6

2 Copenhagen C ounty  Szolnok 9 66 Tc, K m + 3 14, 15, 16

2 Copenhagen C ounty  Zala 10 70 Tc — — —
2 Copenhagen C ounty Zala 11 70 Tc - - —
2 Copenhagen C ounty B aranya 12 100 Tc, K m - 1,5 14. 23,24

2 Copenhagen C ounty B aranya 13 100 Tc, K m — 1, 5 14 ,2 3 .2 4
2 Copenhagen C ounty  Som ogy 14 126 Tc, K m — 1,5 14. 23, 24

3 — B u d ap est X. 15 66 Tc, Ap — — —

*  In c  la

ited  phages T3, 14, 15 an d  16. The R -plasm ids, h a rb o u red  by  2b/2 stra ins, 
iso la ted  from  th e  sam e c o u n ty  (Nos 8, 9 an d  Nos 12, 13) w ere id en tica l in re
spect o f resistance d e te rm in an ts , phage-in h ih itin g  p ro p e rty  and  m olecular 
w eigh t. T he s tra in s of p h ag e  ty p e  2b c a rry in g  R -p lasm ids w eighing 66 Mdal 
were S. typh i-m urium  v a r . Copenhagen, ex cep t one.

T ab le  IV  shows th e  p lasm ids of n t  s tra in s , the  m a jo rity  of w hich belonged 
to  b io ty p e  3. O u t of th e  exam ined  30 s tra in s , 10 s tra in s  carried  R -p lasm ids 
w eighing 66 M dal an d  th e ir  resistance d e te rm in an ts  w ere Ap, Tc; K m , Ap; 
th e y  w ere sim ilar to  th o se  observed  fre q u e n tly  am ong th e  2b s tra in s . A ccording 
to  in co m p a tib ility  g roup ing , the  four p lasm ids of 66 M dal m olecular w eight 
also belonged  to  Inc I a. O u t of th e  10 n t  stra ins c a rry in g  R -p lasm ids of 66 
M dal, on ly  th ree  were v a r . Copenhagen. O u t of th e  10 R -p lasm ids w eighing 66 
M dal (in four cases I  a), 7 d id  n o t in h ib it phages.

In  fou r cases th e  R -p lasm ids carried  by  pairs o f s tra in s , o rig ina ted  from  
th e  sam e area , and  w ere id en tica l accord ing  to  phage in h ib itio n  and  m olecular 
w eigh t: 66 M dal (Ap; A p, K m ) from  c o u n ty  Veszprém  (N os 27, 28); 72 Mdal 
(Tc, A p; T c, Cm, Ap) from  B udapest (N os 30, 31); 86 M dal (Sm , A p; T c, Cm,
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Table IV

Characterization o f  R -plasm ids carried by not typable S. typh i-m urium  
strains isolated in 1981

Host strain  R-plasmid

Bio-
Serovariant Place o f isolation

Desig-
Mole
cular

Phag'
Resistance

e inhib ition  of E .  coli  phages

type nation weight/
Md

determ inant
Ф2 T-phages

type-
phages

l — C ounty  Szabolcs 16 66 Ap — — —

l Copenhagen C ounty  H a id ú - 
B ihar 17 90 Tc _ 5 14. 23

2 — B u d ap es t IX . 18* 66 K m , Ap — - -

2 Copenhagen C ounty  H eves 19* 66 Ap — - -

2 Copenhagen C ounty  P est 20 72 Tc, Cm — 1 ,5 14,23

2 Copenhagen C ounty  F e jér 21 90 Ap - - 12

2 Copenhagen C ounty  F e jér 22 90 Tc, Ap — - -

2 Copenhagen C ounty  Szabolcs 23 92 Ap - - -

2 Copenhagen C ounty  Szabolcs 24 132 Ap - - -

3 — C oun ty  Békés 25 66 K m , Ap + 3 -

3 - C oun ty  B a ran y a 26 66 Tc - — -

3 - C oun ty  V eszprém 27 66 K m , Ap — - -

3 - C oun ty  V eszprém 28* 6 6 Ap — - -

3 — C ounty  V eszprém 29 6 6 Ap 1 ,3 ,5 16,23

3 - B u d a p es t I I . 30 72 T c, Ap 4~ 1 ,3 ,5 14, 23, 24

3 - B u d a p es t V. 31 72 Tc, Cm, Ap -L 1 ,3 ,5 14,18, 23 
24

3 - C oun ty  H ajdú- 
B ih ar 32 72 Tc, Cm, Km _

3 - C oun ty  Veszprém 33 80 Tc, Ap - - -

3 — C ounty  Borsod 34 86 Tc, Cm, Ap + 1, 3, 5 14,23, 24

3 - B u d ap es t X I I I . 35 86 Sm , Ap — 1, 3, 5 14, 23, 24

3 - B u d a p es t X I I I . 36* 86 Tc, Cm, Km , Ap + 1 ,3 ,5 1 4 ,23 ,24

3 - C oun ty  V eszprém 37* 86 K in , Ap — - -

3 - C oun ty  K om árom 38 90 Ap — 1,5 14,15, 24

3 — B u d a p es t XV. 39 96 Tc, Cm - - -

3 — C ounty  Szabolcs 40 96 Tc, Cm, K m — - -

3 - C oun ty  Békés 41 96 Tc — - -

3 — C ounty  Pest 42 138 Tc, Cm + 3 I t .  15, 16

3 - C ounty  Pest 43 138 Tc, Cm 4- 3 1 4 ,1 5 ,1 6

3 Copenhagen C oun ty  P est 44* 66 Ap — - —

3 Copenhagen C oun ty  Csongrád 45 66 Ap — — 12

* Inc la
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K m , Ap) from  B u d ap est (N os 35, 36), an d  138 M dal (Te, Cm) from  c o u n ty  
P est (N o. 42, 43).

T ab le  Y  sum m arizes th e  d is tr ib u tio n  o f th e  d e te rm in ed  and  ch arac te rized  
R -p lasm ids accord ing  to  m olecular w eight a n d  phage in h ib itio n . On th is  basis, 
63 R -p lasm ids w ere cha rac terized  and  27 accord ing  to  in co m p a tib ility  g roups. 
C erta in  In c  g roups could  be subd iv ided  in to  1-8  groups b y  th e  help of p h ag e  
in h ib itin g  p ro p e rty .

Tabic V

D istribution o f  S. typh i-m urium  R -plasm ids on the basis o f  In c  group, 
molecular weight and phage inhibition

Inc group Md (No. of R-plasmids)
No. of groups, on 

basis of phage 
inhib ition

Total num ber 
of R-plasm ids

FI 78 (1), 98 (1), ne (2) 4 4
la 66 (8), 72 (1), 86 (2), 90 (1), 92 (1) 5 13
1(5 68(1) 1 1
I CO 112(1) 1 1
H 98 (2), 115 (1), 118 (1), 133 (1), 141 (1) 3 6
p 62 (1) 1 1
w ne (1) 1 1
ne 56 (1), 62 (2), 66 (9), 70 (2), 72 (4), 80 (1),

86 (2), 90 (4), 92 (1), 96 (3), 100 (2), 126 (1), 
127 (1), 132 (1), 138 (2) 8 36

Total 63

ne =  not examined

D iscussion

C om paring  th e  resu lts  o f th e  frequency  o f an tib io tic  resistance  to th o se  
rep o rted  from  o th e r  coun tries, i t  was found  th a t  th e  ra te  o f an tib io tic  re s is ta n t 
s tra in s iso la ted  in  H u n g a ry  w as low er th a n  th o se  iso la ted  earlie r (1959-1969) 
in E ng land  an d  th e  N e th e rlan d s. A nderson rep o rted  th a t  th e  ra te  of re s is tan t 
s tra in s  increased  from  2 .9%  to  61%  betw een  1961 and  1965 [9] and G uinée, 
too  found  [10] th a t  th e  te tracy c lin e  resistance  o f S. ty p h i-m u riu m  stra ins iso 
la te d  from  liv esto ck  in  th e  N eth erlan d s b e tw een  1959 a n d  1969 increased  
from  6%  to  3 7 % . T he ra te  o f am picillin  re s is ta n t s tra in s increased  from  9 .8%  
to  H % , w hile th e  n u m b er of ch lo ram phen ico l re s is ta n t s tra in s  decreased from  
7%  to  2%  b e tw een  1966 a n d  1969. A m ong th e  an im al s tra in s  iso lated  in  
H u n g ary  from  1975 to  1981, te tracy c lin e  resistance  v aried  be tw een  5.9%  an d  
9 .6% , am picillin  resistance  b e tw een  0 .5%  and  9 .4%  an d  ch lo ram phen ico l resis-
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ta n c e  betw een  0 .4%  an d  3 .1 % . R esistance to  an tib io tics w as generally  h igher 
am o n g  h u m an  s tra in s  th a n  am ong th e  a n im a l stra ins, ex cep t am picillin  resis
ta n c e  (Tc resistance v a rie d  betw een  2 .7%  a n d  20.2% , A p resistance  betw een  
2 .7 %  an d  8 .8% , Cm resis tan ce  betw een  1 .5%  and 7.3% ).

A nderson  and  Lew is d em o n stra ted  [11] th e  anim al orig in  o f th e  an tib io tic  
r e s is ta n t  S . typ h i-m urium  s tra in s  in  1964-1965. A ccording to  th e  observ a tio n  
o f  R ow e an d  T hrelfa ll [12], th e  ra te  o f m u ltip le  re s is tan t s tra in s  was h igh  in  
E n g la n d  in  1968 an d  1978 (50%  and  3 3 % , respectively) an d  in  th e  sam e period  
th e  r a te  of th e  h u m an  m u ltip le  re s is ta n t s tra in s  was also th e  h ighest (24%  an d  
8 % , respectively ). In  c o n tra s t, in  H u n g a ry  th e  hum an  m u ltip le  re s is tan t s tra in s  
w ere m ore freq u en t th a n  th o se  of an im a l origin. The a n tib io tic  res is tan ce  of 
th e  H u n g arian  h u m an  s tra in s  o rig inated  p ro b ab ly  also from  th e  an im al s tra in s , 
b u t  th e  spread  of single resistance  d e te rm in a n ts  was ad v an ced  by  th e  th e ra 
p e u tic a l use of an tib io tic s  in  h u m an  th e ra p y .

T he m ost f re q u e n t an tib io tic  re s is tan ce  p a tte rn s  o f S. typh i-m urium  
s tra in s  in  th e  period  o f ex am in a tio n  w ere congruent w ith  th e  p red o m in an t 
S . typ h i-m urium  res is tan ce  p a tte rn s  re p o r te d  by  the  W orld  H ea lth  O rg an iza
t io n  in  1976 [13], w hich  sum m arized  th e  d a ta  from  19 co u n trie s  (Tc, Cm, Sm, 
K m , A p, Su).

T he incidence o f R -p lasm ids am o n g  th e  an tib io tic  re s is tan t s tra in s  
(79 .7% ) was in  ag reem en t w ith  th e  e x am in a tio n s  of N eu e t al. [14] carried  ou t 
in  N ew  Y ork  S ta te  in  1975 and  w ith  th e  find ings of T a n a k a  et al. [15] and  
M akino  e t a l .[16] J a p a n  in  1970-1979. S tud ies were p u b lish ed  by  A nderson  
[17] on th e  ch a rac teris tic s  o f R -p lasm ids derived  from  S . typ h i-m urium  s tra in s  
iso la ted  from  differen t p a r ts  o f th e  w orld . I t  was estab lished  th a t  p lasm ids of 
p a r tic u la r  in co m p a tib ility  groups show ed a regional p redom inance . O u tb reak s 
w ere caused b y  s tra in s  ca rry in g  group I  a  p lasm ids in  N o rth  an d  W est E urope, 
G reece and  Mexico, an d  group N in S o u th  A m erica ( f i+). T he Inc I a plasm ids 
w hich  were com m on in  M exico d e te rm in ed  Ap, Km resistances, s im ilarly  to  
th e  p lasm ids of 66 M dal m olecular w eig h t frequen t in  H u n g a ry  in  1981. Inc 
l a  p lasm ids were fre q u e n t also in J a p a n  (15]. B ezanson an d  Lior [18] p u b 
lish ed  a s tu d y  on th e  incidence and  ty p e s  o f R -plasm ids occurring  in  salm onellae 
in  C anada where p lasm ids of In c  group  l a  were m ost com m on am ong s tra in s  
iso la ted  from  anim als an d  feeds, and In c  H  plasm ids w ere encoun tered  in b ac 
te r ia  from  hum ans. In  th e  M iddle E a s t  p lasm ids of In c  F I  were com m on while 
in C anada Inc 112 p lasm ids p red o m in a ted  in stra ins of b o th  hum an  and anim al 
orig in . A nderson’s [17] analysis on th e  regional p redom inance  of R -p lasm ids 
rev ea led  th a t  in  re c e n t years ex tensive  h u m an  o u tb reak s  o f severe sa lm onel
losis have been caused  b y  s tra in s c a rry in g  resistance p lasm ids in  m an y  p a rts  
o f  th e  w orld. P o h l e t al. [19] ex am in ed  S . typ h i-m u riu m  s tra in s in  F rance ; 
o u t of th e  iso la ted  165 R -plasm ids 148 belonged to  In c  group H , phages ?. 
a n d  T7 were re s tr ic te d  b y  th e  14 exam ined  R -p lasm ids. The carried  resis-
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tan ce  d e te rm in a n ts  w ere Te, Cm, Sm , K m , like w ith  th e  In c  H  R -p lasm ids 
iso la ted  b y  us.

In  d ifferen t s ta te s  of th e  USA id en tica l, O X A -2-/3-lactam ase d e te rm in in g  
p lasm ids w ere carried  b y  S. typ h i-m u riu m  v a r . Copenhagen stra in s [20].

M akino e t al. [16] found  tw o  k inds o f co n ju g a tiv e  R -p lasm ids on th e  
basis o f h e a t se n s itiv ity  in  30%  of 318 S . typ h i-m u riu m  s tra in s  iso la ted  from  
ca ttle . Tw o k inds o f con juga tive  p lasm id  w ere also d em o n stra ted  from  h u m a n  
an d  an im al S. typ h i-m u riu m  s tra in s iso la ted  in  H u n g a ry ; th e y  were se p a ra te d  
on th e  basis o f In c  group , p h ag e-in h ib itio n  an d  m olecu lar w eight (T able I  
and  I I ) .  R -p lasm ids o f In c  F I— H , F I — la ,  P — H  occurred  together.

A nderson  an d  Lewis [11] an d  A n derson  [9] w ere th e  f irs t to  p u b lish  
changes o f S. typ h i-m u riu m  phage ty p es as a re su lt o f phage re s tric tio n  caused  
by  R -p lasm ids. T he ph ag e  ty p e  of th e  rec ip ien t s tra in  changed  from  36 to  6 
a fte r  R -p lasm id  acq u is itio n ; for th e  phage re s tric tio n , tra n sfe r  fac to r A  was 
responsib le . Scholtens, to o  [21] found  changes in  ph ag e  ty p es due to  R -p la s 
m id, using  an o th e r ph ag e  set. H érm án  a n d  M ilch [22] tran fe rred  R -p lasm ids 
in to  w ild ty p e  S .ty p h i-m u r iu m  s tra in  of phage ty p e l  an d  th e  phage ty p e  changed  
to  n t  in  6 cases a fte r  th e  acqu isition  o f R -p lasm ids an d  to  2b in  th e  case of 
one R -p lasm id . This seem s to  offer an  e x p lan a tio n  fo r th e  fin d in g  th a t  m o st of 
th e  a n tib io tic  re s is ta n t S. typh i-m urium  s tra in s  iso la ted  in  H u n g ary  belonged  
to  phage ty p e  n t  an d  2b. R absch  e t al. [23] also co n v erted  phage ty p e  la  to  n t  
by  in tro d u c in g  an  R -p lasm id  iso la ted  from  a m u ltip le  re s is tan t n t  S . typh i-  
-m urium  s tra in .

T he p rocedures used  for ch a rac te riza tio n  of p lasm ids are tim e consum ing  
and  costly  so th a t  m uch  w ork  has been  sp e n t on  fin d in g  sim pler m ethods su it
able for epidem iological use. E c k h a rd t’s [24] agarose gel e lectrophoresis m e th o d  
can be used  for m olecu lar w eight e s tim a tio n  in  a given m olecular scale and  
G ran t an d  P itta rd  [25] rep o rted  a rep lica -m eth o d  to  fac ilita te  th e  in c o m p a ti
b ility  te s t.

A nderson  in  his review  on th e  geograph ical d is tr ib u tio n  of salm onella  
R -p lasm ids [17] lis ted  th e  phage re s tric tiv e  ty p e s  of p lasm ids and  exam ined  
th e  re s tr ic tio n  of salm onella  ty p e  phages. I n  o u r ph ag e-in h ib itio n  ex perim en ts 
w here re s tr ic tio n  has n o t been d em o n stra ted  in  all cases, E . coli ty p e  phages 
were used a fte r  th e  salm onella  R -p lasm id  had  been tran sfe rred  in to  E . coli 
K12 s tra in .

P h ag e-in h ib itio n  due to phage re s tr ic tio n  p roved  usefu l for g rouping  ce r
ta in  R -p lasm ids an d  to  com plete  o th e r m e th o d s of subd iv ision . On th e  basis of 
p h ag e-inh ib ition , exam in ing  R -plasm id acq u ired  E . coli s tra in s  w ith  T  phages, 
Ф 2 an d  E . coli ty p e  phages, R -plasm ids belonging  to  th e  sam e In c  group could  
fu r th e r  be subd iv ided . D ifferen t p h ag e-in h ib itio n  p a tte rn s  in  d ifferen t tra n s -  
co n jugan ts have  d raw n a tte n tio n  to  the presence of m ore th a n  one R -p lasm id , 
w hich th e n  could be d em o n stra ted  b y  o th e r m ethods. T hough  th ere  w as no
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s t r ic t  co rrelation  b e tw een  in co m p a tib ility  g roups an d  phage-in h ib itio n  p a tte rn s , 
som e p a rticu la r ph ag e-in h ib itio n  p a tte rn s  w ere observed, w hich  were c h a ra c 
te r is tic  o f given in co m p a tib ility  groups.

C om paring p lasm id  ch a rac te riza tio n  w ith  th e  epidem iological d a ta  it  was 
fo u n d  th a t  p lasm id  ch a rac te riza tio n  co m p le ted  w ith  th e  d e te rm in a tio n  of 
p h ag e-in h ib itio n  p rov ides fu r th e r  possib ilities to  prove or to  exclude th e  com 
m o n  source of p lasm ids. To trace  an ep idem ic process, it is n o t enough to  ty p e  
sero logically  th e  cau sa tiv e  agen t, to  c a rry  ou t phage and colicin ty p in g , b u t 
i t  is essen tia l to  an a ly se  th e  p lasm id  p ro file , too . P lasm id  profile  m eans, a cco rd 
in g  to  Tietze e t al. [26] and  B ru n n e r e t al. [27] th e  d em o n stra tio n  an d  c h a ra c 
te r iz a tio n  of th e  p lasm ids carried  b y  th e  b a c te ria  responsible for causing an 
o u tb re a k .

T he above re su lts  are th e  f irs t  s tep s  to w a rd  such com plex ex am in a tio n s.
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CHARACTERIZATION OF PSEUDOMONAS AERUGINOSA 
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BY SEROGROUPING, PHAGE SENSITIVITY 
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Pseudom onas aeruginosa strains isolated in the years 1977—1981 from drinking water 
samples fell into a large number of epidemiological units determined on the basis of serogroups, 
phage sensitivity and pyocin pattern. Strains isolated from water were, as a rule, sensitive to 
more phages than strains cultured from clinical material. The 427 water isolates fell into 8 
serogroups and 31 pyocin patterns; 25.1% were untypable by the pyocin method. The fre
quency of isolation of different phage patterns varied annually. The most frequent epidemiologi
cal unit, comprising 9.1% of the isolates, was (serogroup: phage pattern: pyocin pattern) 01: 
2/7/16/21/44/68/73/F7/F8/109/119x/352/1214/M4/Cll/C18/C21:123567; 73.8% of the strains be
longed to epidemiological units each represented by less than 4 strains. The large number of 
epidemiological units indicated that the distribution system had frequently been polluted with 
P . aeruginosa at different sites, but the organism was unable to invade the whole water supply 
system.

Serogrouping , phage ty p in g  an d  py o c in  ty p in g  are w idely  used fo r th e  
ep idem iological trac in g  of Pseudom onas aeruginosa iso la ted  from  clin ical 
sam ples. A few  d a ta  are availab le  for th e  serogroup  d is tr ib u tio n  of P. aerugi
nosa c u ltu red  from  w ater [1—3]. R ecen tly  we gave an accoun t !of th e  geogra
p h ica l occurrence of P. aeruginosa  serogroups and  th e  use o f sero ty p in g  in  
checking  th e  hygienic conditions of w a te r p la n ts  [4, 5]. Serological, phage and  
py o c in  ty p in g  w as used for trac in g  P . aeruginosa  associated w ith  a m ass p o llu 
tio n  o f a to w n  w a te r  supp ly  [6, 7]. T he p re se n t w ork  deals w ith  th e  co rre la tio n  
b e tw een  serogroup , phage sen s itiv ity  and  p y o c in  ty p e  of P . aeruginosa  iso la ted  
from  deep w ell w a te r  of th e  Szeged p lan ts .

M aterials and  m ethods

In the years 1977-1981, drinking water samples from the Szeged municipal water 
supply and peripheral sites yielded 427 P. aeruginosa  strains. For comparison, 100 P . aerugi
nosa strains from clinical samples were examined. The organism was isolated and identified as

P ir o s k a  K is s , J u d it h  L a n t o s , Z só fia  F ő d r e  
Public H ealth  Station
D erkovits fasor 7—11, H-6726 Szeged, Hungary 

B é l a  L á n y i

N ational In s titu te  of Hygiene
Gyáli ú t  2—6, H-1966 Budapest, Hungary

7* Acta Microbiologica Hungarica 32, 1985



100 KISS et al.

described in the Hungarian National Standard for the Examination of Water [8]. Serogrouping 
was performed as described by Lányi [9] and the serogroups were designated as in the scheme 
of Lányi and Bergan [10]. The phage pattern was determined by using the Colindale (London) 
phage set as described by Lindberg et al. [11]. Pyocin typing was performed according to Govan 
and Gillies [12] and Govan [13], and the result was recorded as a pattern of inhibition which 
the strain under investigation produced on indicator strains No. 1—8.

R esu lts

Phage sensitiv ity  o f  the isolates. P h ag e  1214 ac ted  th e  m ost freq u en tly  on 
th e  iso la tes (89 .2% ); p hages C18. 68 and  C l l  were n e x t in  order (86.6, 84.3 
an d  82 .3%  resp ec tiv e ly ). Phages M6, F 10 , 24 and  16 w ere th e  least ac tiv e , 
lysing  on ly  2.8, 4.1, 10.3 an d  11.2%  o f th e  s tra in s , respective ly .

F ig u re  1 shows th e  w id th  of phage sp ec tru m  for s tra in s  iso lated  from  w a te r  
an d  clinical sam ples. T h e  isolates w ere d iv ided  in to  th ree  a rb itra ry  g roups on 
th e  basis of th e  n u m b e r of phages ac tin g  on th em . I t  is seen th a t  62 .5%  of 
iso la tes from  w a te r  (F ig . la )  was ly sed  b y  8 to  14 phages, w hereas c lin ical 
s tra in s  (F ig. lb )  e x h ib ite d  a n arrow er sp ec tru m , being  ly sed  in  65.0%  b y  1 to  
7 phages and  only  2 8 .0 %  b y  8 to  14 phages.

T he phage se n s itiv ity  of th e  iso la tes v a ried  y ea rly , a lthough  th e  in c i
dence o f s tra in s  sen s itiv e  to  phages F10, Мб, C18 an d  24 was fairly  u n ifo rm  
th ro u g h o u t th e  e x a m in a tio n  period. S tra in s  sensitive to  phage C188 becam e 
v e ry  freq u en t in  1980, w hereas those  lysed  b y  phages C21, M4 and  31 show ed 
a h igh peak  in 1978. th e n  decreased steep ly . In  1979 th e re  was a m ark ed  fall 
in  se n s itiv ity  to  p hages 119 X and  73.

Correlation between phage patterns and serogroups. Iso la tes belonging  to  
th e  m ore freq u en t serogroups were classified  accord ing  to  th e  w id th  o f phage 
sp ec tru m  (Fig. 2). T h e  serogroups v a ried  in  th is  respec t, for exam ple g roup  
O10 consisted  m ain ly  o f  narrow  phage sp ec tru m  stra in s  (82.8% ) and  w ide spec
tru m  s tra in s  w ere a b se n t. In  o th e r serogroups, th e  incidence of wide sp ec tru m  
s tra in s  was fairly  u n ifo rm  (8 .5 -12 .5% ). T he serogroups d iffered also in  se n s itiv 
i ty  of th e  iso lates to  ind iv idual phages. F o r exam ple, serogroup 0 9  s tra in s  
w ere lysed  b y  phages 2, 44, F8 and  109 m uch  m ore freq u en tly  th a n  0 1  s tra in s . 
In  c o n tra s t, s tra in s  sensitive  to  phages 21 an d  73 occurred  m ore fre q u e n tly  in 
serogroup  0 1 .

T ab le  I  show s th e  serogroups o f s tra in s  belonging to  the  16 m o st fre 
q u e n t phage p a tte rn s . A correlation  is ev id en t: phage p a tte rn s  ch a rac te ris tic  
o f one given serogroup  were ab sen t or occurred  u n freq u en tly  in o th e r  sero 
groups. T w o -th ird s (66 .1% ) of th e  s tra in s  exam ined  belonged  to  a w ide v a r ie ty  
of p hage  p a tte rn s  sum m arized  in  T ab le  I  as “ o th e r phage p a tte rn s” ; each  of 
th e se  w as rep re sen ted  b y  less th a n  4 s tra in s .

Correlation between pyocin  pa tterns and serogroups. In  Table I I  th e  iso la tes 
are  classified acco rd in g  to  serogroup an d  pyocin  a c tiv ity  on ind ica to r s tra in s

Acta Microbiologica Hungarica 32, 1985



C H A R A C T E R IZ A T IO N  O F  P S E U D O M O N A S  A E R U G I N O S A 101

Fig. 1. W id th  of phage sp ec tru m  of P. aeruginosa  s tra ins , (a) 427 s tra in s  iso lated  from  w a te r; 
(b) 100 s tra in s  iso la ted  from  clin ical sam ples. N u m b e r of phages causing  lysis: sh ad ed  sectors, 

1—7; open  sectors, 8—14; h a tc h ed  sectors, 15—22

Fig. 2. W id th  of phage sp ec tru m  o f freq u en t se ro g ro u p s of P. aeruginosa. N um ber of phages 
causing  lysis: shaded sec to rs , 1—7; open sec to rs , 8—14; h a tch ed  sectors, 15—22
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Table I

Classification o f P. aeruginosa strains isolated fro m  water according to frequent phage patterns and serogroups

Оto

Sercgroup T o u ]

01 02 03 06 07 09 OlO Oil No. %

2/7/44/68/F8/109/119x/352/l 214/Cl 1/C18/C188 — — 17 — — 6 — — 23 5.4

7/21/68/73/119х/1214/М 4/С11/C18 17 - - - — — — — 17 4.1

7/21/68/73/1214/C11/C18 15 - - - — — — — 15 3.5

7/21/68/73/352/1214/C11/C18/C21 6 - - - - — - 8 14 3.3

21/68/73/109/119x/1214/Cll/C18/C21 13 - - — — - - - 13 3.0

2/7/44/68/F8/109/1214/M4/C11/C18/C21 - - - 1 - и - - 12 2.8

2/7/31/109/352/1214/C18 - - - - - и - - 11 2.7

2/7/16/21/31/44/68/73/K7/F8/109/119x/352/1214/M 4/ 
C l 1/C18/C21 8 — — — — — — — 8 1.9

7/21/31/44/68/73/F7/109/119x/352/1214/M 4/Cll/C18/
C21 4 __ — — — — — _ 4 0.9

2/7/44/68/73/109/119x/352/1214/C11/C18 - 4 - - - - - - 4 0.9

2/7/24/44/68/73/F7/119x /l 214/M4/C11/C18 - - - 4 - - - - 4 0.9

68/F7/119x/l 214/C18/C188 - - — - - - 4 - 4 0.9

7/44/68/F8/109/119x/352/l 214/C11/C18/C21 - - — — — — - 4 0.9

2/7/31/44/68/F8/109/1214/M4/C18 - — - - - 4 — — 4 0.9

2/7/31/44/68/109/119х/352/1214/Cl 1/C18/C188 - - - - — 4 — — 4 0.9

21/68/F7/119x/1214/Cll/C18/C188/C21 - - — - - — 4 — 4 0.9

O th er phage p a tte rn s 107 10 23 54 8 54 21 5 282 66.1

N um ber of stra ins 170 14 40 59 8 94 29 13 427 100.0
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Table I I

Classification o f  P . aeruginosa strains isolated fro m  water according 
to pyocin pattern  and serogroup

P yocin
p attern*

Serogroup

N o.

T otal

%0 1 0 2 0 3 0 6 0 7 0 9 OlO O i l

1 2 3 4 5 6 3 7 2 2 1 4 3 .3
1 2 3 4 5 — — — — — 3 — — 3 0 .7
1 2 3 5 6 7 1 — 1 5 l 1 — — 7 9 1 8 .5
1 2 3 4 7 5 — 1 l 1 1 2 6 — 5 1 1 1 .9
1 2 3 5 2 — — — — — — — 2 0 .5
1 2 3 6 2 — — — — — — — 2 0 .5
1 2 3 9 3 — 11 — — — — 2 3 5 .4
1 2 5 6 — — 1 — l — — — 2 0 .5
1 2 5 4 2 9 1 — 5 — — 2 1 4 .9
1 3 5 6 5 1 — — — — — 5 1 1 2 .6
1 3 4 — — — 2 — 1 1 — — 1 3 3 .0
1 3 6 1 — — — — — — — 1 0 .2
1 3 — — — — — 1 — — 1 0 .2
2 3 4 6 1 — — — — — — — 1 0 .2
2 3 4 — 1 — — — 1 — — 2 0 .5
2 3 5 6 — — — 1 — — — 1 2 0 .5
2 3 1 — 4 — — — — 5 1 .2
1 5 6 — — 1 — — 1 — — 2 0 .5
1 5 1 — — — 2 — — — 3 0 .7
1 3 — 1 6 6 — 2 — — 2 7 6 .3
2 5 6 — — — — — 1 — — 1 0 .2
2 4 — — — 2 — — — — 2 0 .5
2 — 1 3 6 — 2 — — 1 2 2 .8
3 4 5 — — — — — 1 — — 1 0 .2
3 5 6 7 — — 1 — — — 1 9 2 .1
3 4 — — 1 2 — — — — 3 0 .7
3 6 1 — — 1 — 1 — — 3 0 .7
3 5 — — 4 1 1 — 3 1 4 3 .3
5 6 3 — — — — 1 — — 4 0 .9
4 1 — — 1 — 1 — — 3 0 .7
5 2 — 1 — — — — — 3 0 .7
nt 4 1 1 7 1 1 2 4 3 1 1 1 0 7 2 5 .1

Total 1 7 0 1 4 4 0 5 9 8 9 4 2 9 1 3 4 2 7 1 0 0 .0

* In h ib itio n  p a tte rn  of the  stra in  on  in d ica to r stra in s  No. 1—6

No. 1-6 . S tra in s  belong ing  to  th e  m ost f re q u e n t serogroups 0 1  and 0 9  differed 
in th e  d is tr ib u tio n  of pyocin  p a tte rn s . In  serogroup  01  71 s tra in s  o u t o f 170 
fell in to  pyocin  p a t te rn  12356, w hereas th e  m a jo rity  of 0 9  s tra in s  w ere no t 
ty p ab le , i.e. th e y  ex e rted  no a c tiv ity  on  an y  of th e  six  in d ica to r s tra in s .

Epidem iological units. S tra ins fa lling  in to  th e  sam e serogroup, phage 
p a tte rn  an d  pyocin  p a tte rn  were reg a rd ed  to  belong to  one epidem iological 
un it. T ab le  I I I  charac terizes on the  basis of these  fea tu res  those epidem iologi
cal u n its  w hich  w ere rep resen ted  b y  4 or m ore s tra in s . To a w ide v a r ie ty  of 
epidem iological u n its  each  including less th a n  four s tra in s  belonged th e  m a jo rity
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Table II I

Classification according to epidemiological un it o f  P. aeruginosa strains isolated  
fro m  drinking  water

Epidemiological u n it
Strains

Serogroup Phage p attern Pyocin
pattern No. per cent

01 7/21/68/73/119x/1214/N 4/C ll/C 18 123567 14 3.3

21/68/73/109/119x/1214/Cl 1/C18/C21 123567 13 3.0
2/7/16/21/44/68/73/F7/F8/109/119x/352/l 214/M4/C11/C18/C21 123567 8 1.9

7/21/68/73/1214/C 11/C18 n t 6 1.4
7/21/68/73/352/1214/C11/C18/C21 123567 4 0.9

7/21/31/44/68/73/F7/109/119х/352/1214/М 4/С11/C18/C21 3 4 0.9

0 3 2/7/44/68/F8/109/119x/352/1214/Cl 1/C18/C188 17 17 4.1

0 6 2/7/24/44/68/73/F7/119 x /l 214/M4/C11/C18/C188 123567 4 0 .8

0 9 2/7/44/68/F8/109/1214/M4/C11/C18/C21 n t 10 2.3

2/7/31/109/352/1214/C18 13478 7 1 .6

7/44/68/F8/109/119x/352/l 214/C11/C18/C21 1237 4 0.9

2/7/31/44/68/F8/109/1214/M 4/C18/ n t 4 0.9

2/7/31/68/109/119x/352/1214/Cll/C18/C188 1257 4 0.9

OlO 68/F7/119x/1214/C18/C188 123478 4 0.9

21/68/F7/119x/1214/C11 /С18/С188/С21 123478 4 0  •

O i l 7/21/68/73/352/1214/C11/C18/C21 13557 5

O th e r epidem iological u n it 315 73.8

T otal 427

o f iso lates (73 .8% ). In  serogroup 0 1  s tra in s  w ith  pyocin  p a tte rn  123567 fell 
in to  4 d ifferen t p h ag e  p a tte rn s . In  sp ite  o f d ifferences in  sen s itiv ity  to  ce rta in  
phages (e.g. re s is tan ce  to  352/C21, 119x, M4 or 7/352/M 4), these phage p a tte rn s  
are  closely re la te d . In  view  o f lite ra ry  d a ta  on th e  frequen t in s ta b ility  of P. 
aeruginosa  phage p a tte rn s , th e  co rrespond ing  s tra in s  m ay  be reg a rd ed  as 
m em bers of one epidem iological u n it .  A ccord ingly , th e  m ost f req u en t P. 
aeruginosa ep idem iological u n it en co u n te red  in  th e  p resen t w ork h ad  th e  fo r
m u la  (serogroup: phage p a tte rn : pyocin  p a tte rn )  01:2/7 /16/21/44/68/73/F7/F8/ 
109/119x/352/1214/M 4/C ll/C 18/C 21:123567. T his u n it  was rep resen ted  b y  39 
s tra in s  (9.1%  of all isolates).
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D iscussion

In  B erg an ’s opinion [14, 15] there  appears to  be l i t t le  correlation  be tw een  
serogroups an d  phage ty p e s  of P. aeruginosa iso la ted  from  clinical sam ples. 
I to  and  K ag ey am a [16] show ed some association  b e tw een  pyocin sen s itiv ity  
an d  phage sen s itiv ity  an d  concluded th a t  pyocin  a n d  phage receptors w ere 
iden tica l. H o m m a and  Shionoya [17] su p p o rted  th is  assu m p tio n  b y  show ing  
th a t  an tip h ag e  serum  in h ib ite d  pyocin a c tiv ity  an d  v ice versa, a n tip y o c in  
serum  n eu tra lized  su scep tib ility  to  ce rta in  phages.

O ur p re sen t s tu d y  on iso lates from  d rin k in g  w a te r  show ed some co rre la 
tio n  betw een  serogroups an d  phage sen sitiv ity : th e  w id th  o f phage sp ec tra  an d  
th e  ly tic  p a tte rn s  were in  m an y  cases ch a rac te ris tic  o f in d iv id u a l serogroups. 
Iso la tes from  w a te r  d iffered  from  our clinical s tra in s  in  being  sensitive to  a 
w ider sp ec tru m  o f phages. A difference betw een  e n v iro n m en ta l and  clin ical 
P. aeruginosa  iso lates w as n o ted  by  A l-D ujaili and  H a rris  [18] who observed  
th a t  th e  fo rm er w ere less freq u en tly  ty p ab le  b y  th e  p y o c in  m ethod.

C om parison of our resu lts  of pyocin  ty p in g  w ith  t h a t  o f Csiszár an d  
L ány i [7] allow  a sim ilar conclusion: th e  Szeged d rin k in g  w a te r  s tra in s w ere 
u n ty p ab le  in  25 .1 % , w hereas th e  m ain ly  clinical iso lates o f  Csiszár and  L án y i 
on ly  in  9 .2% . T here appears to  be little  s im ila rity  in  th e  incidence of py o c in  
p a tte rn s  be tw een  our s tra in s  an d  those of Csiszár and  L án y i. E .g . stra ins b e lo n g 
ing  to  pyocin  p a t te rn  1234578 and  12357 (Gillies and  G o v an ’s pyocin ty p e s  1 
and  3) occurred  in  Csiszár an d  L án y i’s m a te ria l in  28.7 an d  20 .1% , respective ly , 
b u t were no t rep resen ted  am ong  th e  16 m ost freq u en t epidem iological u n its  o f 
our iso lates.

Csiszár an d  L án y i [7] described a considerable co rre la tio n  betw een se ro 
groups an d  pyocin  ty p es. Som e correlation  is ev iden t from  th e  p resen t find ings, 
too  (see T able I I ) .  I t  is w o rth  m en tion ing  th a t  in  our s tu d y  pyocin  p a t te rn  
123567 (Gillies an d  G ovan’s ty p e  22) s tra in s  were th e  m o st freq u en t in  sero- 
group 0 1  (T able I I I ) .  C onverting  L án y i’s orig inal serogroup  nom encla tu re  to  
th e  L án y i-B e rg an  system , i t  tu rn s  ou t th a t  th is  pyocin  ty p e  w as th e  m ost f re 
q u e n t in, and  occurred  in  fac t o n ly  am ong, serogroup 0 1  s tra in s  of Csiszár an d  
L ány i.

L ite ra ry  d a ta  th a t  P . aeruginosa b ac te ria  of a single ancestra l orig in  
m ay  suffer f re q u e n t a lte ra tio n s  in  phage p a tte rn  e ith e r w hile living in  th e ir  
n a tu ra l h a b ita t  o r in  th e  course of lab o ra to ry  iso lation , is supp o rted  b y  th e  
fin d in g  th a t  serogroup  01  pyocin  p a tte rn  123567 s tra in s  fell in to  four d ifferen t, 
y e t sim ilar phage p a tte rn s . P y o c in  ty p in g  m ay , accord ingly , he lp  in  e lucidating  
th e  source o f iso la tes d iffering som ew hat in  phage sen s itiv ity .

A lthough  th e  co n stan cy  o f some phage p a tte rn s  o f o u r stra in s m ay be 
questioned , i t  is ev id en t th a t  s till a very  w ide v a rie ty  of epidem iological u n its  
have  been iso la ted . T he high d iv e rs ity  in serogroups, p h ag e  sen sitiv ity  an d
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p y o c in  p a tte rn s  u n d o u b te d ly  shows th a t  in c id en ta l co n tam in a tio n s  w ere fre 
q u e n t, b u t none of th e  p o llu ta n t ep idem iological un its w as ab le  to  inv ad e  th e  
w hole w a te r supp ly  sy stem .
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BINDING OF LINCOMYCIN TO IMMUNOGLOBULINS HAS 
NO EFFECT ON THEIR ANTIGEN-BINDING 

CAPACITY

I. B a r c s , V e r a  B us  and I . D o b r o n y i

László Central H osp ita l fo r  Infectious Diseases, and  Central H osp ita l o f  H ungarian A rm y ,
B udapest

(R eceived D ecem ber 19, 1983)

The in te ra c tio n  of lincom ycin  an d  im m unog lobu lins w as exam in ed  in  v itro . W hile 
lincom ycin b o u n d  to  th e  im m unoglobulin  m olecules seem ed to  decrease  th e  q u a n tity  o f  IgG  
and  IgM d e tec ted  b y  rad ia l im m unodiffusion  an d  m icrozone e lectrophoresis, th e  level o f spec i
fic  antibodies cou ld  n o t be d em o n stra ted  by  enzym e-linked  im m u n o so rb en t assay (E L IS A ).

Unlike th e  m a jo rity  of an tim ic ro b ia l ag en ts  [1, 2], lincom ycin  is b o u n d  
to  th e  g lobulin  com ponen t of serum  [3, 4 |.  T he  an tib io tic  b o u n d  reversib ly  to  
p ro te in s in  se rum , w hich is in ac tiv e  m icrobio logically , rep resen ts  70 to  80%  o f 
th e  to ta l [3, 5, 6]. The th e rap eu tic  effect o f th e  d rug  is p ro longed  by  th e  d isso 
c ia tion  of lincom ycin  m olecules from  th e  d ru g -p ro te in  com plex  [2]. I ts  e lim i
n a tio n  h a lf life ranges from  4 to  5 h  an d  i t  is excre ted  in  a biologically ac tiv e  
form  [3, 5, 6].

A ccording to  our p re lim in ary  s tu d ies, th e  a lte ra tio n s  in  serum  p ro te in s  
caused by  lincom ycin  correspond to  a serious h y pogam m aglobu linaem ia  [7]. 
In  th is  rep o rt we h av e  s tud ied  w h e th e r th e  an tig en  b in d in g  cap ac ity  of im m u 
noglobulins w as affected  by  lincom ycin  th e ra p y .

M ateria ls and m ethods

H um an sera co n ta in in g  h igh lev e l-an tib o d ies  to  R ubella  v iru s, C ytom egalovirus an d  
Toxoplasma gondii w ere in cu b a ted  in  th e  p resence o f 10 mg/1 an d  20 m g/I lincom ycin (U p jo h n , 
P u u rs) a t  37 °C fo r 4 h  un d er m odera te  sh ak ing , a n d  w ere assayed  sim u ltan eo u sly  w ith  co n tro l 
sera in cu b a ted  w ith o u t drug. The sera w ere o b ta in e d  from  th e  D e p a rtm en ts  of M icrobiology 
and  of Clinical C hem istry  of th e  C entral H o sp ita l fo r In fec tio u s D iseases.

The level o f  antibodies was determined  b y  E L IS A  based  on a lk a lin e  phosphatase  re ac tio n  
b y  Cordia R , C ordia CMY and  Cordia T  d iag n o stic  k its  of Cordis L ab o ra to ries , Inc. (M iam i, 
F la . ,  USA); th e  ab so rb an ce  values w ere d e te c te d  b y  C ordis D ig ita l 405 P h o to m ete r II .

I STVÁN B a rc s , Y e r a  B us
László Central H ospital for Infectious Diseases 
H-1450 Budapest, P .O .B. 29, H ungary

I stván  D o br o n y i

Central Hospital of H ungarian  Army 
H-1553 Budapest, P .O .B. I, Hungary
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Electrophoretic analysis  o f h u m an  p lasm a  p ro te in s  [8] was carried  o u t in  1%  ag ar gel 
(O xo id , London) sta in ed  w ith  Coomassie B rillian t B lue R  250 (Sigm a, S t. Louis). E v a lu a tio n  
w as perfo rm ed  by  use o f th e  R ad elk is  D en sito m eter.

Quantitative determ ination o f  im m unoglobulins w as perform ed b y  single ra d ia l d iffusion  
acco rd ing  to  M ancini e t al. [9] using  h eavy- a n d  lig h t-c h a in  specific a n ti  IgG  and  h eav y -ch a in  
specific  a n ti  IgM (B ehring , M arburg).

R esu lts

T he densitogram s o f sera in cu b a ted  in  th e  presence a n d  absence o f linco- 
m y c in  are show n in F ig . 1. T here seem ed to  be a decrease in  th e  level o f a lp h a , 
b e ta  an d  f irs t of all gam m a globulins in  th e  presence o f 20 mg/1 lincom ycin  
(T able  I).

alpha-1 beta-1 gamma
albumin alpha-2 I beta-2

1 1 1 1 !

Fig. 1. A gar gel e lec tro p h o re tic  den sito g ram s befo re  and a fte r lincom ycin  t re a tm e n t. T he 
solid  line represen ts th e  e lec tro p h o re tic  se p a ra tio n  o f serum  p ro te in s  in  con tro l serum . The 

broken  line rep re sen ts  th e ir  a lte red  se p a ra tio n  a fte r  tre a tm e n t w ith  20 m g/1 of
lincom ycin

Table I

Change o f  the protein components o f  a serum treated with 
20 mg/l o f  lincomycin

Protein  com ponent
R atio  o f to ta l (per cent)

contro 1 treated

Album in 63.22 72.00
A lpha-1 globulin 4.98 3.55
Alpha-2 globulin 4.74 3.55
Beta-1 globulin 5.81 4.49
Beta-2 g lobulin 2.96 1.58
G am m a globulin 18.27 14.81

Acta Microbiologica Hungarica 32, 1985



B I N D I N G  O F  L IN C O M Y C IN 109

Sim ilar a lte ra tio n s  w ere observed  in  clin ical specim ens. A 41-year-o ld  
w om an w ith  b a c te r ia l en d ocard itis  and  sep ticaem ia  w as given lincom ycin  in  
com bination  w ith  to b ram y c in , am picillin  an d  m eth ic illin . T he a lte ra tio n s  in  
serum  p ro te in s a re  show n in  F ig . 2. Q u a n tita tiv e  changes o f IgG  and  IgM  in  
sera in cu b a ted  in th e  presence o f  lincom ycin  are  show n in  T ab le  II .

A B C

Fig. 2. A ltered e lec tro p h o re tic  se p a ra tio n  o f serum  p ro te in s du ring  lincom ycin  th e rap y . T he 
densitog ram s d e m o n s tra te  th e  change o f th e  ra tio  o f serum  globulins in  th e  serum  of a p a tie n t  
g iven  in trav en o u s ly  lincom ycin . A: before  ad m in is tra tio n  of lin co m y cin ; B : on 2nd d a y  of 

lincom ycin a d m in is tra tio n : C: on 6 th  day  of lincom ycin  a d m in is tra tio n

Table II

Change o f immunoglobulin level after lincomycin treatment

T yp e o f Q uan titity  o f  im m unoglobulins in grams per litre

globulin 1. 2. 3.

IgG 13.97 12.99 6.70
IgM 2.28 2.07 1.49

1. - control serum
2. =  after tre a tm e n t w ith 10 m g/1 of lincom ycin
3. =  a fte r tre a tm e n t w ith  20 mg/1 of lincom ycin

The an tib o d y  levels o f sam ples are p resen ted  in  T ab le  I I I .  L incom ycin 
in  th e rap eu tic  co n cen tra tio n  caused no change in  th e  specific  an tib o d y  level 
as com pared  to  co n tro l sera.
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Table II I

Level o f the specific antibodies in sera incubated with 20 mg/l o f lincomycin 

(A) IgG  ty p e  an tib o d y  to  C ytom egalovirus

Sample
CORDIA  CMV values*

control treated

1. 192 198
2. 85 82
3. 96 97

(B) IgG  type  a n tib o d y  to  R ubella virus

A ntibody-level (IU/ml)

control treated

1. 2.4 2.3
2. 1.4 1.3
3. 2.4 2 .8
4. 3.3 3.5

(C) IgG  and IgM ty p e  a n tib o d y  to T. gondii

A ntibody-level (IU/ml)
Sample

control treated

1. 239 264
2. 53 50

* The sera are negative  when CMV values are less th an  18, an d  positive when th ey  are 
equal to or g reater th a n  23.

D iscussion

The fac t th a t  som e an tib io tic s  a ffec t b o th  ce ll-m ed ia ted  and  h u m o ra l 
im m une  responses is well know n [10]. T h ere  are some d a ta  in d ica tin g  an  in h ib 
itio n  b y  lincom ycin  o f th e  a c tiv ity  o f phagocytes [11]. I t  was th ere fo re  of 
in te re s t w h e th e r th e  h u m o ra l im m u n e  response i.e. th e  specific im m u n ity  of 
m acroorganism s, w as d am aged  d u rin g  lincom ycin  th e ra p y .

O ur p re lim in ary  resu lts  [7] suggested  a sign ifican t (20 to  30% ) decrease 
in  th e  level of g am m a globulins b o th  in  hum ans an d  ex p e rim en ta l an im als 
du ring  lincom ycin  a d m in is tra tio n . N ea rly  the  in itia l q u a n titie s  of IgG  and 
IgM  were recovered  48 h  a fte r lincom ycin  ad m in is tra tio n  h a d  been d iscon tinued .

The observed  red u c tio n s w ere caused  no t by a ra p id  decom position  or 
excre tion  of im m unog lobu lin s: a f te r  e lim inating  th e  d ru g  b y  ac tiv e  carbon  
colum n, th e  in itia l Ig G  an d  IgM  values w ere detected .
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The a lte ra tio n  of b o th  th e  an tig en  s tru c tu re  an d  th e  e lec trophoretic  
m ob ility  of im m unoglobu lin  m olecules was caused  b y  th e ir  b ind ing  the  d ru g . 
T he a ltered  im m unog lobu lin  m olecules fa iled  to  be p re c ip ita te d  by  a n ti-h u 
m an  im m unoglobu lins. The in itia l physicochem ical an d  an tig en  properties of 
p ro te in s appeared  to  be restored  a f te r  d issocia tion  of th e  lincom ycin  m olecule
[4, 7].

A sensitive m e th o d  was selected  to  c larify  w h e th e r th is  change affec ted  
th e  an tib o d y  p ro p e r ty  of im m unoglobu lins. T he sera w ere exam ined o n ly  in  
v itro  since in a p rev io u s  s tu d y  we o b ta in e d  sim ilar re su lts  in  v itro  and  in  h e a lth y  
vo lun teers. O ur re su lts  showed no decrease in  th e  level o f  IgG  and  IgM  ty p e  
an tibod ies to  to x o p la sm a , R ubella v iru s  an d  C ytom egalov irus. This fac t speaks 
for th e  unchanged  a b ility  of th e  a lte red  im m unog lobu lin  m olecule to  b in d  to  
th e  antigen . In  o th e r  w ords, lincom ycin  th e ra p y  did n o t reduce  the level o f 
specific an tibod ies.
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REACTIVITY OF MOUSE ASCITIC FLUIDS CONTAINING 
MONOCLONAL ANTIBODIES DIRECTED AGAINST 

ADENOVIRUS HEXON

É v a  Á d á m , J .  E r d e i , A n n a  L e n g y e l , A n n a m á r i a  K a t o n a , G y . B e r e n c s i ,

J .  F a c h e t , I .  N á s z

In stitu te  o f M icrobiology , Semmelweis U niversity  M edical School, B udapest and Institu te o f  
Pathophysiology , U niversity  M edical School, Debrecen

(R eceived  Ju n e  25, 1984)

T h irty -tw o  m ouse  h ybridom a asc ites were p ro d u ced , co n ta in ing  h exon  specific m o n o 
clonal antibodies, u s in g  crystallized  liexons of h u m an  adenov irus ty p e  1 as im m unizing and  
selecting  antigen. T h e  re ac tiv ity  of th e  ascitic  flu ids w as te s te d  w ith  h ex o n  p repara tions o f 11 
d iffe ren t hum an  ad en o v iru s  species (serological ty p es) belonging to  4 d iffe ren t subgenera b y  
E L IS A  and  passive h a em ag g lu tin a tio n  (H A ) m ethods. B y these m eth o d s  th e  32 hyb rid o m a 
an tib o d ies  showed 4 a n d  12 d is tin c t re a c tiv ity  p a tte rn s  (ty p e  of cross-reac tions) respectively . 
In  th e  positive cases sign ifican t d ifferences could be d e tec ted  in  th e  t i t r e s  of the  hy b rid o m a 
an tib o d ies  in  b o th  E L IS A  and HA. I t  can  be assum ed th a t  adenov irus ty p e  1 hexon-re lated  
ep ito p es are p resen t on  a num ber of he tero logous h exons in  ch a ra c te ris tic  (interspecies) com 
b in a tio n s  for the  g iv en  hetero logous h ex o n  and th a t  a g ra d ie n t o f re la tio n sh ip  m ay ex is t 
am ong th e  an tigen ic  s tru c tu re s  of hexons of th e  d iffe ren t adenov irus species.

In  previous ex p erim en ts  th e  su p e rn a ta n ts  of h y b rid o m a clones d irec ted  
a g a in s t c rysta llized  hexon of adenov irus ty p e  1 were used fo r th e  analysis o f 
th e  an tigen ic  re la tio n sh ip  am ong hetero logous hexons. T he m onoclonal a n tib o 
dies in  th e  su p e rn a ta n ts  were te s te d  for th e ir  c ro ss-reac tiv ity  w ith  hexon p re 
p a ra tio n s  of nine d iffe ren t hetero logous h u m an  adenov irus species (type) belong
ing to  four subgenera . The diverse re a c tiv ity  profiles of th e  d iffe ren t su p ern a 
ta n ts  delineated  a n u m b e r of ad en o v iru s  ty p e  1 h ex o n -re la ted  an tigenic  d e te r
m in an ts  p resen t on th e  hetero logous hexons in d ifferen t in terspecies com bina
tions [1, 2]. In  th is  p ap er, the  c h a rac te riza tio n  o f ascitic  f lu id s  produced in 
m ice in jec ted  w ith  h y b rid o m a cells is repo rted .

M ateria ls and m ethods

Production o f hybridom as was c a rried  ou t as described  earlier [1] using  crystallized  
ad en o v iru s ty p e  1 hexons as im m unizing an d  selecting an tig e n  [3, 4]. T he nonsecre ting  p a ren ta l 
cell line, S p 2 /0  o rig ina ted  from  G. K öhler [5].
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Production o f ascites. C u ltiv a tio n  of an tib o d y -p ro d u cin g  h y b rid  cells was carried  o u t in 
P e tr i  dishes. E x p o n en tia l g ro w th  phase  cells (1—5 X 10(i) were se p a ra ted  fro m  th e  cu ltu re  m edia 
b y  cen trifu g a tio n  a t 200 g, th e n  suspended  in  0.5 m l PB S and in je c te d  in  m ice i.p . A fte r  7 to 
21 d a y s  th e  ascitic  flu id  w as su cked  off from  th e  abdom en, cen trifuged  an d  sto red  a t  —20 °C.

D eterm ination o f hybridom a antibody isotype. Iso type  of m onoclonal an tib o d ies was 
d e te rm in e d  b y  in d irec t solid p h ase  rad io im m u n o assay  as described b y  M ongini e t al. [6]. 
B rie fly , 96-well РУС m ic ro tite r  p la te s  (D y n a tech ) w ere coated w ith  100 //g /m l an tig en  so lu tion  
in  P B S . A fte r several w ash ings th e  coated  wells w ere incubated  w ith  th e  ascitic  flu id s d ilu ted  
1 : 100 in  PB S-B SA  (PB S co n ta in in g  1%  BSA an d  0 .1%  sodium  azide). B ound  an tib o d ies  were 
d e te c te d  b y  125I-labeled  iso ty p e  specific an tib o d ies . The specificity  o f an tib o d ies w as checked 
b y  th e  sam e m ethod  using m onoclonal an tib o d ies  o f know n spec ific ity  an d  iso type.

E nzym e-linked  Im m unosorbent A ssa y  ( E L I S A ) .  W ells o f 96-w ell f la t-b o tto m ed  p o ly 
s ty re n e  p la te s  (Falcon Micro T e s t I I  T. C. P la te s)  w ere coated w ith  50 //1 hexon d ilu tio n  o f th e  
d iffe re n t adenov irus ty p es in  P B S  (pH  7,4) a t  40 //g/m l final co n cen tra tio n . In  o rder to  p roduce 
p u rif ie d  hexon antigens, H E p -2  cells w ere in fec ted  w ith  th e  follow ing adenov irus species: 
ty p e s  1, 2, 5, and  6 (subgenus C), ty p es  8, 9, 10 a n d  13 (subgenus D ), ty p es  7 and  35 (subgenus 
B ) a n d  ty p e  12 (subgenus A). All th e  v iru s s tra in s  used  were p ro to ty p e  s tra in s  ex cep t ty p es  7, 8 
a n d  35. T ype  7 s tra in  was th e  P in k n ey  [7], ty p e  35 th e  H oldern iso la te  [8 ], while ty p e  8 s tra in  
w as iso la ted  and ch arac te rized  in  de ta il b y  us [9, 10]. M ain tenance a n d  in fection  of th e  cells 
a n d  p u rific a tio n  of hexon p ro te in s  by  c h ro m a to g ra p h y  were carried  o u t  according to  th e  m e th 
od described  earlier [3, 10, 11]. T he p la tes  w ere incu b a ted  ov ern ig h t a t  37 °C and a f te r  w ash
ing  tw o  tim es w ith  PB S co n ta in in g  0 ,5%  T w een  20, th ey  were covered  w ith  100 /Л of PB S 
co n ta in in g  0,5 м NaCl and  0 ,5 %  BSA. A fter 1 h o u r incubation  a t  37 °C, th e  wells w ere w ashed 
tw ice  an d  th en  50 jul of serial d ilu tions o f asc itic  flu id s were ad ded  p e r well and in cu b a ted  a t 
37 °C for 2 h. A ntibodies in  th e  ascitic  flu ids w ere tes ted  from  1 : 100 d ilu tio n  and  t it re s  were 
expressed  as log2X lO ~ 2. T h e re a f te r  th e  w ash ing  procedure was re p e a te d  four tim es, and 50 
//1 o f an ti-m ouse  IgG  p ero x id ase  con ju g a te  (H u m an ) were added  to  each  well in  1 : 500 d ilu 
tio n . Follow ing in cu b a tio n  fo r 1 h o u r a t  37 °C, th e  washing p ro ced u re  w as rep ea ted  an d  50 /d  
o f fresh ly  p rep ared  su b s tra te  (o -phenylene d iam ine) were added  to  each  well an d  in cu b a ted  
fo r 30 to 35 m in  a t room  te m p e ra tu re . T he co lour reac tion  was s to p p ed  b y  th e  a d d itio n  o f 50 /d 
4 M H 2S 0 4. The absorbance w as de te rm in ed  using  a T ite rtek  M ultiscan  pho to m eter equ ipped  
w ith  a 492 w avelength  f ilte r . D ilu tion  of asc itic  flu ids d isp lay ing  a t  lea s t th e  double  abso r
b a n ce  of negative  con tro ls w as considered  to  be positive.

Haem agglutination ( H A )  w as carried  o u t according to  th e  m eth o d  of Ross an d  G insberg 
[12] m odified  as described [1].

Gel precipitation  w as carried  ou t as described  earlier [11] in  1%  agar gel (D ifco, Noble) 
c o n ta in in g  3%  P E G  2000. T he an tigens w ere used  in 1 to 2 ing/m l co n cen tra tio n , th e  ascitic 
f lu id s w ere d ilu ted  to  1 : 3, 1 : 6 and  1 : 20. T en  /Л of antigens an d  d ilu ted  ascitic f lu id s were 
p u t  in to  th e  wells. The e x p erim en ts  were e v a lu a te d  afte r 24 h in c u b a tio n  a t  37 °C.

Im m unoosm ophoresis w as carried  ou t according to our m eth o d  fo r te s tin g  th e  an tigen ic  
s tru c tu re  of adenoviruses described  earlier [13, 14]. The an tig en s an d  th e  an tib o d ies  were 
s tu d ied  in  th e  sam e co n cen tra tio n  as described  for gel p rec ip ita tio n  ex p erim en ts. T he im m u n o 
osm ophoresis was carried  o u t w ith  a c u rre n t o f 40 m A for 3 h. A n tig en s and th e  asc itic  flu ids 
w ere p u t  in to  the  wells to w ard s  th e  anode a n d  th e  cathode, resp ec tiv e ly .

R esults

Reactivity patterns o f  ascitic f lu id s .  In  order to  exam ine th e  antigenic 
re la tio n sh ip  am ong d iffe ren t hexons, 32 ascitic flu id s con ta in in g  m onoclonal 
an tib o d ies  were te s te d  b y  bo th  E L IS A  and HA m eth o d s w ith  hexon  p re p a ra 
tio n s of 10 d ifferent hetero logous h u m a n  adenovirus species (serological types) 
be longing  to  4 d iffe ren t subgenera. Subgenus A was rep resen ted  by  one, subge
n us В by  tw o and  subgenus D by  fo u r v irus types. As th e  an tise ra  w ere p ro 
duced  against ty p e  1 hexon , belonging  to  subgenus C, a ll four m em bers of th is 
subgenus were inc luded  in  th e  ex p erim en ts  [15].
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T he n u m b e r o f reac tiv e  heterologous hexon  ty p es g iv ing  positive re su lts  
v aried  betw een  e ig h t an d  te n  in  E L IS A . T hese belonged m ain ly  to  m em bers of 
subgenus C an d  o f  subgenus D (Table I). T he n u m b er of reac tiv e  hetero logous 
hexon typ es v a rie d  betw een  fiv e  an d  te n  in  H A . These w ere also th e  m em bers 
of subgenus C a n d  ty p es  9 an d  13 of subgenus D. F o u r ascitic  flu ids re a c te d  
w ith  all te n  he tero logous ty p es in  E L IS A  an d  six teen  in  H A .

Table I

R eactivity patterns o f  32 hybridoma ascitic f lu id s  and their frequency  
tested by E L I S A  and haemagglutination (H A )

R ea ctiv ity with

Num ber o f  ascitic flu ids
hu man adenovirus ty p es according to subg<;nera

reactiv ity  pattern A В C D

12 7 35 1 2 5 6 8 9 10 13

4 + + + + + 4 * + + + -f- 1

1 — + + + 4 - + + + +
E L IS A  7 + + — + + + + + 4~ + -j-

2 0 — + — + + + + + + + +

Sum  to ta l of reactive
ascitic fluids i t 32 5 32 32 32 32 32 32 32 32

16 -4- 4 - + + _L _L_ _L _L_

2 + + — + + + + + + + +
1 + — + + + + + + + + +
4 + + + + + + + — + — +
1 + + — + + + + — + + +
l — + + + + + + — + + _L
1 + + — + + + + — + — +

HA 1 + — — + + + + + + — +
1 — + + + + + — + — -f-
1 — + — + + + + — + + 4-
2 — + — + + + + — + — +
1 — — + + + + — + — +

Sum  to ta l of reactive
ascitic fluids 27 29 23 32 32 32 32 2 0 32 22 32

The re a c tiv ity  p a tte rn s  (R P , i.e. ty p e  o f cross-reaction  o f a given ascitic 
flu id  w ith  th e  pan e l o f th e  hetero logous hexons) of th e  32 an tib o d ies  and  th e ir  
frequency  in  th e  tw o  assay  system s are d em o n stra ted  in  T ab le  I . F our R P s 
w ere observed w ith  E L IS A  an d  tw elve  ones w ith  H A . Two R P s  w ere iden tical 
in  th e  tw o assays. T h e  m ost f req u en t p a tte rn  in  E L IS A  was rep resen ted  b y  20 
clones, w hereas in  H A  an  o th e r one b y  16 clones.

T able I I  show s th e  ch a rac te riza tio n  of th e  in d iv id u a l asc itic  fluids on 
th e  basis of th e  c u m u la tiv e  resu lts  o b ta in ed  by  E L IS A  and  H A . E v a lu a tin g  
to g e th e r th e  reac tio n s of th e  ascitic  flu id s w ith  th e  tw o m eth o d s, 17 d ifferent 
R P s have been d istin g u ish ed . T hree  ascitic flu id s reac ted  w ith  all te n  hetero-
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Table II

Specificity o f  32 hybridoma ascitic f lu id s  characterized by the cumulative 
results obtained w ith E L IS A  ( E )  and haemagglutination (H )

H uman adenovirus types according to subgenera

Designation of A В C D
ascitic fluids

12 7 35 1 2 5 6 8 9 10 13
EH EH EH EH EH EH EH EH EH EH EH

H12, 1A3, 2C2 +  + + + +  + +  + “b  + 4~ + - b  + + + +  - b “b  ~b _l__ I

2A6 + + + + +  + + + + + + + +  + + - + + -1— +  +
2A1 - + + + + + + + + + - f - b +  - b +  + + + +  + - f  +
1A5, 11)6, 2C5, 2D6 + + “b  + - + +  + + + +  - b - b  + + + + + +  + - b - b
1C5 + + + + — + + + + + + + + ч— + + + + + +
2C1 + + + - — + + + + + + + + +  + + + + - + +
2A4
2D2, 1B5, 2C3, 2C6,

+ - + + — + + + + + + + + + - + + + - + +

2B3, 2C4, 1A6, 1B6 - + + + - + + + + + + + - b - b + + + + + + +  +
2B5, 2D1 — b + + — + + + + + + + + + + + + + + + +
1A2 — b 4— — b +  + + + + + + + + + + + + + + +
2A2, 2B1, 2A3 - + + + - + + + + + + + + + H— + + H— ~b +
1B2 — + + - + + + +  +- + + + + H— + + -1— + +
1C4 — +  + — + + + + + + + + -1— + + + + + +
2AS — + + — + + + + + + + + H— - b  -f- + - + +
2B2 -  + +  + — +  + + + + + + + + - + + H— + +
1D4 — +  + - + + + + + + + + + H— + + + + + +
1B1 — b H— — + + + + + + + + H— + + -1— - b - b

logous hexon typ es in  b o th  E L IS A  a n d  H A . S ixteen R P s rep resen ted  b y  29 
ascitic  flu ids w ere ch a rac te rized  w ith  c e r ta in  hexon ty p e s  b y  d ivergen t resu lts  
be tw een  H A  and  E L IS A . W ith  four ty p e s  2 R Ps (four asc itic  flu ids), w ith  three 
ty p e s  4 R P s (four asc itic  fluids), w ith  tw o  types 5 R P s (tw elve ascitic  flu ids), 
w ith  one ty p e  5 R P s (n ine  ascitic flu id s) exhib ited  p o sitiv e  E L IS A  an d  n eg a
tiv e  H A  te s ts  or vice v ersa . C onsidering the  in d iv id u a l ty p es of hexons, it  
m ay  be sum m arized  t h a t  each ascitic  an tib o d y  reac ted  sim ilarly  b y  th e  tw o 
m eth o d s w ith  ty p es 1, 2, 5 and  6 o f  subgenus C and  w ith  types 9 an d  13 of 
subgenus D. W ith  th e  ty p e  7 hexon o f subgenus B, th re e  an tibod ies reac ted  
d iffe ren tly . D iverse re su lts  betw een  th e  tw o m ethods w ere freq u en t fo r the  
o th e r heterologous h ex o n s exam ined . In  ab o u t one th ird  o f th e  seven teen  differ
e n t in terspecies specific ities (R Ps), each  clone ex h ib ited  un ique  re a c tiv ity  p a t 
te rn ; in  n early  tw o th ird  o f the  clones, how ever, 2 to  4 or even 8 clones d isp layed  
id en tica l p a tte rn s . M onoclonal an tib o d ies  in  all th e  32 ascitic  flu id s belonged 
to  IgG  subclass IgG  2a.

Comparison o f  E L I S A  and H A  titres o f ascitic f lu id s .  E L IS A  titre s  of 
th e  32 hybridom a asc itic  flu ids are sum m arized  in  T ab le  I I I .  M ean geom etric 
t i tre s  of ascitic flu id s  reac tiv e  w ith th e  d ifferent hetero logous hexon  ty p es  are 
also ind ica ted . M ean ti tre s  in the  cases of hexon ty p e s  of subgenus C and  of 
ty p es  8 and  9 of subgenus D were iden tica l or nearly  id en tica l w ith  th o se  ob
ta in e d  by  th e  hom ologous hexon ty p e  1 exam ined in  E L IS A  (Table I I I ) .  The
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Table III

E L IS A  titres* o f  32 hybr idoma ascitic f lu id s  with adenovirus hexons

H um an adenovirus types according to  subgenera
Designation of
ascitic fluids A B  C D

12 7 35 1 2 5 6 8 9 10 13

H 12 9 12 9 12 12 12 12 и 12 11 11
1A3 5 11 6 11 11 11 11 и 10 11 11
2C2 5 9 4 8 9 9 9 9 9 9 8

2A6 0.3 11 0.3 11 11 11 12 11 11 10 8

2A1 _*  * 8 3 9 9 10 10 9 9 8 8

2D 6 0.3 12 — 14 13 13 13 13 13 12 13
2C5 0.3 3 — 11 11 11 11 11 10 8 8
1A5 0.3 3 — 10 11 10 11 11 11 9 7
1D6 0.3 3 — 10 10 10 10 12 10 8 6

1C5 0.3 3 — 11 11 10 9 11 11 9 8

2C1 0.3 2 — 9 9 8 9 9 9 8 8

2 A4 0.3 3 — 8 8 8 8 7 7 6 8

2D2 _ 3 — 11 11 11 12 12 11 10 7
1B5 — 2 — 11 11 11 12 11 11 11 8
2C3 — 3 — 11 11 10 11 11 11 10 8
2C6 — 2 — 10 10 10 10 10 9 9 8
2B3 — 3 — 10 10 9 10 11 10 9 8
2C4 — 2 — 10 10 9 10 10 10 8 8
1Л6 — 2 — 10 10 9 10 10 10 8 6
1B6 — 2 9 10 9 10 10 10 8 6

2B5 _ 2 — 11 11 11 11 11 12 9 8
2D1 — 1 — 9 9 8 9 9 8 8 7

1A2 — 2 — 10 10 9 9 10 11 8 7

2A2 _ 3 _ 11 11 10 11 11 10 10 8
2B1 — 3 — 11 10 9 10 10 10 9 8
2A3 — 3 10 9 9 9 9 10 6 10

1B2 — 4 — 11 11 11 12 11 11 10 7

1C4 — 2 — 9 9 9 9 10 8 6 6

2A5 — 2 — 10 8 8 8 8 8 6 8

2B2 — 1 — 9 9 8 9 8 9 8 7

1D4 — 2 — 9 8 8 8 7 8 6 8

1B1 - 1 - 8 8 8 8 7 7 6 7

Mean titre s  of
reactive  ascitic 1.9 3.9 4.6 10.1 10 9.6 10.1 10 9.9 8.6 7.9
fluids:

* log.2X 10- 2. ** < 0 .3

m ean titre s  w ere low er in  th e  cases of ty p es  10 a n d  13 of subgenus D, th e  o th e r 
exam ined  ty p es  gave sig n ifican tly  low er m ean  ti tre s  th a n  th e  v a lu es  of hom o
logous hexon  ty p e  1. W ith  ty p es  12 and  35, m ark ed ly  fewer a sc itic  flu ids w ere
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reac tiv e  (Table 1). W h en  ev a lu a tin g  one b y  one th e  t i tre s  o f  th e  separate  asc itic  
flu id s, i t  could be seen t h a t  13 out of th e  32 ascitic  flu id s  h a d  higher titre s  w ith  
1 to  7 hetero logous h ex o n s th a n  w ith th e  hom ologous h ex o n  ty p e  1, b u t u su a lly  
on ly  by  one d ilu tio n  s tep . O nly the  t i t r e  o f  ascitic f lu id  1D6 was tw o s tep s  
h igher w ith  th e  he te ro lo g o u s hexon ty p e  8 th a n  w ith  th e  hom ologous ty p e  1. 
A scitic flu id  2C2 h a d  h ig h e r t i tre  w ith  7, asc itic  flu ids 1A5 a n d  1B6 w ith  4 each  
and  th e  o thers on ly  w ith  1 or 2 heterologous hexons th a n  th e  values o b ta in e d  
w ith  th e  hom ologous h ex o n . O ut of th e  13 asc itic  flu id s, e ig h t ascites h ad  h ig h 
er t i tre s  w ith  h ex o n  ty p e  6 and  seven w ith  hexon ty p e  8 th a n  the  titre s  w ith  
th e  hom ologous hexon  ty p e  1. Only one o r few  ascitic f lu id s  had one d ilu tio n  
s tep  h igher t i tre s  w ith  h ex o n  types 2, 5, 7, 9 an d  10. In  th e  case of hexon ty p e s  
12, 13 and  35, th e re  o ccu rred  no h igher t i t r e  th a n  th e  E L IS A  titre  w ith  th e  
hom ologous hexon  ty p e  1.

In  H A  (T able IV ) th e  difference o f  th e  m ean  t i t r e  va lues is m uch h ig h e r 
w ith  th e  hetero logous h ex o n  types w hen  com pared  w ith  one ano ther or w ith  
th e  hom ologous ty p e  1 th a n  in E L IS A . T h e  H A  titre s  w ith  the hom ologous 
ty p e  1 were s ig n ifican tly  h igher th a n  w ith  a n y  o th e r ty p e s . T here are also s ig n if
ic a n t differences am o n g  th e  titres  o b ta in e d  w ith  th e  h ex o n  types belong ing  
to  subgenus C b u t  in  sp ite  of th is, these  a re  m uch h ig h er th a n  the  t i tre  v a lu es  
in  E L IS A . T he m ean  t i t r e s  w ith  hexon  ty p e s  9, 13, 8 a n d  10 belonging  to  
subgenus D in  th e  g iven  sequence decrease sig n ifican tly  a n d  gradually  a n d  are  
m uch  low er th a n  th e  t i t r e s  w ith  th e  sam e ty p es  in  E L IS A . Mean t i tre  v a lu es  
w ith  th e  o th e r h e te ro logous hexons ex am in ed  are even low er and are o f a b o u t 
th e  sam e degree as th e  values in  E L IS A , ex cep t for th e  m ean  titre  w ith  h ex o n  
ty p e  35, w hich is s ig n ifican tly  lower th a n  th e  value in  E L IS A ; the  n u m b e r of 
reac tin g  an tibod ies, how ever, is m uch h ig h er (Table I). I n  accordance w ith  th e  
m ean  titre  values, th e  H A  titre s  of th e  in d iv id u a l ascitic  flu id s  w ith in  su b g en u s 
C are usually  m uch  h ig h e r th a n  the  E L IS A  titre s . T h u s, each  ascitic flu id  gave 
h igher t itre  w ith  h ex o n  ty p e  2 in H A  th a n  in  E L IS A  w ith  one exception , w ith  
hexon  ty p e  5 n ine  asc itic  fluids, w ith  h ex o n  ty p e  6 th re e  ascitic flu ids h a d  th e  
sam e titre s , th e  o th e rs  h ad  higher ones. One ascitic  f lu id  (2C4) was fo u n d  to  
have  h igher t i t r e  in  H A  w ith  the  hetero logous h ex o n  ty p e  2 th a n  w ith  th e  
hom ologous ty p e  1.

The titre s  of all th e  o ther ascitic flu id s  were m uch  higher in H A  th a n  in 
E L IS A  w hen te s te d  w ith  th e  hom ologous hexon  ty p e  1. T he highest t i t r e  v a lu e  
w ith  hexon ty p e  1 in  E L IS A  corresponded  to  m ore th a n  1.5 X 10e-fold (2D 6), 
an d  in  H A  i t  co rresponded  to  m ore th a n  1.5 X-109-fold ascitic flu id  d ilu tio n  
(2C2).

G el-precipitation and im m unoosmophoresis. F o r fu r th e r  ex am in a tio n  of 
hyb ridom a ascitic  f lu id s  agar gel p re c ip ita tio n  and  also im m unoosm ophoresis 
were applied . In  th e  im m u n o p réc ip ita tio n  te s t  (ca rried  o u t in 1% a g a r  gel), 
ab o u t tw o th ird  o f th e  32 ascites ex am in ed  form ed a p rec ip ita tio n  lin e  w ith

Acta Microbiologica Hungarica 32, 1985



M O N O C L O N A L  A N T I B O D I E S 119

Table IV

Haemagglutination titres* o f  32 hybridoma ascitic f lu id s  with 
adenovirus hexons

H uman adenovirus types according to  subgenera

Designation of
ascitic fluids A B  C D

12 7 35 1 2 5 6 8 9 10 13

H12 4 14 14 16 и 12 12 7 и 7 5
1A3 6 11 6 16 13 12 12 9 l i 7 14
2C2 5 9 4 24 18 12 12 8 и 5 12

2A6 1 9 0.3 17 13 14 13 _ ** 9 — 9

2A1 2 9 0.3 17 16 12 12 5 8 5 9

2D6 2 9 1 19 16 16 16 6 9 6 9
2C5 3 6 3 19 17 10 14 7 9 5 6
1A5 2 1 2 19 14 11 12 4 7 3 5
11)6 4 4 2 19 14 10 12 5 9 4 6

1C5 1 1 — 20 16 10 12 — 9 3 6

2C1 1 — — 17 14 9 11 2 5 — 1

2A4 — 1 — 15 11 9 11 — 6 — 4

2D2 2 3 1 18 13 9 12 5 7 4 4
IBS 3 3 3 18 16 10 13 5 9 5 6
2C3 3 3 2 19 18 10 12 5 9 3 6
2C6 2 2 0.3 19 13 9 12 5 8 4 4
2B3 1 1 0.3 16 14 11 12 4 9 3 4
2C4 2 1 1 16 17 9 12 4 4 3 4
1A6 2 2 0.3 18 13 11 12 4 7 3 4
1B6 3 2 0.3 18 16 8 11 4 7 4 4

2B5 1 1 — 17 15 10 12 3 7 2 4
21)1 1 1 — 16 11 9 11 4 7 3 3

1A2 2 — 0.3 17 12 9 12 5 7 2 4

2A2 2 2 1 17 13 11 12 — 7 — 6
2B1 2 2 1 17 12 10 12 — 7 — 5
2A3 2 2 0.3 16 13 9 12 — 8 — 5

1B2 — 1 0.3 17 13 9 12 — 8 — 5

1C4 — 1 — 18 15 9 11 — 7 5 4

2A5 — 2 — 16 12 9 12 — 7 - 5

2B2 1 1 — 15 12 9 12 — 6 — 4

1D4 — 1 0 .3 14 11 9 11 — 6 4 3

1B1 2 — - 16 13 9 12 - 7 - 4

Mean titre s  of 
reactive  ascitic 2.3 3.6 1.9 17.4 13.9 10.2 12.1 5 7.7 4.1 5.4
fluids:

* log2X 10-2 . ** < 0 .3

th e  hom ologous hexon  ty p e  1 and  a considerab le  n u m b er reac ted  also w ith  
heterologous hexons. Som e resu lts  of gel p re c ip ita tio n  ex p erim en ts  are show n 
in Fig. 1. The reserv o ir in  th e  m iddle (Fig. la )  was filled w ith  polyclonal an ti-
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8 1 2A1 2A2

a b

c
F ig. 1. Im m unod iffusion  in  P E G  agar, (a) Gel d iffu sio n  p recip ita tio n  o f po lyclonal ad en o v iru s 
ty p e  1 hexon an tise ru m  (c en tra l well) w ith  p u rif ie d  adenovirus hexons of th e  in d ica ted  ty p es , 
(b ) Gel d iffusion p re c ip ita tio n  o f th e  in d ica ted  asc itic  flu ids w ith  a d en o v iru s  ty p e  1 h ex o n  
(c e n tra l  well), (c) Im m u n o o sm o p h e ro g ram  of p o ly c lo n a l serum  (S) a n d  a n  ascitic  flu id  (1D 6) 
w ith  p u rified  hexon  of a d en o v iru s  ty p e  1 and  5; a n o d e  on  left w ith  p o ly clo n a l an tih ex o n  co n tro l 

serum  a n d  asc itic  flu id , c a th o d e  on r ig h t w ith  hexons

h ex o n  im m une serum  p rep a red  ag a in st adenov irus ty p e  1 an d  in  th e  w ells 
a ro u n d  i t  th e  in d ica ted  h ex o n  ty p es w ere p ip e tte d . B etw een  th e  hom ologous 
ty p e  1 and  th e  he tero logous hexons th e  so-called sp u r-fo rm atio n  can  c learly  
be seen.

T he m iddle  re se rv o ir o f Fig. l b  c o n ta in s  hexon ty p e  1, an d  th e  p e rip h era l 
w ells th e  in d ica ted  asc itic  flu ids. I t  can  be seen th a t  w ith  ascitic  flu id s  2C3, 
2A1 an d  2A2, th e  p re c ip ita tio n  arc fo rm s a confluen t line , in d ica tin g  th a t  
th e se  an tibod ies w ere p ro d u ced  ag a in st th e  sam e d e te rm in an ts . B etw een  asc itic  
flu id s  2C2 an d  2C3 as w ell as 2C2 an d  2C1 a sp u r fo rm ation  can be seen, w hich  
refers to  th e  d iffe ren t n a tu re  of th e  d e te rm in a n ts . In  som e ascites, p re c ip ita t
in g  an tibod ies w ere fo u n d  w ith  th e  b o v in e  adenov irus ty p e  2 (no t show n).

In  Fig. l c  th e  p ic tu re  of m icro -im m unoosm ophoresis  (co u n te r-e lec tro 
phoresis) can  he seen [14]. P rec ip ita tio n  ap p ea red  in 1 h o u r w ith  b o th  co n tro l 
sera  and  ascitic  flu id s . U n d er su itab le  cond itions th is  m e th o d  can also be 
app lied  for th e  e x a m in a tio n  of m onoclonal antibodies.

Comparison o f  the reactivity pa tterns o f  hybridoma supernatants and ascitic  
f lu id s .  O ut of th e  ex am in ed  ascitic flu id s , 27 orig inated  from  h y bridom as w hose 
su p e rn a ta n ts  w ere s tu d ie d  in  earlier e x am in a tio n s  [1, 2]. T h e  27 d ifferen t su p e r
n a ta n ts  d isp layed  12 sep a ra te  B P s, w hile  th e  ascitic f lu id s  o rig inating  from  
th e  sam e h y b rid o m a  clones fell in to  10 d ifferen t R P s (F ig . 2). O ut o f th ese , 
o n ly  one R P  w as th e  sam e, w hich is cha rac terized  b y  g enera l p o s itiv ity , i.e. 
re a c tiv ity  w ith  all he tero logous hexons. T h is involves one su p e rn a ta n t a n d  six 
asc itic  flu ids. In  th e  case of th e  o ther R P s , th e  num ber of reac tiv e  hetero logous 
hexon  ty p es w ith  th e  g iven m onoclonals varied  betw een  five  and  e ig h t in 
E L IS A  and  th re e  an d  n in e  in  H A  fo r th e  su p e rn a tan ts , be tw een  e ig h t an d  
n ine in  E L ISA  an d  six an d  nine in H A  fo r the  ascitic flu id s . I t  is genera lly
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Designation of 
the supernatants

1A3
2C2.H12

2A1.2A6.2D6
2AA
2A3

1B5.2CA
1C5

1A2.2A5.2C3
1A5

1A6.1DA,2B1,2B2,
2B12B5.2C1
2C5,2C6,2D1,2D2

2A2

Human adenovirus types according 
to subgenera

A B C  D
12 7 1 2 5 6 8 9 10 13

Designation of 
the ascitic 
fluids

1AaH12.2C2
1A5.2C5.2D6

2A1,1A6,2B3,2C3,2CA
2Cb2D22B52D1,1B5
1C5
2A6
2C1
2AA
1A2
2A2.2A3.2B1,2B2
IDA
2A5

----------  ELISA ----------- HA

F i g .  2 .  Comparison of the supernatants and the ascitic fluids of 27 mouse hybridomas. Cumu
lative results of ELISA and HA experiments

ch a rac te ris tic  o f th e  ascitic flu id s  th a t  th e y  have w ider c ro ss-reactiv ity  w ith  
hetero logous hexons th a n  th e  su p e rn a ta n ts . T he reactions of th e  ascitic f lu id s  
w ith  th e  hetero logous hexon ty p e  35 is left ou t from  th e  com parison  because  
its  te s tin g  w as n o t carried  o u t w ith  th e  su p e rn a ta n ts . T he m ost f req u en t R P  
w as ch a ra c te ris tic  of seven su p e rn a ta n ts , w hereas an  o th e r p a tte rn  o f te n  
ascitic  flu ids.

D iscu ssion

In  th e  32 ascitic  flu ids —  sim ilarly  to  th e  su p e rn a ta n ts  te s te d  [1, 2] —  
we have  n o t fo u n d  an y  a n tib o d y  th a t  re a c te d  only  w ith  hexon  ty p e  1, i.e . 
th a t  w ould be type-specific . I t  c an n o t be excluded , how ever, th a t  th is  specific  
d e te rm in a n t w as dam aged  du ring  th e  p u rific a tio n  p rocedure. I t  m ay also be 
supposed  th a t  th e  hexon bu ilt in to  th e  v iru s  capsid can d isp lay  a re a c tio n  
im m unolog ica lly  d ifferen t from  th a t  o f th e  soluble hexon, because these  tw o  
k inds of hexons can  be found  in  s ligh tly  d iffe ren t con figu ra tions an d  th e re fo re  
d iffe ren t regions o f po lypep tides are accessible fo r th e  an tibod ies [16]. A m ong
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th e  32 ascitic  flu ids th re e  hybridom a an tib o d ie s  were found , which reac ted  
w ith  all heterologous h u m a n  adenovirus h ex o n s  exam ined  in  b o th  assay  sys
tem s. O ne o f these  re a c te d  w ith  bovine a d en o v iru s  ty p e  2 in  gel p rec ip ita tio n . 
This m eans th a t  th is m onoclonal a n tib o d y  is able to  recognize adenoviruses 
no t on ly  o f h u m an  b u t a lso  o f bovine orig in , w hich  is im p o r ta n t from  th e  p o in t 
of view  o f v e te rin a ry  d iagnosis. I t  is su p p o sed  th a t  th is  a n tib o d y  reac ts  w ith  
genus-specific (M astadenov irus) epitopes. R e a c tiv ity  p a tte rn s  of all th e  o th e r 
an tibod ies are  ch a rac te rized  by  in terspecies specificities, w hich can be dem on
s tra te d  am ong  hexon ty p e s  belonging e ith e r  to  th e  sam e or d ifferen t subgenera . 
The n u m b e r of an tib o d ies  giving positive o r negative  E L IS A  and  H A  resu lts  
w ith  d is tin c t hexon ty p e s  and  the values o f th e  E L IS A  an d  H A  m ean titre s  
m ay  in d ic a te  d ifferen t degrees of re la tio n sh ip  of th e  heterologous hexons to  
th e  hom ologous ty p e  1 hex o n s (Fig. 3), p ro v id e d  th a t  th e  c o n cen tra tio n  of th e  
pu rified  hexon  p re p a ra tio n s  used as te s t  a n tig e n  is th e  sam e. In  the  case of the  
species exam ined  in  th is  w ork, the closest an tig en ic  re la tio n sh ip  seems to  ex ist 
am ong th e  m em bers o f subgenus C. H exons o f subgenus D jo in  w ith  th is  g roup  
in a so m ew hat looser deg ree  of re la tio n sh ip . A n even low er degree of an tig en ic  
re la tio n sh ip  to  ty p e  1 h e x o n  can be assu m ed  for hexons of ty p e  12 of subgenus 
A an d  o f ty p es  7 an d  35 o f  subgenus B. O n th e  basis of th e  4 p a ram ete rs  su m 
m arized  in  Fig. 3, th e  heterologous h ex o n s —  accord ing  to  th e  degree o f th e  
re la tio n sh ip  com pared  to  hexon type 1 —  can  be p u t in to  a te n ta tiv e  sequence, 
like 1, 2, 6, 5, 9, 8, 10, 13, 7, 12, 35. T h u s  th e  resu lts  o b ta in ed  b y  th e  ex a m in a 
tio n  o f th e  32 ascites v e rif ie d  our resu lts on  te s tin g  th e  su p e rn a ta n ts  of h y b r id 
om a cells, w hich rev ea led  the ex istence o f  a g rad ien t o f re la tionsh ip  am ong 
th e  ex am in ed  hexon ty p e s . There m ay be  fo und , how ever, som e differences in 
th e  te n ta t iv e  sequence o f  th e  heterologous hexons.

O n th e  basis o f th e  several re a c tiv i ty  p a tte rn s  an d  differences of th e  
t itre s , i t  seem s p ro b ab le  th a t  on the  h e x o n  n o t only  th e  species, genus, in te r 
subgenus an d  in tra su b g e n u s  epitopes d e te c te d  by  polyclonal sera and  th e  five 
ep itopes detec ted  b y  m onoclonal an tib o d ies  (15, 17, 18) are p resen t, b u t it m ay  
also be assum ed th a t  sep a ra te  or o v erlap p in g , sim ilar or s tru c tu ra lly  re la te d  
ep itopes occur on th e  w hole surface or on  a s ign ifican t p a r t  of th e  d iffe ren t 
hexon  p ro te in s . T hese ep itopes are p re se n t in  g rea t n u m b er on th e  surface of 
hexon  p ro te in s of d iffe re n t types, b u t in the  in te rty p e  com bination  th e y  are 
ch a ra c te ris tic  of th e  g iven  hexon ty p e . A m ap of all ep itopes in th e  hexon  
m igh t f in a lly  be ach iev ed  w ith m onoclonal an tibodies [19]. As th e  com plete  
hexon  is a tr im er of th re e  indentical p o ly p ep tid e  su b u n its  [19-21], i t  can  also 
be supposed  th a t  on a ll th ree  subun its th e  sam e ep itopes can be found.

T he find ing  th a t  im m unoosm ophoresis can be applied  for th e  ex am in a tio n  
o f m onoclonal an tib o d ie s  could be o f im p o rtan ce  because th e  m ethod  can  be 
ap p lied  for quick d iag n o stic  purposes.
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Trtres of
asc . fl.- s

F i g .  3 .  Qualitative and quantitative evaluation of the ELISA and HA titres of 32 ascitic fluids 
with 11 different hexon types: number of reacting monoclonals (columns) and mean titre

values (curves)
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CAMPYLOBACTER STRAINS ISOLATED 
FROM SLAUGHTERED CHICKENS:

THEIR SENSITIVITY TO ANTIRIOTICS 
AND RESISTANCE TO ERYTHROMYCIN

E l i s a b e t h  M a r j a i , M á r i a  M .  A d a m , Z s u z s a n n a  H o r v á t h ,

I r é n  K a j á r y  a n d  Z s u z s a n n a  K o v á t s

Public H ealth S ta tion , Szeged, a n d  N ational In s titu te  o f  H ygiene , B udapest 

(R eceived N o v em b er 27, 1983)

A ntib iogram s fo r 304 Campylobacter s tra in s  iso la ted  in  C songrád c o u n ty  from  slaugh
te re d  chickens in th e  y ea rs  1981 to 1983 w ere  de te rm in ed  w ith  th e  d isk -agar d iffusion  m ethod. 
T h e  iso lates, o rig in a tin g  from  two p o u ltry -p ro cessin g  p la n ts  an d  tw o can teen  k itch en s proved 
to  be  sensitive to  n a lid ix ic  acid , ch lo ram phen ico l, g en tam ic in  an d  n itro fu ra n to in  and  resis tan t 
to  penicillin . The a n tib io g ram  depended on  th e  source o f sam ples and , to  a  h igher degree, 
on  th e  y ea r of sam pling . T he frequency  o f  s tra in s  re s is ta n t  to  e ry th ro m y cin  w as 5 .7%  in 
1981 and  39.8%  in 1983; for the  re s is ta n t s tra in s  th e  m in im u m  in h ib itin g  c o n cen tra tio n  was 
> 2 5 0  pg  e ry th ro m y cin  p e r ml. In  th e  sam e  periods 25 .0%  a n d  32.8%  of th e  iso lates were 
re s is ta n t  to te tracy c lin e  an d  23.3%  a n d  49 .2%  to lincom ycin , respec tive ly . S im ultaneous 
re s is tan ce  to  te tracy c lin e , lincom ycin  a n d  e ry th ro m y cin  occurred  in  16 .4%  of th e  isolates.

A h igh -ra te  in fectedness o f s lau g h te red  p o u ltry  b y  C am pylobacters has 
been  show n b o th  a b ro a d  [ 1 6 ]  an d  in  H u n g ary  [7]. P o u ltry  is considered  the 
m o st im p o rtan t C am pylobacter re se rv o ir and  its  raw  m ea t seem s to  be one of 
th e  m ost frequen t sources of h u m a n  infection . As to  th e  classification  of 
Campylobacter s tra in s  causing e n te r itis , th e  use of p rocedures based  upon 
b iochem ical reac tio n s shows an u p w a rd  ten d en cy  [8, 9] while sero typ ing , a 
m ore  sensitive m e th o d  of s tra in  d iffe ren tia tio n  is used  by  few labora to ries 
[ 10 14]. In  ev e ry d ay  p ractice  th e  an tib io g ram  o f iso lates m ay  be a useful 
to o l for s tra in  d iffe ren tia tio n . F o r  th is  pu rpose , above all, an tib io tic s  to  
w hich  C am pylobacter stra ins show  v ariab le  res is tan ce , e.g., te tracy c lin e , 
am pic illin , lincom ycin  and m etron idazo le  m ay com e in to  accoun t.

In  the  p resen t w ork , we w ished  to  o b ta in  in fo rm a tio n  on th e  an tib io g ram  
o f C am pylobacters iso la ted  in H u n g a ry  from  s lau g h te red  chickens, seeking an 
answ er to  the  q u es tio n  w hether th e re  was an y  re la tio n  betw een  breeding  
p lace  of th e  chickens and  the  y e a r o f  slaug h te rin g  on th e  one h an d  and  the  
se n s itiv ity  of th e  iso la tes  on th e  o th e r .

E l is a b e t h  M a r ja i, Zsu zsa n n a  H o r v á t h , I r én  K a já r y , Z su zsa n n a  K ováts 
Public H ealth  Station
D erkovits fasor 7-11, H-6726 Szeged, Hungary

MÁRIA M . Á d ÁM
N ational In stitu te  of Hygiene
H-1966 Budapest, Р.О.В. 64, H ungary
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M aterials and m ethods

Bacterial strains. T h e  304 s tra in s  o f Campylobacter je ju n i  were iso lated  in Ja n u a ry , 
F e b ru a ry  and March, 1981, a n d  in M arch, A pril and Ju n e , 1983. T he sam ples h a d  been  tak en  
from  tw o  poultry -processing  p la n ts  and  tw o can teen  k itch en s in  Csongrád c o u n ty  (South- 
H u n g a ry ) . The p lan ts b o u g h t th e  p o u ltry  from  d ifferen t b reeders. T he m eth o d  o f tak in g  
sam ples a n d  isolation and  id en tif ic a tio n  of s tra in s  was th e  sam e as rep o rted  elsew here [7, 15]. 
T he th e rm o to le ran t, n a lid ix ic  acid-sensitive  stra in s  d esignated  as C. je ju n i  w ere no t d if
fe re n tia te d  w ith the  sod ium  h ip p u ra te  te s t.

D etermination o f  resistance to antibiotics. Penicillin , n a lid ix ic  acid, e ry th ro m y c in , te t r a 
cycline, am picillin, lincom ycin , gen tam ic in , ch loram phenico l, n itro fu ra n to in  and  m etron idazo le  
d isks o f th e  “ R esistest”  series ( In s t i tu te  for S erobacteria l P ro d u c tio n  and R esearch  H u m an , 
B u d a p es t)  were used in  th e  ag ar-d iffusion  te s t. The C am pylobacter agar p re p a ra tio n  (C a0) 
was free  from  an tib ac te ria l su b s tan ces [15]. A gar p la tes w ere to u ch ed  w ith  a c o tto n  swab 
soaked  in  a 48 h bac teria l c u ltu re  and  d irec t p la tin g  was m ade . T h en , th e  d isks w ere p laced 
on th e  p la te s  and the  c u ltu re s  were in cu b a ted  a t  42 °C in an  a tm o sp h ere  co n ta in in g  approx . 
5%  o x y g en  and 10% C 0 2. T h e  zones of in h ib itio n  were com p ared  to  zones o b ta in ed  w ith 
co n tro l s tra in s  [16].

M in im u m  inhibiting  concentration (M I C ) .  The MIC v a lu es were d e te rm in ed  fo r isolates 
th a t  h a d  proved re s is tan t to  e ry th ro m y c in  w ith  the disk  m eth o d . Serial d ilu tio n s o f e ry th ro 
m ycin  (M arsin Co. L td , C op en h ag en , D enm ark), from  2.5 pg  to  5000 pg /m l, w ere p rep ared  in 
th e  C am pylobacter agar m ed iu m . The agar p la te  was d iv ided  in to  sectors and  volum es as 
sm all as a poppy-seed of a 48 h  cu ltu re  w ere evenly sm eared  on each sector. T he p la te s  were 
in c u b a te d  for 48 h a t 42 °C in  10%  CO., and  5 %  oxygen a tm o sp h ere . The low est e ry th ro m y cin  
co n ce n tra tio n  w ithout v isib le  g ro w th  was recorded as th e  M IC value.

R esults

All the 304 s tra in s  w ere sensitive to  nalid ix ic  acid and  re s is tan t to 
pen ic illin . A part from  a few m o d era te ly  sensitive s tra in s  all were sensitive to  
g en tam ic in , ch lo ram phen ico l and  n itro fu ran to in  (T able I). T he sen sitiv ity  to  
te tracy c lin e , am picillin , lincom ycin  and  m etron idazo le  was va riab le .

Table I

Sensitiv ity  to antibiotics o f  Campylobacter strains isolated 
from  slaughtered chickens

Antibiotic
No. o f strains 

tested  
to tal

Sensitive strains 

No. %

Moderat
sensitive si 
No.

dy
trains

Resis

No.

tan t strains

N alidixic acid 304 304 100.0 — — — —

Penicillin 304 — - — — 304 100.0

T etracycline 304 109 35.9 109 35.9 86 28.2

Am picillin 304 130 42.8 134 44.0 40 13.2

Lincom ycin 304 52 17.1 148 48.7 104 34.2

E ry throm ycin 304 243 79.9 — 61 20.1

Gentam icin 304 290 95.4 14 4.6 - —
Chloramphenicol 304 299 98.4 5 1.6 - —
N itrofuranto in 283 278 98.2 5 1.8 —

M etronidazole 27 1 8 18
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The resis tan ce  of the  C. je ju n i  s tra in s  o rig in a tin g  from  the  pou ltry - 
processing p la n ts  varied  acco rd ing  to  th e  p o u ltry  fa rm  an d  th e  year of iso la 
tion  (Table I I ) .

In  1981, th e  m a jo rity  o f  th e  s tra in s re s is ta n t to  te tracy c lin e  (30/44) 
M ere isolated fro m  sam ples ta k e n  in p lan t I I  from  p o u ltry  ra ised  in farm  SzT. 
In  1983, on th e  o th e r h an d , th e  te tracy c lin e -re s is tan t s tra in s  were iso la ted  
from  sam ples ta k e n  in p lan t I I  from  b irds ra ised  in farm s SzT, BM and  MU.

In  1981, 16 o f the  17 s tra in s  res is tan t to  am pic illin  an d  th e  m a jo rity  of 
th e  lincom ycin -resistan t s tra in s  (32/41) o rig ina ted  from  fa rm s supply ing  p la n t

Table II

Occurrence o f  Campylobacter isolates resistant to antibiotics. 
D istribution by place and year o f  isolation

Place D a te Place of N o . o f S tra in s  r e s is ta n t  to

of sam pling raising s tra in s te tra - am pi- linco- e ry th ro - m etro-
cycline cillin m ycin m ycin nidazole

1981

11* 20/1 OB 4 — — — — —

12/2 IIV 7 1 l l —
16/2 I1H 9 1 6 7 8 i. .
23/2 SM 27 5 6 19 — l.
04/3 MT 11 1 l 1 — 1.
13/3** MT 36 6 2 4 2

II 19/3 SzT 66 21 — 1 —

01/4** SzT 16 9 1 8 —

T o ta l 1981 No. 176 44 17 41 10
0//о 100.0 25.3 9.7 23.3 5.7

1983

1 08/6 MT 21 - 1 - -

II 01/3 SzT 13 12 1 5 7 5
BM 17 17 16 16 13

26/4 MU 37 10 12 13 5 1.
BM 40 3 9 29 23

T o ta l 1983 No. 128 42 23 63 51 18
O 'о 100.0 32.8 18.0 49.2 39.8

* Poultry-processing  p lan t 
** Samples ta k e n  in canteens
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I , w hereas in 1981 s tra in s  re s is tan t to  am picillin  and lincom ycin  w ere iso lated  
from  p o u ltry  raised in  farm s BM an d  M U and  processed in p la n t I I .

In  1981, all th e  10 s tra in s re s is ta n t to  e ry th rom ycin  w ere iso la ted  from  
sam ples ta k e n  in  p la n t  I  from  b ird s  ra ised  in  tw o farm s. E ig h t o f th e  s tra in s  
w ere iso la ted  from  faeca l sam ples o f chickens processed in  th e  p la n t, the  
rem ain in g  tw o from  sam ples tak en  a m o n th  la te r from  p o u ltry  in a can teen  
k itc h e n . In  1983, on th e  o th e r h an d , 51 o f th e  107 C. je ju n i  s tra in s  iso la ted  in  
p la n t I I  were re s is ta n t to  e ry th ro m y c in . F o r the  re s is ta n t iso la tes th e  MIC 
was > 2 5 0  jUg/ml.

T he resistance p a tte rn s  th a t  o ccu rred  in 1981 an d  1983 are show n in 
T ab le  I I I .  S trik ing ly , in  1981 58% , w hereas in 1983 on ly  36% , of th e  isolates 
w ere sensitive to  all th e  four a n tib io tic s  showm in T ab le  I I I  (p a tte rn  1); 
res is tan ce  to  e ry th ro m y c in  and  linco m y cin  com bined w ith  sen s itiv ity  to  tho 
o th e r  tw o drugs (p a tte rn  10) occurred  in  0.6 and  21 .1% , resp ec tiv e ly . S tra ins 
re s is ta n t to  each of te tracy c lin e , lincom ycin  and e ry th ro m y c in  (p a tte rn  12) 
w ere n o t  iso lated  in  1981, b u t 16.4%  o f th e  128 s tra in s  te s te d  in  1983 show ed 
th is  p a tte rn . Com bined resistance to  te tracy c lin e  and  lincom ycin  (p a tte rn  7) 
a n d  com bined  resis tan ce  to  am pic illin , lincom ycin an d  e ry th ro m y c in  (pat-

Table III

Distribution o f isolates by resistance pattern

Resistance
pattern

T e tra 
cycline

Ampi
cillin

Linco
mycin

E ry th ro 
mycin

No.

No. of isolat es
1981

%  No.
1983

0/

l [S] [S] [S] s 102 58.0 46 35.9
2 к IS] IS] s 28 15.9 6 4.7

3 IS] R [S] s 2 1.1 4 3.1

4 [S] [S] R s 16 9.1 2 1.6
5 R R [S] s 2 1.1 6 4.7

6 [SI 1R R s 2 1.1 7 5.5
7 R [S] R s u 6.3 — —

8 R R R s 3 1.7 6 4.7

9 IS] [S] IS] R 1 0.6 - -

10 [S | [S] R R 1 0.6 27 21.1
11 [S] R R R 8 4.5 — -

12 R [S] R R - - 21 16.4

13 R [S] [S] R - — 3 2.3

T o ta l 176 100.0 128 100.0

[S] =  sensitive or m odera te ly  sensitive 
S =  sensitive 
R  =  resistan t
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te rn  11) occurred in  6 .3%  and  4 .5 % , respective ly , in  1981 an d  in  no case in 
1983. Am ong th e  re s is ta n t s tra in s iso la ted  in  1981, s tra in s  of p a t te rn  2 occurred 
m o st frequen tly , follow ed by th e  p a tte rn  4 s tra in s , b o th  p a tte rn s  ind ica ting  
resis tan ce  to  a single d rug; am ong th e  s tra in s of 1983, on th e  o th e r  h an d , th e  
p a t te rn s  occurring m ost freq u en tly  (p a tte rn s  10 and  12) in d ic a te d  double 
(lin co m y cin -ery th ro m y cin ) and tr ip le  (te tracy clin e -lin co m y c in —ery th rom ycin ) 
resistance , respective ly .

D iscussion

The sen sitiv ity  to  an tib io tics o f C am pylobacters iso la ted  from  hum an  
e n te ritis  have been  tho roug ly  in v e s tig a te d  b y  several groups (15, 17-25). 
Sw edhem  et al. [24] failed to  f in d  a n y  difference in  sen s itiv ity  to  an tib io tics 
b e tw een  stra ins iso la ted  from  h u m a n  en te ritis  an d  those iso la ted  from  the  
in te s tin e s  of h e a lth y  chickens.

In  th e  304 C . j e j u n i  isolates ex am in ed  b y  us, in  accordance w ith  lite ra ry  
d a ta  (15, 17-25], sen s itiv ity  to  n a lid ix ic  acid, gen tam icin , ch loram phenico l 
an il n itro fu ra n to in  occurred m ost freq u en tly ; to  th e  an tib io tic s  to  w hich 
C am pylobacters show ed variab le sen s itiv ity , th e  frequency  of re s is ta n t stra ins 
increased  considerab ly  betw een 1981 and  1983.

E x am in a tio n  o f sensitiv ity  to  e ry th ro m y c in  is o f im p o rtan ce  because 
th is  d ru g  is used m o st frequen tly  in  th e  th e ra p y  of h u m an  en te ritis  caused  by  
C am pylobacter [17], th o u g h  num ero u s au th o rs  [24, 26-28] have rep o rted  on 
th e  appearance  in h u m a n  m ateria l o f s tra in s  re s is ta n t to  e ry th ro m y c in . In  H u n 
g ary , th e  firs t C am pylobacter cu ltu re  re s is tan t to  e ry th ro m y c in  w as isolated 
from  slaugh tered  p o u ltry  in  F e b ru a ry , 1981. Since th e n , iso la tion  o f tw o, one 
an d  tw o  e ry th ro m y c in -res is tan t s tra in s  have been  rep o rted  from  countries 
P est, N ógrád  and C songrád, resp ec tiv e ly , h u t th e re  is no cen tra l d o cu m en ta 
tio n  o f th e  resistance o f  C am pylobacters iso la ted  in  H u n g ary .

T he fact th a t  o f th e  61 e ry th ro m y c in -re s is tan t s tra in s  iso la ted  from  
s lau g h te red  chickens o n ly  four ivere sensitive  to  lincom ycin  po in ts  to  a possible 
cross-resistance be tw een  e ry th ro m y c in  and  lincom ycin . In  th e  lite ra tu re , 
e ry th ro m y c in  lincom ycin -c lindam ycin  cross-resistance has been re p o rte d  by 
W älder [20] and e ry th ro m y c in -c lin d am y c in  cross-resistance b y  K arm a li et 
al. [22].

R esistance to  lincom ycin  reached  a high level in our m a te ria l (34.2% ). 
N evertheless, o ther a u th o rs  [15, 19, 24] have  rep o rted  still h igher frequencies 
of re s is tan ce  (51-70% ) for stra ins iso la ted  from  hu m an s or p o u ltry .

T he resistance to  te tracy c lin e  show s a considerab le geographical v a r ia 
tion . F o r stra ins of h u m a n  origin, frequencies of 5.3, 8.1, 20 an d  26 %  have 
been rep o rted  [19, 21, 22, 24]. In  H u n g a ry , 10.9%  was rep o rted  from  P est 
co u n ty  [15] and 16%  from  Csongrád co u n ty  [25]. F o r s tra in s  iso la ted  from
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ch ickens higher p e rcen tag es h av e  been  rep o rted , e.g., 34%  [24] and  37.9%  [23]. 
T he 32 .8%  resistance to  te tra c y c lin e  for s tra in s  iso la ted  by  us in  1983 agrees 
well w ith  the la tte r  d a ta .

In  th e  frequency  o f res is tan ce  to  am picillin , no s trik in g  changes could he 
o bserved  in  1983. T h e  l i te ra ry  d a ta  in  th is  resp ec t [17-23] show  g rea t v a r ia 
tio n . I n  H ungary , 56 %  o f th e  s tra in s  iso la ted  from  hum ans in  Csongrád 
c o u n ty  in  1980 and  2 7 %  o f those  iso la ted  in  P es t c o u n ty  in  1981 p ro v ed  to  he 
re s is ta n t to  am picillin  [15, 25].

T h e  ap p o in tm en t o f th e  days of sam pling w as a rb itra ry  in b o th  years. 
I t  is o f  in te rest th a t  fo r s lau g h te red  p o u ltry  ra ised  in  farm  MT, th e  resistance 
to  an tib io tics  was fo u n d  h ig h er in 1983 th a n  in  1981, w hereas for those  raised 
in fa rm  SzT the  re s is tan ce  was h igher in  1981. I t  m ay  he assum ed th a t  the  
degree of resistance m a y  depend  on th e  period o f ra ising  of b ro iler chickens. 
R em o v a l of slau g h te red  chickens is followed b y  a b ig  cleaning before new 
ch ickens are in tro d u ced .

I t  m ay h ap p en  th a t  even h e a lth y  chickens are fed  w ith  a p rem ix  co n ta in 
ing O xytetracycline. I n  a d d itio n , if  ju s tified  b y  th e  occurrence of disease, 
com m ercial p rep a ra tio n s  co n ta in in g  e ry th ro m y c in , neom ycin , O xytetracycline 
an d /o r tylosine are  also ad m in is te red . E .g ., in  fa rm s SzT and  BM, during  the  
ra ising  period in  1983 th e  ch icken  exam ined  b y  us were given neom ycin, 
O xytetracycline an d  ty lo sin e , w hereas in farm  MU only  a p rem ix  con ta in ing  
O xytetracycline w as g iven . I t  c a n n o t be excluded  th a t  th e  h igh level o f te t r a 
cycline-resistance in  fa rm  SzT w as due to  th e  in ten siv e  a d m in is tra tio n  of 
an tib io tic s . As e ry th ro m y c in  h ad  n o t been ad m in is te red , th e  increased  occur
ren ce  o f isolates re s is ta n t  to  th is an tib io tic  could  be a ttr ib u te d  to  ty lo 
sine tre a tm e n t. O ur p re lim in a ry  experim en ts suggest th a t  ty losine , an a n ti
b io tic  w idely used b y  v e te rin a rian s , m ay  cause cross-resistance w ith  e ry th ro 
m ycin .

T aking in to  a c c o u n t th e  role o f roden ts in  th e  transm ission  of Cam pylo
b a c te r  [29], we c a n n o t exclude th e ir  role in  th e  m ain ten an ce  o f re s is tan t 
s tra in s .

In  spite of th e  high incidence of C am pylobacter in s laugh te red  p o u ltry , 
th e  risk  for h u m an s due  to  th e  low con tag iosity , is low. M oreover, owing to  
th e  usually  m ild course  of h u m an  en teritis , on ly  few cases are seen by p h y 
sicians. F u rth e rm o re , since in C am pylobacter e n te ritis  th e  source of infection  
m a y  he o ther th a n  ch icken , th e  resistance of th e  s tra in s  iso lated  from  h u m an  
p a tie n ts  m ay n o t re f le c t th e  resistance of th e  s tra in s  occurring  in  s laugh tered  
p o u ltry  in the  sam e period  of tim e.

A t last, we ca ll a t te n tio n  to  th e  v a ria tio n  in  th e  resistance to  an tib io tics 
o f th e  strains w id e-sp read  in  p o u ltry  farm s an d  o ften  p resen t in  raw  p o u ltry  
m e a t. I t  is th e re fo re  ju s tif ie d  to follow up , m a in ly  for epidem iological and  
th e rap eu tica l reaso n s, th e  changes in resistance.
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DETECTION OF BETA-LACTAMASE ACTIVITY 
WITH NITROCEFIN OF MULTIPLE STRAINS 

OF VARIOUS MICROBIAL GENERA

J .  V. U ri

D epartm ent o f  C lin ical Research and D evelopm ent, Sm ith  K lin e  and French Laboratories,
P hiladelphia , P A . U S A

(R eceived J a n u a ry  17, 1984)

T he p ro d u c tio n  or presence of b e ta -la c ta m ase (s)  was s tu d ied  by  th e  ra p id  m eth o d  
u tiliz in g  th e  chro inogenic  cephalosporin  co m p o u n d  n itro cefin  in  cu ltu res of m u ltip le  s tra in s  
belonging to  th e  sam e gen u s as well as g ro u p s of m icroorgan ism s. T he genera w ere: Staphylo 
coccus spp ., Streptococcus faeca lis, Escherichia coli, Klebsiella pneum oniae, Proteus m irabilis, 
indo le-positive  Proteus sp p ., Enterobacter sp p ., Serratia marcescens, ra re  Enterobacteriaceae, 
Pseudom onas aeruginosa, H aem ophilus in fluenzae  and  N eisseria gonorrhoeae. W ith  th is  sensi
tiv e  an d  ra p id  assay  fo r be ta -lac tam ase , i t  w as possible to  v e rify  and  sep ara te  th e  b e ta - 
lac tam ase  p roducing  c u ltu re s  from  th e  n o n -p ro d u ce rs  an d  in clu d e  th e  useful s tra in s  to  o n 
going resea rch , such  as b e ta - la c ta m  screen, b e ta -la c ta m ase  in h ib ito ry  s tu d y  and  ly tic  p ro p 
erties o f b e ta -lac tam s. T h e  d a ta  also p rov ide  ev idence  fo r th e  possib le  role of b e ta -lac tam ase(s) 
in th e  physio logy, b io ch e m is try  and p a th o g e n ic ity  of b ac te ria l s tra in s . The n itrocefin  m eth o d  
was found  a v ery  specific  a n d  extrem ely  u se fu l p rocedure  for th e  de tection  and e s tim a tio n  
of b e ta -lac tam ase  a c tiv ity .

B acteria l b e ta -lac tam ase(s) or pen icillin  and cephalosporin  am id o -b e ta - 
la c tam  hydro lase(s) (EC 3.5.2.6) are  ac tiv e  p ro te in s  or group o f enzym es 
capab le  of ca ta ly sin g  w ith  variab le  specific ity  th e  hydro lysis o f th e  b e ta - 
lac tam  ring  of m a n y  m em bers of th e  fam ily  of th e  penicillin  and cep h a lo 
sporin  an tib io tics [1]. T he be ta -lac tam ases (penicillinases and  cephalosporin- 
ases) p roduced  b y  p a th o g en ic  b ac te ria  a re  ra th e r  specific and highly effective 
c a ta ly s ts  in  opening th e  b e ta -lac tam  rin g  b y  w hich th e  an tib io tics lose com 
p le te ly  th e ir  a n tib a c te r ia l  activ ities. T h is process is o f p a ram o u n t im p o rtan ce  
by  w hich  path o g en ic  b ac te ria  develop resistance  to  these  an tib io tics w ith  
im p o r ta n t th e ra p e u tic  a n d  economic consequences. N o w onder th e  s tu d y  of 
these enzym es g e n e ra te d  extensive th eo re tica l and  p rac tica l w orldw ide re 
search. Since th e  d iscovery  and f irs t d escrip tion  of th e  pen icillin -destroy ing  
enzym e nam ed  pen ic illinase  by A b rah am  an d  Chain [2], th e  num ber of p u b li
cations on th e  b e ta -lac tam ases  continues to  increase expon en tia lly . F o rtu n a te ly , 
review  papers on th e  enzym e(s) ap p eared  q u ite  early  an d  have been followed 
con tinuously  by new er surveys. In s te a d  o f th e  num ero u s ind iv idual p ap ers  
only  som e selected com prehensive rev iew  artic les, m onographs and  books 
will be lis ted  here w h ich  deal w ith  th e  origin, fu n c tio n , term inology , bio-
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ch e m is try , chem ical and  bio logical p ro p erties , d is trib u tio n , c lassifica tion  and 
th e ra p e u tic  relevance of th e  b e ta -lac tam ases  [3 -19 ].

B ecause of th e  ex trem e  clin ical im p o rtan ce  of the b e ta -lac tam ases , in 
a d d itio n  to  th e ir  fa sc in a tin g  sc ien tific  in te re s t, several m e th o d s have been 
deve loped  to  th e ir  q u a lita tiv e  de tec tio n  an d  q u a n tita tiv e  e s tim a tio n . The 
ea rlie r assay  m ethods (m icrobiological, m an o m etric , acidom etric , hyd roxy l- 
am ine , sp ec tro p h o to m etric , an a ly tica l isoelectric  focussing) are  e ith e r m uch 
in v o lv ed  or no t com plete ly  sa tis fac to ry  [20-24]. T he new co lo rim etric  m ethods 
using  chrom ogenic cephalosporin  su b s tra te s  (F ig . 1) are cla im ed to  be very  
sen sitiv e , reliable and  usually  qu ick  [25-30]. O f these  chrom ogenic su b stra te s  
n itro c e f in  (chrom ogenic cephalosporin  87/312) w as used the  sam e w ay as firs t 
describ ed  by  O’C allaghan  e t al. [25] for a d e ta iled  screening p ro g ram  in c lu d 
ing m u ltip le  s tra in s of v a rious genera. T he re su lts  of th is  s tu d y  are  described 
in th is  paper.

F o r  com pleteness it shou ld  he m en tio n ed  th a t  in a d d itio n  to  beta- 
la c tam ases  of m icrob ial orig in  a b e ta -la c tam -rin g  hydro lysing  enzym e was 
d e te c te d  in an im al an d  h u m an  k id n ey  tissues [31]. A d ip ep tid ase , dehydro- 
p e p itd a se  I (D H P -I) fo u n d  in th e  b ru sh  b o rd e r of th e jp ro x im a l ren a l tu b u la r

Niortcefin
Cephalosporin 87/312)

COONa N02

C00e N.
Cephacetrile
(36278-Ba)

PAD AC
(Pyridine-2-Azo-
p-Dimethyl
aniline Cephalosporin)

0 0e Na®
Fig. 1. Chemical s tru c tu re s  o f chrom ogenic cephalosporins used for d e tec tio n  and d e te rm in a 

tio n  of b e ta -la c ta m ase  ac tiv ity
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ep ith e liu m  is o f b ro ad  su b s tra te  spec ific ity , has p rac tica l im portance  because 
it hydro lyses th e  b e ta -lac tam  ring , w ith  consequen t e lim ina tion  of th e  a c tiv ity  
of th ien am y c in  and o th e r ca rb ap en em s, com pounds o therw ise h ighly  re s is tan t 
to  b ac te ria l be ta -lac tam ases [32].

M aterials and m ethods

T he p ro d u c tio n  of be ta -lac ta in ase (s) w as m o n ito red  using  n itrocefin , also know n as 
chrom ogenic  cephalosporin  87/312 as th e  su b s tra te  o f th e  enzym e. These tw o nam es will be 
used  in te rch an g eab ly  th ro u g h o u t th e  te x t .  T h e  w orking so lu tion  was p rep ared  by  dissolving 
2.5 m g of th e  com pound  in 5 m l deionized w a te r . Solu tions o f la te r  b a tch es o f n itrocefin  were 
p rep ared  b y  d issolving 2.5 m g o f th e  po w d er in  0.25 ml d im eth y l-su lp h o x id e  follow ed by  th e  
a d d itio n  of 4.75 m l 0.1 м p h o sp h a te  buffer p H  7.0, and shaken  th o ro u g h ly  (p roducer specifica
tion). O f th is  so lu tion , 0.05 m l was added  e ith e r  to  2 ml o f o v e rn ig h t grow n b ro th  cu ltu res , 
or cell suspensions, or colonies on  solid m ed ia . In  th e  p resence of b e ta -lac tam ase  th e  colour 
o f th e  cu ltu res  or th e  colonies (and  o ften  th e  su rro u n d in g  solid m edia) tu rn s  red  or pu rp le  
usually  im m ed ia te ly  o r a f te r  a few m in u tes  in  th e  case o f w eak  enzym e p roducing  s tra in s  
(F ig. 2 a n d  Fig. 3). T he colour change is th e  re su lt  o f an  e lectron  sh ift, w hen th e  b e ta -la c ta m  
ring  is opened  by  th e  b e ta -la c ta m ase  a long  th e  m olecule co n ta in in g  a t  th e  3-position  th e  
co n ju g a ted  2 .4 -d in itro s ty ry l m o ie ty  (F ig. 1). In  th e  Tables, th e  e m p ty  places in d ica te  no 
colour d ev elopm en t, an d  -|- th ro u g h  +  +  +  +  in d ica te  in increasing  o rder th e  onset and 
in te n sity  o f th e  developing red  (purp le) colour, w hereas d m eans th a t  a longer w a itin g  tim e 
was needed for th e  colour developm ent.

T he s tra in s  te s te d  w ere cu ltu red  in o r on sy n th e tic , sem i-sy n th e tic  and  com plex organic 
m edia (liqu id  an d /o r solid). T he sy n th e tic  m ed ia  co n ta ined  am m o n iu m  su lp h a te , glucose 
and inorgan ic  sa lts . T he com position  of th e  sem i-sy n th e tic  m ed ium  th a t  we developed for 
s tu d y in g  th e  ly tic  p ro p e rtie s  o f b e ta - la c ta m  a n tib io tic s  is as follow s: 0 .5%  p ep to n e , 0 .1%  
glucose w ith  and  w ith o u t M cllva ine  b u ffer o r ag ar [33]. T h is m ed ium  is colourless, pH - 
b a lanced  an d  n u tr it iv e  fo r all s tra in s  s tu d ied  [34]. T he com plex m edia  em ployed were of 
com m ercial origin. T he legends to  each T ab le  id en tify  th e  m edia used .

R esu lts

The p ro d u c tio n  an d  a c tiv ity  o f be ta -lac tam ase(s) of m u ltip le  s tra in s  of 
th e  sam e genus of b ac te ria l s tra in s , em ployed  in our la b o ra to ry  for expanded  
spectrum  ev a lu a tio n s of cephalosporins d e tec ted  by th e  chrom ogenic cephalo 
sporin  87/312 (n itrocefin ) m ethod , are sum m arized  in  T ab le  I. Tables I I ,  I I I  
and  IV  p re sen t sim ilar d a ta  for special s tra in s  used for p rim a ry  assay  o f new 
com pounds an d  fe rm e n ta tio n  b ro th s  a n d /o r p roduc ts. These Tables usually  
co n ta in  th e  nam e, designation  an d /o r n u m b er of s tra in s , m edia used for 
grow th of th e  m icrobes, ind ica tio n  and  sh o rt descrip tion  o f onset and  degree 
of th e  pu rp le  colour.

Staphylococcus aureus and  Staphylococcus epiderm idis. O f th e  25 S taphylo
coccus s tra in s , 18 were h aem oly tic  S . aureus, an d  7 n o n -p igm en ted , coagulase- 
negative  S. epiderm idis. N e ith er p ig m en t o r coagulase p ro d u c tio n  nor haem o
ly tic  p ro p e rty  seem ed to  have  an y  co rre la tio n  w ith  th e  b e ta -lac tam ase  p ro d u c
tio n . Tw elve s tra in s  gave no colour reac tio n  w ith  n itro ce fin  (a few delayed
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Fig. 2. D em o n stra tio n  of b e ta -la c ta m ase  p ro d u c tio n  of E . coli on solid m edia  w ith  n itrocefin . 
E n zy m e  diffuses in to  th e  m edium  a ro u n d  th e  colony on th e  following m edia : A =  T ry p tic a se -  
soy a g a r; В =  S y n th e tic  ag ar; C =  P ep to n -g lu co se  agar bu ffered ; D =  P ep to n -g lu co se  agar. 
T he non-buffered  ag ar becom es acidic (colony D), th e  colour is paler, in c o n tra s t to  th e  o th ers , 

w here th e  p H  is e ith e r n e u tra l or w eakly  alkaline

C 20 10 5 2 1 ид/ml

CLAVULANIC ACID
F ig . 3. In h ib itio n  of E . coli s tra in  804 b e ta -lac tam ase  in so lu tion , o b ta in e d  by  lysis o f  th e  
cells w ith  cepham ycins an d  X 100 d ilu ted . In  th e  presence of b e ta -lac tam ase  n itrocefin  changes 
co lour from  yellow  to  red  as in  C (con tro l) tu b e . C lavulanic acid in h ib its  enzym e a c tiv ity  

and  colour will n o t develop. C lavulanic acid is in h ib ito ry  a t  1 [xg/m l co n cen tra tio n
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reactions are exceptions) an d  these  s tra in s  w ere fo u n d  to  be sensitive to  
am picillin  an d  penicillin  G. T h irte e n  s tra in s  were s tro n g  b e ta -lac tam ase  p ro 
ducers and  also w ere found , in  earlie r experim en ts, to  he re s is ta n t to  am picillin  
an d  benzy lpenicillin . N ote th a t  s tra in  127 (670) w hich is our regu lar in v itro  
and in v ivo te s t  s tra in , ap p eared  to  he a w eak b e ta -lac tam ase  producer. 
W e know  th a t  i t  is an  inducib le  b e ta -lac tam ase  p ro d u cer s tra in  and  here  it  
was n o t induced . On solid m ed ia , especially  on p e p to n e —glucose agar (PG A ) 
and  buffered  pep to n e-g lu co se  ag ar (PG A -B), th e  co lour developed  no t on ly  in  
th e  colonies h u t also in th e ir  su rround ings, in d ica tin g  diffusib le (ex tracellu lar) 
enzym e(s) ex p ec ted  w ith  staphylococci. S tra in  No. 671 used in earlier b e ta - 
lac tam ase  in h ib itio n  stud ies [35] was a very  fast and  s tro n g  b e ta -lac tam ase  
p roducer (im m ed ia te  and  d a rk  pu rp le  colour). T he u n iq u e  specifically  m ouse- 
pathogen ic  s tra in  (No. 674) w as th e  orig inal S. aureus T o u r (souche T) s tra in  
w idely used in  m ouse in fec tio n -p ro tec tio n  assays know n n ev e r to  produce b e ta - 
lac tam ase  [36, 37]. S y n th e tic  m edia  were n o t inc luded  in  th is  s tu d y  because 
ty p ica l staphy lococci do n o t grow  in /on  these  m edia.

Escherichia coli. O f th e  31 E . coli s tra in s, 13 w ere sensitive  to  am picillin  
to  various degrees and  th e y  were a t  least very  w eak b e ta -lac tam ase  p roducers 
(the  colour to o k  m an y  hours to  develop), depend ing  on th e  m edium . The on ly  
exception  w as s tra in  No. 1538. S y n th e tic  agar ap p ea red  to  be th e  b est for 
enzym e p ro d u c tio n  of these  s tra in s . T he re s t o f th e  s tra in s  were am picillin  
re s is tan t an d  s tro n g  b e ta -lac tam ase  producers (deep p u rp le  colour im m ed i
ately) on alm ost all m edia used. S tra in s  No. 897 an d  N o. 915 are of in te re s t 
because th e y  were h ighly  re s is ta n t to  am picillin  h u t  v e ry  w eak colour p ro 
ducers w ith  n itro cefin . T his k ind  o f b eh av io u r w as ch a ra c te ris tic  of th e  T E M - 
ty p e  b c ta -lac tam ase  p roducing  E .co li  s tra in s . E . coli N o. 12140, th e  s tra in - 
regu la rly  used  in  our in  v itro  an d  in  vivo ev a lu a tio n  o f b e ta -lac tam s, is a v e ry  
w eak b e ta -lac tam ase  p ro d u cer an d  so are th e  ATCC 25922 s tra in s  used  for 
q u a lity  con tro ls (F ig. 2). On solid m edia (especially  on PG A -B ) th e  enzym e 
diffuses in to  th e  agar an d  th e  red  colour develops n o t o n ly  in  th e  colonies 
h u t  also in th e  su rro u n d in g  agar. This phenom enon  w as found  to  he p l l -  
dependen t. W hen  the  m ed ium  was n o t buffered  (F ig. 2D) th e  p H  of th e  ag ar 
a round  th e  colony tu rn e d  acidic (p H  5.0) and only  a yellow ish  colour dev e l
oped, h u t if  th e  sam e m edium  w as buffered  (PG A -B ), th e  p H  of th e  ag a r 
rem ained  ab o u t 7.0 and  red  colour developed im m ed ia te ly  in  th e  agar n e ig h 
bourhood of th e  colonies (F ig . 2C).

On th e  basis of these  exp erim en ts , E . coli No. 211 w as selected for ly tic  
stud ies using  cepham ycins [38]. S tra in  N o. 804 w as selected  for inclusion  
in to  th e  reg u la r screen for b e ta -lac tam s [35], an d  h e ta -lac ta in ase  in h ib ito rs  
(Fig. 3). B e ta -lac tam ase  p ro d u c tio n  o f these  s tra in s  w as so a b u n d a n t th a t  
colour developed  even a t a 10 000 tim es d ilu tio n  o f th e  cu ltu re  in  PG B -B  
m edium .
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Klebsiella pneum oniae. D a ta  of T ab le  I  show th a t  b asica lly  all Klebsiella  
pneum oniae  s tra in s  are b e ta -lac tam ase  p roducers and  form  p u rp le  colour w ith  
n itro c e fin  on and  in all m edia . O ur re g u la r  assay  s tra in , N o. 4200 is a rare  
ex cep tion , because it  failed to  give th e  co lour-reaction  c h a ra c te ris tic  o f the  
p resence of b e ta -lac tam ase . I t  w as re p e a te d  m any  tim es u n d e r  various cond i
tio n s. I t  was u n d o u b ted ly  a Klebsiella  b u t  w ith  unusual ch a rac te ris tic s . S tra in  
N o. 1200 is a m odera te  p ro d u cer in  P G B -B  m edium  and  its  cu ltu re  w as selected 
for s tud ies of b e ta -lac tam ase  in h ib ito rs  [35]. K . pneum oniae  No. 982 was 
fo u n d  to  be a s trong  enzy m e-p ro d u cer an d  recom m ended fo r inclusion  in to  
th e  assay  s tra in s  aim ed a t  search ing  fo r b e ta -lac tam ase  re s is ta n t b e ta -lac tam s.

Proteus m irabilis. A lto g e th er 25 P . m irabilis  s tra in s  w ere exam ined  for 
th e  presence of b e ta -lac tam ase  (T able I). O nly one s tra in , N o. 346 developed 
a de fin ite  colour reac tion . I ts  fu ll-grow n cu ltu re  was inc luded  in our beta- 
lac tam ase  in h ib ito ry  s tu d y  [35]. S tra in  N o. 444 was inc luded  som e years ago 
as a very  sensitive s tra in . Some b u t n o t all s tra in s p roduced  a delayed , p ro b 
ab ly  non-specific  ligh t p ink ish-yellow ish  colour on sy n th e tic  agar and an 
o range-like colour in  T SB , b u t  never a red  or purp le  one. T he be ta -lac tam ase  
o f s tra in  No. 346 o p era ted  also a t  acid ic p H  and  did n o t diffuse in to  th e  agar. 
S w arm ing  of these s tra in s  was m in im al on th e  solid m edia  used.

Indole-positive Proteus spp. All of th e  indole-positive Proteus stra ins 
show n in T able I, i.e., 10 P. m organii ( M organella m organ ii), n ine P . vulgaris 
an d  six P . rettgeri w ere found to  p ro d u ce  th e  purp le  co lour easily  w ith  the 
b e ta -la c tam a se  su b s tra te , n itrocefin . O ur reg u la r P. m organii te s t  s tra in  No. 
179 (a non-sw arm ing  one) p roduced  a d a rk  purp le  co lour on TSA  m edia. 
Som e o f th e  o th e r s tra in s  sw arm ed m o stly  on TSA and  less on SA. E nzym e 
diffused in to  the  ne ighbourhood  of th e  co lony  (or was d e tec tab le ) only  if  the 
p H  o f th e  m edium  was n e u tra l or s lig h tly  alkaline b u t n o t a t  acidic p H . The 
s tro n g est co lour-(beta-lac tam ase-) p ro d u c in g  stra in s w ere N os 415 an d  625, 
b u t all s tra in s  p roduced  enough enzym e to  destroy  b e ta - la c ta m  an tib io tic s , 
being  no t abso lu te ly  b e ta -lac tam ase  s tab le . P. morganii N o. 179 was selected 
fo r ro u tin e  assay  purposes, because it  w as n o t sw arm ing, an d  h ig h ly  pathogen ic  
to  mice.

Enterobacter spp. D a ta  of T ab le  I  d em o n stra te  th a t ,  w ith o u t exception , 
all 25 Enterobacter s tra in s  ( tw e n ty  E . cloacae and five E . aerogenes) p roduced  
b e ta -lac tam ase  w ith  d efin ite  colour fo rm atio n  in m ost o f th e  m edia used. 
T he s tro n g est enzym e (colour) p roducers w ere s tra in s Nos 212, 1181, an d  1222. 
T he p H  of the  solid m edium  influenced  th e  diffusion of b e ta -lac tam ase  in to  
th e  ag a r a round  th e  colonies; a lk a lin ity  increased  it b u t th e  enzym e of s tra in  
N o. 212 diffused and  w orked a t acidic p H  as well. The co lour developed  on the  
ag ar m edium  (PG A -B ) persisted  for w eeks a t room  te m p e ra tu re  w ith  the  
ex cep tio n  o f s tra in  No. 212 w hich w as decolourized o v ern ig h t. T his am ple 
b e ta -lac tam ase  p ro d u c tio n  (colour developm ent) by  Enterobacter s tra in s  pro-
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S u m  m ary presentation o f  the results o f  beta-lactamase production  
by multiple bacterial strains using nitrocefin , the chromogenic cephalosporin substrate

Table I

Total No. of beta- No . of non-
Bacteria No. of 

strains
lactam ase beta-lactam ase 
producers producers

Remarks

Staphylococcus aureus 18 9 9
Staphylococcus epiderm idis 7 3 4
Streptococcus faecalis 14 0 14
Escherichia coli 31 30 ( 12) 1 ( 12) w eak producers
Klebsiella pneum oniae 28 27 1
Proteus mirabilis 25 13 (12) 12 ( 12) weak producers
Proteus morganii 10 10 0
Proteus vulgaris 9 9 0
Proteus rettgeri 6 6 0
Enterobacter cloacae 20 20 0
Enterobacter aerogenes 5 5 0
Serratia marcescens 25 25 (2) 0 (2) w eak producers
O ther bacteria 25 25 (2) 0 (2) w eak producers
Pseudomonas aeruginosa 10 10 0
N eisseria gonorrhoeae 10 5 5 T he beta-lac tam ase  producing 

s tra in s  are resistan t to pen i
cillin G (MIC’s 3.1-25 /ig/m l)

Haemophilus influenzae 18 11 7 T he enzym e-producing stra in s  
a re  re s is tan t to am picillin 
(M IC’s 6.2-50 /ig/ml)

W eak producer m eans th a t  the colour develops slowly, over m an y  hours, and never
becom es deep purple

T able  II

Colour reaction fo r  beta-lactamase o f  various bacterial assay strains with nitrocefin

Strains PGB-B PGA-B SB SA PSA

S . aureus 910 + + +  + + + + + + + + + + + + + + +
S. aureus 209 No grow th + + + + +
E . coli K N d d d + + +  +  +
E . coli STN a d d + + + + +
E . coli R (; d d d + + + + +
E . coli 214 d •1 d + + +  +  +
E . coli SS d d d + + + + +
Sarcina lutea (wild) d d d + + + + +
R. subtilis (ЛТСС 6633) d d d + + -!- +  -I-.

PG B-B =  P ep tone-g lucose  b ro th  bu ffered ; PG A -B =  Pep tone-g lucose  agar buffered; 
SB =  Synthetic  b ro th ; SA =  Synthetic  agar; PSA  =  P enassay  seed agar. +  +  +  +  =  Im 
m ed ia te  and strong red colour; =  Colour w ith in  5 m in; - ( -+  =  Colour w ithin 30 m in;
d =  Delayed (hours or o v ern igh t) colour developm ent
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vides an  accep tab le  e x p lan a tio n  for th e ir  overa ll resistance to  earlie r b e ta - 
la c ta m  an tib io tics.

Serratia marcescens. All th e  25 S. marcescens s tra in s s tu d ie d  were b e ta - 
la c tam ase  p roducers (T able I). T here w ere m ino r differences in  th e  onset an d  
in te n s ity  of colour d ev e lo p m en t. T he v e ry  s trong  b e ta -la c tam a se  p ro d u cer 
s tra in s  h ad  h igh ( > 2 0 0  /rg/ml) MIC values even  against th e  cepham ycins. T he 
m a jo r ity  of these s tra in s  d isp layed  v a riab le  sensitiv ity  to  th e  th ird  g en era 
tio n  cephalosporins. T he b e ta -lac tam ases o f Serratia  s tra in s  d iffused  b e tte r  a t 
n e u tra l  and alkaline p H  of th e  m edia . S tra in s  Nos 572, 584, 586, and 587 
w ere red  p igm ent p ro d u cers  w hich in m ost m edia m ade e v a lu a tio n  d ifficu lt 
a n d  less realistic .

Other Enterobacteriaceae and Acinetobacter. The so-called “ ra re ”  Entero- 
bacteriaceae (like Citrobacter, Providencia  an d  Arizona) as w ell as Acinetobacter 
are s tro n g  b e ta -lac tam ase  p roducers. T ab le  I shows th e  re su lts  o b ta in ed . The 
s tro n g e s t co lour-p roducing  s tra in s  w ere N os 317, 276, 364, and  600. S tra in  
N o. 439 secreted a viscous m a te ria l, s im ilar to  d ex tran . T h e  enzym es w ere 
eq u a lly  ac tive  and diffusib le a t acidic, n e u tra l and  alkaline p H  values, ex p la in 
ing  th e ir  high degree of resistance  to  th e  availab le b e ta - la c ta m  an tib io tics , 
in c lu d in g  m ost of the  th ird  genera tio n  com pounds.

Pseudomonas aeruginosa. All th e  te n  P . aeruginosa s tra in s  inc luded  in 
th is  s tu d y  and selected  accord ing  to  th e ir  v a ry ing  (4-500 /ig/inl) MIC values 
to  carbenicillin , tu rn e d  th e  colour of th e  chrom ogenic cephalosporin  87/312 
red  or p ink  in a lm ost all m edia (T able I) . T his colour change, re flec ting  th e  
p resence  of b e ta -lac tam ase , w as in d e p e n d e n t of the M IC’s o f these  s tra in s  to  
carben ic illin . In  th e  case of P . aeruginosa  s tra in s , th e  p resence  and expression 
o f  b e ta -lac tam ase  a c tiv ity  ap p eared  to  be no t en tire ly  a b e ta -la c tam  suscep
tib ility -re la te d  phenom enon . The s tra in s  produced  p igm en t m a te ria ls  c h a ra c 
te r is tic  of th e  Pseudom onas genus. I t  w as an  in terestin g  o b se rv a tio n  th a t  even 
th e  green or blue co lour w as o v ersh ad ed  b y  the  v e ry  deep pu rp le  colour 
developed  w ith n itro ce fin . M any p seudom onas ten d ed  to  grow in pelle ts  in 
liq u id  m edia. T hese pe lle ts  u su a lly  becam e red f irs t, in d ica tin g  th e  p re 
d o m in a n tly  cell-bound location  of th e  b e ta -lac tam ase  (and  also th e  p a rtic ip a 
tio n  o f b e ta -lac tam ase  o f in itia l cell w all synthesis); a n d  th e  liqu id  m edium  
tu rn e d  p ink  or red  on ly  la te r . T he know n in sen sitiv ity  o f P . aeruginosa  to  
m o st b e ta -lac tam  an tib io tic s  is a m uch  m ore com plex p h en o m en o n  an d  can n o t 
be reduced  only  to  b e ta -lac tam ase  p ro d u c tio n  of the  s tra in .

Streptococcus faecalis. N one o f th e  14 S . faecalis (en terococcus, group D 
strep tococcus) s tra in s  changed  the  co lour of th e  chrom ogenic  cephalosporin  
com pound 87/312 (n itrocefin ) in an y  m edia. The d is tu rb in g  in sen sitiv ity  of 
s tra in s  of th is genus to  m ost b e ta -la c tam s  esp. cephalosporins rests  on m echa
n ism s o th e r th a n  b e ta -lac tam ase  p ro d u c tio n .
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Neisseria gonorrhoeae a n d  H aem ophilus in fluenzae  s tra in s  need blood 
co n stitu en ts  fo r  grow th. Such m edium  is th e  chocolate (or an y  o th e r fo rtified ) 
agar. I t  is to o  coloured to  be  used  for d irec t te s t w ith  n itro ce fin . F o r these  
organism s, th e  so-called “ cell suspension”  m eth o d  was used  as specified b y  th e  
supplier of n itro ce fin  (G laxo). These cell-suspensions are colourless an d  th e  
colour-change w ith  n itrocefin  is conspicuous.

The N . gonorrhoeae s tra in s  w hich are  penicillin  G sensitive  (MIC d a ta  
prov ided  by  D r. I . Zajac) d id  n o t give th e  colour re a c tio n  w ith  n itro ce fin . 
T he re s is tan t s tra in s  w ith h igh  MIC values (3.1 25 pg/m l) im m ed ia te ly  p ro 
duced a deep p u rp le  colour w ith  n itro ce fin , in d ica tin g  th e  presence o f large 
am oun ts of b e ta -lac tam ase . T h ese  resis tan t s tra in s  w ere d esigna ted  as p lasm id  
com ponent co n ta in in g  stra in s (D r. S. Falkow ). This fin d in g  had th e ra p e u tic  
consequences fo r tre a tm e n t w ith  b e ta -lac tam s of in fec tions caused by b e ta - 
lac tam ase  p ro d u c in g  N . gonorrhoeae s tra in s . T hey  ap p eared  as a th re a te n in g  
public  h ea lth  prob lem . F o r tu n a te ly  m ost of th e  th ird  genera tion  cep h a lo 
sporins (cefo tax im e, ceftizoxim e, ceftriaxone) were h ig h ly  effective ag a in st 
th ese  stra ins.

In  the  case of the  eigh teen  II . in fluenzae  s tra in s  s tu d ied , th e  MIC values 
fo r am picillin  w ere in  good co rre la tio n  w ith  th e  co lou r-p roduc tion  of n i tro 
cefin  (Table I) . T he sensitive s tra in s  (M IC’s 0 .2 -0 .8  pg/m l) d id  n o t p roduce  
th e  colour re a c tio n  whereas th e  re s is ta n t s tra in s  (M IC’s 6 .2 -50  //g/rnl) developed 
an  im m ediate  a n d  deep p u rp le  colour w ith  n itrocefin , in d ica tin g  th e  b e ta - 
lac tam ase  orig in  o f resistance.

Selected assay strains used fo r  screening. T able I I  d em o n stra te s  th e  re su lts  
o f th e  b e ta -lac tam ase  test w ith  n itro ce fin  (chrom ogenic cephalosporin  87/312) 
w ith  stra ins we used  to  app ly  fo r specific b ioassay  pu rposes. T hey  inc luded  
G ram -positive a n d  G ram -negative  s tra in s , b o th  w ild an d  genetica lly  m a n ip 
u la te d  ones. A ll th ese  strains p ro d u ced  a ce rta in  degree o f colour. S. aureus 
910 was a s tro n g  b e ta -lac tam ase  p ro d u cer an d  an  u n u su a l staphy lococcus 
since it  grew in /o n  syn thetic  m ed ia , u n like  th e  ty p ica l s taphylococci. T he 
presence of b e ta -lac tam ase  in  th e  ex ten siv e ly  used assay  s tra in , B . subtilis  
ATCC 6633, w as a surprise a n d  has there fo re  been s tu d ied  in  considerable 
d e ta il [39].

A ssay stra ins fo r  new beta-lactam antibiotics. T able I I I  shows th e  resu lts  
o f th e  colour re a c tio n  for b e ta -lac tam ase  a c tiv ity  of 15 b a c te ria l s tra in s w hich 
we used for p r im a ry  assay of b e ta - la c ta m  an tib io tics. T he lis t o f these  te s t  
s tra in s  was changed  som ew hat o n  th e  basis o f th e  ex p erim en ts  rep o rted  in 
th is  paper. T he resu lts  are th o se  expected  from  o th e r sim ilar ex perim en ts 
includ ing  these s tra in s  and th ey  p o sitiv e ly  co rro b o ra ted  the  find ings. S. aureus 
V illaluze is a m eth ic illin -resis tan t s tra in  w ith  s trong  b e ta -lac tam ase  a c tiv ity . 
T he m eth ic illin -resis tan t stra ins m a y  or m ay  n o t be b e ta -lac tam ase  producers. 
T h is ty p e  of re s is tan ce  is in d ep en d en t from  th e  enzym e p ro d u c tio n .
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Colour reaction fo r  beta-lactamase o f  the 15 selected bacterial strains regularly used 
fo r  testing beta-lactam antibiotics using nitrocefin

Table III

Strains TSB TSA SB SA PGA PGA-B PGB-B

S. aureus 127 
S. aureus 23390 
S. villaluze  (m eth. 

res.)
S . faeca lis  34358 
E . coli 12140 
E . coli 33779 
К . pneum oniae  4200 
К . pneum oniae  1200 
S. para typhi 12176 
P. m irabilis  444 
P. aeruginosa 63 
S. marcescens 13880 
P. m organii 179 
E . aerogenes 13048 
E . cloacae 31254

+  +  +  +  +

+  +  +
f + + +  + + + +  

+  +  +  +  +  
+  +  +  +

f + + +  + + + +

(1 No grow th

+  +  +  +

d
+  +  +  +  

+ + +  + + +

+  +  +  +

+ + + + + +

d
+ + + +

+ + +

+ + + + +  +
+ + + + +
+ + + +

+ + + +
+ + + + + +

TSB  =  T ryp ticase-soy  b ro th ; TSA =  T ry p ticase -so y  agar; SB =  S y n th e tic  b ro th ; SA =  
S y n th e tic  agar; PGA =  Peptone-g lucose  agar; PG A-B =  P eptone-g lucose  agar buffered ; 
PG B -B  =  Peptone-glucose b ro th  buffered. +  +  +  +  =  Im m ediate  an d  strong  red colour; 
- j - - • - - ; Colour w ith in  5 m in ; - f -+  =  Colour w ith in  30 m in; -j- =  Colour w ith in  1-3 h; d —
D elayed  (hours or overnight) colour developm ent

A ssay  strains fo r  new antibiotics. T ab le  IV  d em o n stra te s  th e  re su lts  of 
th e  b e ta -lac tam ase  te s t  b y  th e  colour reac tio n  w ith  com pound  87/312 using 
th e  15 m icrobial s tra in s  em ployed  a t th a t  tim e  for th e  p rim a ry  assay  of 
fe rm en ta tio n  specim ens. T he b ac te ria l s tra in s  w hich h ad  n o t been inc luded  in 
a n y  o f th e  genera used for th e  s tu d y  o f ex p an d ed  sp ec tra  w ere, M ycobacterium  
ph le i 1228 (strong  colour, i.e., b e ta -lac tam ase  producer) an d  Salm onella galli- 
narum  9184 (no colour, n o t a b e ta -lac tam ase  p roducer). T he o th e r b a c te ria l 
s tra in s  elicited reac tions as expected . An in te re s tin g  fin d in g  was th a t Candida  
albicans 759 and also Trichophyton mentagrophytes 1258 s tra in s  were w eak 
co lour producers. F o r C. albicans N o. 759, th is  o b se rv a tio n  has been cor
ro b o ra ted  [40]. The m ean ing  and  sign ificance of co lou r-p roduc tion  an d  th e  
correspond ing  b e ta -lac tam ase  fu n c tio n  in these  and o th e r fu n g a l (yeast) st rains 
rem a in  to  be estab lished . I t  is know n fo r s trep to m y ce tes  b u t  th e y  are  c las
sified  as b acteria .

D iscussion

In  the  c lassification  and  c h a rac te riza tio n  of b e ta - la c tam  an tib io tics , 
th e ir  s tab ility  to  b ac te ria l b e ta -lac tam ases  p lays a p a ra m o u n t im p o rtan ce  in  
ad d itio n  to  th e ir  sp ec tru m , p h arm aco k in e tic  and  p h arm aco d y n am ic  prop-
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Colour reaction fo r  beta-lactamase o f  the 15 selected microbial strains regularly used 
fo r  testing ferm entation  specimens w ith nitrocefin

Table IV

Strains PSA TSB TSA SA PGA PGA-B PGB-B

S. aureus 127 +  + +  + +  +  ]No grow t h +  + +  + - I — U

S . aureus 9 10 4 - +  +  + + + + + +  +  +  + +  +  + +  +  +  + +  +  +  + +  +  - Г - Г
S . faecalis 

34358
M . phlei 1228 +  +  +  + + + + + No grow th + + + + + +  +  + + + +
P. mirabilis 

444
E . coli 12140
К . pneum o

niae  4200
S. gallinarum  

9184
P. aeruginosa 

63
S. marcescens 

13089
P. morganii 179
Providencia 276
E . cloacae 

31254
C. albicans 759
T . mentagrophy

tes 1258

+  +  +  - 
+  +  

+  +  +
+  +  +  
+  +  +

+  +  +  +

+  +  +  +
-1

+  +

d
+  +  +

+  +

+  +  +

+

PS A  =  Penassay seed a g ar; TSB =  T ry p ticase -so y  b ro th ; TSA =  T ry p ticase -so y  agar; SA =  
S y n th e tic  agar; PG A  =  Peptone-glucose agar; PGA-B =  Peptone-g lucose  agar buffered ; 
PG B -B  =  Peptone glucose broth  buffered . + - ) - - |- +  =  Im m ediate  an d  strong red colour; 
+  +  +  =  Colour w ith in  5 m in; + +  =  C olour w ithin 30 m in; -f- =  Colour w ith in  1-3 h; d - - 
D elayed  (hours or o v e rn ig h t)  colour developm ent

ertie s  [12]. T herefo re , the  p ro d u c tio n  of or th e  presence in  th e  m icrobial 
g ro w th  of b e ta -lac tam ase(s) is an  im p o r ta n t p a ra m e te r  in  th e  search for new  
b e ta -lac tam  a n tib io tic s  as well as in  th e  clinical m icrobiology lab o ra to ry  and  
ra tio n a l therapy  o f  infections. T h ere  are m any  m ethods fo r th e  detection  and 
e s tim a tio n  of b a c te r ia l b e ta -lac tam ases. The chrom ogenic cephalosporin  com 
p o u n d  87/312 (G laxo) allows a ra p id  detec tion  and  q u a n tita tio n  of b e ta - 
lac tam ase  ac tiv ity . T h e  highly p u rif ie d  p rep ara tio n  is availab le  under th e  
n am e of N itrocefin . S ince the orig inal descrip tion  of th is  com pound  and  m ethod  
[25], m any  p u b lica tio n s  confirm ed th e  usefulness an d  re liab ility  of th is  te c h 
n iq u e  [41-46]. U sing  th is  novel m e th o d , we exam ined  th e  b e ta -lac tam ase  
a c tiv ity  of a host o f  bacteria l an d  a few fungal s tra in s  an d  found th a t  th e  
co lour produced b y  th e  presence o f  b e ta-lac tainase(s) w as in  good agreem ent 
w ith  previous re s is tan ce  studies. I t  is also tru e  th a t  th e  presence of b e ta - 
la c ta m a se ^ )  not a lw ay s and  not a rb itra r ily  signify b e ta -la c tam  resistance of a 
g iven  m icrobial s tr a in  b u t p rovides a good in d ica tio n  for th is  possib ility .
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T here  are  stra in s (or genera) th e  re sis tan ce  of w hich is n o t b e ta -lac tam ase  
re la te d  (S. faecalis  an d  m a n y  m eth ic illin  re s is tan t S. aureus). T here  is a 
ba lan ce  betw een  th e  a m o u n t of availab le  enzym e (ra te  o f an tib io tic  in a c tiv a 
tion) and  su rv ival of th e  m icrob ia l p o p u la tio n  in the con tinuous presence and  
su ffic ien t am oun t o f a b e ta - la c ta m  an tib io tic  u n d er in v itro  cond itions. In  vivo 
th e  p rob lem  is u su a lly  even  m ore com plex . N evertheless, th e  d a ta  of these 
ex p erim en ts  were in s tru m e n ta l in  se lecting  ap p ro p ria te  s tra in s  (stro n g  and  
w eak  b e ta -lac tam ase  p ro d u cers  and  non-p roducers in  th e  sam e genera) for 
inc lusion  in  the  p rim a ry  assay  of b e ta - la c tam  com pounds, fo r d e ta iled  stud ies 
of com pounds and  also fo r th e  ev a lu a tio n  o f ly tic  p ro p ertie s  of b e ta -lac tam s 
as w ell as for search ing  fo r an d  te s tin g  o f b e ta -lac tam ase  in h ib ito rs , as show n 
in F ig . 3 [35, 47]. In  ad d itio n  to  th e  u tilita r ia n  (selection of p ro p er be ta- 
la c tam s for th erap y ) ap p lica tio n s , the  p re se n t resu lts  a p p ea r to  p rov ide  some 
ex p e rim en ta l evidence to  th e  basic  q u es tio n  concerning th e  c lassifica tion  and 
role o f  b e ta -lac tam ase  in th e  b iology, physio logy  and  b io ch em istry  of m icrobes 
[10, 48 -52 ].

T he d a ta  p resen ted  here , to g e th e r w ith  o thers’ o bserva tions, are  convinc
ing th a t  n itrocefin  (chrom ogenic  cephalospo rin  su b stra te  87/312) [25] provides 
an  e legan t, rap id , selective an d  re liab le  too l for d e tec tin g  be ta -lac tam ase  
a c tiv ity  of b ac te ria  in  se rum , u rine  or bo d y  flu id-free en v iro n m en t. [53]. I t  
is availab le  in  d iagnostic  d isk  form .

W e have only  lim ited  experience w ith  the use of cep h acetrile  (Celaspor®, 
C 36278-Ha) for th e  sam e pu rpose  [26-28]. The v io le t-redd ish  colour form ed 
is s trik in g , b u t its  slow an d  often  sp o n tan eo u s developm ent raises th e  suspicion 
th a t  th e  reac tio n  m ay  n o t be specific. I t  offers no real a d v a n ta g e  over n itro 
cefin . W e have no p e rso n a l experience w ith  p y rid ium -2-azo -p -d im ethy lan iline  
cephalosporin  (PA D A C) as a chrom ogenic  reag en t for ra p id  b e ta -lac tam ase  
te s tin g  [29, 30]. W hen th e  side chain  a t  3 -position  is re leased  upon  the opening 
o f  th e  b e ta -lac tam  ring  (hydro lysis b y  be ta -lac tam ase) th e  co lour changes from  
p u rp le  to  yellow . I t  has been  rep o rted  th a t  the  colour change tak es  tim e, th e  
re a c tio n  is specific an d  n o t influenced  b y  th e  pro te in  c o n te n t of th e  specim ens. 
N ow  i t  is availab le  in  th e  form  of f i l te r  p ap e r strip  as a con v en ien t lab o ra to ry  
d iagnostic  too l to  d e te c t b e ta - la c tam a se  p ro d u c tio n  of m icroorganism s.
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VIRAL DNA SEQUENCES 
IN HUMAN CYTOMEGALOVIRUS TRANSFORMED 

HAMSTER CEUL TINE AT UOW PASSAGE LEVELS

I. B o l d o g h , B .  B k i c h a c e k , É v a  G ö n c z ö l , I. H i r s c h  a n d  L. VÁczi

Institute o f Microbiology, U niversity Medical School, Debrecen, H ungary, and 
Department o f Experim ental Virology, Institute o f Sera and Vaccines, Prague, Czechoslovakia

(R eceived  F e b ru a ry  10, 1984)

The c h arac te ris tic s  of a hu m an  cy to m egalov irus ( 1 M M V ) tran sfo rm e d  Syrian h am ste r  
cell line (87-TR H -5) w ere  exam ined. T h e  cy tom egalov irus D N A  (H CM V -D N A ) labelled  in 
v i tro  by  nick tra n s la tio n  w as used as a p ro b e  to d e tec t v ira l D N A  sequences in  th e  87-TR H -5 
line . C ytom egalovirus specified  DNA sequences were d e tec ted  in cells exam in ed  up  to  passage 
58, b u t  were u n d e te c ta b le  a t  higher p a ssag e  levels. Six clones were deriv ed  from  th e  28tli 
p assag e  of 87-TR H -5 cells and ex am ined  for HCM V-DN A sequences. V arious am o u n ts  of 
H C M V -D N A  were fo u n d . A tu m o u r in d u ce d  b y  passage 28 cells co n ta in ed  no de tectab le  
HCM V -D N A  sequences.

H um an  cy tom egalov irus is an  u b iq u ito u s p a th o g en  w ith  a v a rie ty  of 
c lin ica l m an ifesta tio n s [1]. R ecen t evidence suggests th a t  HCMY m ay  be 
oncogenic. HCMV in fec ted  h u m an  fib ro b la s ts  will grow in ag a r b u t  ev en tu a lly  
u n d erg o  lysis [2]. HCM Y has been iso la ted  from  a parag an g lio m a [3] and  from  
K a p o s i’s sarcom a [4]. A culture o f h u m an  p ro s ta te  cells derived  from  a HCMV 
in fec ted  child re leased  a stra in  o f  HCMV sp o n taneously  [5]. I t  is d ifficult to  
e s tab lish  a co rre la tio n  betw een HCM V  and  tu m o u r deve lopm en t, a lthough  
an  association  lias been  discovered betw een HCMV and  v a rious ty p es of 
h u m a n  neoplastic d isease [6, 7]. T h e  oncogenicity  of HCMV is su p p o rted  by  
severa l studies w hich  estab lish  th e  a b ility  of th e  v iru s  to  s tim u la te  host cell 
D N A  synthesis [8 -1 0 ]. I t  has been  d em o n stra ted  th a t  HCMV can  tran sfo rm  
cells in  v itro  [11 13]. I t  was p rev io u sly  show n th a t  in fection  of h am ste r 
em bryo  fib rob last cells w ith  UV ir ra d ia te d  HCMV resu lted  in th e  appearance  
of m orphologically  tran sfo rm ed  cells. T he m u ltilayered  foci were iso la ted  and , 
a f te r  cloning, a co n tin u o u s  cell line (87-TR H -5) was developed  [12]. In  th e  
p resen t paper, we describe ex p erim en ts  based  on detec tio n  of th e  HCMV 
genom e in the  87-T R H -5  cell line b y  D N A -D N A  reassocia tion  k inetics. I t  is 
show n th a t  the  a m o u n t o f HCM V-genom e in these tran sfo rm ed  cells g radually  
decreases to  u n d e te c ta b le  levels.
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148 B O L D O G H  e t  a l.

M aterials and  m ethods

Cell culture. The 87-T R H -5  tran sfo rm ed  cell line has a lread y  been  described [12]. The 
g ro w th  m edium  consisted of M inim al E ssen tia l M edium  (M EM ) su p p lem en ted  w ith  10%  
fe ta l c a lf serum , 100 U /m l pen ic illin , 100 /ig/m l strep to m y c in  and  0 .125%  N a H C 0 3.

T h e  h am ste r em bryon ic  f ib ro b la s t cells w ere p rep ared  from  14-day-old h a m s te r  em bryos 
an d  p ro p a g a ted  in  the  m ed ium  described  above.

H u m a n  em bryonic lu n g  (H E L ) cells w ere ob ta in ed  from  a b o rte d  h u m an  em bryos, and 
c u ltiv a te d  in MEM described above.

Virus and virus propagation. The H E L  cell m onolayers w ere in fec ted  w ith  h u m an  CMV 
s tra in  AD -169 a t a m ultip le  o f 0.2 P F U  per cell. T he v irus was abso rb ed  for 2 h a t  37 °C and 
th e  m ed iu m  was changed. T w e n ty  hours a f te r  in fec tion  5 fiCi/ml of (H )3 T d R  (spec. act. 
17.5 Ci/mM, UVVVR) was ad d ed  to  th e  m edium  to  labe l th e  v ira l D N A . T he v irus was h a rvested  
from  th e  ex trace llu la r flu id  12 d ay s a fte r in fection .

Preparation o f extracellular virus. T he v irus from  th e  ex trace llu la r flu id  w as con
c e n tra te d  by  u ltra ce n tr ifu g a tio n  and  purified  by  sed im en ta tio n  th ro u g h  lin ea r sucrose and 
CsCl g ra d ie n ts  as described b y  H u an g  e t al. [14].

Preparation o f viral D N A . T he resuspended  v irus w as tre a te d  w ith  self-digested 
nuclease-free  p ronase (C albiochem , E P  grade), 1 m g/m l, in  th e  p resence of 1%  sodium  lauryl 
su lp h a te  (B D H , specially  p u re )  a t  37 °C for 3 h. T he DN A  w as p u rified  b y  cen trifugation  
to  eq u ilib riu m  in CsCl in  M SE  (8 X 14- ro to r)  a t  30 000 rp in  a t  20 °C fo r 65 h. T he rad ioactive  
frac tio n s  were collected a n d  re ru n  in a second CsCl g rad ien t. T he D N A  w as d ialysed  against 
T N E , p re c ip ita te d  w ith  e th a n o l an d  a fte r  cen trifu g a tio n  dissolved in 0.1 X SSC. T his v ira l DNA 
w as used  for th e  h y b rid iz a tio n  tes ts .

Radioisotope labelling o f 1 IC M V -D N A . P urified  HCM V-DN A was labelled  w ith  a 32P- 
tr ip h o sp h a te  by  nick tra n s la tio n  as described  b y  R igby  e t al. [15]. B riefly , th e  labelling  of 
HCM V-DN A w ith th y m id in e  5’a 32P -tr ip h o sp h a te  (R adiochem ical C entre , A m ersham , E ngland , 
spec, a c tiv ity :  350 C i/m m ol) w as done b y  re p a ir  syn thesis o f th e  v iru s D N A  w ith  Escherichia 
coli p o lym erase  1. (B oehringer, M annheim  G m bH , W est G erm any) in  th e  p resence of D N ase 
(S igm a, E P  grade). T he re a c tio n  m ix tu re  co n ta in ed  50 т м  T ris-H C l p H  7.8, 5 т м  MgCl2, 
5 т м  ß -m crcap to e th an o l (D B H ) and 0.1 т м  cold d-A T P, d-C T P, d -G T P  (Sigm a Chem ical Co.). 
T he labe lled  HCM V-DNA w as then  se p a ra ted  b y  c h ro m a to g rap h y  on a 14 m l colum n of 
S ep h ad ex  G-50/Fine (P h a rm ac ia ) . T he specific a c tiv ity  o f 32P-labelled  HCM V-DNA was 
c a lcu la ted  to  be 5.4 X 107 c ts /m in  per //g.

Extraction and preparation o f cellular D N A . The cell m onolayers were scraped  and 
w ashed  in  T N E  (0.01 м  T ris -H C l, p H  7.9, 0.01 м E D T A , 0.15 м NaCl). T he cell suspensions 
w ere tre a te d  w ith  se lfd igested  nuclease-free p ronase  (C albiochem ), 1 m g/m l, in th e  presence 
of 1%  sodium  dodecyl su lp h a te  (SD S, B D II  specially  p u re) a t  37 °C for 10 h and  th e  cell 
D N A  was purified  fu r th e r  accord ing  to  F renkel e t al. [16].

D N A -D N A  reassociation kinetics. T he h y b rid iza tio n  te s t  w as carried  o u t as prev iously  
described  b y  F renkel e t al. [16]. T he sheared  32P-labelled  HCM V-DN A w as m ixed w ith  contro l 
D N A ’s in th e  presence of kno w n  am o u n ts  o f non-labelled  HCM V-DN A. T he D N A  co n cen tra 
tio n s  a re  given in th e  F igu res.

T he m ix tu re  in  v o lum es of 25 /Л w ere sealed in  glass m icrocaps, d e n a tu red  a t  115 °C 
fo r 7 m in  and th en  in cu b a ted  a t  63 °C for various leng ths o f tim e. T he h y b rid iza tio n s were done 
in  so lu tio n  con tain ing  0.1 м T ris-H C l, p H  8.1, 0.025 м E D T A , 1 м  NaCl and 20%  (vol/vol) 
fo rm am id e  (Sigm a C hem ical Со.).

T he frac tions o f d oub le  s tra n d ed  D N A ’s were d e te rm in ed  b y  using  sing le-strand- 
specific  nuclease of Aspergillus oryzae as described  by F ren k e l e t al. [16].

Calculations. R easso c ia tio n  d a ta  w ere ev a lu a ted  b y  using  th e  eq u ation

Д  - k x C o t +  1,

d e riv ed  by  B ritte n  an d  K o h n e  [17] an d  Biegeleisen and  R u sh  [18], w hich  describes th e  re 
assoc ia tion  k inetics o f ra n d o m ly  sheared  DN A  w hen du p lex  fo rm atio n  is m easu red  b y  S, 
nuclease  resistance. In  th is  eq u atio n , fss is th e  frac tio n  of p ro b e  D N A  sequences rem ain ing  
single s tran d ed  a t  tim e  t ,  к  is th e  second o rder ra te  c o n s tan t an d  Co is th e  in itia l co n cen tra 
tio n  of DNA nucleo tides. T h e  N value w as defined as th e  ra tio  o f genom e eq u iv a len t of cell 
te s t  D N A  to  genom e e q u iv a len t o f v iral p ro b e  DN A  in th e  h y b rid iza tio n  m ix tu re  [16]. T he 
m olecu lar w eight of th e  HCM V genom e was assum ed to be  1.5 x lO 8 [19, 20].
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R esults

History o f  the 8 7 -T R H -5  cell line. In  an  earlie r s tu d y , we rep o rted  th a t  
tran sfo rm a tio n  o f H E F  cells by  1ICMV produced  a tu m ourogen ic  cell line [12]; 
its  h is to ry  is show n in  Fig. 1. T he orig inal cell line was exam ined  a t passages 
28, 58, 76 and  141. S ix subclones derived  from  passage 28 cells w ere exam ined  
a t  passage 45. T u m o u rs  p ro d u ced  b y  passage 28 cells were analysed  also b y  
D N A -D N A  reassoc ia tion  k inetics. HCMY specific an tigens could  be d e tec ted

Fig. 1. In  v itro  h is to ry  o f th e  87-T R H -5 cell line orig inally  derived  from  h am ste r  em bryo  
f ib ro b la s ts  tran sfo rm ed  b y  HCMV. Six clones were iso lated  a t  passage 28 (87-T R H -5 per 
1, 2, 3, 4, 5, 6) and a n a ly sed  a t  passage 45. The passage 28 cells w ere in jec ted  in to  n ew born  
h am ste rs . The DN A  e x tra c te d  from  developed  tu m o u rs an d  clones o f 87-T R H -5 cells w ere 

an alysed  by  D N A -D N A  reassocia tion  k inetics . T : T ested  for d e tec tio n  of HCM V-DNA

in  th e  cells by  im m unofluorescence  stud ies using an ti HCMV IgM  an tibod ies 
even in  passage 58 cells [12]. T he cells were also positive for m em brane  an tigen  
b y  a n tib o d y  m ed ia ted  cy to to x ic ity  d e tec ted  by  a 51Cr release assay  (B oldogh 
an d  K u tin o v a , u n p u b lish ed  d a ta ).

Properties o f  32P-labelled probe D N A .  In  th e  p resen t s tu d y , th e  v ira l 
D N A  probe was p rep a red  from  c u ltu re  flu id  o f cells in fected  w ith  HCMY 
(AD -169). Low m ultip lic ities  of in fec tion  were used (ab o u t 0.2 PFU /cell) to  
avoid  accum ula tion  o f defective D N A  m olecules. Before using th e  32P-labelled  
HCM V-DNA as a p robe , we checked  it for co n tam in a tio n  b y  h ost D N A  
sequences. The p robe D N A  w as m ix ed  w ith  h u m an  em bryon ic  lung  (H E L ), 
h am ste r  em bryonic  f ib ro b la s t (H E F ) an d  ca lf th y m u s  (CT) D N A . F o r ca lib ra 
tio n , th e  probe was allow ed to  reassocia te  in  th e  presence of 7.2 m g/m l h ost 
D N A ; plus 1 0 -4 m g/inl (0.4 HCMV genom e per d ip lo id  cell) or 10 _3 m g/m l 
(4 HCM V genom e p er d ip lo id  cell) u n labe lled  HCM V-DNA. T he m ix tu re  was 
d en a tu re d  a t 115 °C fo r 7 m in in to  single s tran d s and  th e  ra te  o f conversion 
of th e  labe l in to  d o u b le -s tran d ed  fo rm  w as followed, using  single s tra n d  specific 
Sj nuclease.
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T he resu lting  co n tro l an d  ca lib ra tio n  curves are show n in Fig. 2. In  th e  
absence of added cold v ira l D N A , th e  re n a tu ra tio n  o f probe sequences p ro 
ceeded a t a very  slow r a te ,  in d ica tin g  no co n tam in a tio n  by  host cell DNA 
sequences (Fig. 2, open  sym bols). In  ca lib ra tio n  exp erim en ts , th e  ra te  of 
an n ea lin g  of probe in to  d o u b le -s tran d ed  form  was p ro p o rtio n a l to  th e  con-

Fig. 2. R en a tu ra tio n  k in e tics  o f probe D N A  in  th e  presence of cell D N A  and  various con
c e n tra tio n s  of unlabelled H CM V -D N A . R easso c ia tio n  k inetics o f th e  32P-labelled  HCM V-DNA 
pro b e  (1.620 X 10-6 m g/m l) w ere  m easured  in  th e  p resence of 7.3 m g/m l H E L  D N A  alone ( □ ) ,  
w ith  10 -4 m g/m l ( ■ )  an d  1 0 -3  m g/m l (Cl)  unlabelled  HCM V-DN A; 7.2 m g/m l H E F -D N A  
alone ( o ) ,  w ith  10~4 m g/m l ( # )  and  10-3 m g/m l ( ( J )  u n labe lled  HCM V-DN A; 7.2 m g/m l 
C T-D N A  alone (ф ) ,  w ith  1 0 “ 4 m g/m l ( ♦ )  and  10 -3 m g/m l (<>) un labe lled  HCM V-DNA. 
N  v a lu e  =  29.6 (7.2 m g/m l h o s t cell DN A  plus 10“ 4 m g/m l un labelled  HCM V-DNA =  0.4

HCMV genom e p e r dip lo id  cell)

c e n tra tio n  of u n lab e lled  HCM V-DNA added  to  th e  h y b rid iza tio n  m ix tu re . 
A p lo t of 1/fss (t) versu s  Cot resu lted  in a s tra ig h t line w ith  slope k , ind ica ting  
th a t  th e  en tire v ira l genom e was rep resen ted  in the  probe.

Detection o f  H C M V - D N A  in low passage 8 7 -T R H -5  cells. T he 87-TR H -5 
cells w ere frozen a t  passages 18 an d  21. A fter som e m o n ths th e y  were re 
su sc ita te d  and grow n u n til  passages 2 8 th  and 58 th , respective ly . D N A  ex trac ts  
o f th ese  cells were ex am in ed  by  D N A -D N A  reassocia tion  k inetics as show n in 
F ig . 3. Passage 28 cells co n ta ined  th e  eq u iv a len t of 3 5 x l 0 -6 m g IICM V-DNA 
p er m g of cell D N A , correspond ing  to  ab o u t 1 HCMV genom e eq u iv a len t per 
d ip lo id  cell. Passage 58 cells, how ever, co n ta in ed  only  6 X H V C m g HCMV- 
D N A  p er nig of cell D N A  (ab o u t 0.18 genom e eq u iv a len t p er diploid cell). 
I f  a single passage corresponded  to  th re e  cell genera tions, th e  87-TR H -5 
cells h ad  carried a t  le a s t one com plete  HCMV genom e for 84 generations. 
A fte r  a fu rth e r 90 cell genera tions th e  am o u n t of HCM V-DNA sequences h ad
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decreased to  0 .18 genom e e q u iv a le n t per cell. The o bserved  decrease m ig h t 
rep resen t an a c tu a l loss of HCMV DNA sequences from  th e  cell or i t  m ig h t 
he sim ply due to  a decrease in  th e  p ro p o rtio n  of HCMV D N A  contain ing  cells 
in th e  cu ltu re  a t  la te  passages. I t  w as, th ere fo re , decided to  te s t in d iv id u a l 
clones of early  p assage  cells to  see w h e th e r H CM V -D N A  sequences occurred  
in  every  clone. Clones were iso la ted  from  passage 28 o f th e  87-TRH -5 cell 
line (Fig. 1) a n d  p ro p ag a ted  u n til  passage 45. D N A  iso la ted  from  each clone 
w as analysed b y  D N A -D N A  reasso c ia tio n  k ine tics. R esu lts  are  sum m arized in 
T ab le  I. The a m o u n t of HCM V-DNA v aried  from  9.7 X 10 to  19.1 X 10~6 m g

Table I

Analysis o f Cloned Derivations o f 87-TRH-5 Cell 
fo r  H C M V-D N A Sequences by D N A -D N A  Rea ssocialion 

Kinetics1

Clones
Passage
num ber

Amount of HCMV-DNA 
per mg 87-TRH-5 DNA2

HCMV genome 
per diploid cell

87-TRH -5/1 45 19.1 X  10~ 6 m g 0.54

87-T R H -5/2 45 9.7 x 1 0  e mg 0.27

87-T R H -5/3 45 12.5 X  10 11 m g 0.35

87-T R H -5/4 45 1 8 .3 x 1 0  ,! mg 0.52

87-T R H -5/5 45 12.7Х 10 11 m g 0.36

87-T R H -5/6 45 14.9X 10 'm g 0.42

F IE F 3 12 14.0Х 10 mg 0.40

1 The reassociation  was allowed to proceed for 158 h
2 The reassociation  of :i2P-labelled p ro b e  (0.81 X 10 2 m g/m l) was m easured  in the presence 

of 3.6 m g/m l DNA from  ind iv idual clones o f cell
2 Probe 0 .8 1 x l0 _,i m g/m l was reassocia ted  in th e  presence of a m ix tu re  con tain ing  

3.6 m g/m l H E F  cell D N A  plus 0 .5 x 1 0  4 m g/m l unlabelled HCM V-DNA

HCM V-DNA per 1 m g 87-TR H -5 cellu lar D N A . W e h av e  no evidence to  
suggest th a t  only som e HCM V-DNA sequences h ad  been selec ted  since th e re  
w as no dev ia tion  from  th e  th eo re tica l s tra ig h t line p lo ts in th e  case of passage 
58 cells (Fig. 3). W e have no e x p lan a tio n  for th e  ab ility  o f  th e  en tire  v iru s 
genom e to  persist in  th e  cells up to  84 g enera tions and  to  be lost to  an u n 
d e tec tab le  level o n ly  in  la te r  genera tions.

Failure o f  detection o f  H C M V - D N A  sequences in the high passages o f  
8 7 -T R H -5  cells and  tumours.  The 87-T R H -5 cells were c u ltiv a te d  un til 141 
passages. A t various passage levels (passage 76, 141) cell D N A  was iso lated  
an d  te s te d  for p resen ce  of H CM V-DNA sequences. N eo n a ta l ham sters were 
in o cu la ted  w ith 10ß 87-T R H -5 cell (passage 28) p er an im al. A fte r six weeks, 
tu m o u r developed. T h e  tu m o u r cell D N A  was e x tra c te d  an d  te s ted . R esults
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are show n  in Fig. 4. No H CM V -D N A  sequences were d e tec ted . E v en  the  use 
of h ig h e r N values (41.2) an d  longer reassoc ia tion  tim e (1 -218  h) revealed  no 
v ira l sequences. We could  n o t for th e  tim e  being d isc rim in a te  betw een  tw o 
a lte rn a tiv e s : th a t  th e  e n tire  HCMV genom e was lost from  th e  cells, or, th e  
cells h ad  re ta ined  a set o f  HCMY sequences, w hich was in su ffic ien t for d e tec 
tion  u sin g  th e  en tire  D N A  as a probe.

Time (hours)
Fig. 3. R e n a tu ra tio n  of p ro b e  D N A  in th e  p resence  of DNA e x tra c te d  from  87-T R H -5  cells 
a t  low  passage levels. T he reassocia tion  of 32P-labelled  HCM Y-DNA (1 .6 2 0 x 1 0 “ ® m g/m l) 
w as follow ed in the  p resence o f 7.2 m g/m l 87-T R H -5  DNA a t p assage  28 ( □ ) .  an d  58 (■ ) .  
an d  in  th e  presence of 7.2 m g/m l H E F -D N A  alone (Q) ,  or w ith  10 ~4 m g/m l un labelled  HCMV-

DN A  (®). N  v a lu e  =  29.6

F ig . 4. R e n a tu ra tio n  of p ro b e  D N A  in  th e  p resence  of DNA e x tra c te d  from  87-T R H -5  cells 
a t  h igh  passage levels (A) an d  from  tu m o u r (B ). R eassociation  of p robe  D N A  (1.620 x 1 0 “ ® 
m g/m l) was m easured in th e  presence of D N A  ex trac ted  from  87-T R H -5 cells a t  passages 
76 (Д), 141 (a) and from  tu m o u r (v ). P ro b e  D N A  a t a c o n cen tra tio n  of 1.620 X l 0 -r> m g/m l 
w as allow ed to re n a tu re  in  th e  presence of H E F -D N A  alone ( O )  or a m ix tu re  co n ta in ing  
H E F -D N A  and un labelled  HCM V-DNA (0.4 HCM V genome per d ip lo id  cell) (# ) . 87-TR H -5 
an d  tu m o u r DNA as well as H E F -D N A  w ere p re se n t a t  a co n cen tra tio n  of 10 m g/m l. N  value =

41.2
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D iscussion

The resu lts  p resen ted  in d ica te  th a t  h a m ste r  em bryo  f ib ro b la s t cell t r a n s 
form ed b y  U V -irrad ia ted  HCMV re ta in  v ira l D N A  sequences up to  passage 
58 b u t la te r  passage cells co n ta in  little  or no d e tec tab le  v iru s-re la ted  D N A  
sequences. No v iral D N A  sequences could be d e m o n s tra te d  in  a tu m o u r  
produced  in a h am ster b y  passage 28 cells. Passage 28 cells con ta ined  ab o u t 
one com plete v ira l genom e p e r cell. U ntil passage 58, how ever, the  a m o u n t of 
v ira l D N A  h ad  been reduced  to  0.18 genom e p er cell. W h e th e r these frac tio n a l 
values were due  to  some passage 58 cells co n ta in in g  a com plete  genom e or to  
every cell co n ta in in g  only p a r t  of the  v iral D N A , is no t clear. Since th e  clones 
derived  from  passage 28 cells con ta ined  v ira l D N A  w hen  exam ined  a t  p a s 
sage 45, it  seem ed likely th a t  th e  original cell p o p u la tio n  consisted  un ifo rm ly  
of cells w ith  v ira l genom e. T his im plies th a t  v ira l DNA w as lost from  cells 
during  la te r  passages and  suggests th a t  passage 58 cells are  a heterogeneous 
p o pu la tion  con ta in in g  an average  0.18 genom e p er cell.

The questio n  is w hy an d  how the  cells re ta in ed  th e  HCM V-DNA for 
prolonged periods and  w h a t role th e  v iral D N A  sequences h av e  in  the  in d u c tio n  
and  m a in ten an ce  of the  tran sfo rm a tio n . F irs t, w ith  th e  o th e r herpesv iruses 
th ere  are ev idences of th e  IICMV being able to  p ersist in  a la te n t  form  w ith in  
th e  in fected  cells in  vivo an d  in  v itro  [5, 2 1 -2 6 ]. The la te n t  in fection  led  to  
th e  p ro d u c tio n  of ce rta in  v ira l an tigens b u t th e re  was no v ira l D N A  syn thesis  
or d e tec tab le  v iru s  rep lication  [21, 24, 25]. In d eed , a high percen tage  of th e  
87-TR H -5 cells exh ib ited  v ira l an tigens in  low  passage levels [12]. The d e te c t
ab ility  of th is  (these) specific antigen(s) decreased  during  seria l passages b u t 
it was possible to  produce h u m a n  cy to m eg a lo v iru s-v esicu lar s to m a titis  v iru s 
(VSY) p seu d o ty p es b y  VSV in fec tion  of 87-T R H -5  cells in  passage 135 [26]. 
The form  of th e  la te n t v ira l D N A  is p ro b ab ly  episom al, since we could n o t 
d e tec t cova len t in te rac tio n  b e tw een  cellu lar an d  v ira l D N A  b y  using d en sity  
cen trifu g a tio n  an d  blot h y b rid iza tio n  tech n iq u e  a t  passage 36 (unpub lished  
da ta ).

T ran sfo rm a tio n  of N IH  3T3 and p rim a ry  r a t  em bryo  cells w ith  D N A  
frag m en t of HCM Y (stra in  AD -169), id en tified  ab o u t 2.9 kilobases [27], has 
been d em o n stra ted  recen tly . F u rth e rm o re , th e  HCM V-DNA (stra in s Tow ne 
an d  AD-169) is rep resen ting  sequence hom ology to  th e  5’ h a lf  o f v iral and  5’ 
h a lf  of hum an  c-m yc [28]. The ro le of HCM V-DNA in tra n s fo rm a tio n  of norm al 
cells is unknow n , since v ira l-D N A  hom ologous sequences w ere n o t de tec ted  
in th e  H C M V -transform ed cells [27]. The v iru s m ight have been  involved in 
th e  in itia l tra n sfo rm a tio n  step , b u t  th e  co n tin u ed  presence o f v ira l sequences 
is n o t essen tia l fo r the  m a in ten an ce  of th e  tran sfo rm ed  s ta te .

The 87-T R H -5 cell line p ro d u ced  a tu m o u r w hen  in o cu la ted  in to  a new 
bo rn  ham ster. W hen  th is  tu m o u r was tested  for HCM V-DN A sequences, th e
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re su lt w as negative : no v irus-specific  sequences could be d e tec ted  b y  re n a tu ra 
tio n  k ine tics. I t  is m ost like ly  th a t  th e  v ira l D N A  c o n te n t o f th e  tu m o u r  cells 
decreased  to  u n d e tec tab le  levels d u ring  tu m o u r  developm en t. I t  is conceivable 
th a t  cells hav ing  som e HCMY an tigens w ere selected  in  th e  h am ste r  as a co n 
sequence  of an  im m une response. T he se ru m  of th e  tu m o u r  bearing  h a m s te r  
show ed specific n e u tra liz a tio n  a c tiv ity  to  HCMY (unpub lished  d a ta ).

T he resu lts  suggest th a t  th e  role of HCMV in oncogenic cell tra n s fo rm a 
tio n  m a y  be d ifferen t from  th a t  o f o th e r D N A  tu m o u r v iru ses  [29, 30], w here 
a c o n tin u ed  presence of th e  v ira l D N A  is requ ired .
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PATHOGENICITY AND VIRULENCE OF 
METHICILLTN RESISTANT STAPHYLOCOCCUS AUREUS:  

SLIME LAYER PRODUCTION*
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N ine  m eth ic illin -res is tan t (MR) m u ta n ts  and  th ree  m eth icillin -sensitive  (M S) su b 
s tra in s , all derived  from  n a tu ra lly  occurring  h e te ro re s is ta n t iso la tes o f Staphylococcus aureus 
were exam in ed  for slim e p ro d u c tio n . All s tra in s  show ed an  in creased  m ucoid c h a ra c te r  w hen 
c u ltu red  on  a m odified S taphylococcus M edium  No. 110. T he u ra n ic  acid co n ten t o f th e  slime 
lay e r ran g ed  from  2%  to  6%  in  the  MR m u ta n ts  and  from  1 .3%  to  5 .1%  in the  MS su b s tra in s . 
T he a m o u n t of u ron ic  ac id  p e r  g of dry  b a c te r ia  ran g ed  from  82.5 m g to  143.8 m g in  th e  M R 
m u ta n ts , an d  betw een 51.4 m g and 98.8 m g in  th e  MS su b s tra in s . In  3 pairs of M R m u ta n ts  
and  MS su b s tra in s  o rig in a tin g  from  the  sam e p a re n ts , th e  M R cells possessed m ore o f u ron ic  
acid  th a n  th e ir  MS c o u n te rp a r ts . The p a r tia l ly  pu rified  po ly sacch arid e  p a r t  o f th e  slim e 
co n ta in ed  D -galactose, D -m annose, D-xylose, D -galac turon ic  acid , D -galactosam ine a n d  D-glu- 
curon ic  acid  in all s tra in s  stu d ied . I ts  q u a n ti ta t iv e  com position  was iden tical in each  p a ir  of 
th e  M R  m u ta n t  and  MS su b s tra in ; there  w ere, how ever, considerab le  differences am ong  th e  
s tra in s  an d  betw een  th e  p a irs . M ethicillin re s is tan c e  a n d  slim e fo rm atio n  seem to  be in d e 
p e n d en t p ro p erties  in  S. aureus. The p resu m ab le  significance of th e  read iness of slime p ro d u c 
tio n  b y  M R  cocci du rin g  in fec tions is discussed.

Acta Microbiologica Hungarica 32 (2 ) , pp. 155 — 163 (1985)

M ethicillin re s is ta n t (MR) s tra in s  of Staphylococcus aureus have been 
show n to  consist of m ixed  popu la tions in  w hich on ly  one ou t of 104 105 cocci 
is h ig h ly  M R and  s ta b le  in resistance. T he M R m u ta n ts  grow s ig n ifican tly  
slower b o th  on solid [ 1 —7] and in liq u id  m ed ia  [8] th a n  th e  w ild -type s tra in s  
or th e  congenic m e th ic illin  sensitive (MS) c o u n te rp a rts . F rom  a p a rt of th ese  
d a ta  it  has been h y p o th esized  th a t  M R S. aureus  s tra in s  ap p ear to  he clin ica lly  
u n im p o r ta n t because m ost of these cocci m ay  be d estro y ed  by m eth ic illin  
(M ET) in  v ivo, an d  t h a t  any  su rv iv in g  cocci m ay  he av iru len t because of 
th e ir  slow g ro w th -ra te  19]. H ow ever, t re a tm e n t of M R S. aureus in fections 
w ith  M ET or o ther pen ic illinase-stab le  b e ta -la c tam s  failed  to  give sa tis fac to ry  
resu lts  in  each case [10 -17 ], claim ing ag a in s t th e  p red ic tio n  m entioned . T he 
fact th a t  th e  M R S. aureus  has becom e w ide-sp read  in  m any hosp ita ls  of 
num erous coun tries [14 19] including o u r u n iv e rs ity  hosp ita ls  w ith  10 14%  
incidence o f MR S. aureus  isolates, in d ic a te s  th e  MR S. aureus s tra in s  to
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possess such path o g en ic  p roperties th a t  can overcom e the  slow grow th  ra te  
as th e ir  d isad v an tag eo u s v iru lence  fac to r.

I t  is now genera lly  accep ted  th a t  slim e lay er p ro d u c tio n  o f S. aureus  
c o n tr ib u te s  to  its  v iru lence  [20-26]. T he pu rpose  of the  p resen t co m m u n ica 
tio n  is to  show th e  a b ility  of h igh ly  M R S. aureus  m u tan ts  to  p roduce  slim e 
la y e r  as one of th e  v iru lence  fac to rs . A ccord ing  to  C apu ty  an d  C osterton  [27] 
slim e induced  by  in  v ivo  passage ap p eared  s im ila r to  th a t  induced  b y  m odified 
S taphy lococcus M edium  110.

M ateria ls an d  m ethods

Organism. T w elve s tra in s  of S . aureus , 9 h ig h ly  M R m u ta n ts  an d  3 MS su b s tra in s , 
w ere  exam ined . B o th  th e  M R  m u ta n ts  an d  th e  MS su b s tra in s  were derived  from  n a tu ra lly  
o c cu rrin g  S. aureus s tra in s  consisting  of h e te ro re s is ta n t popu lations. T he selection  of M R  
m u ta n ts  and  the  se p a ra tio n  of MS su b s tra in s  from  th e  p a ren ts  w ere carried  o u t as described 
[28]. T h e  stra in s  w ere m a in ta in ed  by  m o n th ly  tra n s fe r  on n u tr ie n t ag ar s lan ts  free o f  M ET 
s to re d  a t  room  te m p e ra tu re  betw een  tran s fe rs . T he s tra in s  used are lis ted  in  T ab le  I.

A ntib io tic  susceptib ility  tests. All s tra in s  w ere te s te d  by  th e  disk  m eth o d  as described  
in  re fe ren ce  [29] a g a in s t 3 IU  of b en zy l-p en ic illin  (P E N ), 20 f i g  am picillin  (A M P), 20 f i g  
m eth ic illin  (M ET), 10 f i g  oxacillin  (O X A ), 50 f i g  carben icillin  (CAR), 10 f i g  cephalo rid ine  
(C E R ), 30 f i g  s tre p to m y c in  (STR ). 30 f i g  k a n am y c in  (K A N ), 100 f i g  neo m y cin  (N E O ), 20 f i g  
g e n ta m ic in  (G E N ), 20 f i g  to b ram y cin  (T O B ), 30 f i g  O xytetracycline (T E T ), 30 f i g  n a lid ix ic  
acid  (N A L ), 30 f i g  ch loram phenico l (CM P), 10 f i g  e ry th ro m y cin  (E R Y ), 30 f i g  o leandom ycin  
(O L E ), 30 f i g  sp iram y c in  (S P I), 50 f i g  v an co m y cin  (V A N ), 30 f i g  novobiocin  (NO V), 10 f i g  
lin co m y cin  (L IN ), a n d  300 f i g  n itro fu ra n to in  (N IT ). All b u t  two disks w ere p u rch ased  from  
H u m a n , B u d ap est, H u n g a ry . G E N  a n d  TO B  disks w ere m ade by  us, from  th e  su b stan ces 
o f B iogal, D ebrecen, H u n g a ry .

T ube  su scep tib ility  te s ts  w ere carried  o u t u sin g  tw ofold d ilu tions o f M ET (C hinoin, 
B u d a p e s t,  H u n g ary ) fro m  tw o stock  so lu tio n s o f d iffe ren t co n cen tra tio n s in Difco C asitone 
b ro th  in  th e  p resence an d  in  th e  absence of 1%  glucose and  in m odified S tap h y lo ccu s 110 
b ro th  [20] as described  p rev iously  [28]. D ifco C asitone b ro th  consisted of 10 g B acto -C asitone  
(D ifco ), 5 g Na Cl, 5 g N a 2H P 0 4 • 12 H 20 ,  0.03 g F e (N II4)2(S 0 4)2 • 6 H 20 ,  0.01 g M g S 0 4 •
• 4 H 20 ,  0.01 g M nSO , • 7 IloO an d  d istilled  w a te r  up  to  1000 m l, pH  7.2.

Phage typ ing . T h is w ork  was k in d ly  done b y  D r. I,. E r in th e  H a jd ú -B ih a r  C oun ty  
P u b lic  H e a lth  S ta tio n , D ebrecen , using  th e  m eth o d  of B lair and W illiam s [30] accord ing  to  
th e  in stru c tio n s  o f th e  N a tio n a l In s t i tu te  o f H yg iene, B u d ap est, H u n g ary .

Production o f  slim e. T he organ ism s w ere g row n in  150 ml volum es of m odified  S ta p h y lo 
coccus 110 b ro th  [20] a t  37 °C for 18 h  w ith o u t sh ak in g . R oux  or Sial b o ttle s  of 1 litre  co n 
ta in in g  200 ml of m od ified  S taphy lococcus 110 a g a r [20] were th en  in o cu la ted  w ith  40 m l 
o f  th e  b ro th  cu ltu re  an d  in cu b a ted  again  a t  37 °C fo r 20 h. F o r each s tra in  3 b o ttle s  each  from  
2 b a tc h e s  of th e  m ed iu m  w ere used.

Dem onstration o f  slime. For th is  p u rp o se  th e  follow ing procedure  w as developed. A lo o p 
fu l o f  g row th  w as sm eared  on a coverslip  w hich  h ad  prev iously  been c leaned  w ith  d e te rg en t 
a n d  th e n  m eth an o l. A fte r  allowing th e  sm ear to  a ir -d ry , a slight h e a t-fix in g  w as done. One or 
tw o  d rops of p a te n t  b lue  V (G uerbet, F ra n c e , 2 .5%  so lu tion  for ly m p h o g rap h y ) w ere d ro p p ed  
on  th e  sm ear, th e n  it  w as m o u n ted  w ith  a concave glass slide, and sealed w ith  a h e a ted  p a ra f 
f in -v a se lin e  m ix tu re . A fte r  quick  rev ersa l, th e  b a c te r ia  were exam ined  b y  a lig h t m icroscope 
th ro u g h  the  opposite  side o f th e  slip. T he slim e ap p ea red  as a clear w ide halo  th a t  su rro u n d ed  
th e  d a rk  blue b ac te ria l cell or lay  b e tw een  th e  b a c te riu m  and th e  su rro u n d in g  hom ogeneous 
l ig h t  b lue  so lu tion  of p a te n t  blue.

P reparation o f  slim e layer. Follow ing in cu b a tio n , th e  cells and  slim e lay er m a te ria ls  
w ere  loosened from  th e  surface of th e  ag ar b y  g en tly  ag ita tin g  th e  b o ttle s , and  rem oved  w ith  
a p ip e tte . The su rface  of th e  ag ar w as w ashed off w i th  40 ml of 0 .85%  NaCl so lu tion  p H  7.2, 
a n d  th e  cell suspensions w ere com bined.

The crude slim e lay e r w as p re p are d  as described  prev iously  [31, 32]. T he y ields of 
slim e m ate ria l from  th e  2 b a tch es o f ag ar w ere com bined .
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P artia l p u rif ic a tio n  of the  crude slim e was carried  o u t as follows. One g of th e  crude  
m a te ria l was d isso lved  in 50 ml of ice-cold  d istilled  w a ter a n d  th e n  25 ml o f a 5 : 1 (v  : v) 
m ix tu re  of ch loroform  an d  n-bu tano l w as add ed . The so lu tio n  w as stirred  w ith  an  U ltra - 
T u r ra x  (Jan k e  an d  K u n k e l KG, G FR ) a t  fu ll speed for 5 m in , w hile th e  vessel w as k e p t in  an 
ice  b a th . S tirring  w as once repeated  a f te r  a n  in te rru p tio n  of 5 m in. T he phases w ere se p a ra ted  
b y  cen trifu g a tio n  a t  7000 Xg  for 1 h  a t  4 °C, an d  the  o rgan ic  ph ase  was d iscarded . To th e  
w a te r  phase  5.0 m l o f  a  sa tu ra ted  aqueous so lu tio n  of sodium  a c e ta te  was added. A fte r  chilling 
th e  so lu tion  in ice b a th ,  the  p o lysaccharide  w as p rec ip ita ted  by  d ropping  3 -4  vo lu m es of 
cold  e th an o l in to  th e  so lu tion . The p re c ip ita te  w as collected b y  cen trifu g a tio n  a t  12 000 X g  for 
10 m in  a t  4 °C. T he sed im en t was d issolved in  a b o u t 1/4 th e  o rig ina l volum e, and p re c ip ita tio n  
w as rep ea ted . T he se d im e n t was d issolved in  a sm all volum e o f w a te r  and th e n  lyoph ilized  
[32, 33]. The final e th a n o l p recip ita te  w as d esig n a ted  p a rtia lly  p u rified  slime [31].

H ydrolysis. A cid ic  hydrolysis of th e  sam ples was carried  o u t in 0 .1%  so lu tion  in 4 n 
HC1, boded for 4 h. A cid  was rem oved in  v acu o  above N aO H . T he residue was d issolved in 
p y rid in e  [33].

Thin-layer chromatography. For one-d im en sio n al TLC, 18 X l 8 p la tes were covered  w ith  
a 0.5 m m  layer o f cellulose powder MN 300 (Schleicher and Schuell, D üren , G F R ) a n d  dried . 
T en  (Л of each h y d ro ly se d  sam ple was p u t  on th e  p la te  and  a f te r  evap o ra tin g  th e  so lv en t 
d ev elo p m en t was done  in  p y r id in e -n -b u ta n o l-w a te r  (4 : 6 : 3). T he carb o h y d ra te  co m pounds 
w ere sta in ed  w ith  a lk a lin e  silver n itra te  so lu tio n  as described [34].

Thin-layer electrophoresis. This p ro c ed u re  w as perform ed on p la tes  p repared  as described  
ab o v e, following one-d im ensional TLC or w ith o u t TLC or before T LC , in Desage T h in  L ay er 
E lec trophoresis a p p a ra tu s  (Ref. No. 12 1200) using  a buffer sy s tem  (pH  5.2) o f p y r id in e -  
ace tic  ac id -w a te r  (20 : 9.5 : 970) a t 20 V /cm  fo r 30 m in  [33].

In  order to  id e n tify  the  spots on  th e  ch ro m ato g ram s th e  following s ta n d a rd s  were 
ru n : D -galacturonic acid  a n d  D-glucuronic acid  (B D H , L ab o ra to ry  Chemicals D ivision , E n g 
lan d ), D -galactosam ine IIC l and D -glucosam ine HCl (GMA), g a lacto se , glucose, m annose  and  
xy lose  (R eanal, H u n g a ry ).

E stim ation  o f  uronic acids. Q u a n tita tiv e  d e te rm in a tio n  of to ta l  uronic acid c o n te n t o f 
th e  p a r tia lly  purified  slim e m ateria l was ca rried  o u t by  th e  carbazo le  m ethod [35] using  
g lucuron ic  acid (B D H ) as s tan d ard .

Gas chromatographic analysis. The h y d ro ly se d  p a rtia lly  pu rified  slime m a te ria l was 
red u ced  by  N aB H 4 an d  a fte rw ard s p e ra c e ty la te d  b y  acetic  a n h y d rid e  [36]. The ald ito l a ce ta te s  
o b ta in e d  in th is m an n e r  w ere separated  on  2 m  colum ns of 1. 5%  OY 225 on G as-C hrom  Q 
100-120 m esh as described  earlier [33].

R esu lts

Characterization o f  the strains. W h en  som eone w an ts  to  s tu d y  som e 
aspects  o f MET res is tan ce  in S. aureus, he m eets tw o d ifficu lties w hich h av e  
to  be overcom e. F irs tly , alm ost all th e  n a tu ra lly  occurring  MR iso lates of 
S. aureus  consist o f m ixed  popu la tions in w hich th e  frequency  of th e  h ig h ly  
M R m u ta n ts  is 1 to  104 or 10° cells. T h erefo re , the  d a ta  o f  experim en ts w ith  
such iso lates concern  th e  susceptible m a jo r ity  of th e  p o p u la tio n  ra th e r  th a n  
th e  rea lly  MR ones. Secondly, m an y  M R  isolates seem to  he in vivo su b 
cu ltu res  of a single M R  stra in  of S. aureus , an d  in  such  cases the  re su lts  o f 
the  s tu d ies  reflect o n ly  one heterogeneous M R stra in  a lth o u g h  m any h av e  
been exam ined .

In  o rder to  avo id  b o th  am biguities w e h av e  used such  h igh ly  MR m u ta n ts  
th a t  had  been selected  from  the p a re n ts  and  proved  to  be re la tive ly  stab le  
in M ET resistance a f te r  transfers on M E T -free agar. A lso th e y  had  to  differ 
from  one an o th er in  p h ag e  type  and in  a n tib io tic  resistance p a tte rn . As T ab le  I 
ind icates th e  9 MR m u ta n ts  seem to he rea lly  in d ep en d en t from  each o th e r.
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Table 1

Characterization o f  methicillin-resistant m utants and o f m ethicillin-sensitive substrains

Sources Selected a t gg/m l

Hospital Disease Specimen
of methicillin

1 I 88R Medicine I chronic b ronchitis spu tum 800

1969R P aed ia tric s acute nasopharing itis cough discharge 400

2842 R M edicine II chronic b ronchitis sputum 400

9965R P aed ia tric s pem phigoid pus 800

10391R Surgery I puru len t cholelith iasis content of chole
cyst

800

14929R M edicine I I chronic b ronchitis sputum 800

2100R
M edicine I I chronic b ronchitis sputum

800

2 100S 0

5814R
P aed ia tric s pem phigoid pus

500

5814S 0

13137R
See .levons, M. P .: Hr Med .1 V  124 (1961)

12.5

13137S 0

Note. R  =  m eth ic illin -resis tan t, S =  m etliicillin-sensitive, R TD  =  rou tine  tes t d ilu tion  
of phages, N .t. =  n o n -ty p ab le . A bbrev iations of th e  antib io tics are listed  in M aterials and 
m eth o d s. All stra ins p ro d u ced  coagulase and  yellow  pigm ent, fe rm ented  m annito l, liquefied  
g e la tin , showed type  A haem olysis p a tte rn , w ere c rystal-v io le t negative and did no t hydro lyse  
u re a

O n th e  co n tra ry , each  p a ir of the  M R an d  MS su bstra in s d eriv ed  from  th re e  
in d ep en d en t p a re n ts  appears to  possess an  identical su scep tib ility  to  phages 
a n d  to  an tim ic ro b ia ls  except b e ta - la c tam  an tib io tics s tab le  for lac tam ase  
(com pare  m u ta n t 2100R  w ith 2100S su b s tra in , and 5814R  w ith  5814S a n d  
13137R  w ith  13137S).
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deriving fro m  heteroresistant S . aureus strains tested fo r  slime layer production

A ntibiotic resistance 
pattern

Phage p a tte rn

at RTD at RTD X 100

P E N ЛМ Р MET OXA CAR 77/83A/85/90/42B/89/92/Bovine
CFR STR T E T NAL CMP 83 A + 107
ER Y O L E

PE N ЛМ Р M FT OXA CAR
CFR STR PET NAL E R Y 89/90 42B/89/90
SPI

PE N AM P MET OX A CAR
CFR T E T NAL CMP ER Y N .t. 90
OLE

PE N AM P m e t OXA CAR
CFR S'l'R KAN NEO NA L 90/92 90/92
CMP T E T ER Y O LE

PE N AM P M ET OXA CAR N .t.. 54/83A
CFR STR NAL ER Y

PE N AM P MET OXA CAR N .t. 77/83A
CFR T E T NAL E R Y O LE

PE N AM P MET OXA CA R
CFR STR T E T NAL CMP
ER Y O L E N .t. 54/77/83A/42B/89

PE N AMP STR T E T NAL
CMP E R Y O LE

PE N AM P M ET OXA CAR
CFR ST R T E T NAL CMP
ER Y 77 77/92/Bovine 117

PE N ST R T E T NAL CMP
ERY

PE N AM P M ET OXA STR 42E/47/53/54/75/83А/84/ 42E/47/53/54/75/77/83А/84/85/
TET NA L 85 + 42D/81/47C/47B/950/759/69/
PE N AM P S IR T E T N A L 47/53/54/75/77/83А/84/ 42C/42B/89/377/92/Bovine 107/

85 + 117

Production o f  slime. All th e  stud ied  o rgan ism s show ed a strik ing ly  viscous 
type  o f g ro w th  on m odified  S taphylococcus 110 agar as com pared  w ith  o rg an 
isms grow n on n u tr ie n t agar. W hen sm ears w ere m ade, a m arked  slim e lay e r 
could be observed  a ro u n d  th e  bacteria  in a ll cases. I t  m u st be m en tioned  th a t  
a sligh t slim e fo rm atio n  b o th  on n u tr ie n t ag ar an d  in  Difco C asitone b ro th  
su p p lem en ted  w ith  1%  glucose could also be d e m o n s tra te d  e ither by th e  m eth o d  
of H iss o r b y  our p rocedure .

T he am o u n t of slim e produced  by  th e  s tra in s  w as m easured  a fte r p a r tia l  
p u rifica tio n  an d  lyoph iliza tion  of the  slim e lay e r, an d  w as expressed as g of 
slime m a te ria l p er g of d ry  b acteria . As can  be seen from  T ab le  I I ,  th e  a m o u n t
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Table II

Slim e layer material and its uronic acid content 
o f  methicillin-resistanl m utants and methicillin-sensitive 

substrains o f  heteroresistant S . aureus strains

Strain

g of slime 
m aterial per 

g of dry 
bacteria

Percent of 
uronic acid 

in slime 
m aterial

mg of uronic 
acid per g 

of dry bacteria

1188R 3.8 3.1 118.9

1969K n m 4.5 n m

28421t 3.1 4.6 143.8

9965 И 0.8 4.9 87.7

103911t n m 4.2 n m

149291t 2.4 6.0 143.3

21001t 6.6 2.0 131.1

2100S 7.6 1.3 98.8

58141t 3.0 2.8 82.5

5814S 2.7 2.9 77.5

131371t 1.6 5.8 92.2

1313 7 S 1.0 5.1 51.4

Note. Slime lay er m ateria ls were p a rtia lly  p u rified  and  then  lyophilised before m easu re 
m en t. n m  — D ry w eigh t of b acteria  was n o t m easured

of th e  p a r tia lly  p u rified  slim e v a ried  considerab ly  from  s tra in  to  s tra in . 
B e tw een  m em bers of th e  pairs of th e  M R m u ta n ts  and  th e  MS su h s tra in s  
th e re  w as, how ever, no s ign ifican t difference in  th e  am o u n t o f  slime.

Since th e  u ron ic  acid co n ten t re flec ts  m ore exactly  th e  rea l a m o u n t o f  
slim e, b o th  th e  p e rcen tag e  of uron ic  acid in th e  slim e and th e  a m o u n t of u ro n ic  
ac id  p e r g of d ry  b a c te ria  were e s tim a ted . T he resu lts  are also show n in  T ab le  I I .  
T h e  p ercen tage  of uron ic  acid in th e  slim e v a ried  from  2 .0%  to  6 .0%  in th e  
M R  m u ta n ts  an d  from  1.3%  to  5 .1%  in  th e  MS su b stra in s. C om paring  th e  
M R  organism s w ith  th e  MS ones, in  2 p a irs  th e  MR m u ta n ts  co n ta in ed  m ore  
u ro n ic  acid th a n  th e ir  MS c o u n te rp a rts , w hile one pair co n ta in ed  alm ost th e  
sam e percen tage. No corre la tion  could he d e tec ted  betw een  the  p ercen tage  o f  
u ro n ic  acid an d  th e  age of th e  s tra in s , or th e  level of th e  basic  M ET re s is tan ce  
o f th e  m u ta n ts . W hen  th e  am o u n t o f u ro n ic  acid p er g of d ry  b ac te ria  w as 
ca lcu la ted , it  ap p ea red  th a t  2 of th e  3 M R m u ta n ts  p roduced  m ore u ron ic  ac id  
lh a n  th e ir  MS co u n te rp a rts .

A lthough  a t  least 7 of th e  9 M R m u ta n ts  h ad  a h igher a m o u n t o f u ro n ic  
ac id  th a n  did 2 o f 3 MS su b stra in s , th e  ru le  th a t  th e  h igh ly  M R m u ta n ts  o f 
S . aureus  w ere s tro n g er slime p roducers th a n  th e  MS su b stra in s  te s te d  cou ld
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n o t be s ta te d , since only  3 o f 7 M R m u ta n ts  y ielded  less uron ic  acid  th a n  
1 o f 3 MS su b stra in s . I t  w as also observed  th a t  th e  uron ic  acid co n te n t in  th e  
b a c te ria  did no t co rre la te  e ith e r  w ith  th e  y o u th  or w ith  th e  M ET resis tan ce  
level o f the m u ta n ts .

Composition o f  slime. O ne-d im ensional TLC revealed  th a t  th e  q u a lita tiv e  
com position  of th e  po lysaccharide  m oie ty  of th e  slim e m a te ria l was id en tica l 
in  th e  M R m u ta n ts  and  th e  MS su b s tra in s  of S. aureus. The p a r tia lly  p u rified  
slim e ap p eared  to  consist o f a t  le a s t 6 com ponen ts. F rom  th e  s ta r t  to  th e  fro n t 
the  follow ing com ponen ts w ere v isualized : ga lac tu ron ic  acid, R F — 0.17; 
g lucuronic  acid , l iF — 0.21; ga lac tosam ine, R p =  0.28; galactose, R F =  0.40; 
m annose, R F =  0.48; xylose, R F =  0.53. The slim e co n ten t of charged ca rb o 
h y d ra te  m a te ria l лгав confirm ed  by  tliin -lay e r electrophoresis. No m ore com 
p o n en ts  could  be sep a ra ted  an d  d e te c te d  u n d er th e  cond itions used.

T he resu lts  of gas liq u id  ch ro m a to g rap h y  of th e  p a rtia lly  p u rified  slim e 
m a te ria l show n in T able 111 w ere in  accordance w ith  th e  resu lts  of th in  lay er 
analyses. As can  he seen, th e  m a in  com ponen t of th e  slim e was galac tose  
ran g in g  betw een  13.0%  and 31 •2% , w hich  is in ag reem en t w ith  earlier o b se rv a 
tions on w ild s tra in s  of S. aureus  [31, 33]. Besides, large q u an titie s  (7 .3%  to

Table III

Percentage distribution o f  sugars in the partia lly  p u rified  
slime material o f  methicillin-resistant mutants 

and m ethicillin-sensitive substrains o f  heteroresistant 
S. aureus strains

Percent of

Gal Man Xyl Glc

11881? 17.2 7.5 < 1 <  1

19691? 25.6 13.2 < 1 <  l

28421? 28.1 12,0 <  l <  1

99651? 31.2 13.6 2.1 <  1

103911? 29.0 15.2 < 1 <  1

149291? 29.0 14.6 1.9 < i

21 ООН 13.9 7.3 0.8 < i

2100S 13.0 7.7 0.8 < i

5814R 16.8 7.7 0.9 < i

5814S 16.6 7.7 0.9 < i

13137R 28.4 14.1 2.0 < i

13137S 30.6 14.8 2.2 < i

alactose; Man =  m annose: X y l = xylose; Glc =  g ucose
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15.2% ) o f  m annose w ere p resen t, while th e  o th e r m onosaccharides w ere found  
in  m in o r quan tities. U ro n ic  acids an d  am ino  sugars could n o t be estim ated  
by  th e  m eth o d  used. A lth o u g h  the  p e rcen tag e  of galactose and m annose was 
tw ice as m uch in one s tra in  th a n  in a n o th e r  one, concern ing  b o th  th e  MR 
m u ta n ts  an d  the  MS su b s tra in s , how ever, th e  d is tr ib u tio n  o f sugars in  th e  
slim e o f th e  MR m u ta n t  an d  th e  co rrespond ing  MS su b stra in  was alw ays 
the  sam e.

I t  should  he n o te d  th a t  in m u ta n ts  1969R , 2842R an d  10391 R an ad d i
tional, som etim es v e ry  s tro n g  peak was fo u n d  n ea r th e  xy lose-peak  in th e  gas 
liq u id  ch rom atog ram . T h is  peak has n o t been  id en tified . As no trace  of aii 
a d d itio n a l sugar was fo u n d  in  th e  th in  lay e r ch ro m ato g ram , th e  peak  is believed 
n o t to  be  caused by a su g a r  m ateria l.

Stability  o f  methicillin  resistance during slime production. In  o rder to  
answ er th is  question , M IC of m eth icillin  for th e  s tra in s  was de term ined  in 
Difco C asitone b ro th  in  th e  absence an d  in  th e  presence of 1%  glucose, as 
w ell as in  th e  m odified  S taphy lococcus M edium  110 (con ta in ing  0 .2%  lactose 
an d  1%  m annito l) a t  37 °C for 48 h. T he re su lts  are given in  T able IV . As can 
he seen, a lthough  th e  s tra in s  behaved  v e ry  ind iv id u a lly , th e  degrees of M ET

Table IV

Susceptibility  to methicillin o f  m ethicillin-resistant mutants 
and o f  m ethicillin-sensitive substrains o f  heteroresistant 
S. aureus strains determined in different Difco media 

at 37 °C fo r  48 h

S tra in

MIC of methicillin, /ig/m 1, in

Casitone broth 
w ithout glucose

Casitone broth 
w ith

1% glucose

modified 
110 b ioth

1188R 3200 2400 3200

1969R 3200 2400 3200

2842R 2400 3200 3200

9965R 1000 1200 1200

10391R 1600 3200 3200

14929R 1600 1600 1600

2100R 800 800 600

2100S 3.12 3.12 3.12

5814R 2400 1600 800

5814S 1.6 3.12 3.12

I3137R 200 200 100

I3137S 1.6 3.12 1.6

icta ISlicrobiologica Hungarica 32, 1985



S L I M E  O F  M E T H IC IL L IN  R E S I S T A N T  S . A U R E U S 1G3

su scep tib ility  of e ith e r th e  M R m u tan ts  o r th e  MS su b s tra in s  failed to  increase 
or to  decrease by  2 tu b e s  in  e ither m ed ium , th e  m in im um  change th a t  w ould  
have been  sign ifican t. So, slime fo rm atio n , in  essence, n e ith e r low ered no r 
e levated  s ign ifican tly  th e  resistance of th e  M R m u ta n ts  to  M ET. Tn o th e r 
words, M ET resistance seem ed to  be ab so lu te ly  in d ep en d en t from  slim e p ro 
duction  in  S. aureus.

D iscussion

T he resu lts  o f th e  p re sen t s tu d y  c lea rly  in d ica te  th a t  m u ta tio n  to  M ET 
resistance in  S. aureus is n o t accom panied e ith e r  b y  a loss or by  a suppression  
of th e  a b ility  to  p ro d u ce  slime. In  g enera l, th e  opposite  was also tru e , i.e. 
slime p ro d u c tio n  of M R S. aureus did n o t  d im in ish  th e  resistance to  M ET. 
The slim e lay e r of th e  h ig h ly  MR m u ta n ts  o rig in a tin g  from  hosp ita l s tra in s  of 
S. aureus  p roved  to  be  a com plex po ly sacch arid e  sim ilar to  th a t  found  in  
o ther s tra in s  of S. aureus  [22, 23, 31-33, 37]. T he su g ar p o rtio n  of th e  p a r tia lly  
purified  slim e m ateria l o f b o th  the M R m u ta n ts  and  th e  MS su bstra in s con
ta ined  galac tu ro n ic  acid , glucuronic acid , ga lac to sam in e , galactose, m annose 
and  xylose. T he fact th a t  m ost of the  M R S. aureus  s tra in s  exam ined  seem ed 
to  possess th e  ab ility  to  p roduce  a large a m o u n t o f slim e lay e r m ay, in d u ced  
m an y  consequences [20-27] and  exp lained  w h y  th e  M R cocci are h a rd ly  phage- 
ty p ab le  [3 7 -3 9 1 and colonize easily in th e  h u m a n  bo d y  [40].

F ro m  th e  p o in t o f  view  of p a th o g e n ic ity  an d  v iru lence, slime lay e r 
p ro d u c tio n  during  in fec tio n  m ay en h an ce  p e n e tra tio n , colonization  and  
invasiveness [25] and  in th is  m anner m a y  an tag o n ize  th e  d isadvan tages of 
th e  slow g ro w th -ra te .

S lim e p roduced  in v ivo  [38] m ay  d e lay  or in h ib it phagocytosis [20, 
41-43] o f M R cocci. F u rth e rm o re , a f te r  th e  cocci be ing  phagocy ted , th e  
in sen sitiv ity  of th e  M R cells to  the ly tic  a c tio n  o f lysozym e an d /o r try p s in  [44], 
m oreover, th e  th ick e r side  w alls of MR cocci a t  n o rm a l h u m an  b o d y -tem p er
a tu re  in  th e  presence o f  su b in h ib ito ry  c o n c e n tra tio n s  o f M ET [45] u n a t ta in 
able in  a p a t ie n t’s serum  on  norm al dosage, m a y  re su lt in  a long su rv iv a l of 
the  M R b a c te ria  inside th e  phagocytes.

In  o th e r  w ords, in th e  course of n a tu ra l  in fections due to  MR s ta p h y lo 
cocci, th e  m in o rity  of M R cocci will n o t  be a d e q u a te ly  overcom e b y  th e  
p a tien ts’ ow n defence m echan ism s, once th e  m a jo rity  o f MS cocci have been  
elim inated  b y  M ET. O n th e  con trary , t r e a tm e n t  w ith  M ET un d er such  con
ditions m ay  re su lt in se lec tion  of stable m u ta n ts  w ith  h igh  resistance to  M ET 
and these b a c te ria  will be ab le  to  persist a n d  m u ltip ly , a lth o u g h  a t a slow ra te . 
This a ssu m p tio n  was su p p o rte d  by  Y au d au x  an d  W aldvogel [46] who show ed 
th a t  th e  M R stra in s o f S. aureus as w ell as o th e r  v iru le n t b u t MS s tra in s  
survived a f te r  in cu b a tio n  in  a m odified p h ag o cy tic  assay  for 1, 3, 5 or 24 h .
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In  th e  presence of 50 //g M ET/m l, how ever, on ly  th e  MS s tra in s  an d  th e  MS 
p o p u la tio n  derived  from  one re s is ta n t p a re n t  s tra in  were e lim in a ted  a f te r  
in c u b a tio n  for 24 h. On th e  o th e r h an d , S iboni and  K rogh [10] d e m o n s tra te d  
th a t  these  m ore re s is tan t eocci could  p e rs is t an d  m u ltip ly  d u rin g  nosocom ial 
s tap h y lo co cca l sep ticaem ias in  sp ite  o f tre a tm e n t w ith  h igh doses o f M E T . 
F u rth e rm o re , B ulger e t al. [12] found  th a t  tre a tm e n t w ith  M ET or saline o f 
ra ts  in fec ted  w ith  MR staphy lococci did n o t show  any  s ta tis tic a lly  s ig n ifican t 
d ifference in  recovery . F in a lly , M ET an d  cephalorid ine a d d ed  before a n d  
d u rin g  infections d id  n o t sig n ifican tly  p ro te c t mice ag a in st M R s tra in s  of 
S. aureus  [13].
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НСМУ SPECIFIC EXPRESSION 
IN HEL CELLS TRANSFORMED 

BY Xba I ENDONUCLEASE FRAGMENTED HCMV-DNA*

I. B o l d o g h , E-S. H u a n g , J .  F . B a s k a r  and L. VÁczi

Institu te  o f  M icrobiology, University M edical School, Debrecen, H u n g a ry , and  
The Cancer Research Center, School o f  M ed ic in e , U niversity o f  N orth Carolina, 

Chapel H ill,  N C , U S A

(Received F e b ru a ry  27, 1984)

T he tran sfec tio n  of subconfluen t m o n o lay e rs  o f H E L  cells w ith  X b a  I endonuclease  
frag m e n te d  HCM V-DN A resu lted  in a larg e  n u m b e r  o f m orphologically  tran sfo rm ed  foci. 
T he freq u en cy  of focus fo rm atio n  of X b a  I  f ra g m e n te d  D N A  increased a f te r  T P A  tre a tm e n t 
o f th e  cells. T he m orpholog ically  a ltered  cells show ed specific re ac tiv ity  w ith  anti-H C M V  
serum  pool in  th e  n u c lear and  perinuclear reg io n  an d  in  th e  cy top lasm . T he HCM V-32P- 
labe lled  p ro b e  D N A  has been  specifically h y b rid iz ed  to  th e  cells of m orpholog ically  a lte red  
foci. T he a u to rad io g rap h ic  grains were localized  in  b o th  nucleic and  cy to p lasm  of th e  cells 
show ing a specific h y b rid iz a tio n  betw een th e  p ro b e  D N A  and nuclear as well as po lyribo- 
som al R N A .

I t  has been  assum ed th a t  th e  h u m a n  cy tom egalovirus (HCMV) w as 
re la te d  to  several k inds o f hum an diseases an d  m ight p lay  som e role in  in d u c 
tio n  o f h u m an  cancer. These o b se rv a tio n s w ere based on ex p erim en ts  o f in  
v itro  oncogenic cell tran sfo rm atio n  o f  h a m s te r  [1, 2] or h u m a n  cells [3]. 
HCMV is able to  induce  th e  synthesis o f  m acrom olecules of in fec ted  cells [4], 
w hich p ro p erties  are  closely associated  w ith  th e  know n D N A  tu m o u r  v iruses. 
T he nucleic  acids of th e  v irus were d e te rm in e d  in d ifferen t h u m a n  tu m o u rs  
using th e  m olecular h y b rid iza tio n  te c h n iq u e  [5 -7 ].

R ecen tly , how ever, evidence h as  b een  pub lished  su p p o rtin g  th e  th e o ry  
th a t  th e  oncogen icity  o f herpesv iruses m ay  be a m ultistep  process an d  th e  
v iru s is invo lved  in  th e  in itia l step o f cell tra n sfo rm a tio n  and  m ay  p lay  a ro le 
as a cocarcinogenic ag en t [8]. The p u rp o se  of th e  p resen t w ork  w as to  s tu d y  
th e  p resence of HCMV specific an tigen(s) an d  R N S(s) in m orphologically  t r a n s 
form ed H E L  cells b y  endonuclease fra g m e n te d  HCM V-DNA.
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M aterials an d  m ethods

H u m a n  embryonic lung  ( H E L )  cells p ro p a g a te d  in  m in im al essential m edium  (M EM ) 
su p p lem en ted  w ith  5 %  fe ta l  calf serum  (FC S) w ere in fec ted  w ith  Towne s tra in  o f h u m an  
cy to m eg alo v iru s (HCM V) u sin g  low m u ltip lic ity  in fec tion  (0.1 PFU /cells).

The sedimented v ir io n s were p u rified  a n d  th e  v ira l D N A  w as p rep ared  as described  [9]. 
HSV-2 w as p ro p ag a ted  in  H E p -2  cells. V irus D N A  p u rifica tio n  w as carried  ou t as described  
earlier [10].

Transfection  w ith  e n tire  and  variously  tre a te d  v ira l D N A  w as carried  ou t by  using  th e  
calcium  p h o sp h a te  p re c ip ita tio n  techn ique  [11].

The endonucleases were applied  to  th e  v ira l D N A  accord ing  to  an  earlier m e th o d  [12]. 
D igestion  of HCM V-DNA (1 fig  DN A  per 4 u n its  enzym e) was p e rfo rm ed  a t 37 °C fo r 6 h  an d  
te rm in a te d  by  h ea tin g  a t  68 °C for 15 m in. D ig estio n  w as te s te d  b y  agarose (Sigm a) e lec tro 
phoresis [13] and  th e  D N A  frag m en ts  w ere v isu a lized  by  e th id iu m  brom ide. T he re s tr ic tio n  
enzym e w ere ob ta in ed  fro m  B oehringer M annheim  G m bH , W est G erm any.

Ultrasonic disintegration  o f D N As w as c a rried  o u t a t  4 °C fo r 30 sec. The av erag e  size 
of ra n d o m ly  sheared D N A  w as de term ined  b y  agarose  e lectrophoresis [13].

The anti-com plem ent im m unofluorescent ( A C I F )  test w as carried  ou t as p u b lish ed  
earlie r [14]. The flu o rescen t con jugate  fo r a n ti-co m p lem en t sta in in g  was p u rch ased  from  
C appel L ab o ra to ries, U SA . G uinea-pig co m p lem en t w as used.

V ira l-D N A  was labelled in v itro  w ith  a -32P -d A T P  (spec, a c tiv ity  450 C i/m m ol, IC N  
C hem ical an d  R ad io iso tope  D ivision, Irw in , CA, U SA ) by  n ick  tran s la tio n  tech n iq u e  [15, 16]. 
T he specific a c tiv ity  o f HCM V and HSV-2 D N A  w ere 1.32 x lO 8 an d  1.14 x 1 0 s cpm  p e r 1 fig  
D N A , respectively .

I n  situ  cytohybridization  was carried  o u t as p u b lish ed  prev iously  [15, 17]. T he cellu la r 
nucleic acids were d e n a tu ra te d  b y  using  g lyoxal [18] and  Sj nuclease  was applied as described  
earlier [19].

Results an d  discussion

T ransfec tion  w ith  en tire  H CM V -D N A  m olecules resu lted  in a com p le te  
v iru s  rep lica tion  cycle an d  d eath  of th e  cells. R esu lts  o b ta ined  a fte r  t r a n s 
fec tion  w ith  v ario u sly  tre a te d  v ira l D N A  are sum m arized  in T able I. T he 
in fe c tiv ity  of v ira l D N A  was very  sen sitive  to  t re a tm e n t w ith  D N ase, e n d o 
nucleases (X ha I an d  E co  R I) an d  so n ica tio n  (for 30 sec) h u t was in sen sitiv e  
to  tre a tm e n t w ith  p ro te in ase  К  or R N ase .

T he su h co n flu en t m onolayers of H E L  cells (in 17th tissue cu ltu re  p a s 
sage) w ere tran sfec ted  w ith  HCM V-DNA (0.32 //g DNA per 1 cm2 m on o lay er), 
sheared  b y  endonuclease  (X ha I and  E co  RT) or son ica tion  for 30 s. Tw o d ays 
la te r  th e  cells w ere reseeded a t  low  d en sity  and  k e p t th e rea fte r in M EM  
enriched  w ith  3%  FC S. To increase th e  n u m b er of m orphologically  a lte re d  
foci a f te r  tran sfec tio n  w ith  frag m en ted  HCM V -D N A , on th e  2nd, 19 th , a n d  
2 9 th  d ays the  cells w ere tre a te d  w ith  th e  tu m o u r p ro m o te r, 12 -O -te tradecanoy l- 
pho rbo l-1 3 -ace ta te  (T P A ), 25 //M /m l, for 24 h. A fter exposure to  T P A  th e  
cu ltu re s  were w ashed  3 tim es w ith P B S  an d  feeded w ith  MEM su p p lem en ted  
w ith  3%  FCS. F o r ty tw o  + 6  days a f te r  tran sfec tio n , in d ep en d en tly  o f t r e a t 
m en t, m orphologically  a ltered  foci a p p ea red  in  m onolayers tran sfec ted  w ith  
X b y  I fragm ented  D N A . There w ere no foci visible in  tissue cu ltu res t r a n s 
fec ted  w ith  Eco R I cleaved and  so n ica ted  HCM V-DNA or n o n -tran sfec ted  
cu ltu res  of H E L  cells. T P A  tre a tm e n t o f th e  tran sfec ted  cells increased  th e
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frequency  o f  focus fo rm ation  5 -6  fo ld  (Table I). The foci w ere iso lated  and  the  
cell suspensions were d iv ided in to  tw o p a rts . The few er cells were tra n sfe rre d  
to  m icroslides (0.5 X 1 cm), th e  h igher n u m b er of cells was p laced in to  tissue 
cu ltu res an d  b o th  of them  w ere fed w ith M EM  cond itional m edia  en riched  
w ith  10% FCS. A fter one day  in cu b a tio n  of th e  cells on m icroslides th e y  were

Table I

Comparison o f  in fectivily  and transform ing activity o f  intact 
and fragm ented H C M V -D N A

Transforming ability of IICMV-DNA foci/1 /rg

Treatm ent
Infect ivity
PFU/1 ,ug 

HCMV-DNA

TPA treated on

n o t treated 2nd 19th

day

29th

— 327 0 (CPE) NT NT NT

D N ase '1 0 0 NT NT NT

R N aseb 297 0 (CPE) NT NT NT .

P ro te in ase  K 1 302 0 (CPE) NT NT NT

Eco  R T 1 0 < 0.01 < 0.01 < 0.01 < 0.01

X ba  I e 0 0.12 0.11 0.63 0.56

S on ication1 0 < 0.01 < 0.01 < 0.01 < 0.01

]NT: n o t te s te d ; a» b> c 50 /ig/m l enzym e in cubated  a t  37 °C for 60 m in; d’ e 4 nnits/1  /щ  
enzym e incu b a ted  a t  37 °C for 6 h; f son icated  for 30 s a t  4 °C

te s ted  for th e  presence o f HCMV specific an tigen(s) b y  an ti-co m p lem en t 
im m unofluo rescen t (ACIF) te s t . T he h u m an  anti-CM V and seronegative serum  
pool used in  these  experim ents w ere ch arac terized  b y  A C IF  te s t using  T ow ne 
infected  (m u ltip lic ity  of in fec tion , 0.5 P F U  per cell) and un in fec ted  H E L  
cu ltu res. A fte r infection for 2 h , in th e  presence of 100 pg/m l cyclohexim ide, 
and a fte r a su b sequen t tre a tm e n t w ith  ac tin o m y cin  D for 3 h, th e  anti-CM V  
serum  pool re a c te d  specifically  w ith  th e  cell nuclei (IE A : im m ed ia te  early  
an tigen). W hen  the  cells w ere in fec ted  for 36 h in th e  presence of phosphono- 
acetic  acid (PA A , 100 pg/m l) or in c u b a te d  for 96 h w ith o u t an y  d rug , th e  
v irus an tigens were considered  to  be early  (EA) and  la te  an tigens (LA ), 
respective ly . T he titres  of th e  serum  pool aga in st th e  TEA, EA  and  LA  of 
HCMV are show n in Table I I .

The r a b b i t  anti-H SV -2 po sitiv e  an d  neg a tiv e  sera were charac terized  in 
th e  sam e w ay  as above, using HSV-2 (s tra in  333) in fected  H E L  cells (T able IT).

The re su lts  of experim en ts on m orphologically  transfo rm ed  and co n tro l 
cell ob ta ined  b y  A C IF te s t are  sum m arized  in T able I I I .

W ith  th e  exception  o f a single one, all cu ltu res of m orpho log ically  
a lte red  cells, w ere positive fo r v ira l specific an tigen(s). T heir fluorescence was
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Table II

Characterization o f  im m une serum pools and '-P-labelled viral probe D N A  using A C I F  test
and in situ  cytohybridization

A ntibody titre  of serum pools
In situ cytohybridization

Cell culture HCMV HSV-2 w ith 32P-labelled viral DNA

IEAa EA b LAC IEA a EAb LAC HCMV HSV-2

H E L 0 0 0 0 0 0 —  _
H E L  +  HCMV 1 : 32 1 : 128 1 : 512 < 1 : 2 < 1 : 2 < 1 : 2 - r  +  +  +
H E L  +  HSV-2 < 1 : 2 < 1  : 2 < 1 : 2 1 : 16 1 : 512 1 : 1824 + + + +

a im m ediate early  an tig e n ; b early antigen; 1 la te an tigen

Table III

Reactivity  o f  rnorpliologically altered cells to <rm ti-H C M V  serum and :'-P- labelled H C M V -D N A

Rea.•tivity of seruim pool In situ cytohybridization

Time of
(Number

of
anti-HCMV anti-HSV-2 negative0 viral DNA of

trea tm en t, day
tested

foci 1 : 10a
1 : 64a 1 : 10a 1 : 10" HCMV HSV-2

N b prsb c"

NT 5 4/5 2/5 1/5 0/5 0/5 0/5 4/5 0/5
2nd 6 4/6 6/6 2/6 0/6 0/6 0/6 6/6 0/6

18th 5 5/5 2/5 3/5 0/5 0/5 0/5 5/5 0/5
29th 6 3/6 6/6 3/6 0/6 0/6 0/6 6/6 0/6

C ontroll cell cu ltures:

H E L '1 — — — — — — —  —

I IE L n — — — — — — —  —

CX-90-3B — — — — — — —  —

C M V -M J-H E L -1 — — — — — - -  -

N T : n o t trea ted ; N : nucleus; PN : perinuclear region; C: cytoplasm ; “ d ilu tion  of serum  
pool; b localization of fluorescence; 0 serum  pool, n egative  for HCMV and HSV-2 antibodies; 
d n in eteen  coverslip cu ltu res o f m orphologically unchanged  H E L  cells were tes ted ; th e  cu ltu res 
were p icked  from  the  sam e m onolayers from  w hich th e  transfo rm ed  foci had  been isolated; 
e cu ltu res  o f H E L  cells t re a te d  w ith  T PA

b rig h t in  th e  nuclei a n d /o r  th e  perinuclear reg ion  and  also in  th e  cy top lasm  
(Fig. la ) .  W ith  CMV n eg a tiv e  hum an sera or HSV-2 im m une  sera no flu o 
rescence could he seen. T here  was a co rre la tio n  betw een  the  an tigen  d e te c t
ab ility  b y  im m une serum  and  the  serum  d ilu tio n . A serum  d ilu tion  o f 1 : 10 
was u sed  for de tec tin g  v ira l specific an tig en s in  tran sfo rm ed  cells. W hen the 
serum  w as d ilu ted  1 : 64 th e re  was no fluorescence while a 1 : 128 serum  d ilu 
tio n  show ed b rig h t fluo rescence  w ith HCMV infected  H E L  cells for 36 h in
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th e  presence of PA A . W h e th e r th e  v ira l antigen(s) belonged to  im m ed ia te  
early , early  or la te  p ro d u c ts  o f th e  v ira l genom e, could n o t lie know n ex ac tly , 
b u t  th e  d e te c ta b ility  of an tig en s a t low (1 : 10) serum  d ilu tio n  suggested  th a t  
IE  non -cy to to x ic  v iral p ro te in s  were p ro b ab ly  p resen t in th e  tran sfo rm ed  
cells. P resu m ab ly , th e  v ira l an tigen(s) o rig inally  localized in  th e  cell nuclei

Fig. 1. HCM V-specific m acrom olecules in  m orpholog ically  tran sfo rm ed  H E L  cells, (a) L o caliza
tio n  of HCMV specific antigen(s) in  th e  cells of foci, (b) In  s itu  cy to h y b rid iza tio n  v isua lized

by  au to ra d io g ra p h ic  g rains. X 320

an d  during  th e  m ain tenance  o f  th e  cells th is  (these) p ro tein(s) could m ig ra te  
betw een  th e  nucleus and  th e  cy top lasm .

The an ti-H C M V  serum  reac ted  n e ith e r  w ith  th e  cells of CX-90-3B [1] 
and  C M V -M J-H EL-1 [3] cell lines, nor w ith  th e  HSV-2 in fec ted  and  non- 
in fec ted  H E L  cells.

A fter A C IF  te s t, th e  cells w ere ex ten siv e ly  w ashed w ith  PB S a t  4 °C 
fo r 12 h  an d  th e  presence o f v iru s  specific nucleic acids w ere in v es tig a ted  b y  
cy to h y b rid iza tio n  in  situ . In  th e  contro l ex perim en ts th e  HCM V-32P -labelled  
probe D N A  w as specifically  h y b rid ized  to  cells in fec ted  w ith  HCM V. No 
h y b rid iza tio n  w as observed w ith  un in fec ted  or HSV-2 in fec ted  H E L  cells.
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W hen th e  m orpho log ica lly  a ltered  cells o f foci have been  used as ta rg e t 
cells, th e  32P-D N A  of HCMV specifically  h y b rid ized  to  th e ir  nuclei and  c y to 
plasm s, excep t one clone derived  from  T P A  u n tre a te d  foci. R esu lts are su m 
m arized  in T able I I I  w hile h y b rid iza tio n  in  s itu  can be seen in  Fig. lb .

In  all cases th e re  w as a close co rre la tio n  betw een  th e  resu lts  o b ta in ed  
by  A C IF  te s t and  th e  in  s itu  cy to h y b rid iza tio n  techn ique.

F rom  th e  m ono layers w ith  tran sfo rm ed  foci 19 coverslip  cu ltu res of 
m orphologically  u n ch an g ed  H E L  cells w ere iso la ted . In  these  cu ltu res we 
could  n o t d e tec t an y  cells hav in g  HCMV specific  an tigens or nucleic acids b y  
A C IF  an d  th e  in situ  cy to h y b rid iza tio n  te c h n iq u e  (Table I I I ) .  The cells of 
CX-90-3B h am ste r  [1] a n d  CM V -M J-H EL-1 h u m a n  [3J cell lines, tran sfo rm ed  
b y  U V -irrad ia ted  an d  liv in g  HCMV, resp ec tiv e ly , have  been  show n to  lack  
re a c tiv ity  to  32P -p robe  D N A . In  these ex p erim en ts  th e  re su lts  w ere considered  
positive  w hen th e  gra in  n u m b e r of the  te s t  cells w as a t  least te n  tim es th a t  of 
u n in fec ted  or HSV-2 in fec ted  cells using HCM V probe D N A .

In  para lle l ex p e rim en ts , 32P -labelled  H SV -2-probe D N A  did no t hyb rid ize  
to  HCMV infected  or u n in fec ted  or to  m orpho log ically  tran sfo rm ed  cells.

T he re s t o f th e  cells o f each focus w as m a in ta in ed  an d  cu ltu red . M ost of 
th e  cell cu ltu res  from  foci d id  n o t surv ive m ore th a n  10 passages. H ow ever, 
th ree  in d ep en d en tly  d e riv ed  cell lines, d es ig n a ted  B H 19, B H 21, B H 47 w ere 
estab lished . T he tissue  c u ltu re s  were cloned an d  passaged  m ore th a n  90 tim es 
in  our la b o ra to ry , to  in v e s tig a te  the  b io logical an d  biochem ical ch a rac teris tic s  
of CMV tran sfo rm ed  cells. T he cell cu ltu res consisted  of sh o rt fib roep ithe lo id  
an d  ep ithe lo id  cells. T h ey  w ere tran sfe rred  to  covcrslips in  passages Nos 24, 
57 an d  72 an d  th e  A C IF  te s t  as well as in  s itu  h y b rid iza tio n  were carried  o u t. 
No fluorescence an d  in  s itu  h y b rid iza tio n  w ere observed.

In  conclusion, th e  re su lts  showed th a t  th e  D N A  of HCMV p ro b ab ly  has 
a specific region fo r th e  tran sfo rm a tio n  o f n o rm a l cells. T his region of HCMV- 
D N A  is supposed  to  h a v e  one or m ore c leavage sites to  Eco R I re s tr ic tio n  
enzym e. T he X b a  I  endonuclease  frag m en ted  HCM V-DNA is able to  induce 
m orphologically  a lte red  foci in H E L  cell m onolayers. The m orphologically  
tran sfo rm ed  cells c o n ta in  HCM V-specific an tigen (s) an d  nucleic acid(s), in d e 
p e n d e n tly  of T P A  tre a tm e n t .  The resu lts  o b ta in e d  suggest th a t  th e  im m ed ia te  
early  p roduct(s) of H C M V -D N A  is/are in v o lv ed  in  th e  in itia l step  of cell t r a n s 
fo rm atio n . I t  is also p resum ab le  th a t  HCM V induced  cell tran sfo rm a tio n  
m ig h t be a m u ltis tep  process. I t  needs an in it ia to r  (fragm ent of H CM V-DNA), 
a s till u n know n  genetic  background of n o rm al cells an d /o r some e n v iro n 
m e n ta l fac to r  such  as T P A , since for exam ple  th e  focus fo rm atio n  o f X b a  I 
frag m en ted  H C M V -D N A  arose 4-5  fold a f te r  T P A  tre a tm e n t.
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BINDING OF FIBRONECTIN TO DNA:
NEW APPLICATION OF THE CRITHIDIA LUCILIAE 

IMMUNOFLUORESCENCE TEST*

K .  C s e h , L. J a k a b , J u d i t  T ö r ö k , L. K a l a b a y  a n d  T e r é z i a  P o z s o n y i

T h ird  Department o f  M ed ic ine , Semmelweis U niversity  M edical School, Budapest, and Institu te  
o f  Enzym ology, Biological Research Centre o f  the H ungarian  A cadem y o f  Sciences, B udapest

(R eceived A pril 3, 1984)

B inding of p u rif ie d  plasm a f ib ro n ec tio n  to  Crithidia luciliac  k in etop las t DN A  was 
d e m o n s tra ted  b y  fluo rescence  m icroscopy. T h e  m eth o d  was su itab le  for th e  d e tec tio n  of fibro- 
n ectin  in hum an p lasm a  d ilu ted  1:256 a n d  1 /«g/ml co n cen tra tio n  of iso lated  fib ro n ec tin . 
P u rified  hu m an  Clq, m onoclonal hum an m y e lo m a  p ro te in s of Ig G l and  IgG3 subclasses and  calf 
th y m u s  D N A  in h ib ited  th e  b inding of f ib ro n e c tin  to  k in e to p las ts . T he m ethod  can  be used  as a 
fu n c tio n a l assay for f ib ro n e c tin  and for v a r io u s  m ate ria ls  co n ta in in g  fibronectin .

F ib ronectin  (F N ) in a high m o lecu la r m ass g lycopro tein  (440 000 tl), 
w hich  is p resen t in  insoluhle form on th e  cell surfaces and  in connective tissue, 
an d  in  soluble form  in  p lasm a and o th e r  bo d y  flu ids. F N  on cell surfaces a p p a r
e n tly  m ediates ad h esio n  of cells to  e x tra c e llu la r  m a tr ix . Cell lines d u ring  m a 
lig n a n t tra n sfo rm a tio n  te n d  to  lack  cell surface F N  an d  th is  m ay co n tr ib u te  to  
th e ir  cap ac ity  for in v asiv e  and m e ta s ta tic  g row th  [1—5]. P lasm a F N  is one of 
th e  m ain  non-specific  opsonin p ro te in s  in  blood p lasm a; it  takes p a r t  in  clot 
fo rm a tio n , w ound hea lin g , the  fu n c tio n  of p la te le ts  an d  in  fo rm ation  o f cryo 
globulins [6-8]. T h e  involvem ent of F N  in a v a r ie ty  o f seem ingly u n re la ted  
p h enom ena  is a t t r ib u te d  to  the m any  b in d in g  dom ains or sites on th e  p ro te in  
to  v a rio u s im p o rta n t biological m olecules. F N  can b ind  to  cell surfaces, to  
collagen and  g e la tin , fib rinogen  and  f ib r in , am ino acids, com plem ent com po
n en ts , Clq and  C3, a c tin , heparin  a n d  o th e r glycosam inoglycans, various 
gangliosides, s taphy lococcus pro te in  A  and o th e r G ram -positive and  -nega
tiv e  b ac te ria , po ly am in es, certain  im m un o g lo b u lin s , m yelom a im m unoglo
bulins and  cryog lobu lins and  to  D N A  [9-24]. R ecen tly , th e  D N A -binding  
p ro p ertie s  of F N  h av e  b een  described a n d  D N A  b ind ing  dom ains of th e  p ro te in  
have  been  iso lated  [14, 25-28]. The Crithidia luciliae te s t  has proved to  be a 
ra p id  an d  ap p ro p ria te  m ethod  for d e te c tio n  of a n ti-n a tiv e  double s tra n d e d  
desoxyribonucleic acid  (ds-DNA) an tib o d ie s  [29— 34]. C. luciliae k in e to p la s t

K á ro ly  Cs e h , L a jo s , J a ka b , L á szló  K a la bay , T erézia  P o z s o n y i 
Third D epartm en t of Medicine, Semmelweis University Medical School 
Eötvös ú t 12, H-1121 Budapest, H ungary

J u d it  T ö rö k
In s titu te  o f Enzymology, Biological R esearch Centre of the H ungarian  Academy of Sciences 
K arolina ú t  29, H-1113 Budapest, H ungary

* This work was supported by  the  H ungarian M inistry o f  H ealth , G rant No. T PB . Eii. Min. 41. 4. 17. ed FN

Acta Microbiologica Hungarica 32, 1985 
Akadémiai Kiadó, Budapest



176 CSEH et al.

D N A  h as also been used  as a su b s tra te  fo r d e tec tio n  of b ind ing  o f o th e r  m o
lecules to  n a tiv e  ds-D N A  [35, 3 6 1. T he p resen t s tu d y  describes a sensitive 
im m unofluorescence assay  for de tec tio n  o f b in d in g  of fib ro n ec tin  to  ds-D N A  
p re se n t in  th e  C. luciliae k ine top lasts .

M aterials an d  m ethods

Iso la tion  o f h u m an  p lasm a  F N . F N  w as iso la ted  from  fresh n o rm al h u m a n  p lasm a 
b y  a ffin ity  c h ro m a to g rap h y  on  ge la tin -S epharose  4B an d  L -arginine-Sepharose 4B colum ns and 
on S ep h acry l S 300 gel (P h a rm a c ia , Sweden) [24]. T en  ml o f h u m an  plasm a passed  th ro u g h  an  
eq u al vo lum e of g e la tin -S epharose  4B co lum n w as used  as F N -dep le ted  h u m an  p lasm a  for 
co n tro l purposes. Sepharose  4B (P h arm ac ia ) w as a c tiv a te d  b y  cyanogen brom ide  [37]. G ela
tin  (p ig  sk in , type I, S igm a) or L-arginine (R e an a l, H u n g ary ) of purified  F N  w ere coupled  to 
th e  gel [38]. The p u r i ty  a n d  in d en tity  o f th e  iso la ted  F N  w as de term ined  on basis o f th e  m o
lecu lar m ass (440 000 b) a n d  th e  se d im en ta tio n  ra te  (IS  S) in the  an a ly tica l u ltra ce n trifu g e  
(MOM 3170, H u n g ary ) a n d  b y  sodium  dodecyl su lp h a te  (SD S) po lyacry lam ide  gel e lec tro p h o 
resis [39]. The p u rity  o f iso la ted  FN  was a t  le a s t  9 9% . T h ere  was no c o n ta m in a tin g  Clq, IgG , 
IgM  a n d  fibrinogen in th e  F N  p rep ara tio n s  d e te c ta b le  by  im m une diffusion  (a n tise ra  ag a in st 
h u m a n  Clq, IgG , IgM  a n d  fib rinogen  were p u rc h ase d  from  B ehringw erke).

A n ti - F  N  antibodies. A n tiserum  ag a in s t F N  was p ro d u ced  by im m unizing  ra b b its  w ith  
p u rif ied  FN . A n ti-F N  r a b b i t  im m unoglobulins w ere iso la ted  on F N -Sepharose  4B  iinm uno- 
a b so rb e n t [38]. The m onospecificity  o f iso la ted  im m unoglobulins was checked  b y  im m une 
d iffusion  (an ti-F N  im m unog lobu lins did n o t  re a c t w ith  p u rified  Clq, fib rinogen , IgG  or IgM ), 
o r by  crossed im m unoelectrophoresis w ith  h u m an  p lasm a , p u rified  F N  an d  F N  d ep le ted  h u m an  
p lasm a  [40] (Fig. la ,  b).

Conjugation o f  p u r i f ie d  F N a n d  rabbit a n t i-1 N  im niunoglobulins ivith fluoresce in  isothiocya- 
nate ( F IT C ) .  Purified  F N  and  ra b b it a n ti-F N  im m unoglobulines were c o n ju g a ted  w ith  F IT C  
(S erv a) and  the  u n re ac te d  fluorochrom e w as rem o v ed  by  gel f i ltra tio n  of S ep h ad ex  G 50 co
lu m n  [41]. For th e  iso la tion  of op tim ally  co n ju g a ted  p ro te in  m olecules, th e  F IT C -labe lled  
p ro te in s  were applied  to  D E A E -cellulose co lum ns (W h atm a n ) [42]. The labe lling  ra tio s  o f th e  
co n ju g a te s  were 0.98 fo r F IT C — FN  and  0.99 for F IT C -an ti-F N  im m unoglobulins, as e v a lu a ted  
by  th e  op tical densities a t  495 and 280 / ш .

Isolation o f  h u m a n  Clq. Clq was iso la ted  from  h u m an  serum  by  a ffin ity  ch ro m a to g ra p h y  
on IgG -S epharose  4 В co lum n [43]. P u r i ty  an d  id e n tity  o f iso lated  Clq w ere checked  b y  th e  
m e th o d s  used for F N  a n d  also by  double im m u n e  diffusion  te s ts  (a n ti-h u m an  Clq an tise ru m  w as 
p u rch ased  from  B ch n n g w erk e).T h e  C lq-dep leted  h u m an  serum  was used  fo r d em o n s tra tio n  of 
b in d in g  of FN  to th e  C. luciliae  k in e to p las ts  w ith o u t the  presence of Clq (no Clq was d e tec ted  in 
th e  C lq-depleted  serum  b y  a double im m une diffusion  tes t).

H um an  p lasm a and  sera. F resh  h u m an  p lasm a w as o b ta ined  from  th e  N a tio n a l I n s t i 
tu te  o f H aem ato logy  a n d  B lood T ransfus ion , B u d a p es t for th e  sep ara tio n  of F N  an d  Clq Sera 
fro m  10 h e a lth y  b lood donors and from  10 h o sp ita lized  p a tie n ts  w ith  active  system ic  lu p u s 
e ry th e m a to su s  (S L E ; A K A  criteria ) w ere o b ta in e d  an d  sub jected  im m ed ia te ly  to  C. luciliae  
te s t.  Sera of p a tie n ts  w ith  active  SL E , w hich  gave s tro n g  reac tio n s even a t  d ilu tio n s o f 1:1024 
in  C. luciliae  im m unofluorescence te s t  w ith  F IT C  co n ju g a ted  a n ti-h u m an  im m unog lobu lin  
(B ehringw erke , w ork ing  d ilu tion  1:64), co n ta in ed  an tib o d ies  against ds-D N A  an d  were used  
as m ark es [29] in th e  in h ib itio n  ex p erim en ts . P lasm a  F N  co n cen tra tio n  of th e  10 p a tie n ts  
w ith  SL E  was 215— 270 //g/m l (x =  240 p g/m l ±  25) as de term ined  b y  e lec tro im m u n o assay  
[40]. T he norm al v a lu e  was 200-400 //g /m l. F N  dep le tio n  of p a tie n t sera w as perform ed as 
m en tio n ed  earlier. C alf th y m u s DN A  w as p u rch ased  from  W o rth in g to n  B iochem ical C o rp o ra 
tio n  (F reehold , USA).

Preparation o f  substrate. C. luciliae  were k in d ly  supp lied  by  In s t i tu te  o f M icrobiology, 
U n iv e rs ity  M edical School, Szeged, an d  th e  haem oflage lla tes were grow n in  B acto  try p to s e  
m ed iu m  a t room  te m p e ra tu re  [44]. A suspension  was w ashed  in  ph o sp h a te  b u ffered  saline (P B S , 
p H  7.2) th ree  tim es b y  low  speed c en trifu g a tio n  (1500 X g, 5 m in). A suspension  of a p p ro x im a 
te ly  2 0 х Ю 6 organ ism s/m l was p rep ared  in  d istilled  w a te r  con tain ing  0.1%  bovine  serum  a l
b u m in , and a fte r  s ta n d in g  for 1 -2 m in , 10 /d  d rops w ere applied on m icroscope slides. A fte r a ir  
d ry in g , th e  o rgan ism s w ere fixed in 96%  e th a n o l for 10 m in , followed by  w ash ing  in  PB S.

Im m unofluorescence studies. D ried  an d  fixed  m onolayers of C. luciliae  were in c u b a te d  
w ith  purified  F IT C — F N  (co n cen tra tio n  100-0.1 //g /m l) for 30 m in  in m o is t ch am b er a t  room
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F ig . 1. D em o n stra tio n  of m onospecificity  o f p u rified  ra b b it  an ti-F N  im m unog lobu lins by  
crossed  im m unoelectrophoresis. (a) 2//1 o f  h u m a n  p lasm a  (u n d ilu ted ) served as an tig en ; (b) 2 /d  
o f pu rified  F N  (300 //g /m l) served as a n tig e n . E lectrophoresis was done in  0 .8%  agarose gel 
(L ite x )  in  v e ro n al-N a-v ero n a l buffer (p H  8.6), f irs t  d irec tion : 10 Y /cm , 1.5 h, second d irection : 
1.5 V /cm , 16 h. 10 //1 o f ra b b it an tif ib ro n ec tin  im m unoglobulins were app lied . S ta in ed  w ith

a m id o  b lack

te m p e ra tu re . A fter w ash ing  in PBS th ree  tim e s  fo r 5 m in  th e  slides were m o u n te d  w ith  P B S -  
g lycero l and exam ined  in  a F luoval 2 flu o rescen ce  m icroscope (Zeiss, Je n a , G D R ). O rw ochrom  
U T  18 film  (U m k eh r-F arb film , GDR) w as u sed  for p h o to g rap h y .

F o r d e te rm in a tio n  of binding of u n lab e lle d  p u rified  FN , p lasm a or serum  F N , C. luciliae  
m o n o lay ers  were in c u b a te d  w ith purified  F N  (c o n cen tra tio n  1000-0.1 //g /m l) o r p lasm a or 
sera  (d ilu ted  1:1— 1:1024) for 30 min in m o is t  ch am b er a t  room  tem p era tu re . A fte r  w ashing in 
P B S  th ree  tim es fo r 5 m in , slides were in c u la te d  for 30 m in w ith  F IT S -a n ti-F N  an tibod ies 
(co n cen tra tio n  8 m g /m l) d ilu ted  1:80 and  w ash ed  th ree  tim es in PB S , m o u n ted  a n d  stu d ied  as 
above.

Clq dep le ted  se ru m  was used in th e  sam e procedure  to  d em o n s tra te  th e  b in d in g  of F N  
to k in e to p la s t D N A  in  th e  absence of Clq.

FN depleted  h u m a n  plasm a, w hich d id  n o t co n ta in  an y  F N  d e tec tab le  b y  crossed im 
m u n o electrophoresis w as used  as a n eg ativ e  co n tro l in th e  C. luciliae  test.

In  th e  in h ib itio n  experim ents, v a r io u s  co n cen tra tio n s of purified  F N  (1000-5  //g/m l) 
w ere p re in cu b ated  w ith  the  C. luciliae m o n o lay e rs  for 30 m in  a t  room  tem p e ra tu re , th e n  w ashed 
th ree  tim es in PB S . S ub seq u en tly , the  slides w ere in cu b a ted  w ith  sera of p a tie n ts  w ith  active  
S L E , a t  various d ilu tio n s (1:1-1:1024). A f te r  in cu b a tio n  for 30 m in  and w ash ing  th ree  tim es 
in  P B S , th e  slides w ere in cu b a ted  w ith F IT C -co n ju g a ted  an ti-h u m an  im m unog lobu lin . Slides 
w ith o u t F N -p re in cu b a tio n  were used as p o s itiv e  con tro ls.

P re in cu b a tio n  w ith  hum an  p lasm a (d ilu te d  1:10) and  sera (d ilu ted  1:5) an d  p u rified  
F N  (30 //g/m l) was p e rfo rm ed  in order to  s tu d y  th e  in h ib ito ry  effect on th e  b in d in g  of F N  to 
k in e to p la s ts  w ith  th e  follow ing substances: c a lf  th y m u s  D N À  (0.01-100 //g /m l), p u rified  Clq 
(10-100  //g/m l), pu rified  h u m an  m onoclonal m y elo m a p ro te in s from  Ig G l and  IgG 3 subsclasses 
[5] (10-100  //g/m l). In c u b a tio n  was done fo r 1 h  a t  37 °C before sub jecting  sam ples to  the  
C. luciliae  test.

R esu lts

B ind ing  o f  F N  to C. luciliae kinetoplasts. P u rified  F IT C — F N  w as b ound  
to  th e  k in e to p las t o f  C. luciliae in  th e  im m unofluorescence te s t  as w as th e  
p u rif ie d  un labelled  F N  (Fig. 2a, b). W e d e tec ted  th e  b ind ing  of F N  to  n a tiv e
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D N A  a t  v e ry  low co n cen tra tio n s (1 pg/m l). P re in c u b a tio n  of th e  haem oflagel- 
la tcs w ith  p u rified  u n labe lled  F N  abolished  th e  b in d in g  of F IT C -F N  to  the  
k in e to p las ts . The b in d in g  o f hum an  p lasm a and  serum  F N  to  C. luciliae k ine to - 
p lasts  w as also d e tec tab le  using F IT C -a n ti-F N  an tib o d ies  a t a p lasm a d ilu tion  
of 1:256 an d  serum  d ilu tio n  of 1:128 (F ig . 2c, d). FN  in  C lq-depleted h u m an  
serum  w as also h o und  to  th e  k ineto p lasts  a t a serum  d ilu tio n  of 1:128. T here 
w as, how ever, no d e tec tab le  FN  b ind ing  in C. luciliae im m unofluorescence te s t 
in F N -d ep le ted  h u m an  p lasm a.

Inhibition o f  b inding o f  anti-native d s -D N A  antibodies to C. luciliae kineto
plasts by F N .  Sera from  10 p a tien ts  w ith  ac tive  S L E  gave in tense  fluorescence 
in  th e  C. luciliae te s t  a t  serum  d ilu tion  of 1:1024. D ep le tion  of F N  in th e  p a 
tie n t sera  tre a te d  w ith  g e la tin -S ep h aro se  4B gel d id  n o t affect th e ir  t i t re  in  th e
C. luciliae te s t, in d ica tin g  th a t  serum  F N  does no t in te rfe re  sign ifican tly  w ith 
reac tions of an ti-n a tiv e  ds-D N A  an tibod ies in  d ilu ted  sera. P re in cu b a tio n  of
C. luciliae  m onolayers w ith  high co n cen tra tio n s of pu rified  F N  (500 pg/m l 
or m ore) in h ib ited  th e  fluorescence o f th e  p a tie n t sera  w ith  SL E  a t serum  
d ilu tions of 1:32 or m ore. Low er F N  co n cen tra tio n s  (250/tg /m l or less) had  in 
h ib ito ry  a c tiv ity  only  a t  h igh serum  d ilu tions (1:512 or above; T able I).

Table I

Inhib ition  o f  binding o f  native ds-D N A  antibodies to C. luciliae kinetoplasts by F N

A pplied FN
/vg/ml

Serum dilution
Inhib ition  of kinetoplast 

fluorescence wits ds-DNA 
antibodies o f serum of 

SLE patients

50 1:1024 _
100 1:1024 —
150 1:1024 only +
200 1:1024 only +
250 1:512 or m ore +
500 1:32 or m ore - f
600 1:16 or m ore 4 -
700

1000
1:8 or m ore 
1:8 or m ore

- j -

Inhibition o f  binding o f  p la sm a , serum or p u r i f ie d  F N  to C. luciliae kineto
plasts. P re in cu h a tio n  o f d ilu ted  h u m an  plasm a or sera  or pu rified  F N  w ith  ca lf 
th y m u s  DNA, p u rified  h u m an  Clq an d  w ith  p u rified  h u m an  m onoclonal m ye
lom a p ro te in s  of Ig G l and  IgG3 subclasses abolished  th e  b ind ing  o f F N  to  th e  
k in e to p la s t D N A . T h is was p resu m ab ly  due to  th e  b ind ing  of th e  m olecules 
to  F N  an d  p ro b ab ly  also to  th e ir  b locking  effect on D N A -binding  sites o f F N  
(Table II) .
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Fig. 2. B ind ing  of FN  to  C. luciliae  k in e to p la s t D N A . B ind ing  of F IT C -co n ju g a ted  FN  to  th e  organism s (n a tiv e , X 750); 
(b) fluorescence of k in e to p las ts  in U \  ligh t (X  750). B inding of p lasm a F N  to  C. luciliae  k ine to p las ts : (c) m onolayer 
o f C. luciliae  (n a tiv e , X 750); (d) fluorescence of k in e to p las ts  in UV ligh t (X 750). (A ntibodies: F IT C -a n ti-F N  im m unoglo

bu lins, app lied  as described in  M aterials and  m ethods)
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Table II

Inh ib ition  o f  binding o f p la sm a , serum or pu rified  F N  to C. luciliae kinetoplasts after preincubation  
w ith  Clq, D N A , IgG l kappa  and IgG3 lambda monoclonal hum an myeloma proteins

Substances added to plasma, 
serum  or purified FN

H u m an  Clq
Cali’ th y m u s  DNA
IgG l
IgG3
IgG2, IgG 4 or norm al 

h u m an  IgG

Inh ib ito ry  concentration, 
/ tg lm l

20
1

30
23

no in h ib itio n  a t  1000 
/ig/inl concen tra tion

D iscussion

T he k in e to p las ts  o f C. luciliae p ro v ed  to  he an  a p p ro p ria te  su b s tra te  for 
s tu d y in g  th e  b ind ing  o f  various su b stan ces to  n a tiv e  ds-D N A  [29, 35, 3 6 1. F N  
can  also b ind  to  D N A . I n  th is assay  th e  b in d in g  of purified  F IT C -F N  to  D N A  
w as s tu d ied  by  th e  C. luciliae  te s t. T he m eth o d  allow s rap id  and sim ple d e tec 
tio n  o f  b ind ing  of F N  to  D N A  even a t  low  F N  concen tra tions. T he assay  is 
su itab le  for stu d y in g  th e  D N A -binding  p ro p e rtie s  of varo ius F N  sam ples, for 
se m iq u a n tita tiv e  e x tim a tio n  of F N  c o n c e n tra tio n  and  for th e  s tu d y  of various 
su b stan ces in te rfe rin g  w ith  F N -D N A  b in d in g . P rev iously , C. luciliae  k ineto- 
p la s t fluorescence w as used  for d e tec tio n  o f  b in d in g  of h u m an  Clq to DNA and  
i t  w as suggested th a t  th is  in te rac tio n  m a y  in te rfe re  w ith  th e  b ind ing  of an ti- 
D N A -an tihod ies to  th e  k in e to p la s t D N A  [36]. B inding  of serum  or p lasm a F N  
to  th e  k in e to p lasts  w as no t d ep en d en t on th e  presence of Clq an d  occurred  
w ith  C lq-depleted se ru m . There was no d ifference in  th e  b in d in g  of an ti-D N A  
im m unoglobu lins to  th e  k in e to p last D N A  in th e  sera of p a tie n ts  w ith  SLE 
w ith  or w ith o u t F N  dep le tion . F N  a t  co n cen tra tio n s  considerab ly  h ig h er th a n  
physio logical in te rfe re d , how ever, w ith  the  in te rac tio n  of an ti-D N A  im m unoglo
bu lin s and the  k in e to p la s t DNA. In  th e  p a tie n ts ’ d ilu ted  sera, th e  low  F N  level 
d id  n o t in h ib it th e  h ig h  av id ity  b in d in g  o f an ti-D N A  im m unoglobu lins. T h ere 
fore, F N -dep le tion  o f p a tie n t sera is n o t necessary  before C. luciliae  te s ts  are 
perfo rm ed  for ds-D N A  antibodies. I n  c o n tra s t , th e  specific ity  o f th e  FIT C - 
c o n ju g a ted  a n ti-h u m a n  im m unoglobu lins is essen tia l because th e ir  re a c tiv ity  
w ith  F N  or Clq could  give false po sitiv e  re su lts  in  th e  C. luciliae te s t . D N A , Clq 
an d  m yelom a Ig G l a n d  IgG3 im m unog lobu lin s in te rfe red  w ith  th e  F N -D N A  
in te ra c tio n . Clq and  ce rta in  m onoclonal m yelom a p ro teins can b in d  to  F N  [10, 
13]. Clq in te rac ts  w ith  F N  by  its  collagen-like m oiety  [15, 16, 19, 21], b u t th e  
possib le in te rac tio n  w ith  the  g lobu lar reg ion  of Clq was also suggested  [11]. 
I t  h as been em phasised  th a t  F N  is in v o lv ed  in  th e  Clq b ind ing  n o t only  b y  its  
collagen  b inding  s ites b u t  also b y  its  h e p a rin  or D N A  bind ing  sites [11]. There-
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fore it seem s possible th a t  the Clq, D N A  an d  im m unoglobu lin  b in d in g  sites on 
F N  are com m on or a t  leas t p a r tly  com m on. F N  is one of th e  m ain  opsonic 
p ro te in s  in  h u m an  p lasm a and can b ind  to  b ac te ria . The opson isa tion  m ech a
nism  could th u s  p lay  an  im p o rta n t role in  th e  h ost defence aga in st various 
m icrohal in fections. T he b ind ing  of F N  to  im m unoglobu lins, c ryoim m unoglo- 
bulins, Clq and  C3 m ay  he involved  in  th e  m etab o lism  of these p ro te in s  w ith in  
th e  o rgan ism . B inding  o f F N  to  D N A  m ay  he invo lved  in  th e  e lim in a tio n  of 
DNA from  p lasm a b y  opsonisation . On th e  o th e r h an d , FN  associa ted  w ith  
b asem en t m em branes m ig h t co n tr ib u te  to  th e  deposition  of D N A -con ta in ing  
an tigens or im m une  com plexes in  th e  vessel w alls or th e  renal glom eruli.
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VIRULENCE FACTORS OF ESCHERICHIA COLI
I I .  A N T IG E N S  0 1 , 0 6  A N D  0 1 8 , H A E M O L Y SIN  PR O D U C T IO N  AN D  M A N N O SE 
R E S IS T A N T  НА ЕМ  A G G L U T IN A T IN G  CAPACITY A R E  C LO SE L Y  A SSO C IA TED

É v a  C z i r ó k

N a t i o n a l  I n s t i t u t e  o f  H y g ie n e ,  B u d a p e s t  

(R eceived  April 10, 1984)

E s c h e r ic h ia  c o l i  stra in s  iso la ted  from  a v a rie ty  o f h u m an  sam ples w ere exam ined  for 
a lp h a  haem olysin  (H ly ) p ro d u c tio n . A  to ta l  of 1156 s tra in s  w as com pared  for incidence of 
H ly  p o sitiv ity , an d  th e  cap ac ity  o f m annose re s is tan t h aem ag g lu tin a tin g  a c tiv ity  of h u m an  
e ry th ro c y te s  (M R H A ). Incidence of H ly  p roduction  in serogroups 0 4 , 0 6  an d  0 1 8 ac  was 
s ig n ifican tly  h ig h er th a n  in  o th e r  ones (70 .1%  vs. 18.7% ), in d ep en d en tly  o f th e  orig in  of 
s tra in s ; 78%  o f H ly + stra in s  belonging  to  serogroups 0 4 , 0 6 , 0 1 8  was M R H A + , too . The 
m ark e d  co rre la tio n  be tw een  H ly  p o s itiv ity , M R H A  a c tiv ity  an d  th ese  serogroups suggested 
t h a t  in serogroup  0 4 ,  0 1 8  and in a lesser degree 0 6 , genetic  in fo rm atio n s concern ing  О an tigen , 
M R H A  and  H ly  are  linked  in  th e  chrom osom e.

Escherichia coli is th e  m o st com m on o p p o rtu n is tic  p a th o g en  associated  
w ith  e x tra in te s tin a l diseases [1, 2] and  a t th e  sam e tim e  th e  lead ing  cause of 
co m m u n ity  acq u ired  infections (3]. T here are ce rta in  ch a rac te ris tic s  of E . coli 
s tra in s  th a t  c o n tr ib u te  in th e ir  enhanced  viru lence [4]. In  an  earlie r s tu d y  [5] 
an  analysis fo r m annose re s is ta n t h aem ag g lu tin a tin g  c a p ac ity  of E . coli s tra in s  
rev ea led  th a t  th ese  b ac te ria  are  capable  of colonizing th e  bow el and  outside 
th e  g u t th e y  cause e x tra in te s tin a l infections.

S everal s tud ies have show n th a t  haem olysin  p ro d u c tio n  is a n o th e r fac to r 
in d ic a tiv e  o f p a th o g en ic ity , since s tra in s w ith  th is  b eh av io u r p red o m in a ted  
am ong  those  iso la ted  from  u r in a ry  tr a c t  in fections, ap p en d ic itis , p e rito n itis  
a n d  o th e r e x tra in te s tin a l in fec tions [1, 4, 6 -13]. T he pu rpose  o f th e  p resen t 
in v e s tig a tio n  w as to  s tu d y  th e  frequency  of haem olysin  p ro duc ing  iso lates in 
faecal, u r in a ry  an d  o th e r e x tra in te s tin a l specim ens, an d  th e ir  coincidence 
w ith  th e  o th e r  p resu m p tiv e  v iru len ce  factors n am ely  w ith  О an tigens and  
m annose  re s is ta n t h aem ag g lu tin a tin g  a c tiv ity  [5].

M aterials and m ethods

E .  c o l i s tra in s  w ere iso lated  fro m  faecal sam ples of h e a lth y  su b jec ts  (233) o r p a tie n ts  
su ffe rin g  from  e n te r itis  (256); u rine  o f p a tie n ts  w ith  p y e lo n ep h ritis  (155), cy stitis  (170), 
a sy m p to m a tic  b a c te r iu r ia  (59); and  283 from  o th er e x tra in te s tin a l sources (blood, 40; cereb ro 
sp in a l flu id , 35; a u to p sy  m ate ria l, 41; w ou n d  sw ab, 63; u m bilica l cord , 8 ; vag in a , 38; up p er 
re sp ira to ry  t r a c t  ex cre tio n s, 36; p la c e n ta  o r lochia, 22).

D i a g n o s t i c  c r i t e r i a  have  been  described  p rev iously  [5].
S e r o lo g ic a l  e x a m i n a t i o n  o f  О  a n t i g e n s  w as carried  o u t b y  th e  a g g lu tin a tio n  m eth o d  of 

0 r s k o v  an d  0 rs k o v  [14] w ith  a sligh t m o d ifica tio n  as described earlie r [5].

É va  Czir ó k
N ational In s titu te  of Hygiene 
H-1966 Budapest, P .O .B. 64, Hungary
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H a e m o l y s i n  p r o d u c t io n .  T w o d ifferen t m eth o d s were used a n d  com p ared  fo r tes tin g  
h aem o ly tic  a c tiv ity  of s tra in s : (i) b lood  ag ar base m edium  co n ta in in g  5%  d e fib rin a te d  bovine 
b lood; (ii) 10 ml blood agar b ase  m ed iu m  overlayered  b y  10 ml b lood ag ar base  m ed ium  con
ta in in g  5 %  defib rinated  b o v in e  b lood . In  b o th  eases th e  p la te s  w ere in cu b a ted  o v ern igh t 
a t  37 °C a n d  observed for h aem o ly sin  p ro d u c tio n . H aem o ly tic  s tra in s  w ere fu r th e r  te s ted  for 
a lpha  ty p e  haem olysis [11].

A l p h a  h a e m o ly t ic  a c t i v i t y  w as de te rm in ed  as described b y  W alto n  and S m ith  [15].
H a e m a g g lu t i n a t io n  te s t  w as p e rfo rm ed  as described p rev iously  [5].
S t a t i s t i c a l  a n a ly s i s  w as c a rr ied  o u t in 2 X 2 con tingency  tab le s  an d  ex am ined  for sig

n ifican ce  b y  th e  chi2 te s t [16].

R esults

A  com parison w as m ad e  betw een  th e  tw o m ethods fo r de tec tio n  of 
h aem o ly tic  ac tiv ity  of iso la te s . M ethod (ii) p roved  to  be m ore sensitive  th a n  
m e th o d  (i) as it  y ielded 210 haem olysin  positive (H ly +) s tra in s  as opposed to  
156 I l ly  + isolates d e tec ted  by  m eth o d  (i). F o r th is  reason  resu lts  o f m ethod  (ii) 
w ere ta k e n  in to  co n sid e ra tio n  in  fu r th e r  analysis.

T h e  incidence of l l l y + s tra in s  in faecal sam ples from  p a tie n ts  an d  healthy  
su b je c ts  o f different age g ro u p s is p resen ted  in  T ab le  I . F aeca l s tra in s  showed

Table I

I n c id e n c e  o f  I l l y  p o s i t i v e  E .  c o li  s t r a in s  in  fa e c a l  s a m p le s  
o f  p a t i e n t s  a n d  h e a lth y  p e r s o n s

Age groups No. of Strains w ith  Illy activity
(years) strains

No. %

< 1 107 38 35.5

1-2 29 4 13.8

Patien ts w ith  en te ritis 3-5 24 1 4.2

6-14 24 2 8.3

> 1 4 72 13 18.1.

Sub to ta l 256 58 22.6

< 1 69 7 10.1

1-2 27 1 3.7

H ealthy  su b jec ts 3-5 41 1 2.4

6-14 24 0 0

>  14 72 4 5.5

Sub to ta l 233 13 5.6

Total 489 71 14.5

H ly =  haem olysin
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H ly + in  14.5%  (22 .6%  for en te ritis  an d  5 .6%  for h e a lth y  sub jec ts). T he d if
ference in  H ly + s tra in s  betw een p a tie n ts  and  h e a lth y  sub jec ts  was sign ifican t 
s ta tis tic a lly  (p <  0.001). S ignificant d ifferences were found  in every  age group  
betw een  p a tie n ts  w ith  en te ritis  an d  h e a lth y  su b jec ts  (in  age group u n d e r one 
year, p <  0 .001; b e tw een  1-14 years, p <  0.05; above 14 years, P <  0.01). 
S ign ifican t d ifferences were found also in  H ly  p ro d u c tio n  betw een d iffe ren t 
age g roups w ith in  th e  group of en te ric  p a tie n ts  (betw een  age groups u n d e r 
one y ear and  above 14 years, p <  0.05; be tw een  age groups u n d er one y e a r 
and 1-14 y ears , p <  0.001; betw een  age groups 1-14  years and above 14 
years, p  <  0.05). In  h e a lth y  subjects th e  o n ly  difference ex isted  betw een  in fan ts  
u n d er one y e a r an d  su b jec ts  above 14 y ea rs  of age (p <  0.05).

T he d is tr ib u tio n  o f E . coli s tra in s  accord ing  to  serogroups and  H ly  
p o sitiv ity  is d e m o n s tra te d  in  T able I I .  F aeca l iso lates belonged to  86 sero-

TaMe I I

Serogroup distribution o f  M R H A  and I l ly  positive E . coli strains isolated 
from  faecal sam ples

Serogroup

Strains isolat'ed from Total

P atien ts  w ith en leritis H ealthy subjects
MRHA Hly

M RHA Hly MRHA Hly

0 1 3 /9 ' 0/9 4 /7 0 /7 7 /16 0 /16

0 2 1/5 2 /5 2 /8 0 /8 3 /13 2 /1 3

0 4 1 0 /1 4 11/14 1 /4 1/4 11 /18 12/18

0 6 9 /1 3 11/13 5 /6 3/6 14 /19 14/19

0 7 2 /3 0 /3 1/7 0 /7 3 /1 0 0 /10

0 1 5 3/6 0/6 5 /9 1/9 8 /15 1/15

0 1 8 a c 1 8 /2 0 17/20 4 /6 1/6 2 2 /2 6 18/26

0 7 5 1/7 3/7 1/7 1/7 2 /14 4 /1 4

O th e r2 7 /8 5 7/85 1 /90 2 /9 0 8 /1 7 5 9 /175

S p . a g g l .3 0 /1 0 0/10 1/6 2 /6 1/16 2 /16

N T 4 8 /8 4 7/84 2 /8 3 2 /83 1 0 /1 6 7 9 /167

T o sa l 6 2 /2 5 6 5 8 /256 2 7 /2 3 3 13 /233 8 9 /4 8 9 7 1 /489

M R H A  =  m a n n o s e  r e s is ta n t  h a e m a g g lu t in a t io n  w it h  h u m a n  e r y th r o c y te s ;  H ly  =  
h a em o ly s in

1 N o . o f  s tr a in s  h a e m a g g lu t in a t in g  or h a e m o ly s in g /N o . o f  s tr a in s  e x a m in e d
2 0 3 ,  0 5 ,  0 8 ,  0 9 ,  O 1 0 , O i l ,  0 1 2 ,  0 1 3 ,  0 1 6 ,  0 1 7 ,  0 1 7 ,7 7 ,  0 1 8 a b ,  0 1 9 ,1 3 3 ,  0 2 0 ,  0 2 1 ,  0 2 2 ,  

0 2 3 ,  0 2 5 ,  0 2 6 ,  0 2 9 ,  0 3 0 ,  0 3 0 ,1 1 6 ,  0 3 3 ,  0 3 4 ,  0 3 6 ,  0 4 0 ,  0 4 6 ,  0 4 8 ,  0 4 8 ,8 7 ,  0 5 1 ,  0 5 5 ,  0 5 9 ,  0 6 1 ,  
0 6 8 ,  0 6 9 ,  0 7 1 ,  0 7 3 ,  0 7 8 ,  0 7 9 ,  0 8 0 ,  0 8 1 ,  0 8 5 ,  0 8 6 ,  0 8 8 ,  0 8 9 ,  0 9 1 ,  0 9 2 ,  0 9 5 ,  0 9 8 ,  0 9 9 ,  0 1 0 2 ,  
O 105ac , 0 1 0 6 ,  O H O , 0 1 1 1 ,  0 1 1 2 a b ,  0 1 1 2 a c , 0 1 1 3 ,  0 1 2 1 ,  0 1 2 3 ,  0 1 2 4 ,  0 1 2 7 ,  0 1 2 8 ,  0 1 3 1 ,  0 1 3 6 ,  
0 1 4 1 ,  0 1 4 2 ,  0 1 4 6 ,  0 1 4 7 ,  0 1 4 8 ,  0 1 4 9 ,  0 1 5 1 ,  0 1 5 2 ,  0 1 5 4 ,  0 1 5 6 ,  0 1 5 8 ,  0 1 5 9 ,  0 1 6 4

3 S p o n ta n e o u s  a g g lu t in a t io n
4 N o t  ty p a b le
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groups, lu it 26 .7%  o f th e  s tra in s  w ere associa ted  w ith  8 serogroups. H ly + 
s tra in s  belonged in  71.8%  to  these  m ost freq u en tly  occurring  serogroups 
ex cep t s tra in s  fa lling  in  serogroups 0 1 , 0 7 , 0 1 5  w hich show ed h a rd ly  an y  
haem olysis. H ly  p o s itiv ity  w as s ig n ifican tly  m ore freq u en t in  serogroups 0 2 , 
0 4 , 0 6 , 018ac , 0 7 5  th a n  in  o thers (p <  0.001). There w as a s ign ifican t d if
ference in  H ly  a c tiv ity  of these serogroups betw een  en te ritis  p a tie n ts  an d  
h e a lth y  subjects.

F rom  urine  384 s tra in s  were iso la ted  (T able I I I ) ;  H ly  p o s itiv ity  occurred  
in  14.6%  (16.7%  fo r pyelon ep h ritis , 14 .7%  fo r cystitis , 8 .5%  for a sy m p to m a tic  
b a c te riu ria  stra in s). T here was no sig n ifican t difference in H ly  p o s itiv ity  
b e tw een  s tra in s  iso la ted  from  p y e lo n ep h ritis  an d  cystitis  (p >  0.8), b e tw een  
th o se  from  p y e lo n ep h ritis  and  a sy m p to m a tic  bac te riu ria  (p >  0.05), b e tw een  
s tra in s  iso la ted  from  cy stitis  and  a sy m p to m a tic  b ac te riu ria  (p >  0.2), or 
b e tw een  faecal an d  u r in a ry  s tra in s  (p =  0.99).

Table II I

Serogroup distribution o f M R IIA  positive and Hly positive E. coli strains isolated 
from  urinary tract infections

Serogroup

s trains isolated from Total

Pyelonephritis Cystitis ABU1
MRHA Hly

MRIIA Hly MRHA Hly MRHA Hly

0 1 6/10= 0 /10 5/6 0 /6 0 /0 0/0 и / l ó 0 /1 6

0 2 1 0 /1 3 3 /13 8 /1 3 3 /1 3 0 /6 0/6 18/32 6 /3 2

0 4 2/5 3/5 1/4 1/4 4 /5 2 /5 7 /1 4 6 /1 4

0 6 1 1 /12 9 /1 2 9 /1 8 1 2 /18 1/2 0 /2 2 1 /3 2 2 1 /3 2

0 7 0 /3 0 /3 1/2 0 /2 0 /5 0 /5 1 /1 0 1 /1 0

0 8 0/7 0/7 1/8 1/8 0/1 0/1 1/16 1/16

()1 8 a c 2/5 1/5 1/3 0 /3 2 /3 1/3 5/11 2/11

0 7 5 2/5 4 /5 1/3 0 /3 0/1 0/1 3 /9 4 /9

O th er3 6 /4 0 0 /40 0 /3 5 0 /3 5 1/11 1/11 7 /86 1 /86

S p . a g g l.' 0 /8 0/8 3 /12 2 /1 2 2/3 1/3 5 /2 3 3 /2 3

N T 5 6 /47 6 /47 5 /6 6 6 /6 6 1/22 0 /22 1 2 /135 12/135

T o ta l 4 5 /1 5 5 2 6 /155 3 5 /1 7 0 2 5 /1 7 0 11/59 5 /5 9 9 1 /3 8 4 5 6 /3 8 4

1 A s y m p to m a t ic  b a c ter iu r ia
2 N o . o f  s tr a in s  h a e m a g g lu t in a t in g  or h a e m o ly s in g /N o . o f  s tra in s  e x a m in e d
2 0 3 ,  0 5 ,  0 7 ,1 6 ,  0 9 ,  O lO , O i l ,  0 1 2 ,  0 1 5 ,  0 1 7 ,  0 1 7 ,7 7 ,  0 1 9 ,1 3 3 ,  0 2 0 ,  0 2 1 ,  0 2 2 ,  0 2 3 ,  

0 2 5 ,  0 2 9 ,1 3 4 ,  0 3 0 ,  0 3 6 ,  0 4 2 ,  0 4 5 ,  0 5 1 ,  0 5 6 ,  0 5 7 ,  0 6 1 ,  0 7 1 ,  0 7 7 ,  0 7 8 ,  0 8 3 ,  0 8 6 ,  0 9 5 ,  0 9 6 ,  
0 9 9 ,  O 1 0 1 , 0 1 0 6 ,  0 1 0 7 ,  0 1 0 9 ,  0 1 1 2 a b ,  0 1 3 1 ,  0 1 4 1 ,  0 1 4 2 ,  0 1 4 9 ,  0 1 5 9

4 S p o n ta n e o u s  a g g lu t in a t io n
5 N o t  ty p a b le
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U rin a ry  iso lates belonged  to  51 serogroups (T able I I I ) .  A to ta l  o f 140 
s tra in s  belonged  to  th e  m ost f req u en t 8 serogroups (0 1 , 0 2 , 0 4 , 0 6 , 0 7 , 0 8 , 
0 1 8 ac , 0 7 5 ), 40 of th em  p roved  to  be H ly  + . The h aem oly tic  c a p ac ity  in  sero
groups 0 2 , 0 4 , 0 6 , 0 1 8 ac , 0 7 5  w as s ig n ifican tly  h igher th a n  in  o th e r  sero 
groups (p <  0.001).

H ly+  iso lates occurred  m ost freq u en tly  (29.3% ) in d iffe ren t ex tra -  
in te s tin a l sam ples (Table IV ), w ith  an  especially  high incidence in  b lood , 
a u to p sy  m a te ria l, w ound sw abs an d  u p p er re sp ira to ry  t r a c t  specim ens. S tra in s  
iso lated  from  e x tra in te s tin a l m a te ria ls  belonged to  38 serogroups. S ix se ro 
groups w ere th e  m ost f re q u e n t (0 1 , 0 2 , 0 4 , 0 6 , 0 1 8 ac , 078) —  to  these  
serogroups belonged 155 s tra in s , 69 w ith  H ly  a c tiv ity . The d ifference in 
incidence of h aem oly tic  a c tiv ity  in these  6 serogroups and  the  rem ain in g  ones 
w as h igh ly  s ign ifican t (p <  0.001).

O ut of 210 H ly  + s tra in s  197 h ad  a lp h a  ty p e  haem olysin .
T here w as a m ark ed  co rre la tio n  betw een  th e  presence of haem ag g lu tin in s , 

haem oly tic  a c tiv ity  and  th e  serogroups o f E . coli iso lates (Table I I ,  I I I ,  IV). 
In  th e  m ost freq u en tly  occurring  serogroups b o th  haem oly tic  a c tiv ity  an d  
m annose re s is ta n t h aem ag g lu tin a tin g  cap ac ity  of h u m an  e ry th ro cy tes  (M R H A ) 
w ere s ig n ifican tly  m ore freq u en t (p <  0.001) th a n  in th e  o thers. T here w as no 
sign ifican t difference in  th e  incidence o f e ith er H ly  p o sitiv ity  or M R H A  
p o s itiv ity  of 0 1 , 0 2 , 0 4 , 0 6 , 0 1 8 ac , 0 7 5  serogroups betw een  faecal an d  u r in a ry  
tra c t  in fection  (U T I), faecal and  o th e r e x tra in te s tin a l, U T I and o th e r ex tra -  
in te s tin a l g roups of iso lates (p >  0.05— p >  0.99). No sign ifican t d ifference 
ex is ted  betw een  H ly  and  M R H A  p o s itiv ity  of serogroups 0 4 , 0 6 , 0 1 8 a c  
(p >  0.7). A s ign ifican t d ifference teas show n betw een  H ly  and  M R H A  a c tiv i ty  
in  serogroups 0 1 , 0 2  (p <  0.001).

N ex t we an a lysed  th e  co rre la tions o f M R H A , H ly  p o sitiv ity  an d  О 
an tig en  of our s tra in s . T he resu lts  o f these  stud ies are sum m arized  in T ab le  V. 
O u t of 210 H ly +  s tra in s  H ly  + an d  M R H A + were associated  in  144. S im u l
tan eo u s  H ly  an d  M R H A  p ro p ertie s  w ere fo u n d  m ore freq u en tly  am ong s tra in s  
belonging to  serogroups 0 4 , 0 6  and  0 1 8 ac  (45.8% ), th a n  am ong those b e lo n g 
ing  to  th e  o th e r serogroups (7 .3% ) (p <  0.001).

D iscussion

D ata  o f d ifferen t au th o rs  ind ica te  th a t  haem olysin  p roduction  shou ld  
be regarded  as a v iru lence fac to r  p lay ing  a role in th e  pathogenesis o f e x tra -  
in te s tin a l in fections. E . coli s tra in s  iso la ted  from  e x tra in te s tin a l diseases h ad  
h aem oly tic  a c tiv ity  m ore fre q u e n tly  th a n  those iso lated  from  th e  faeces of 
n o rm al ind iv iduals [1, 4, 10, 11]. The rep o rted  frequency  of haem oly tic  s tra in s  
in  th e  faecal flo ra  was sim ilar to  ours (14.5% ) as i t  ranged  betw een  2%  [17]
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Table IV

Serogroup distribution o f  M R H A  and H ly  positive

Strains

Serogroup Blood cs F Autopsy material Wound

MRHA H ly MRHA Hly MRHA Hly MRHA Illy

0 1 i / i 0 /1 — — — — 2/3 1/3

0 2 i / i 0 /1 - - 0 /4 0 /4 1/4 1/4

0 4 2/2 2 /2 2 /2 2 /2 6 /8 8/8 6/6 6/6

0 6 6/6 5 /6 0/1 1/1 3 /7 7/7 9 /13 10/13

0 1 8 a c 3 /10 4 /1 0 0 /19 0 /1 9 1/4 0/4 1/2 2 /2

0 7 8 2/2 0 /2 1/2 0 /2 - - - -

0 7 5 — — — — — - -

O th e r 3 3/7 0 /7 1/6 0 /6 0 /1 0 0 /1 0 1/16 2 /1 6

S p . a g ° l .4 1/3 1 /3 1/4 1/4 — - 0 /4 0 /4

N T 5 2/8 3 /8 1/1 0/1 0 /8 0 /8 1/15 2 /15

T o ta l 2 1 /40 1 5 /4 0 6/35 4 /3 5 10/41 15/41 21 /63 2 4 /6 3

1 T h r o a t , n o se , s p u tu m  a n d  ear sw ab
2 P la c e n ta , lo ch ia
3 0 5 ,  0 6 ,9 ,  0 7 ,  0 8 ,  0 1 2 ,  0 1 5 ,  0 1 7 ,  0 1 8 a b ,  0 1 9 ,  0 2 0 ,  0 2 1 ,  0 2 2 ,  0 2 3 ,  0 3 3 ,5 6 ,  0 4 0 .  0 4 5 ,  

0 8 2 ,  0 8 3 ,  0 8 4 ,  0 9 6 ,  O 1 0 5 a c , 0 1 0 6 ,  0 1 0 7 ,  0 1 0 8 ,  О Н О , 0 1 1 4 ,  0 1 1 8 ,1 6 0 ,  0 1 2 0 ,  0 1 3 1 ,  0 1 3 4 ,  0 1 6 2
4 S p o n ta n e o u s  a g g lu t in a t io n
5 N o t  ty p a b le

and  18%  [18]. Cooke [10] an d  H acker e t al. [12] iso lated  H ly  positive s tra in s  
less fre q u e n tly  am ong  n o rm a l ind iv iduals (8 -1 0 % ) th a n  am ong p a tien ts  w ith  
e n te r itis  (10-14% ), th u s  our d a ta  f i t  in to  th e  tre n d  (5.6%  and  22 .6% , re 
spective ly ).

T he resu lts co n cern in g  our U T I s tra in s  differed from  those given by  
severa l au th o rs . In  s tu d ie s  m ade hy  H a c k e r  e t  al. [12], th e  incidence of H ly  
po sitiv e  isolates w as th re e  tim es m ore fre q u e n t am ong U T I s tra in s th a n  
am ong  faecal ones. S im ila r resu lts w ere o b ta in e d  by  G reen an d  T hom as [4]. 
In  c o n tra s t, in  ag re e m e n t w ith  л ап den B osch  e t al. [19], we failed to  fin d  any  
d ifference betw een  th e se  ttvo groups of s tra in s .

In  stud ies ca rried  o u t hy  M inshew  e t  al. [1] th e  freq u en cy  of s tra in s  
w ith  haem olysis am o n g  e x tra in te s tin a l iso la te s  was h igher (35-59% ) th a n  
am ong  faecal iso lates (3 % ). A rai e t al. [17] also s ta te d  th a t  th e  incidence of 
a lp h a  H ly  p roducing  s tra in s  tvas m o st f re q u e n t am ong re sp ira to ry  iso lates 
(23% ). O ur m a te ria l corresponds to  l i te ra ry  d a ta  as H ly + isolates occurred  
m ore freq u en tly  (29 .3% ) in  e x tra in te s tin a l sam ples th a n  am ong faecal iso la tes
4 4 .5 % ) .
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E. coli strains isolated fro m  extraintestinal sources

iso la ted  from  T o ta l

Umbilical cord Vagina Upper respiratory tra c t1 Miscellaneous7 sources
MRHA Illy

MRHA Hly MRHA Hly MRHA Hly MRHA Illy

i / i 0/1 4 /4 1/4 2/4 0 /4 i / i 1/1 11/14 3 /1 4

1/4 0 /4 3/5 0 /5 2/7 1/7 0/1 1/1 8/26 3 /2 6

1/1 1/1 - - 0/1 1/1 i / i 1/1 18/21 21/21

- 1/5 4 /5 4 /4 2 /4 1/4 2 /4 2 4 /40 3 1 /4 0

0/1 0/1 0/5 0 /5 5/6 5 /6 0 /3 0 /3 10/50 11 /50

- - — - - — — - 3/4 0 /4

— - - - 0/2 2/2 - - 0/2 2 /2

0 /1 0/1 2/11 1/11 1/9 0 /9 1/7 1/7 9/67 4 /6 7

— - 0/1 0/1 - — 0/1 0 /1 2/13 2 /1 3

— — 0 /7 0 /7 0/3 1/3 0 /4 0 /4 4/46 6 /4 6

3 /8 1/8 10 /38 6 /3 8 14/36 12 /36 4 /22 6 /2 2 89/283 8 3 /2 8 3

As show n in T ables I I ,  I I I  and  IV , 62%  of faecal, 52%  of u rin a ry  an d  
76%  of o th e r  e x tra in te s tin a l haem olysin  p roducing  iso la tes belonged to  sero- 
groups 0 4 , 0 6  and  0 1 8 . T he incidence of h aem oly tic  cap ac ity  in these sero- 
groups was s ig n ifican tly  h igher th a n  in o th e rs , in d ep en d en tly  of the  orig in  of 
stra ins. These d a ta  corresponded  to  some earlier fin d in g s. Cooke [10] e.g. 
found th a t  serogroups 0 2  and  0 4  occurred  in p a tie n ts  w ith  serious illnesses. 
K au ffm an n ’s [20] haem o ly tic  stra ins were ex trem ely  freq u en t in serogroups 
0 2 , 0 4 , 0 6 . V an den B osch e t al. [19] observed  a f req u en t association  of 
haem olysis w ith  certa in  serogroups e.g. 0 6  and  0 1 8 ac . T he m ajo rity  of th e  
haem oly tic  s tra in s  of W aa lv ijk  et al. [21] also belonged  to  serogroups 0 4 , 0 6 , 
0 1 8  and  0 7 5 . A m ong E m o d y ’s [13] 115 H ly + s tra in s , 58 (50% ) had an tigens 
0 4 , 0 6  and  0 1 8 .

On th e  basis of these  and  the  p resen t d a ta  it  m ay  be concluded th a t  th e  
ex trem e haem olysing  c a p a c ity  of serogroups 0 4 , 0 6  and  0 1 8  was in d ep en d en t 
of th e  site  o f infection .

T he m ost s trik in g  fin d in g  in  the  course o f these  exam ina tions was th a t  
144 (68% ) o u t o f 210 H ly +  E . coli s tra in s ag g lu tin a te d  h u m an  e ry th ro cy tes  
as well. M oreover, 106 (78% ) o u t of 136 H ly + s tra in s  belonging  to  serogroups 
0 4 , 0 6  and  0 1 8  were a t  th e  sam e tim e M R H A  positive . On th e  o ther h an d , 
3 ou t of 79 iso lates of serogroup  0 1  and  0 7  were on ly  H ly + and a n o th e r 
33 gave m annose re s is tan t haem ag g lu tin a tio n  w ith  h u m a n  ery th rocv tes.
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Table V

M R H A  and Hly positivity in certain serogroups o f E. coli strains o f different origin

Strains isolated from
Tota 1 No.

Faeces Urine O ther extraintestinal sources

Serogroup

2 .£• 2 í
E я § Я E Я

<
2
S я

+

s  Я

<
Я +>-.
5 я

<
5 2̂
ЕЯ

A^IH 
+VH HIV

MR H A - 
Hly

Exam 
ined

01 ___ — 7 — — 11 3 — 8 17 46

02 — 2 3 4 2 14 1 2 7 36 71

0 4 и 1 — 3 3 4 18 3 — 10 53

0 6 12 2 2 14 7 7 20 11 4 12 91

0 1 8ac 17 1 5 2 — 3 9 2 I 47 87

075 2 2 2 2 1 — 1 — 15 25

O th ers1 12 9 18 7 10 19 7 6 11 684 783

T o ta l of 0 4 , 0 6 ,

0 1 8 ac 40 4 7 19 10 14 47 16 5 69 231

T o ta l o f o thers 14 13 28 13 14 45 11 9 26 752 925

1 See Tables I I ,  I I I  and IV

In  th e ir  p ap ers  E v an s  e t al. [22], G reen and  T hom as [4], an d  H acker 
et al. [12] repo rted  on resu lts  v e ry  sim ilar to  ours. G reen an d  T hom as [4] 
found a s ign ifican t co rre la tion  b e tw een  hacm olysin  p ro duc tion  an d  HA pos
i t iv i ty  of s tra in s , as 67%  o f th e ir  h aem olysin  producing  iso lates w ere a g g lu tin a t
ing  h u m an  ty p e  О e ry th ro cy tes . S im ilar resu lts  were rep o rted  b y  E m ő d y  [13]; 
32 o u t of 56 H ly+  s tra in s  were M R H A  + .

T here w as, on th e  o th e r h an d , a m ark ed  correlation  be tw een  Hly pos
i t iv i ty  and  ce rta in  serogroups. E v a n s  et al. [22] observed th a t  H ly + and  HA 
ty p e  V I were v e ry  freq u en t in  serogroups 0 6  and 01 8 , an d  th a t  serogroups 
0 1  an d  0 7  h ad  no h aem oly tic  a c tiv ity . G reen and  T hom as [4] rep o rted  th a t  
p a r tic u la r  com binations of 0 4  an d  M R H A  ty p e  V I occur v e ry  freq u en tly  
w hile H acker et al. [12] found  th a t  am ong  H ly + faecal s tra in s  the; occurrence 
o f H A  p o sitiv ity  an d  serogroups 0 1 , 0 2 , 0 4 , 0 6 , 0 7 , 0 8 , 0 1 8  was sim ilar to  
t h a t  observed  am ong E . coli u r in a ry  iso la tes (see T able V I). In  th is  respect 
th e ir  resu lts  were sim ilar to  ours. E m ő d y  [13] also found a s ig n ifican t co rre la 
tio n  betw een  H ly  p o sitiv ity  an d  serogroups 0 4 , 0 6  and 0 1 8  on tin; one baud , 
an d  a co rre la tion  betw een  H ly  p o s itiv ity  and M RH A  p o s itiv ity  on th e  o ther. 
V an den Rosch [19] could n o t show  an y  association b e tw een  th e  origin of 
s tra in s  and  th e  presence of haem ag g lu tin in s .
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Table VI

Incidence o f  M R H A  and H ly  positiv ity  in  serogroups 0 1 , 0 2 , 04 , 06, 018, 
according to Hacker et al [12] and the present study

Origin of 
strains

Haemolyzing
activity

Percent of strains 
w ith MRHA

Percent of strains 
belonging to  serogroups 

01 , 0 2 , 0 4 , 06 , 018

Hacker et al. Present data Hacker e t al. Present data

Faecal + 41 76 50 56

— 8 8 12 10

U T I + 60 57 55 62

40 18 25 21

UK I =  u rin a ry  tra c t infection

T hus, serogroups 0 4 , 0 6  and  0 1 8 , H ly  p ro d u c tio n  an d  m annose re s is ta n t 
h aem ag g lu tin a tin g  cap ac ity  are  closely associa ted  in  E . coli. T h a t is, M R H A  
positive s tra in s  belonging to  serogroups 0 4 , 0 6  and  0 1 8  produce, as a ru le, 
a lpha haem olysin , in  c o n tra s t to  s tra in s  of serogroup 0 1 , w hich are u sua lly  
M R H A  po sitiv e  b u t non-haem oly tic .

M inshew  e t al. [2] supposed  th a t  haem olysin  p ro d u c tio n  m igh t he 
de te rm ined  b y  p a rtic u la r  p lasm ids in  s tra in s  from  U T I in co n tra s t to  s tra in s  
from  th e  en te ric  flo ra . A ccording to  v an  den  Bosch e t al. [11] alpha haem olysin  
p ro d u c tio n  in  m ost haem oly tic  s tra in s  of E . coli is m ed ia ted  by a H ly  p lasm id . 
H ow ever, M inshew  et al. [1] and  H ull e t al. [23] suggested  th a t  haem olysin  
p ro d u c tio n  w as of chrom osom al origin. R ecen tly , H ack er e t al. [12] d em o n 
s tra te d  th a t  H ly  d e te rm in an ts  of u r in a ry  s tra in s  were loca ted  in th e  ch ro 
m osom e.

I t  m ay  be assum ed th a t  H ly  p ro duc ing  cap ac ity  in  serogroups 0 4  an d  
018  —  an d  som etim es in  0 6  —  is associa ted  w ith  0 ,  K , H and  F  an tig en s 
(i.e. genetic in fo rm atio n s are linked  in  th e  chrom osom e). T h is conception  has 
also been em phasized  by  H ack er et al. [24] w ho s ta te d  th a t  “ genes encoding 
H ly  and  M R H A  ac tu a lly  lie a d jacen t to  each  o th e r on th e  chrom osom e” . 
This suggestion  w as su p p o rted  b y  our earlie r s tu d y  [25] accord ing  to  w hich 
such s tra in s  h a d  a com m on an cestra l origin.

A ccord ing  to  th e  th e o ry  ad v an ced  b y  v an  den B osch e t al. [19], b o th  
H ly  an d  M R H A  properties ren d e r E . coli especially  p a thogen ic . In  o ther w ords 
th e  special p a th o g en ic ity  of th e  0 4 , 0 6  and  0 1 8  s tra in s  shou ld  be a t tr ib u te d  
to  special v iru lence  fac to rs associated  w ith  th ese  0  an tigens. In  our op in ion  
th e ir  im p o rtan ce  is th a t  by  m eans of these  p ro p ertie s  E . coli is able to  colonize 
n o t only  e x tra in te s tin a l sites b u t also th e  bow el, th u s  becom ing  a p e rm an en t 
p o ten tia l source o f e x tra in te s tin a l infections.
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GROUP AND TYPE DISTRIBUTION 
OF BETA-HAEMOLYTIC STREPTOCOCCI 

IN SCARLET FEVER, BELGRADE, YUGOSLAVIA,
1973-1982

(Л  N O TE )

B. A d ANJA and H r i s t i n a  V l a j i n a c

Institu te  o f  E pidem iology , School o f  M edicine , Belgrade , Yugoslavia  

(R eceived O ctober 27, 1983)

T he m a jo rity  o f 2033 be ta -h aem o ly tic  strep to co ccu s s tra in s  iso lated  from  p a tie n ts  
w ith  sca rle t fever belonged  to  group A (82.3% ). A m ong g roup  A streptococci th e  m o st f re q u e n t 
were ty p es  T l ,  T4 a n d  T12, followed by  ty p es  T2, T13 and  T 6.

G roup and ty p e  id en tifica tio n  w as perfo rm ed  on 2033 b e ta -h aem o ly tic  
strep tococcus s tra in s  iso la ted  from  p a tie n ts  w ith  scarle t fever. A ll p a tie n ts  
seen d u ring  th e  perio d  1973-1982 a t th e  Clinic for In fec tious D iseases, School 
of M edicine in B elg rade , were included  in th e  in v estig a tio n .

M aterials and m ethods

F o r b o th  group  a n d  ty p e  id en tification , G riffith ’s m e th o d  o f ag g lu tination  [1] w as used . 
G rouping sera (from  A to  S) and  T  ty p in g  sera  — p o ly v a len t (T, U, W , X , Y ) an d  

m on o v alen t (1, 2, 3, 4, 5, 6 , 8 , 9, 11, 12, 13, 14, 22, 23, 25, 27, 28, 47, Im p .19, B J264) — w ere 
p ro v id ed  b y  th e  In s t i tu te  o f Sera and  V accines, P rag u e , C zechoslovakia.

R esults and d iscussion

As could he ex p ec ted  from  d a ta  in  th e  l i te ra tu re  [2 -4 ], th e  m a jo rity  o f 
2033 b e ta  h aem oly tic  strep tococcus s tra in s  belonged  to  group A (82.3% ). T he 
p ercen tage  of g roup  A stra in s varied  from  67.9%  to  91.4%  over th e  y ears . 
A m ong o th e r groups, groups В and  C w ere th e  m ost frequen t. G roup C was 
found in  6 .9% , an d  В in  3 .4% , of p a tien ts . In  spo rad ic  cases groups D , E , F , 
G an d  M w ere id en tified . An in sign ifican t n u m b er of stra ins (0 .9% ) could 
no t be classified in to  an y  of th e  groups, and 3 .6%  o f th e  stra ins w ere au to - 
agg lu tinab le .

A m ong group A haem oly tic  s trep tococci th e  m ost frequen t w ere ty p es  
T l ,  T4 an d  T12, follow ed b y  ty p es T2, T13 an d  T6 (T able I). W ith  th e  excep-
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Table I

T-type distribution o f  group  
A  haemolytic streptococci isolated 

from  scarlet fever pa tien ts , 
Belgrade, 1973-1982

T-type
No. of 
strains О /

T 1 497 29.6

T 2 123 7.3

T  3 34 2.0

T 4 333 19.8

T 5 17 1.0

T 6 7 8 4.6

T  8 12 0.7

T 11 20 1.2

T 12 203 12.1

T 13 96 5.7

T 23 12 0.7

T 25 10 0 .6

T 28 59 3.5

T Im p l9 42 2.5

T В3264 10 0 .6

Other* 38 2.5

U ntypable 94 5.6

Total 1678 100.0

* Types: 9, 14, 22
T ype p a tte rn s : 3/13, 1/3/13, 2/28, 4/28, 11/12, 3/11/12, 8/25/Im P 19

tio n  o f  ty p e  T6, th e  freq u en cy  o f w hich  oscilla ted  considerably , all these  ty p es 
w ere am ong th e  m o st p rev a len t in  ev e ry  y ea r under o b se rv a tio n , changes 
o n ly  occurred  in th e  o rd er of th e ir  freq u en cy .

T he ty p e  d is tr ib u tio n  of group  A haem o ly tic  strep tococci iso la ted  from  
sca rle t fever p a tie n ts  in  B elgrade, w as in  ag reem en t w ith  the  find ings in o th e r 
co u n trie s . In  th e  ea rlie s t period of ty p in g , 1937-38, in  E d in b u rg h , ty p es  T l ,  
T4 an d  T12 were fo u n d  to  he th e  m ost f re q u e n t [5]. The sam e ty p es , accom 
p a n ie d  by  T6 w ere th e  m ost freq u en t in Ire lan d  [6]. D uring th e  period  1949 
59, in R um ania , C uica e t al. [2] found  ty p e  T l  th e  m ost freq u en t “ ep idem ic” 
ty p e , and  ty p e  p a t te rn  T4/24/29, th e  d o m in an t “ endem ic”  ty p e . In  th e  in te r 
n a tio n a l s tu d y  o f ty p e  d is trib u tio n  o f  group  A haem oly tic  s trep tococci in 
sc a rle t fever p a tie n ts , carried ou t in  th e  years 1964-65 |7] an d  1968 69 [8],
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ty p e s  T1 and  T4 w ere the  m ost f re q u e n t. In  H u n g ary , ty p es and  ty p e  p a t 
te rn s  T13, T19, T5/12/27/44, T12 and  T1 dom ina ted  in  1964-65, and  ty p e s  
a n d  ty p e  p a tte rn s  T19, T4/24/26, T12 and  T3, in 1968-69 [9]. In  J a p a n , d u rin g  
th e  period 1964—70, again ty p es T4 an d  T12 w ere d o m in an t am ong strep tococc i 
iso la ted  from  p a tie n ts  w ith  sca rle t fever [10].

Our find ings as well as tho se  of o th e r  au th o rs  have confirm ed th a t  
sev era l types a re  p red o m in an t an d  th a t  th e y  circu late  in  a certa in  a rea  for 
lo n g  periods. I t  is also ev iden t t h a t  th o se  d o m in an t ty p es are  alm ost th e  sam e 
in d ifferent and d is ta n t  te rrito rie s .

R E F E R E N C E S

1. G riffith , F .: J  H yg  (L oud) 34, 542 (1934).
2. Cuica, M., B aldv in -A gap i, C., M ihalco, F ., G heorghin , M., R orsai, L .: J  H yg E p id e m

Microbiol Im m u n  5, 257 (1961).
3. D u b en , J ., B eran ek , M., K ubcova, M., Je lin k o v a , J . ,  V ojtcchovska, H ., R ó tta , J . :  J  H yg

E pidem  (P ra h a )  17, 433 (1973).
4. R ó tta ,  J . ,  H e in o v a, M., Bicova, R ., C urik , B ., M ickova, S., Salacova, J . :  J  H yg E p id em

(P rah a) 12, 176 (1968).
5. D e W all, H. L .: .1 H y g  (Loud) 41, 65 (1941).
6 . M itchell, E. S.: J  Clin P a th  15, 231 (1962).
7. P a rk e r, M. T .: B ull W H O  37, 513 (1967).
8 . K öh ler, W .: E x c e rp ta  Med In t  Congr Ser No. 317 10 (1974).
9. S z ita , J . ,  K ali, M .: A cta  Microbiol A cad  Sei H u n g  17, 347 (1970).

10. K an ek o , Y., O ba , T ., Sakura i, T .: E x c e rp ta  M ed I n t  Congr Ser No. 317 215 (1974).

Acta Microbiologica Hungarica 32, 1985





Acta M icrobiologica Hungarica 32 (2 ) ,  p p . 197 — 200 (1 9 8 5 )

ENOXACIN: A POTENT INDUCER 
OF FILAMENTOUS ESCHERICHIA COLI CELLS

(A  N O T E )

J . V. U r i  a n d  P .  A c t o r

Research and  Development D iv is io n , S m ith  K lin e  and French Laboratories, 
P hiladelph ia , P A  ( U S A )

(R eceived F e b ru a ry  29, 1984)

E noxacin  (C I-919; AT-2266), a new  n a p h th y rid in e  d e riv a tiv e  was found  to  in d u ce  
m orpholog ic  changes a t  very  low c o n ce n tra tio n s  in Escherichia coli b u t  n o t in Staphylococcus 
aureus  and  Pseudom onas aeruginosa cells. T h e  dev elo p m en t of th e  long filam en to u s fo rm s 
o b se rv ed  w ith  n a lid ix ic  acid  is m ost p ro b a b ly  a consequence of in h ib itio n  of D N A  sy n th esis . 
T h e  ph en o m en o n  m ay , how ever, no t be th e  sole m echan ism  of th e  b ro ad -sp ec tru m  a n tim i
c ro b ia l a c tiv ity  o f en o x ac in .

Since th e  in tro d u c tio n  of n a lid ix ic  acid in th e ra p y  in 1963, severa l 
ana logues were syn thesized  in th e  h o p e  o f overcom ing its  th e ra p e u tic  s h o r t
com ings (narrow  b ac te ria l spectrum  a n d  adverse effects). C om pounds co n 
ta in in g  th e  n a p h th y rid in e , quinoline, c inno line, pyridopyrim id ine  an d  o th e r  
less s tu d ie d  ring -system s have been  sy n th es ized  and ev a lu a ted  [1, 2]. Som e 
o f th e  recent com pounds have im p ro v ed  a c tiv itie s  over nalid ix ic  acid. O ne of 
th e  m o st p rom ising  of these is en o x ac in , l-e th y l-6 -flu o ro -l,4 -o x o -7 -(l-p ip e r- 
az in y l)-l,8 -n ap h th y rid in e-3 -ea rb o x y lic  acid . U nlike nalid ix ic acid, it  possesses 
fa v o u ra b le  pharm aco k in e tic  p ro p ertie s  as well as excellent b ro ad -sp ec tru m  
a c tiv itie s  against a series of b a c te ria  [3—11], including Serratia marcescens, 
Pseudom onas aeruginosa  and Staphylococcus aureus. Since nalid ix ic acid  is 
kn o w n  to  p roduce m orphologic changes in E . coli cells [12, 13], it  seem ed 
in te re s tin g  to  s tu d y  th e  phenom enon w ith  th is  new' analogue; th e  re su lts  of 
th e  s tu d y  are  re p o rte d  here. The ch em ica l s tru c tu re s  of the tw o com pounds 
are show n in Fig. 1.

M aterials an d  m ethods

N alid ix ic  acid a n d  enoxacin  (kindly su p p lied  as a research  sam ple only by  D a in ip p o n  
P h a rm ac eu tica l C om pany) were dissolved as so d iu m  sa lts  in  deionized w ater. A fter s te rile  
f i lt ra tio n  th ro u g h  M illipore filters (0.45 ;im ), th e  so lu tions were added  in doubling  d ilu tio n s  
to  b u ffe red  (pH  7.3) p ep tone-g lucose  b ro th  [14]. T h e  m in im um  in h ib ito ry  co n ce n tra tio n  
(M IC) v a lu es were d e te rm in ed  and the o bserved  m orpho log ic  changes were s tud ied  in E . coli 
ATCC 25922, S. aureus ATCC 25923 and P . aeruginosa  ATCC 27853, s tra in s  reco m m en d ed  
for q u a li ty  con tro l o f an tim icrob ia l agents. O v e rn ig h t cu ltu res (37 °C) were s ta in ed  w ith  
g en tian  v io le t and ex am in ed  m icroscopically fo r m o rpho log ic  changes.
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Fig. 1. C hem ical s tru c tu re s  of enoxacin  (A ) and nalid ix ic acid (B)

Results and d iscu ssion

T he MIC values fo r  enoxacin are seen in  T able  I. E noxacin  w as h igh ly  
ac tiv e  against E . coli w ith  MIC of 0.08 pg /m l. In  ad d itio n , unlike n alid ix ic  
acid , i t  was active a g a in s t S . aureus an d  P . aeruginosa. A lthough th e  MIC 
value for E . coli re m a in e d  th e  same a fte r  tw o  ad d itio n a l days of in cu b a tio n , 
these  values for th e  o th e r  tw o stra ins sh if te d  1 -2  d ilu tions.

Table I

M in im u m  inhibitory concentrations o f  enoxacin 
against three representative bacterial strains 

in  peptone-glucose broth ( p H  7.3) [14]

Strain (Xg/ml

E . coli ATCC 25922 0.08*

S. aureus  ATCC 25923 0.6

P. aeruginosa ATCC 27853 1.25

* M orphological changes observed

As shown in  F ig . 2, enoxacin p ro d u c e d  m orphologic changes in  E . colt 
ATCC 25922 cells, s im ila r  to  those o bserved  w ith  nalid ix ic  acid, b u t  a t  m u ch  
low er co n cen tra tio n s. Som e elongated cells were seen a t  as low as 0.01 pg /m l 
level and ot 0.04 p g /m l long filam en to u s cells were form ed. N alid ix ic acid  
in d u ced  sim ilar e lo n g a te d  cells a t 3 p g /m l co n cen tra tio n  [12, 13]. N o m o r
phologic a lte ra tio n s  w ere  observed in  S . aureus  and  P. aeruginosa in  th e  sam e 
sy s tem  a t  these  low  con cen tra tio n s of enoxacin .

N alidixic ac id  is a pow erful in h ib ito r  o f D N A  rep lica tion  ( little  e ffec t 
on R N A  and p ro te in  syn thesis) [12, 15, 16]. I t  is n o t know n, how ever, w h e th e r  
its  an tib ac te ria l e ffec t depended solely on th is  action  [17]. The fo rm a tio n  o f 
e longa ted  E . coli cells is m ost p robab ly  a consequence of th e  in h ib itio n  of D N A
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synthesis. T h e  re la tio n sh ip s  betw een D N A  syn thesis  in h ib itio n , m orphologic 
changes an d  b ac te ria l cell dea th  can n o t be s tu d ied  fu lly  w ith  nalid ix ic  acid , 
since it  has a c tiv ity  o n ly  on  a lim ited  n u m b e r  of E nter ob acteriaceae. E n o x ac in  
is of b ro ad  a n tib a c te r ia l sp ec tru m  and  p re su m a b ly  has th e  sam e m echanism  o f 
action  as na lid ix ic  acid , w ith  sim ilar in d u c tio n  of long  filam entous cells o f

' 4 '
^ ' íj í v .«

1 ч ¥

> -pssA \
/ ¥

y’4
* \  » \ 4 ^

; < f* % V ~. >. ......... .' té

Control 0.01 jug/ml 0.02jjg/ml 0.04 pg/ml

Fig. 2. M orphologic changes in d u ced  in E . coli ATCC 25922 cells b y  enoxacin  a t  va rio u s
co n cen tra tio n s

E . coli. B o th  com pounds con ta in  th e  l-e th y l-l,4 -d ih y d ro -4 -o x o -3 -p y rid in e - 
carboxylic  ac id  as p a r t  o f  th e ir  m olecule. F ila m e n ta tio n  was no t observed in 
S. aureus and P. aeruginosa  cells, despite  th e  s tro n g  in h ib itio n  of th e ir  g row th . 
This find ing  w ould suggest th a t  the  in h ib itio n  of D N A  rep lica tion  in  these  
species m ay  n o t alone be responsible fo r th e  an tib a c te ria l action  o f th e  
n a p h th y rid in es , a lth o u g h  th e  selective an d  reversib le  b locking  by  nalid ix ic  
acid and  oxolin ic acid o f  a com ponent o f  D N A  gyrase a c tiv ity  an d  D N A  
rep lica tion  in  E . coli is w ell docum ented  [18-26].
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STAPHYLOCOCCUS AUREUS  TOUR,
A SELECTIVELY MOUSE-PATHOGENIC STRAIN 

FOR EXPERIMENTAL CHEMOTHERAPEUTIC STUDY

(A. N O TE )

J .  V .  U r i  a n d  L i l l i a n  P h i l l i p s

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

(R ece iv ed  M ay 21, 1984)

Staphylococcus aureus T our is a  u n iq u e  s tra in . I t  is h igh ly  p a th ogen ic  to  m ice b u t  n o t 
to o th e r  lab o ra to ry  an im als and p rim a te s . T h is selective p a th o g e n ic ity  m akes i t  u sefu l for 
e x p erim en ta l ch em o th erap eu tic  stud ies . Since i t  is h ighly  specialized fo r m ice, i t  im ita te s  th e  
n a tu ra l  course o f in fec tion  and p roduces d e a th  a fte r  in tra p e rito n ea l in fec tion  of a re la tiv e ly  
few cells even  w hen  suspended  in iso ton ic  saline. T his s tra in  has been  found  to  be v e ry  sensitive  
(M IC’s) to  various b e ta -la c ta m s and  g en tam ic in  as well as useful fo r in fec tio n -p ro tec tio n  
s tud ies in  m ice (E D 50’s) w ith  a series o f cephalosporins.

Staphylococcus aureus T , —  souche T  — (T s tan d s  for T our, th e  f irs t 
le tte r  o f th e  n am e of the c ity  in F ran ce  w here th is  s tra in  o rig ina ted ), was 
orig inally  iso la ted , described a n d  used in  m ouse in fec tio n -p ro tec tio n  ex p e ri
m en ts w hile s tu d y in g  the  effects o f new  long-acting  penicillins b y  L ev ad iti 
and  co-w orkers [1, 2] in th e  I n s t i tu t  P as teu r, P a ris , F rance . U ri e t al. [3] 
receiv ing  a su b cu ltu re  of th e  s tra in , used  i t  for com paring  th e  ch em o th erap eu tic  
effects o f benzy lpen icillins of d iverse  origin. A su b cu ltu re  of th is  s tra in  was 
sen t from  U ri’s la b o ra to ry  to  G ru p p o  L ep e tit, M ilan, I ta ly , w here Fűrész  and  
co-w orkers u tilized  th is  s tra in ’s u n iq u e  ch a rac te ris tic  for th e ir  in itia l ex p eri
m en ta l ch em o th erap eu tic  ev a lu a tio n  o f rifam ycins an d  it  was in s tru m e n ta l in  
se lecting  rifam pic in , an  analogue w ith  w ell-estab lished , th e ra p e u tic  G ram 
positive a c tiv ity  [4, 5].

M aterials anil m ethods

T he sam e S. aureus T  was in cluded  in  th e  SK & F s tra in  collection  un d er th e  d esigna
tion  of No. 674 and is be ing  k e p t in b ro th  cu ltu re  a t  80 °C. I t  is coagulase p o sitive , b e ta - 
haem oly tic  a n d  n o n -b e ta -lac tam ase  p ro d u c er [6 ]. T he s tra in  re ta in s  its  excep tionally  h igh  
degree of se lective  p a th o g en ic ity  for m ice for decades a lth o u g h  we hav e  s tre n g th e n ed  its 
v iru lence b y  m ouse-passage years ago.

T he m in im al in h ib ito ry  co n ce n tra tio n  (M IC’s) were d e te rm in ed  by  th e  co n v en tio n al 
b ro th -d ilu tio n  assay  using  th e  serial do u b lin g  co n cen tra tio n s o f th e  an tib io tics. T hese M IC ’s 
w ere o b ta in ed  in m edia  bu ffered  to  p H  7.3 [7].
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T h e  com parative  i.p . in fec tiv e  p o te n tia l  in  m ice of S . aureus T  in  sa line  o r in m ucin, 
a n d  th e  p ro tec tiv e  value  of cephalosporins in jec ted  su b cu tan eo u sly  im m ed ia te ly  and  5 h 
a f te r  in o cu la tio n  were s tu d ied  w ith  th e  co n v en tio n al m ethod .

R esults and discussion

D a ta  of Table I  d e m o n s tra te  th e  M IC’s of 19 o lder and  new er sem i
s y n th e tic  cephalosporins, 3 penicillins an d  gen tam icin  ag a in st S. aureus T . 
I t  c an  be seen th a t  S. aureus  T  is v e ry  sensitive  in  v itro  to  m ost o f th e  beta- 
la c ta m  an tib io tics s tu d ied  and also to  g en tam ic in  w ith  good MIC values. 
W ith  o th e r  pH  values th e  M IC’s m ay  change sligh tly  or occasionally  dras-

ТаЫе I

S en sitiv ity  o f  S. aureus T  ( S K & F  674) in  vitro to m any  
cephalosporins, some pen icillins and gentamicin

A ntibiotic
MIC

(/xg/ml)* Antibiotic
MIC

(/xg/ml)*

C ephaloridine 0.05 C efotaxim e 1.5

C ephaloth in 0.2 Ceftizoxim e 1.5

Cefazolin 0.2 Ceftazidim e 12.0

C ephalexin 1.5 Ceftriaxone 1.5

C efatrizine 1.5 Cefmenoxime 0.8

Cefam andole 0 .8 Cefoperazone 1.5

C eforanide 6.0 M oxalactam 12.0

Cefonicid 3.0 Penicillin  G 0.05

SK & F 80303 1.5 Am picillin 0.1

Cefoxitin 3.0 M ethicillin 1.5

C efotiam 0.8 G entam icin 0.05

Cefsulodin 3.0

* MIC values (/ig/m l) ob ta in ed  in  liquid  m edium  a t p H  7.3

t ic a lly . The co m p ara tiv e  effective values (E D 50 m g/kg) of 3 cephalosporins as 
th e  sum  to ta l of 2 su b cu tan eo u s doses are p resen ted  in  T ab le  I I .  The d a ta  
c le a rly  d em onstra te  t h a t  S. aureus T p roduces in fection  in m ice even w hen 
su sp en d ed  in isotonic saline. I t  can  also be seen th a t  suspension  of th e  b ac te ria l 
cells in  m ucin, th e  sam e w ay  as in saline, s till increases th e  p ro tec tiv e  values 
o f  th e  sam e cephalosporins as expressed  in low er E D 50 values. A lthough  th e  
ro le  of m ucin is n o t c learly  d elineated , i t  can  p ro b ab ly  a lte r  th e  k in e tic  
p a ra m e te rs  of th e  an tib io tic s  in  th e  blood of th e  m ouse [8].

A cta  Microliologica Hungarica 32, 1985



S .  A U R E U S  T O U R  I N  C H E M O T H E R A P Y  R E S E A R C H 203

T able I I I  d em o n stra te s  the su b c u ta n e o u s  p ro te c tiv e  values of 10 p a re n 
te ra l and  2 oral cephalosporins in m ice ex p e rim en ta lly  in fec ted  in trap e rito n ea lly  
w ith  a suspension in  5%  gastric m u c in  of 104 cells o f  S . aureus T. T he d a ta  
show  th e  h ighly  p a th o g en ic  n a tu re  o f S . aureus T  to  m ice and  th e  v a ry in g  b u t 
s trong  E D 50’s of th e  cephalosporins s tu d ie d .

T able  II

Experimental chemotherapeutic studies 
in mice, infected w ith S. aureus T  

(S K & F  674) w ith  and without m ucin , 
using three selected cephalosporins

Subcutaneous ED 50 (mg/kg)*; infection in

Cephalosporin
saline

suspension
mucin

suspension

Cephaloridine 0.7 0.2

Cefazolin 6.0 0.6

Cephalexin 25.0 10.0

* ED-o values are expressed  in mg/kg b o d y  w eigh t

Table I I I

E ffica c y  ( E D -J  o f  various cephalosporins in  
experimental infection o f  mice w ith S. aureus T  

(S K & F  674)

Cephalosporin
R oute 
of dose LD 60*

ED 50
(mg/kg)*

Cephaloridine s.c. 0.195

Cefoxitin s.c. 6 6 4.2

C ephanone s.c. 0.63

Cefuroxim e s.c. 2.1

C ephalothin s.c. 1.36

C ephapirin s.c. 0.78

C efazaflur s.c. 7.4 1.28

Cephacetrile s.c. 1.76

Cefazolin s.c. 0.78

Cefam andole s.c. 1.56

Cefatrizine s.c. 1.95

C efatrizine oral 6 0.24

Cephaloglycin s.c. 0.52

Cephaloglycin oral 4.1

* Inoculation  of mice (i.p .)  w ith  approxim ately  104 bacteria l cells in 5%  mucin
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M ost o f th e  m icroorganism s are h ig h ly  ad ap ted  to  an d  specialized  for 
th e ir  h o s t. I t  is especially  tru e  for h u m an  pathogen ic  b ac te ria . B u t e x p e ri
m e n ta l ch em o th erap y  has alw ays been look ing  for anim al m odels w hich m ore 
or less im ita te  th e  h u m a n  infections. In  th e  bac te ria l in fections th is  goal is 
n o t y e t  com pletely  ach ieved  [9]. S. aureus T  seem s to  be such a s tra in . In  th e  
l i te ra tu re  an o th e r staphy lococcus s tra in , S . aureus Sm ith , is described  to  be 
an  ex cep tio n a lly  v iru le n t s tra in  for m ice [10, 11]. In  th is  re sp ec t i t  is s im ilar 
to  S . aureus T ; how ever, it is n o t kn o w n  w heth er or n o t i t  has th e  sam e 
sp ec ific ity  for m ice as th e  T our s tra in  h as . L ike m ost b ac te ria l s tra in s  used in 
th e  m ouse for in fec tio n -p ro tec tio n  stud ies, th e  Sm ith  s tra in  is usually  in jec ted  
in  m ucin  suspension . T he ac tion  of m ucin  is n o t y e t clear, it  shou ld  be v iru lence  
(p a th o g en ic ity ) en h an c in g  or resistance-low ering  of th e  m ice [12-18]. W h ic h 
ev er m ay  be th e  case, th e  m ucin-induced  infections are su ffic ien tly  a rtific ia l, 
u su a lly  of th e  n a tu re  o f sep ticaem ia an d  n o t im ita tin g  th e  h u m a n  p atho log ic  
ev en ts .

S . aureus T  ap p ears  to  be a u n iq u e  s tra in  for an im al (m ouse) m odel; 
i t  is h ig h ly  p a th o g en ic , selective and  sen sitiv e  to  alm ost all b e ta -lac tam s an d  
m a n y  o th e r an tib io tic s . This s tra in , a d a p te d  to  mice, serves a usefu l p u rp o se  
in  m ouse in fec tio n -p ro tec tio n  c h em o th e rap eu tic  (and o ther) s tud ies as an  
a ccep tab le  an im al m odel for h u m an  in fec tio n s w ith  S. aureus.
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STRUCTURE-RELATED EFFECT 
OF pH ON THE RIOASSAY SENSITIVITY 

OF FIVE THIADIAZOLE CEPHALOSPORINS

(A  N O T E )

J .  V. U ri

Research and Development D iv is io n , S m ith  K lin e  and  French Laboratories, 
P hiladelphia , P A , U S A

(R eceived J u n e  11, 1984)

U sing th e  b u ffered  disc agar-d iffusion  m eth o d  w ith  B acillu s subtilis as te s t  o rgan ism ’ 
a d irec t re la tio n sh ip  w as fo und  betw een th e  p H , in cu b a tio n  te m p e ra tu re  an d  th e  s tru c tu re -  
d e p en d e n t a c tiv ity  o f fiv e  th iad iazo le  cep h a lo sp o rin s . T his ap p ea rs  to  he re la ted  to  th e  ioniz- 
able g roup(s) of th e  m olecules.

T he influence o f  p H  on the  a c t iv i ty  and  efficacy  o f an tib io tics h av e  been 
know n from  th e  ea rly  studies on p en ic illin  [1 -4 ], s trep to m y c in , an d  o th e r 
am inoglycosides [5—12], as well as e ry th ro m y c in  [13-16] an d  ro sam icin  [17, 
18]. Som e of the  s tu d ies  included o th e r  classes o f an tib io tic s  as well. I t  has 
also been  rep o rted  th a t  the  pH  can  influence  th e  m eth ic illin  res is tan ce  of 
Staphylococcus aureus and  S. epiderm idis  [19] and  also th e  a c tiv ity  o f ce rta in  
h e ta -lac tam ases  [20, 21].

Penicillins an d  cephalosporins a re  w eak  (a few even  strong) acids (ainino- 
cyclito ls are w eak bases) and  as such a rc  p rone  to  io n iza tion . The ionized (polar) 
form  is m ore w a te r soluble, and  th e  un-ion ized  (m olecular) c o u n te rp a r t  is 
m ore lip id  soluble. I t  is well estab lished  th a t  th e  degree o f ion iza tion  influences 
th e  a c tiv ity  of an y  d rug , in th is  case t h a t  of th e  b e ta -lac tam s. T he changes 
in th e  degree of io n iza tio n  are b ro u g h t ab o u t b y  th e  am b ien t p H . I t  was 
ex p ec ted  th a t  sm all changes in  th e  m o lecu la r s tru c tu re  of th e  cephalosporins 
w ill m odify  th e ir  ten d e n c y  to  ionize w ith  co n seq u en t changes in  a c tiv ity .

M aterials an d  m ethods

In  th is  exp erim en t, th e  effect of io n iz a tio n  w as te s te d  b y  exam in ing  th e  a c t iv ity  of 
five v a ria b ly  su b s titu te d  th iad iazo le  cephalosporins. T heir a n tib a c te r ia l  a c tiv ity  w as assayed  
b y  using  th e  pH -ed  disc agar-d iffusion  m e th o d  as described earlie r [22, 23]. A n tib io tic  sen 
s it iv ity  discs (6.35 m m  d iam e te r, Sch le icher-S chuell Inc .) w ere p re tre a te d  w ith  M c llv a in e ’s 
c itric  a c id -p h o sp h a te  b u ffers  (p H ’s betw een  2.3 an d  8) or w ith  p h o sp h a te  b u ffers (p H ’s 9 
an d  10), a n d  sto red  in d ry  condition. P rio r to  a ssay  discs w ere in d iv id u a lly  sa tu ra te d  w ith
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th e  fresh ly  p repared  aqueous so lu tions o f th e  a p p ro p ria te  th iad iazo le  cephalosporins so th a t  
each  disc con ta ined  1 / ig o f th e  an tib io tic . D iscs w ere p laced  on th e  surface  of P en assay  agar 
p la te s  seeded w ith  spore suspension  of B acillus subtilis  ЛТСС 6633 and  in cu b a ted  o v ern igh t 
s im u ltan eo u s ly  a t  30 °C and 37 °C. T he d iam ete rs  of th e  in h ib itio n  zones w ere m easu red  and  
p lo tte d . D up lica te  experim en ts  w ith  3 discs w ere carried  o u t w ith  each co m pound  and  th e  
in h ib itio n  zones p resen ted  in  F ig . 1 are th e  m ean  va lues o f th e  d iam eters o f th e  zones.

O f th e  five th iad iazo le  cephalosporins tw o ( # 1  an d  # 3 )  co n ta in  th e  m andelic  acid 
side c h a in  a t  th e  7 -position  a n d  a C -m ethy l ( # 1 )  or C -am ino ( # 3 )  group a t  th e  th iad iazo le  
ring . T h ree  com pounds ( # ’s 2, 4 an d  5) c o n ta in  th e  phen y lg ly c in e  side chain  a t  th e  7-position 
an d  a C -m ethy l ( # 2 ) ,  a C -am ino ( # 4 )  and  no su b s ti tu e n t  ( # 5 )  on th e  th iad iazo le  ring . 
T hese  analogues were se lected  because  th e y  co n ta in  va rio u s ionizable g ro u p s an d  it tu rn ed  
o u t t h a t  th is  is reflected  in th e ir  a c tiv itie s  m easu red  b y  th e  d iam eters o f th e  in h ib itio n  zones 
a t  th e  v a rio u s  p H  values.

R esults and  discussion

F igu re  1 show s th e  s tru c tu re s  of th e  fiv e  th iad iazo le  cephalosporins and  
d ep ic ts  th e  resu lts of th e ir  re le v a n t h ioassay  resu lts . I t  can  be seen in g rap h  A 
th a t  th e  least ionizable com pound  (ф|= 1 ) basica lly  has th e  sam e level o f a c tiv ity  
a t  a ll p H  values. The re s t o f th e  com pounds co n ta in , in a d d itio n  to  th e  
c a rb o x y l group, one or tw o  — N H 2 group(s) for ion iza tion  an d  th e y  show  
decreasing  a c tiv ity  w ith  th e  increasing  a lk a lin ity . I t  is m ost p ro m in en t w ith  
an a lo g u e  ф[:4 w hich co n ta in s  tw o  — N H ., g roups. The decrease o f ac tiv ities  
is neg lig ib le  betw een  p H ’s 3 and  5 or 6 b u t  m ore p ronounced  betw een  p H ’s 6 
an d  9. On the  basis of th is  s tu d y  we selected  p H  6 for th e  assay  o f all classical 
b e ta -la c tam s , w ith  increased  sen s itiv ity  an d  sa tis fac to ry  resu lts . T he ex p la n a 
tio n  o f th e  decreasing a c tiv ity  w ith  increasing  a lk a lin ity  (and  n e u tra lity )  m ay  
be t h a t  th e  io n iza tio n  is increased  a t  th ese  p H  values, co n seq u en tly  m ost 
p a r t  o f th e  com pound is in  th e  w a te r  soluble ionized form  w hich  p e n e tra te s  
th e  b a c te ria l cell less th a n  th e  non-ion ized  m ore lip id  soluble m olecular form  
w h ich  easily p e n e tra te s  th e  cell envelop . In  o th e r w ords, th e  nonionized 
m olecu le  has been found to  be fa r  m ore ac tiv e  th a n  th e  ionized c o u n te rp a r t. 
T h e  b es t know n th iad iazo le -co n ta in in g  cephalosporin , cefazolin behaves like 
ro u n d  since i t  co n ta in s  on ly  one ca rb o x y l g roup  for io n iza tio n  [24-26]. 
I t s  a c tiv ity  is basically  n o t in fluenced  b y  th e  p H . Ceftezole, a n o th e r  th iad iazo le  
cepha lospo rin  can be considered  as dem ethy lcefazo lin  [27, 28]. T hey  do n o t 
c o n ta in  add itio n a l fu n c tio n a l ionizable (— O H , — NH.,, — SH ) groups.

In  add ition  to  th e  s ta te  of io n iza tion , th e  s tab ility  o f th e  com pounds 
seem s to  c o n trib u te  to  th e ir  a c tiv ity  as can be  seen in  g rap h  13, w here th e  
in c u b a tio n  te m p e ra tu re  w as 37 °C, in  c o n tra s t to  g raph  A, w here th e  assay  
p la te s  w ere in cu b a ted  a t  30 °C. I t  is know n th a t  a t low er in c u b a tio n  te m p e r
a tu re s  certa in  p heny lg lycine-type  cephalosporins are m ore stab le  th a n  a t  37 °C.

T he a c tiv ity  of a b e ta -la c tam  (and  p ro b ab ly  m ost n o n -n e u tra l a n t i 
m icrob ia l agents) is d e te rm in ed  in a d d itio n  to  th e  ion iza tion  o f the  com pound , 
b y  th e  ion ization  of th e  recep to r m olecules, i.e., th e  co rrespond ing  pen ic illin 
b in d in g  p ro te ins, w hich are  also p H -d ep en d en t. T hey  c o n tr ib u te  to  th e  u ltim a te
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F i g .  1 .  In flu en ce  o f p H  and  incu b a tio n  te m p e ra tu re  (A =  30 °C and В =  37 °C) on th e  
a c tiv ity  of five th iad iazo le  cephalosporins

action  o f th e  com pound . I t  can  exp la in  w hy  th e  in fluence  of p H  varies acco rd 
ing to  th e  b a c te r ia l genera on th e  a c t iv i ty  of ceftizoxim e [23], cefox itin  [29], 
carbenieillin  [30], CGP 81, CGP 3940 an d  cephalex in  [31], p irb en icd lin . 
carbenicillin  an d  ticarc illin  [32, 33].

T he a c tiv ity  o f m ost b e ta -la c tam  an tib io tic s  (and  m any  o th e r drugs) is 
defin ite ly  p H -d ep en d en t. The re la tiv e  role of th e  o u ts tan d in g ly  sig n ifican t 
io n iza tion  o f th e  d rug  m olecule a n d /o r recep to r or b o th , its p H -d ep en d en cy  
and  d iffu sib ility  m ay  change from  s tru c tu re  to  s tru c tu re . T he p H  o ften  
d ram atica lly  in fluences th e  b ioassay sen s itiv ity . In  tb e  case of p y raz in am id e  
it  p roduces an  a lm o st all or n o th ing  effect [34]. I t  has in  v itro  tu b e rc u lo s ta tic  
a c tiv ity  a t  a b o u t p H  5.0 and  no a c tiv ity  a t  p H  a ro u n d  n e u tra lity . G en tam ic in  
was found  to  be in  v itro  100 or m ore tim es as ac tive  a t  pH  8.5 as a t  p H  5.0
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ag a in st m ost G ram -n eg a tiv e  bacilli [35] an d  kétoconazo le  is m ore th a n  1000 
tim es m ore active a t  p H  7.0 th a n  a t  p H  3.0 ag a in st Candida albicans [36].

T h e  role of th e  p H  is clear. B uffered  ex p erim en ta l cond itions prov ide 
fu ll m ean ing  of th e  b io assay  by  m a in ta in in g  a s ta n d a rd , un iform ly  op tim al 
co n d itio n  for th e  s tu d y .
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cau sa tiv e  organism  o f L iste ria  in fection  as well as th e  cond itions w hich a c t as 
p rom oters in  the occurence of th is  disease.
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T h is  m an u a l dollows a co n sis ten t and sy s tem a tic  app roach  and  provides a 
d e ta iled  fescrip tion  o f th e  ex ac t m ethods o f th e  q u a n tita tiv e  and  q u a lita tiv e  
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fac to rs  and th e  cu ltu re  m ed ia , all essen tia l for ge tting  reliab le  and  generally  
v a lid  resvdts. The hook  co n cen tra tes  u p o n  sim ple and effective m eth o d s, easy 
to  realize  in  an  average  ro u tin e  la b o ra to ry  h u t fu rn ish ing  th e  food in d u s try  
w ith  a g reat q u a n ti ty  o f  usefu l d a ta  an d  used  w ith  excellen t resu lts  b y  th e  
a u th o rs  them selves.
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A TUBE ASSAY FOR CONTAMINATION CAUSED 
BY PECTOLYTIC ASPERGIUUI

J .  0 .  O f f e m  a n d  R . K . D a r t

M i c r o b i o l o g y  U n i t ,  D e p a r t m e n t  o f  C h e m i s t r y ,  U n i v e r s i t y  o f  T e c h n o l o g y ,  L o u g h b o r o u g h ,
L e i c e s t e r s h i r e ,  U . K .

(Received D ecem b er 6 , 1983)

Spoilage fungi o f th e  genus A s p e r g i l l u s  w ere d e tec ted  an d  estim ated  in  24 h  b y  a 
m od ification  of th e  M ost P ro b ab le  N um ber m e th o d . T he m eth o d  is based on th e  p ro d u c tio n  
of p ec to ly tic  enzym es in  a  m edium  su p p lem en ted  w ith  p ec tin . T hese  enzym es h y d ro ly se  th e  
bonds of p ec tin  to  p roduce  g a lactu ron ic  acid , c au s in g  a fall in  p H  and  an  in d ica to r p re se n t in 
th e  m ed ium  changes co lour, th u s  allowing tu b e s  to  be  scored as p o sitive . R esu lts o b ta in e d  by  
th is  m eth o d  were generally  h igher th an  th o se  o b ta in e d  by tra d it io n a l  p la te  counts.

T he M ost P ro b a b le  N um ber (M PN ) m eth o d  o f e s tim a tin g  b a c te ria l n u m 
bers is w idely  used. I t  was described b y  M cC rady [1] and  has since been 
review ed on a n u m b er o f  occasions [2—6 ]. I t  has been  used  m ainly  fo r e s t im a t
ing  b a c te ria l c o n ta m in a tio n  of w a te r a n d  m ilk , b u t  h as  also been ap p lied  to  
food [7] an d  soil [8]. T h e  tra d itio n a l c r ite r ia  for d e tec tin g  grow th invo lves a 
v isual d e te rm in a tio n  o f  gas bubbles a n d  a colour change of th e  p H  in d ic a to r  
in co rp o ra ted  in to  th e  m edium  [9].

V ery  l i t t le  has b een  published a b o u t th e  ap p lica tio n  of th e  M PN  m ethod  
to  th e  d e tec tio n  and  e s tim a tio n  of fu n g i, a lth o u g h  K o b u rg er and  N orden  [10] 
applied  it  to  th e  e s tim a tio n  of y easts  in  food and  co m p ared  th e  re su lts  w ith  
surface an d  po u r p la te  m ethods. T heir m e th o d  req u ired  5 days due to  a re liance 
on th e  v isu a l d e tec tio n  o f yeast colonies or th e  use o f  th e  G ram  s ta in  w hen 
th e  m ed ium  was tu rb id .

D o rm a n t spores on  th e  genus A sperg illu s  a re  found  w idely on a g ri
c u ltu ra l p ro d u c ts . T he th re a t  to  q u a li ty  is m in im al d u rin g  cu ltiv a tio n  and  
h arv estin g  [11, 12], b u t  th e re  is d e te r io ra tio n  fre q u e n tly  during  long periods 
of s to rage  in  tro p ica l cond itions of h igh  h u m id ity  an d  te m p e ra tu re . D e te rio ra 
tio n  has been rep o rted  in  p eanu ts [13], cocoa beans [14, 15], soybeans [16], 
p a lm  p roduce  [17-19] a n d  maize [20].

S everal ty p es o f de te rio ra tio n  h a v e  been  a t tr ib u te d  to  fungi, th e  m ost 
im p o rta n t o f w hich is to x in  p ro d u c tio n . H ow ever, non-tox igen ic  s tra in s  can 
also cause d e te rio ra tio n  b y  changing th e  f la v o u r  com ponen ts, causing  a loss
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o f seed  v iab ility  an d  hyd ro ly z in g  trig ly cerid es  causing a rise in  free f a t ty  
ac id s lead ing  to  a u to x id a tio n  and  ran c id ity .

T h is d e te rio ra tio n  causes severe econom ic losses, and from  th e  crite rio n  
o f p ro d u ce  inspection  it  is desirab le  th a t  d o rm a n t spores cap ab le  of causing  
su ch  d e te rio ra tio n  shou ld  be d e tec ted  as ra p id ly  as possible an d  a p p ro p ria te  
c o rrec tiv e  m easures ta k e n .

T h is paper re p o rts  an  a t te m p t  to  es tab lish  a MPN m eth o d  for th e  ra p id  
d e te c tio n  and e s tim a tio n  of low n u m b ers  o f spoilage fungi. I t  is based  on th e  
o b se rv a tio n  by  V erb in a  and T sy tsu ra  [21] th a t  fungi p ro duc ing  p ec to ly tic  
en zy m es can be ra p id ly  de tec ted  by  observ ing  th e  colour change of m e th y l 
re d  caused  w hen such  fungi hyd ro ly se  p ec tin  to  galactu ron ic  acid.

M aterials and m ethod s

O r g a n i s m s .  T he six  organism s used  w ere A s p e r g i l l u s  f l a v u s  (CMI 15959), A .  f l a v u s  
(CM I 39178a), A .  f l a v u s  (CM I 86769), A .  n i d u l a n s  (CM I 16643), A .  n i g e r  (CM I 31821) a n d  
A .  l u c h u e n s i s  Inui. T his la s t  is an  illeg itim a te  species an d  is p ro b ab ly  a sy n o n y m  for A .  a w a m a r i  
N a k az a w a . All were o b ta in e d  from  th e  C om m onw ealth  M ycological In s t i tu te ,  F e rry  L an e , 
K ew , Surrey , U .K .

M e d i a  a n d  c u l t i v a t i o n .  C ultures were grow n on th e  follow ing m ed ium  to  o b ta in  con id ia : 
K 3P O „  2.0 g; K N 0 3, 2.0 g; N H 4N 0 3, 2.0 g; CaCL, 0.25 g; y e as t e x tra c t (O xoid), 5.0 g; glucose, 
10 g; B acto  casam ino acids (D ifco), 5.0 g; m eta ls  so lu tio n , 0.1 m l; w a te r  1 litre . T he m eta ls  
so lu tio n  consisted of th e  follow ing: MgSO,„ 5 m g; ZnSO ,„ 0.2 m g; F e S 0 4, 0.2 m g; M n S 0 4,
0.1 m g ; C u S 0 4, 0.5 m g; w a te r, 100 ml. T he m ed ium  w as ad ju s ted  to  p H  5.4 and  d ispensed  
as 250 m l volum es in to  R o u x  bo ttles.

E ac h  R oux b o ttle  w as ino cu la ted  w ith  th e  a p p ro p ria te  cu ltu re  an d  in cu b a ted  on  i ts  
side a t  30 °C for 3 w eeks. A t th e  end of th is  period  each  cu ltu re  was covered  w ith  a  th ic k  
la y e r  o f conidia w hich w ere p u rified  a sep tica lly  as d escribed  by  D a rt [22]. C onidia were s to red  
as s to c k  suspensions a t  0 °C u n til requ ired .

T he m edium  used  fo r p la te  co u n ts  was m ade as follow s: m altose, 38 g; n eu tra liz ed  soya  
p e p to n e , 8 g; y east e x tra c t ,  2.5 g; m a lt e x tra c t,  2.0 g; agar, 20 g; d istilled  w a te r  to  1 l itre . 
T h e  p H  of th e  m edium  w as 5.4.

Surface p la tes w ere p rep ared  by  p lac ing  10 m l o f  m ed iu m  in to  P e tr i d ishes and  allow ing 
th e m  to  solidify. A fte r d ry in g  1.0 m l o f con id ium  suspension  was sp read  over th e  surface  o f 
th e  p la te , w hich was th e n  in cu b a ted  a t  30 °C fo r 48 h.

P o u r p lates w ere p re p are d  by  p lac ing  1.0 m l o f con id ium  suspension  in  a P e tr i  d ish  
a n d  a d d in g  10 ml of m o lten  ag ar w hich  h ad  been allow ed to  cool to  ju s t  above  th e  so lid ifica
tio n  p o in t. These p la te s  w ere rap id ly  m ixed  and  w hen se t, th e y  were in cu b a ted  a t  30 °C for 48 h.

T he tu b e  assay  m ed iu m  used consisted  of 4 %  glucose, 1%  n eu tra liz ed  soya p e p to n e , 
1%  p e c tin  (C itrus p e c tin , rap id  set ty p e , 104 B u lm er L td .,  H ereford, U .K .) , ch lo ram phen ico l 
a n d  C hlortetracycline (0 .01%  each). T he m edium  was sterilized  by  au to c lav in g , th ree  d ro p s o f 
s te rile  0 .1%  brom ocresol p u rp le  in  2%  e th an o l w ere ad d ed  and suffic ien t ste rile  0.1 N N a O H  
to  j u s t  give an a lka line  colour.

T h e  d e t e c t i o n  a n d  c o u n t i n g  w as carried  o u t b y  a m odification  of th e  M PN  m eth o d  of 
H a lv o rso n  and Ziegler [4]. T his consisted  o f a series (A) o f eleven te s t  tu b es  each co n ta in in g  
9 m l o f m edium . T en  tu b e s  w ere in o cu la ted  w ith  1 m l o f a n  ap p ro p ria te  d ilu tio n  of a con id ium  
su sp en sio n  (A) and  th e  e lev en th  tu b e  w as in o cu la ted  w ith  1 ml o f s te rile  w a te r  as co n tro l. 
A second  series (B) an d  a th ird  series (C) o f eleven tu b es  each were s im ilarly  inocu la ted  w ith  
th e  ap p ro p ria te  d ilu tio n s o f con id ium  suspensions an d  s te rile  w ater. T he co n id ium  suspensions 
w ere  d ilu ted  w ith  ste rile  d istilled  w a te r  such  t h a t  th e  ra tio  of d ilu tions o f A : В : C w as 
100 : 10 : 1.

Before using th e  con id ium  suspensions for b o th  tu b e  and p la te  co u n ts , th e y  u n d e rw en t 
h e a t  shock ac tiv a tio n  in  a w a te r b a th  a t  50 °C for 25 m in  [23], and were th e n  a g ita ted  v ig o r
o u sly  to  p rev en t c lum ping . T he tu b es  w ere in cu b a ted  in  an  orb ita l in c u b a to r  o p e ra tin g  a t  
150 rp m  for 24 h a t  30 °C.
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A fter th e  a p p ro p ria te  tim e  of in c u b a tio n  th e  tu b es w ere exam ined an d  those  tu b es 
show ing th e  yellow  acid colour o f th e  in d ic a to r  a t  th e  surface  of th e  cu ltu re  w ere scored as 
positive (P la te  I).

R esu lts and d iscussion

P la te  I show s ty p ica l series o f  tu b es  co n ta in in g  con tro l, positive and  
negative re su lts . The M PN  tab le  o f  H alvorson  an d  Ziegler [2] was th e n  
consulted  to  find  the m ost p ro b ab le  n u m b e r of spores p resen t in th e  original 
suspension. R esu lts  ob ta in ed  by  th is  m e th o d  are show n in  T ab le  I.

T he presence o f conid ia  of spoilage fungi in  cereals is a m a jo r  prob lem , 
especially in  m any  developing co u n trie s  w here th e  am b ien t te m p e ra tu re  and 
h u m id ity  are h igh and  sto rage  facilities arc poor. R ap id  m ethods o f q u a lity  
contro l are obv iously  needed because of th e  to x ic  n a tu re  of m a n y  fungal 
m etabo lites.

C h itin  d e te rm in a tio n  [24, 25] m a y  be used fo r rap id  analysis o f fungi, 
b u t th is  m e th o d  suffers from  severa l serious d raw backs. A lthough  i t  is rap id  
(4-5 h), it does n o t d istingu ish  v iab le  from  non-v iab le  p ropagu les, i t  requires 
high levels o f fungal co n tam in a tio n  to  p rov ide  su ffic ien t c liitin  fo r analysis, 
and  it is su b jec t to  in terference  from  in sec t co n tam in a tio n .

The e s tim a tio n  of th e  fungal s te ro l, e rgostero l, has also been  used [26], 
b u t th is  also suffers from  th e  fac t t h a t  i t  m easures to ta l  n u m b ers  and  no t 
v iab le  n u m b ers  o f fungi.

D art an d  O ffem  [27] and Offem and  D a rt [28, 29] used gas c h ro m a to g 
rap h y  to  d e te rm in e  m eth an o l re leased  from  p ectin  b y  th e  enzym e pcctin-

Tablc I

Comparison o f  fu n g a l spore counts obtained by an M P N  tube method and plate counts

211

Organism

N um ber of organisms/ml. Mean +  SD

MPN method Pour p late Surface plate

A . flav  us 15959 122 000 ±  55 000 104 000 ±  38 000 112 000 ±  46 000

A .f la v u s  39178a 3 780 L 1 450 3 400 ± 1 400 3 500 ± 1 380

A .f la v u s  86769 11 000 ;; 2 400 11 000 ± 3 500 11 400 ± 3 900

A . nidulans 86 000 ±; 3 200 80 400 ± 2 860 83 000 ± 3 200

A . niger 850 i 130 800 ± 110 820 ± 120

A . luchuensis Inul 3 200 ± 370 3 030 ± 360 3 040 ± 380

Com posite suspension of all 6 
strains 13 500 ±  1 800 13 000 ± 1 700 13 000 ± 280

Tim e 24 h 48 h 48 h

E ach resu lt is th e  m ean of th ree  suspensions w ith  2 d e te rm inations being carried  ou t on 
each suspension.
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P late I. Tube m eth o d  fo r fungal spore co u n ts . U n in o cu la ted  con tro l: f irs t  tu b e  on left; po sitiv e  
tu b e s : yellow  a t th e  su rface ; n eg ative  tu b es : no colour change
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esterase. T he m e th an o l could be re la te d  to  fungal n u m b ers  and  d isting u ish ed  
v iab le  from  non -v iab le  cells, an d  th ere fo re  had  p o te n tia l use for p red ic tin g  
v iab le  fungal spores. A m ajo r a d v a n ta g e  o f th is  m e th o d  is th a t  i t  is lin ea r 
over a wide ran g e , b u t m ajo r d isad v an tag es  are th a t  i t  requires expensive , 
fa irly  so p h is tica ted  equ ipm en t (GLC), an d  a reaso n ab le  level o f tech n ica l 
expertise  w hich m ay  n o t be a p p ro p ria te  to  a develop ing  cou n try .

The m eth o d  described in  th is  p a p e r is m uch ch eap er to  ca rry  o u t, on ly  
requires a re la tiv e ly  low level o f techn ica l tra in in g  an d  gives resu lts  in  24 h 
com patib le  w ith  tho se  ob tained  b y  p la te  coun ts a t  48 or m ore hours w here 
th e  p la te  co u n t is re ly ing  on visib le g row th . I ts  m a jo r d isad v an tag e  is th a t  it  
requ ires sterile  seria l d ilu tions w hich m a y  be d ifficu lt to  ca rry  o u t in  field 
te s tin g , a lth o u g h  ste rile  serial d ilu tions are  also a re q u ire m e n t for p la te  co u n ts .
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INFLAMMATORY REACTION IN GERMFREE MICE

I .  B u d a v á r i , P ir o s k a  A n d e r l i k , Z s u z s a n n a  B á n o s , J .  F ű r é s z

and I l o n a  S z e r i

Institu te o f  Pathophysiology and In stitu te  o f  M icrobiology, Sem m elw eis U niversity  
M edical School, Budapest, and H ungarian  A rm y  M edical Corps, Budapest

(R eceived  M arch 5, 1984)

In  in ta c t germ free  anim als, th e  to ta l  leu k o cy te  count, th e  n u m b er o f p o ly m o rp h o 
nu c lear (PM N) g ran u lo cy tes , th e  p h ag ocy tic  index  o f p e rito n ea l PM N  gran u lo cy tes, th e  serum  
serom ucoid and C oeruloplasm in levels a re  sig n ifican tly  lower th a n  in  conven tional con tro ls. 
As a resu lt o f t r e a tm e n t  w ith  tu rp e n tin e , th e  to ta l  leu k o cy te  co u n t an d  th e  n u m b er o f PM N  
g ranu locy tes increased  sign ifican tly  in b o th  groups, b u t  th e  p h ag o cy tic  index  and th e  level 
of th e  tw o ex am ined  acu te  phase p ro te in s rose sig n ifican tly  less in  germ free anim als th a n  
in conventionale. T he decreased  p h ag ocy tic  fu n c tio n  of PM N  g ran u lo cy tes  in  germ free an im als 
h as been explained by  th e  lack of th e  s tim u la tin g  effec t o f  th e  n o rm al b ac te ria l flora.

I t  was p ro v ed  in  th e  last decade th a t  some reac tio n s of th e  specific 
im m une response are d ifferent b o th  q u a n tita tiv e ly  and q u a lita tiv e ly  in  germ 
free mice from  th o se  in  co n ven tiona l ones. S everal au th o rs  d em o n stra ted  th a t  
the  cellu lar ty p e  im m u n e  response w as m uch  less m arked  in  germ free th a n  in  
conven tional an im als  [1, 2]. T he h u m o u ra l im m une response also show s 
d ivergences. I t  w as show n th a t  th e  im m unoglobu lin  level was ab o u t 50%  
low er in  germ free th a n  in  co n ven tiona l an im als  of th e  sam e age [3]. O th e r 
a u th o rs  show ed th a t  th e  tu rn o v e r o f  im m unog lobu lin s w as s ig n ifican tly  slow er 
in  grem free m ice th a n  in  co n v en tiona l co n tro ls  [4]. S till, a low er im m u n o 
globulin  level fo llow ing th e  germ free co n d itio n  and the  con seq u en tia lly  w eaker 
h u m o u ra l im m une  reac tio n  are n o t n ecessarily  va lid  fo r all im m onoglobu lin  
classes [5].

C oncerning th e  non-specific res is tan ce  to  in fec tion , i.e. phagocytosis, th e  
re su lts  are am biguous. A ccording to  som e d a ta , the  m acro p h ag e  a c tiv ity  of 
germ free an im als d iffers considerab ly  from  th a t  o f c o n v en tio n a l an im als. 
A dherence and  ch em o tac tic  a c tiv ity  o f th e  fo rm er are s ig n ifican tly  less in ten se  
an d  lysosom al enzym e a c tiv ity  and  phago cy to sis  m ed ia ted  by  C3b receptors 
are also sm aller in th e  cells m en tioned  above [6 -8 ]. O ther ex p erim en ts  show ed
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a decreased  ph ag o cy tic  a c tiv ity  o f th e  p o ly m o rp h o n u clear (PM N) g ra n u lo 
cy te s  o f germ free an im als [9]. O th e r a u th o rs , how ever, h av e  n o t found  such 
d ifference  betw een  germ free an d  co n v en tio n a l anim als [10, 11].

I t  has been show n th a t  th e  acu te  phase p ro te in s (coeru loplasm in , o x ac id  
g ly co p ro ted , C -reactive p ro te in , e tc .) m ig ra tin g  in th e  x 1 an d  a 2 globulin  f ra c 
tio n  o f p lasm a p ro te in s  h av e  an  im p o r ta n t m o d u la to ry  role in  th e  specific  
im m u n e  response an d  also in  phago cy to sis  [12, 13] and  th a t  besides im m u n o 
globu lins th e  a m o u n t of x t an d  sc., g lobulin  frac tions was also less in  germ free 
an im als  [14-16].

In the  p resen t ex p erim en ts  we have  exam ined  som e p a ram e te rs  o f  th e  
non-specific  h o st res is tan ce  in germ free and  conven tional m ice to  exp erim en ta l 
in f la m m a tio n  induced  by  tu rp e n tin e .

M aterials and m ethods

E xperim enta l anim als. E x p e rim en ts  w ere carried  ou t on 20 co n v en tional and  20 g e rm 
free  C 3H  He (L A T I, Gödöllő, H u n g a ry ) m ale m ice. G erm free en v iro n m en t was p rov ided  b y  a 
sp ec ia l p las tic  iso la to r (V elaz-PO -I, C zechoslovakia). T he an im als in  iso la to rs were offered 
ra d ia tio n -s te rilized  p e lle ts  and  a u to c lav ed  w a te r  ad lib itum . T he germ free  s ta te  was m a in ta in ed  
as described  earlier [17].

Induction  o f  experim ental in fla m m a tio n  and collection o f  peritoneal P M N  granulocytes. 
In f la m m a tio n  was in d u ced  on th e  h in d  lim bs of 10 conven tional a n d  10 germ free m ice by
0.2 m l/100 g b o d y  w e ig h t of sterile  tu rp e n tin e  oil in jec ted  in tram u scu la rly . T en co n v en tio n al 
a n d  te n  germ free m ice served  as u n tre a te d  con tro ls. T he anim als w ere sacrificed 3 d a y s  a fte r 
tu rp e n tin e  ad m in is tra tio n . B efore sacrifice, th e  an im als were in jec ted  in tra p e rito n ea lly  w ith  
1.5 m l 6%  d e x tra n  (m ol w t 200—300 000], th e n  a fte r  a th ree -h o u r in te rv a l, p e rito n ea l flu id  
w as sucked off b y  a p las tic  canu la . F ro m  th is  flu id , th e  PM N  g ran u lo cy te s  were iso la ted  by  
c en trifu g a tio n  (1000 rpm ). T he cell suspension  con ta in ed  ab o u t 98%  of PM N g ran u lo cy tes .

E xam ina tion  o f  phagocytosis. T h e  yeast-cell phagocytosis m eth o d  of K o tu lo v a  [18] was 
ap p lied . A m ix tu re  o f 0.9 m l PM N  g ran u lo cy te  suspension (106 cells/m l) and  0.1 ml yeast-cell 
suspension  (PM N  : y e a s t cell ra tio , 1 : 7) w as in cu b a ted  a t  37 °C for 90 m in, th e n  sm ears 
w ere p rep ared , sta in ed  w ith  G iem sa so lu tio n  and  p h ag ocy tic  a c tiv ity  (percen tage  of p h ag o ey t- 
ing PM N  g ranu locy tes) and  p h ag o cy tic  in d ex  (average  n u m b er of y e as t cells pe r p h ag o cy tin g  
PM N  gran u lo cy te ) w ere d e te rm ined .

Blood analysis. B efore sacrifice, th e  to ta l  leu k o cy te  co u n t an d  th e  num ber and  ra tio  of 
P M N  gran u lo cy tes in  th e  p e rip h e ra l b lood were d e te rm ined . A fter b leed ing , serum  was o b ta in e d  
a n d  from  am ong th e  a cu te  p h ase  p ro te in s  th e  serom ucoid  (a, acid  g lycopro teid) level, based  
on  th e  hexose c o n te n t b o u n d  to  p ro te in , w as d e te rm in ed  by  th e  m eth o d  of W inzler [19], and  
th e  coeru lop lasm in  co n te n t, based  on  its  p ro p e rty  to  oxidize p a rap h en y len d iam in e , was 
d e te rm in ed  b y  th e  m eth o d  of R a v in  [20].

Statistical evolution. F o r ev a lu a tio n  of th e  resu lts , S tu d e n t’s tw o-sam ple  t t e s t  was 
app lied .

R esu lts

T he to ta l  leu k o cy te  co u n t an d  th e  n u m b er and ra tio  of PM N  g ra n u lo 
cy te s  in  co n v en tio n a l and  germ free m ice are show n in  Fig. 1 an d  T ab le  I .

The leu k o cy te  co u n t w as a b o u t 35%  less in  germ free an im als th a n  in  
co n v en tio n a l ones (p <C 0.05). As a re su lt of th e  in flam m atio n  caused  b y  
tu rp e n tin e , th e  leu k o cy te  co u n t increased  b y  abou t 70%  in  co n ven tiona l mice
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Fig. 1. T o ta l leukocy te  co u n t and  th e  ra tio  of PM N  gran u lo cy tes in  th e  peripheral blood of 
co n v en tional and germ free mice in in flam m atio n  in duced  b y  tu rp en tin e

and  a b o u t 100%  in germ free anim als (p 0.01; p О  0.001) as com pared  to  
u n tre a te d  con tro ls. The p ro p o rtio n  of PM N  gran u lo cy tes  in co n v en tio n a l 
an im als am o u n ted  to  45%  while in germ free an im als to  on ly  25%  of th e  to ta l  
leukocy te  co u n t. On th e  th ird  day of in fla m m a tio n  th e  percen tage o f PM N  
gran u lo cy tes  Mas ab o u t 50%  higher in th e  co n v en tio n a l an im als, b u t in  th e  
germ free ones it was m ore th a n  100%  h igher th a n  in  u n trea ted  con tro ls  
(p 0.05; p 0.001). T he difference b e tw een  th e  tw o g roups was sign ifican t 
s ta tis tic a lly  (p <  0.02).

F igu re  2 shows th e  phagocytic  c ap ac i ty  of per i tonea l  PM N g ran u lo 
cytes in  conven tiona l and germfree an im als  Mri th  in f lam m atio n  caused  by  
tu rp e n t in e .

T he phag o cy tic  a c tiv ity  did n o t d iffer in  th e  tw o  groups of u n tre a te d  
mice. As a re su lt o f th e  in flam m atio n , th e  percen tag e  o f phagocy ting  PM N 
gran u lo cy tes  increased  b y  15%  in co n v en tiona l an im als and  by  ab o u t 20%  in

Table I

Number o f  P M N  granulocytes in  the peripheral blood

Mice

PMN granulocylies pr f ig

untreated turpentine

Germfree
C onventional

1200 ±  680 
2760 ±  610

5950 ±  1450 
5890 ±  1200
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germ free  ones; th e  changes w ere n o t s ig n ifican t s ta tis tic a lly . T he phag o cy tic  
in d e x  of u n tre a te d  germ free an im als w as a b o u t 25%  low er th a n  th a t  o f th e  
co n v en tio n a l an im als (p <  0.01). T he p h ag o cy tic  index  of co n v en tio n a l an im als 
w ith  tu rp e n tin e -in d u c ed  in flam m atio n  w as a b o u t 70% , w hile th a t  o f th e  g e rm 
free  an im als w as a b o u t 30%  higher th a n  th a t  o f u n tre a te d  m ice. T he degree

Phagocytic index

6 0

2 c^o
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^ z3 .0
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§ ÉT2.0
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□  Turpentine

о
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Fig 2. P h a g o c y to s is  o f  p e r ito n e a l  P M N  g r a n u lo c y t e s  in  c o n v e n t io n a l  a n d  g erm free  m ic e  in  
in f la m m a t io n  in d u c e d  b y  tu r p e n t in e

Fig. 3. Serom ucoid and  C oeruloplasm in levels in  conv en tio n al and germ free  m ice in in fla m m a 
tio n  induced b y  tu rp e n tin e
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of a lte ra tio n  w as sign ifican t only  in  th e  co n v en tio n a l anim als (p <  0.001; 
p > 0 .0 5 ) .

T he serum  acu te  phase p ro te in s  are  show n in  F ig . 3. The serom ucoid  
(ocj-acid g lycopro te id ) level of in ta c t  germ free an im als was ab o u t 2 0 % , th e  
C oeruloplasm in level 33%  low er th a n  th a t  o f co n v en tio n a l mice; th e  d ifference 
was s ig n ifican t only in th e  case of C oeruloplasm in (p <  0.02). As a re su lt of 
the  in f la m m a tio n  induced  by  tu rp e n tin e , th e  serom ucoid  level in co n v en tio n a l 
an im als w as 60% , w hile in  germ free m ice 40 %  h igher th a n  in  th e  u n tre a te d  
ones; th e  difference w as sign ifican t in  b o th  groups (p <  0.001; p <  0.02). 
The C oeruloplasm in level show ed a 30%  rise in  germ free an im als, w hile m ore 
th a n  100%  in  co n v en tio n a l ones as co m p ared  to  u n tre a te d  contro ls; th e  change 
was s ig n ifican t only  in  th e  case o f co n v en tio n a l an im als (p <[ 0.001).

D iscussion

T he p re se n t resu lts  show ed th a t  th e  to ta l  leukocy te  coun t and  th e  n u m 
ber o f PM N  g ran u lo cy tes  in p e rip h era l b lood , th e  ph ag o cy tic  fu nc tion  o f PM N 
gran u lo cy tes  co llected  from  th e  p e rito n ea l c a v ity  an d  th e  serum  acu te  phase 
p ro te in s  p a r tic ip a tin g  in  th e  reg u la tio n  o f p h agocy tosis  are less in  germ free 
an im als th a n  in in ta c t conven tional ones. As regards th e  level of acu te  phase 
p ro te in s , our re su lts  su p p o rted  those  d a ta  [14, 15] accord ing  to  w hich the  
level o f som e p ro te in s  of th e  a 1 and  a 2 g lobu lin  fra c tio n  is low er in  germ free 
an im als th a n  in co n v en tio n a l ones. C oncern ing  th e  phagocy tic  fu n c tio n , our 
resu lts  agreed w ith  th e  d a ta  of M orland e t al. [8] on m acrophage phagocy tosis.

A ccord ing  to  K en w o rth y  an d  A llen [21], in  co n v en tio n a l an im als th e  
level and a c tiv ity  o f th e  defence a g a in s t b ac te ria  is evolving b o th  phylo- 
genetica lly  and  on togen e tica lly  d u rin g  sym biosis of th e  inacroorganism  and 
th e  n o rm al b ac te ria l f lo ra , as a resu lt o f th e  inducing  effect of th e  p e rm an en tly  
ex isting  so-called “ b ack g ro u n d ” in f la m m a tio n  due to  con tinuous b ac te ria l 
ir r ita tio n . T he lack  o f th is  effect o f th e  no rm al b ac te ria l flo ra  m ight exp la in  
th e  low er levels o f th e  leukocy te  co u n t, o f th e  phag o cy tic  fu nc tion  an d  of 
the  acu te  phase  p ro te in s  in germ free an im als. This w ould  also exp la in  th e  
c o n tra d ic to ry  li te ra ry  d a ta  [6], accord ing  to  w hich in  th e  case of th e  p lasm a- 
p ro teins h av in g  no d irec t role in  non-specific  resistance  (like th e  x 2M, h a p to 
globin) th e re  is no d ifference betw een  germ free and  conven tional an im als.

In  ou r ex p erim en t a fte r  tu rp e n tin e  t re a tm e n t th e  phagocy tic  in d ex  did  
no t rise  in  germ free an im als and  th e  level o f acu te  p h ase  p ro te in s also rose 
less th a n  in co n v en tio n a l contro ls.

It is know n  th a t  Xj-acid g lycopro te id  in h ib its  ch em o tax is , opson iza tion  
and  ingestion  [12, 13]. an d  th a t C oeruloplasm in has a role in  th e  e lim ina tion  
of th e  su p e rac tiv e  free oxygen rad ica ls  evo lv ing  d u rin g  phagocytosis [21].
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T h e  serum  level o f th ese  tw o p ro te in s  changes in  para lle l w ith  th e  change of 
p h ag o cy tic  function . T herefore  our find ing  th a t  th e  serom ucoid  and Coerulo
p la sm in  levels are ris ing  as a re su lt of th e  in fla m m a tio n  induced  b y  tu rp e n tin e , 
a n d  th is  rise is less in  germ free th a n  in  co n v en tio n a l an im als, can  be ascribed  
to  th e  decreased p hagocy tosis  o f germ free an im als.

A fte r  tu rp e n tin e  tre a tm e n t, th e  to ta l  leu k o cy te  coun t an d  th e  n u m b er of 
P M N  granu locy tes show ed a sim ilar change in  b o th  groups, an d  th e  rise w as 
ev en  h ig h er in  germ free th a n  in  co n v en tio n a l an im als. A possib le ex p lan a tio n  
fo r th is  could be th a t  besides an  an c ien t h u m o u ra l reg u la tio n  (leucopoietin  
e ffec t), a phy lo g en e tica lly  y o u n g er an d  m ore m obile neu roendocrine  re g u la 
tio n , to o  p lays an  im p o r ta n t role in  th e  in f la m m a to ry  reac tio n  o f p erip h era l 
leu k o c y te s , and  th is  reac tio n  depends less on th e  presence o r absence o f th e  
b a c te r ia l  flo ra  th a n  th e  an c ien t one [12]. I t  th ere fo re  seem s th a t  besides th e  
specific  im m une response  th e  no rm al b ac te ria l f lo ra  plays an im p o r ta n t role in 
th e  d ev e lo p m en t o f non-specific  res is tan ce  (phagocytosis).

Acknoivledgements. O ur th a n k s  a re  due to  Mrs E l i s a b e t h  L u k a v e c z  an d  Mrs E s z t e r  
B a r t a  for skilled tech n ica l assistance.
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SALT TOLERANCE OF AZOSPIRILLUM BRASILENSE

А. У .  R a o  a n d  B .  V e n k a t e s w a r l u

D iv is io n  o f  S o il-W ater—P lant R ela tionsh ip , Central A rid  Zone Research In stitu te ,
Jo d h p u r , In d ia

(R eceived M arch  15, 1984)

T he e ffec t o f various sa lts  on th e  g row th  an d  N 2-ase a c tiv ity  o f A zo sp irillu m  brasilense 
was tes ted . B ica rb o n a te  was found  to  be th e  m o st to x ic , followed by ch lorides and  su lp h a te . 
T o lerance of A . brasilense to  these  sa lts  was co m p arab le  to  th a t  of m an y  species of R hizobium . 
S O j~  was s tim u la to ry  to  g row th  and N 2-ase a c t iv ity  up  to  40 m eq. T he process o f N 2-fix a tio n  
(N 2-ase a c tiv ity )  was found  to  be m ore sensitive  to  a ll th e  sa lts te s ted  as com p ared  to  g row th .

A zosp ir illu m  has been receiv ing m uch  a tte n tio n  re c e n tly  in  view  o f its  
n itro g en  f ix in g  p ro p e rty  associated  w ith  a large num ber of grasses and  g ra in  
crops [1, 2 ]. S tud ies on its  tax o n o m y , physio logy  and  in o cu la tio n  effects on 
several p la n ts  have been rep o rted  b y  T a rra n d  e t al. [3], D öbere iner an d  
D epolli [4] an d  V enkatesw arlu  and R ao  [5 |. T here is, how ever, no in fo rm a tio n  
ava ilab le  on  th e  in fluence  of v a rious en v iro n m en ta l fac to rs  like sa lin ity , 
desiccation  and  te m p e ra tu re  on th is  o rgan ism , w hich w ould  be essential for 
u n d e rs ta n d in g  its su rv iv a l and  e s ta b lish m e n t in the  soils an d  rh izosphere . T he 
p re sen t p a p e r  rep o rts  on a s tu d y  of th e  effect o f d ifferen t sa lts  on th e  g ro w th  
and  N 2-ase a c tiv ity  of A zosp irillum  brasilense u n d er la b o ra to ry  cond itio n s.

M aterials an d  m ethods

T he A . brasilense cu ltu re  used  in these  ex p erim en ts  was iso lated  by  th e  au th o rs  from  
th e  roo ts  o f P ennisetum  am ericanum  (L .) L eeke, an d  iden tified  accord ing  to  th e  c lassification  
suggested  by  T a rra n d  e t al. [3].

To s tu d y  th e  effect o f various sa lts on g ro w th  (OD ), n itrogen  free m a la te  liqu id  m ed ium  
of D öbereiner an d  D ay  [1] (C om position g/1: m alic  acid, 5.0; K .,H P O „  0.5; FeS O , • 7 H .,0 , 
0.01; M gSO , • 7 H 20 ,  0.2; NaCl, 0.1; CaCl2 • 2 H 20 ,  0.02; N a 2M o 0 4 • 2 H 20 ,  0.002; K O H , 
4.7; p H  a d ju s te d  to  7.0) su p p lem en ted  w ith  250 p p m  am m onium  su lp h a te  was used  as th e  
basal m edium . F iv e  sa lts (NaCl, KC1, MgCl2, N a 2S 0 4 and  N a H C 0 3) w ere ad d ed  to  th is  m ed iu m  
before s te riliz a tio n  so as to  give a fin a l c o n ce n tra tio n s  o f 0 to  300 m eq of C l-  and S O j“  and  
o f 0 to  200 m eq  of HCO^. E ach  co n cen tra tio n  w as rep lica ted  th rice . T he m ed iu m  was la te r  
d is tr ib u te d  in  20 ml tu b es o f 6 m l each. In o c u la tio n  was done w ith  0.2 m l pure  w ashed cell 
suspension (0.6 O D ) of A . brasilense grow n in n u tr ie n t  b ro th  for 4 d ays. T he tu b es  w ere in 
cu b a ted  a t  30 °C for 72 h  and th e  OD w as m easu red  a t  520 nm  b y  a S y stron ics S p e c tro 
pho to m eter.

A. V. R ao , B. V e n k a t e s w a r l u
D ivision o f S oil-W ater-P lant R elationship, Central Arid Zone R esearch Institu te  
Jodhpur 342 003 India
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F o r stu d y in g  th e  e ffec t o f sa lts on N 2-ase a c tiv ity , N -free sem i-solid  m ala te  m ed ium  
w ith  0 .175%  agar w as u sed . C u ltu res were g row n in  7 m l serum  v ia ls co n ta in in g  3 ml m ed ium  
w ith  sa lts  a t d ifferen t co n ce n tra tio n s . In o cu la tio n  w as done w ith  0.1 m l o f pu re  cell suspension 
(OD 0.6). A fter in cu b a tio n  a t  30 °C for 2 days th e  c o tto n  plugs w ere rep laced  w ith  suba  seals 
and  10%  air from  each tu b e  w as rep laced  w ith  ace ty len e. T he e th y len e  form ed a fte r in cu b a tio n  
a t  30 °C for 24 h was e s tim a te d  b y  an  A IM IL -N u co n  gas c h ro m a to g rap h  em ploying a po ropak- 
T -co lum n (2 x 0 .0 0 3  m ) w ith  N 2 carrier gas a t  a flow  ra te  o f 30 m l m in -1 . The a c tiv ity  was 
expressed  as nm oles o f C2H 4 p ro d u ced  per hour.

R esults an d  discussion

A m ong th e  sa lts  te s te d , b ica rb o n a te  w as found  to  be th e  m ost tox ic  to
A . brasilense, follow ed b y  chlorides an d  su lp h a te  (F ig . 1). H C 0 3 a t 60 m eq 
com pletely  in h ib ited  N 2-ase a c tiv ity  a lth o u g h  traces of g ro w th  could be found  
up to  80 m eq. T here  w as a 95%  red u c tio n  in  g row th  an d  N 2-ase a c tiv ity  a t

-C

Fig. 1. E ffec t of H C O 3 a n d  S 0 4 on g ro w th  (a a ) and
A . brasilense

оо
а»U)a
CN2

N.,-ase a c tiv ity  ( •  • )  o f
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40 m eq HCOjf. S tud ies on salt to le ran ce  of several rh izo b ia l s tra in s  in d ica ted  
th a t  m ost of th e  s tra in s  from  lucerne , b lack  gram  an d  pea were in h ib ite d  by  
0.2 to  0 .4%  N a H C 0 3, eq u iv a len t to  25 to  50 m eq HCOj" [6, 7]. I t  ap p ears  
th a t ,  like m ost of th e  s tra in s  of R hizobium , A . brasilense is also sensitive  to  
lowT co n cen tra tio n s o f H C 0 3“.

A m ong chlorides, NaCl was th e  m ost in h ib ito ry  fo r g row th , follow ed by  
KC.I an d  MgCl2 (T able I) , b u t the  m ax im u m  red u c tio n  in  N 2-ase a c tiv ity  was 
observed  w ith  KC1. T h ere  w as a g rad u a l decline in  N 2-ase a c tiv ity  w ith  all 
th e  sa lts  up to  300 m eq  b u t g row th  w as s tim u la te d  a t low co n cen tra tio n s 
(up to  100 meq) of M gC l2. S tim u la tio n  of grow th o f R hizob ium  b y  M gCl2 and  
M g S 0 4 w as rep o rted  also b y  Y ad av  an d  Y yas [6] w ho a t t r ib u te d  th e  p h e n o m 
enon to  th e  im p o rtan ce  of m agnesium  for Rhizobium  |8 ] an d  A . brasilense 
m igh t also be re spond ing  to  th is  e lem ent in  a sim ilar w ay .

A lthough  A . brasilense could grow  even w ith  300 m eq chloride as N aCl 
and KC.I. th e  N 2-ase a c tiv ity  was com plete ly  in h ib ited  b y  250 m eq (T able I I ) .  
S im ilarly , MgCl2 did n o t  affect g ro w th  up to  100 m eq b u t  a t  th is  c o n c e n tra 
tio n  caused  a s ign ifican t red u c tio n  in  N 2-ase a c tiv ity . These resu lts suggest 
th a t  in  th is  b ac te riu m  th e  process o f N .,-fixation  is m ore  sensitive to  sa lts  
th a n  g row th .

T h e  resu lts of ea rlie r stud ies on sa lt to le rance  o f m icroorganism s like 
R hizobium  were fa r fro m  un iform  [6, 9, 10]. D ifferen t s tra in s  from  th e  sam e 
host show ed v a ry in g  to le ran ce  (0.2 to  3 .0% ) to  NaCl. H ow ever, G raham  and  
P a rk e r [11] rep o rted  th a t  excep t R hizobium  meliloti all o th e r  rh izob ia  w ere 
in h ib ite d  b y  2 .0%  N aCl (340 m eq C l- ). S tra ins of R . meliloti show ed 3 0 -4 0 %  
grow th  even w ith  3 .0 %  NaCl [6]. A . brasilense show ed a 60%  in h ib itio n  of 
g row th  a t  300 m eq C l-  (1 .75%  N aC l), w hich in d ica tes  th a t  th e  salt to le ran ce  
of th is  organism  is co m p arab le  to  m ost o f th e  rh izobial s tra in s  excep t R . m eliloti.

T able  I

In fluence o f  chlorides on the growth o f  A . brasilense

Concentration
Growth (optical density)

of Cl (meq)
NaCl KC1 MgCl2

0 0.304
50 0.281 0.298 0.312
75 0.272 0.280 0.385

too 0.251 0.265 0.320
150 0.225 0.236 0.295
200 0.201 0.192 0.248
250 0.158 0.163 0.201
300 0.129 0.141 0.182

LSD  (P  =  0.05); sa lts : 0.027; concen tra tions: 0.059; in te rac tio n : 0.089
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Table II

Effect o f  chlorides on N.^-ase activity o f  A . brasilense

C oncentration
N 2-ase a ctiv ity  n m oles C2H 4 t u b e - 1!!-1

o f C l-  (m eq)
NaCl KC1 M gCl,

0 1 0 5 .3
5 0 8 0 .7 7 1 . 4 1 0 2 .3
7 5 7 4 .3 5 2 .2 9 8 .6

1 0 0 5 9 .1 3 6 . 4 8 6 .4
1 5 0 3 2 .2 2 5 . 1 6 5 2 .9
2 0 0 2 0 .8 1 3 .2 6 4 0 . 0
2 5 0 7 .2 1 .4 9 1 8 .7
3 0 0 0 0 2 .8

LSD  (P =  0.05); sa lts : 2.45; concentra tions: 4.47; in te rac tion : 12.2

T here was a s tim u la tio n  of g row th  a n d  N 2-ase a c tiv ity  up  to  20 m eq of 
SO ,—  added as N a 2SO , (F ig . 1), b u t w hen  th e  co n cen tra tio n  exceeded 100 
m eq  i t  was found  to  he  even m ore in h ib ito ry  th a n  w ere th e  chlorides. This 
w as in  co n trast w ith  th e  re su lts  of Y ad av  an d  V yas [6] w ho did  n o t fin d  any  
s tim u la tio n  of R. m eliloti b y  su lphates. T h u s  SO y appears to  be m ore critical 
th a n  chlorides because  S 0 4_ ~ becam e h ig h ly  tox ic  beyond 200 m eq.

F ro m  these  re su lts  i t  m ay  be concluded  th a t  th e  N 2-fix a tio n  process 
(N .,-ase ac tiv ity ) in  A . brasilense is m ore sensitive  th a n  its  g ro w th  to  all th e  
s a lts  and  th is b a c te riu m  has a com parab le  degree of sa lt to le ran ce  to  th a t  of 
m a n y  species of R hizob ium . F u r th e r  s tu d ies  on th e  effect o f sa lts  on n itrogen  
f ix a tio n  are, how ever, necessary  to  u n d e rs ta n d  th e  m echan ism  of salt ac tion  
on  th e  enzym e, i.e. th e  in h ib itio n  of enzym e syn thesis  or th e  a c tiv ity  of th e  
en zy m e already  fo rm ed .

Acknowledgement. T h e  a u th o rs  wish to  th a n k  D r. A. N. L a h i r i , H ead  of th e  D ivision 
o f Soil—W a te r-P la n t R e la tio n sh ip , for his keen  in te re s t  and en co u rag em en t in th is s tu d y .
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INTERFERON PRODUCTION 
RY AND RADIOPROTECTIVE EFFECT 

OF POLY 1 : C AND TILORONE IN MICE EXPOSED 
TO HELIUM ALPHA IRRADIATION

M a r g a r i t a  T á l a s , B o r i s  F e d o r e n k o , L á s z l ó  B á t r a i  a n d  I v a n a  S t ö g e r

N ational In stitu te  o f  H ygiene, B udapest, H ungary, and  
Institu te  o f  M edicobiological Problems, M oscow, U S S R

(R eceived  A pril 3, 1984)

Serum  in te rfe ro n  p ro d u c tio n  in d u ced  by  po ly  I : C and  tilo rone  and th e ir  ra d io p ro 
tec tiv e  effect in  m ice exposed to  Н е -a lp h a  p a rtic le s  w as s tud ied . T he resu lts  were com p ared  
to  th o se  o bserved  a f te r  exposure o f m ice to  acu te  “ 'C o-gam m a irrad ia tio n . In te rfe ro n  p ro d u c 
tio n  in duced  b y  p o ly  I : C was depressed  b y  Н е-a lp h a  irrad ia tio n  less th a n  th a t  in d u ced  by  
tilo rone . T re a tm e n t o f mice w ith  po ly  I : C or tilo rone  before Н е -a lpha  irrad ia tio n  h a d  no 
effect on  th e  m o r ta lity  of an im als in  c o n tra s t to  th e  rad io p ro tec tiv e  a c tiv ity  o f th ese  com 
pounds ag a in s t 60Co-gam m a irrad ia tio n .

In te rfe ro n  (IF N ) p ro d u c tio n  in m ice exposed to  X -irra d ia tio n  was 
s tu d ied  p rev io u sly . Ju liién  an d  de M aeyer [1] an d  de M aeyer e t al. [2] ex am in ed  
th e  effect of a c u te  X -irra d ia tio n  on v iru s-in d u ced  IF N  p ro d u c tio n  and  o bserved  
th a t  ra d io se n s itiv ity  of th e  process depended  on th e  v ira l inducer app lied . O ur 
ex p erim en ts  show ed th a t  a cu te  and  frac tio n a l X -irrad ia tio n  d im in ished  IF N  
p ro d u c tio n  in d u ced  b y  N ew castle  D isease V irus (N D V ), b u t  had  no in flu en ce  
on Sem liki F o re s t V irus, po ly  I : C and  Escherichia coli lipopo lysaccharide- 
induced  m ouse in te rfe ro n  sy n th esis  [3, 4]. F u r th e r , i t  w as found  th a t  s im ila r 
to  X -ir ra d ia tio n  IF N  response to  poly  I : C w as no t reduced  by  i0C o-gam m a 
irra d ia tio n , b u t  N D V -induced serum  IF N  ti tre s  were depressed  [5].

T he possib le  rad io p ro tec tiv e  a c tiv ity  o f IF N  inducers w as also s tu d ie d . 
Sem ina e t al. [6] observed th a t  po ly  I : C p re tre a tm e n t p ro longed  th e  su rv iv a l 
o f a c u te ly  X -ir ra d ia te d  m ice an d  a c tiv a te d  th e ir  haem opoie tic  stem -cells. 
P re tre a tm e n t o f  mice w ith  po ly  I : C, NDV and  E . coli en do tox in  re su lted  in 
a 2 -2 .5  fold increase in th e  n u m b e r of k a ry o cy tes  in mice ir rad ia ted  w ith  
h igh  energy  p ro to n s  [7]. M oreover, th e  n u m b e r of a b e rra n t m itoses decreased . 
W hile in  p ro to n -irra d ia ted  m ice th e  n u m b e r of a b e rra n t m itoses was a b o u t 
3 7 % , in  an im als  tre a te d  w ith  IF N  inducers i t  was 2—4 tim es less [8]. T h e
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rad io p ro tec tiv e  a c tiv ity  o f  po ly  I  : C, tilo ro n e  and  poly G : C in  mice exposed 
to  acu te  X -ra y  and  p ro lo n g ed  cuC o-gam m a ir ra d ia tio n  was also show n [9, 10].

In  th is  rep o rt re su lts  referring  to  IF N  p ro d u c tio n  induced  b y  po ly  I  : C 
an d  tilo ro n e  and th e  rad io p ro tec tiv e  a c t iv i ty  of these  com pounds in  m ice 
ir ra d ia te d  w ith  high en e rg y  Н е-alpha p a rtic le s  have been com pared  to  those 
observed  a fte r  ex p o sitio n  o f  mice to  acu te  C o-gam m a irrad ia tio n .

M aterials an d  m ethods

E xperim enta l an im a ls. In b re d , 8—10 w eeks old C B A x  C sjB ldF]) m ice of b o th  sexes 
w eighing 18-20 g, were u sed . E a c h  group consisted  of 20-25 mice.

Irradiation . Mice w ere exposed  to  h eav y  ions o f  helium  (a lpha-p artic les) in doses o f 2, 
4, 5, 6 , 7 and  8 Gy w ith  e n erg y  of 1.8, 3.3 an d  4.6 G eV/nuclon. L inear energy  tran sm iss io n  
(L E T ) w as 8.3 and  8.8 MeV • g -1  • c m -2, th e  in te n s ity  o f irrad ia tio n  0.055 Gy/sec. T he source 
of Н е -a lp h a  partic les w as th e  sy n ch ro p h aso tro n  o f th e  U n ited  In s t i tu te  o f N uclear In v e s tig a 
tio n s  (D u b n a , U SSR ). 6"C o-gam m a irrad ia tio n  w as ad m in iste red  b y  m eans o f a P X -gam m a-30  
a p p a ra tu s . Doses app lied  ra n g e d  from  2 to  8 Gy. In te n s ity  o f ir rad ia tio n  was 0.004 Gy/s.

I F N  induction. P o ly ribo inosin ic—p o ly rib o cy tid y lic  acid (poly  I : C) (C albiochem ), and 
tilo ro n e  d ihydroch lo ride  (k in d ly  d o n a ted  by  D r. R . F . K rueger, T he M errell N a tio n a l L ab o 
ra to ries , C incina tti, U SA) w ere used  as IF N  in d u cers. P o ly  I : C was in jec ted  in tra p e rito n ea lly  
in a  dose of 2.5 m g/kg, 1 d a y , 3 and 5 days a f te r  ir rad ia tio n . T ilorone was app lied  in tra -  
g a s tr ic a lly  (200 m g/kg) a t  10 a n d  48 h, and 7 d a y s  a f te r  irrad ia tio n . Mice w ere ex san g u in a ted  
by  p u n c tu re  of th e  o rb ita l p lex u s  2 h a fte r in je c tio n  of po ly  I : C an d  18 h  a fte r a d m in is tra 
tio n  o f tilo rone.

I F N  assay. M ouse se ru m  IF N  was assay ed  in  m ic ro tes t (Fa lcon  TC p la tes) by  m eans 
of th e  C P E  in h ib itio n  m e th o d  [11] in L-929 p e rm a n e n t m ouse fib ro b la s t cu ltu res  using  ence- 
p h a lo m y o card itis  (EM C) v iru s  fo r challenge.

L ab o ra to ry  m ouse I F N  s ta n d a rd  was co m p ared  to  th e  W H O  In te rn a tio n a l R eference 
P re p a ra t io n  (Mouse in te rfe ro n  12 000 IU /m l N IA ID -N IH , B e th esd a , USA). IF N  ti t r e s  were 
ex pressed  in  in te rn a tio n a l u n i ts  (IU ).

Prophylactic treatm ent. P o ly  I : C in  a dose o f 2.5 m g/kg was in jec ted  in tra p e rito n ea lly  
in to  m ice 2 h  before ex p o sitio n  to  c0Co-gam m a ra y s  and  Н е-a lpha  p a rtic les. T ilorone (200 
m g/kg) w as adm in iste red  to  m ice in tra g as tric a lly  18 h  before “ Co-gam m a and  H e-a lp h a  
irrad ia tio n . M o rta lity  o f m ice  w as registered  on  th e  3 0 th  d a y  a fte r  irrad ia tio n .

S ta n d a rd  erro r o f  p e rce n ta g e  was ca lcu la ted  accord ing  to  th e  eq uation

w here  p  =  m o rta lity  in  p e r  c en t, n  =  n u m b er o f an im als .

R esults

Interferon production  induced by p o ly  1 : C and tilorone in Н е-alpha and  
lwCo-gamma irradiated mice. The effect o f <i0Co-gam m a and  Н е-a lpha  ir ra d ia 
tio n  on poly  I  : C -induced  serum  IF N  p ro d u c tio n  in  m ice is p resen ted  in 
T ab le  I . 60Co-gam m a irra d ia tio n  h ad  no effect on IF N  p ro d u c tio n  of mice. 
E x p o su re  of mice to  th e  low est dose (2 G y) of Н е-a lpha  partic les was w ith o u t 
e ffec t on IF N  sy n th es is . H igher doses (4 G y an d  6 Gy) depressed  IF N  p ro d u c 
tio n  on th e  3rd d ay  a f te r  irrad ia tio n  to  one th ird  of th e  con tro l value. On th e
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T able  I

Production o f  poly I  : C-induced interferon in  mice exposed 
to G0Co gamma and Н е-alpha irradiation

Dose of 
irradiation

(Gy)

In terferon  titre  (IU) in 0.1 ml of se- 
Time of poly I : C rum* of mice exposed to  irradiation

adm inistration __ _______________________________
(days after irradiation)

""Co-gamma He-alpna

2
4
6

1

280 ±  40 
290 ±  62 
303 ±  53 
289 ±  69

280 ±  40 
305 ±  25 
292 ±  57 
105 ±  28

300 ±  25 300 ±  25
2 292 ±  31 308 ±  42
4 3 304 ±  28 92 ±  18
6 320 ±  22 52 ±  15

— 260 ±  28 260 ±  28
2 279 ±  35 256 ±  17
4 5 301 ±  37 262 ±  21
6 295 ±  31 71 ±  15

Polyriboinosinic-polyribocytidylic  acid  (poly  1 : C), 2.5 m g/kg, was in jected  in trap eri- 
toneally . Blood was ta k e n  2 hours after ad m in is tra tio n  of inducer. E nergy  of Н е-ions was 4.6 
GeV/nuclon

* Mean ±  SD

5 th  d a y  a fte r ir ra d ia tio n  IF N  p ro d u c tio n  decreased  only w hen the  h ighest 
dose (6 Gy) was used .

In  T able I I  th e  effect of C o-gam m a and Н е -a lpha  irrad ia tio n  on tilo rone- 
in d u ced  IF N  p ro d u c tio n  is shown. T en  hours a fte r  2 Gy C o-gam m a-rays IF N  
p ro d u c tio n  was u n a lte re d ; its n o tab le  depression  was observed  only a fte r  
h ig h er (4 and  6 Gy) doses. Two days a f te r  g am m a-irrad ia tio n  the  depression 
was m ore p ronounced  and  a s ig n ifican t decrease of th e  serum  IF N  levels 
(5 -1 0 %  of th e  n o n -irra d ia te d  contro ls) w as seen a t  exposure to  doses o f 4 Gy 
and  6 G y. Seven d ay s  a fte r  exposition  to  2 G y C o-gam m a-rays IF N  p ro d u c 
tio n  reach ed  a lread y  th e  control level. In  th e  g roups exposed to  4 G y and  
6 G y, IF N  p ro d u c tio n  began to  a p p ro ach  th e  n o rm al values. A fter H e-a lpha  
ir ra d ia tio n  a s trong  decline of tilo ro n e-in d u ced  IF N  syn thesis w as observed  as 
soon as 10 h a fte r exposition . In  m ice ir ra d ia te d  w ith  th e  low est dose (2 G y), 
th e  IF N  t i tre  was a b o u t 8 tim es less th a n  in n o n -irrad ia ted  con tro ls and  w hen 
h ig h er doses (4 Gy an d  6 Gy) were a p p lied , i t  d id  n o t reach  assayab le  values. 
Two d ay s  a fte r a lp h a  partic le  ir ra d ia tio n  th e  depressing  effect was sim ilar as 
a t  10 h . One week a f te r  exposition to  a lp ha-ions, th e  tilo rone-induced  IF N  
t i tre  w as still s ig n ifican tly  lower th a n  th o se  o f contro ls, h u t a ten d en cy  to
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Table II

Production o f  tilorone-induced interferon in  mice exposed 
to c,i)Co-gamma and lie-a lpha  irradiation

Dose of 
irradiation

(Gy)

Time of tilorone 
adm inistration 

(after irradiation)

Interferon titre  (IU) in 0.1 ml of se
rum * of mice exposed to irradiation

eoCo-gamma He-alpha

504 ±  43 504 ±  43
2 495 ±  50 60 ±  12
4 10 h 250 ±  23 < 1 0
6 160 ±  21 < 1 0

2
4
6

48 h

520 ±  32 
301 ±  24 

68 ±  13 
25 ±  8

520 ±  32 
124 ±  25 

< 1 0  
< 1 0

480 ±  52 480 ±  52
2 505 ±  32 250 ±  30
4 7 days 320 ±  25 40 ± 1 3
6 250 ±  27 < 1 0

Tilorone (200 m g/kg) w as given in trag astrica lly . Mice were exsanguinated  18 hours a fte r 
tilo rone  ad m in istra tion . E n erg y  of Н е-ions w as 3.3 GeV/nuclon 

* M ean ±  SD

Table II I

E ffect o f  prophylactic adm inistra tion  o f  po ly  I  : C 
on mortality o f  mice exposed to 60Co-gamma 

arid Н е-alpha irradiation

T rea tm en t

M ortality  of mice (%) on the 30th day after 
exposure to

5 Gy 6 Gy 7 Gy

60C o-gam m a 
poly I : C +  

60C o-gam m a

4.2 ±  1.3 

0

10.5 ±  1.6

0

32.0 ±  2.5 

5.2 ±  1.1

H e-alpha
poly 1 : C I 

H e-a lp h a

7.2 ±  6.9 50.0 ±  13.4 96.7 ±  3.3

7.1 ±  6.7 35.7 ±  12.8 85.7 ±  9.3

Polyriboinosin ic-polyribocytidylic  acid (poly I : C) was adm in istered  in trap erito n ea lly  
(2.5 m g/kg) 2 hours before  irrad iation . E nergy  of Н е-ions was 4.6 GeV/nuclon
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Table IV

Effect o f  prophylactic adm inistra tion  o f  tilorone on mortality  
o f  mice exposed to 60Co-gamma and He-alpha irradiation

T reatm ent

M orta lity  of mice (% ) on 30th day after exposition to

5 Gy 6 Gy 7 Gy 8 Gy

,i0Co-gam m a 
T ilorone -j-

5.1 ±  1.8 12.5 ±  1.7 25.0 ±  2.5 49.5 ±  5.4

60C o-gam m a 0.2 ±  0.1 1.5 ±  1.2 5.2 ±  1.1 10.4 ±  2.5

H e-alpha 
T ilorone -f-

12.5 ±  8.3 31.3 ±  11.6 96.7 ± 0 .3 100

H e-alpha n.d .*  37.5 ±  12.1 100 100

Tilorone w as adm inistered in tra g as tric a lly  (200 m g/kg) 18 hours before irrad ia tion . 
E n erg y  of Н е-ions w as 1.8 GeV/nuclon (doses 5 and 6 Gy) and 4.6 GeV/nuclon (doses 7 and 8 Gy) 

* N o t done

n o rm aliza tio n  w as observed. A fte r  ir ra d ia tio n  w ith  2 G y, th e  IF N  level a p 
p ro ach ed  50%  o f th e  control, a f te r  4 G y th e  IF N  t i tre  was low  and  a fte r 6 G y 
it w as under th e  assayable level.

Radioprotective activity o f  p o ly  I : C and tilorone. T he resu lts  concerning 
th e  effect of p ro p h y lac tic  a d m in is tra tio n  o f poly  I : C on th e  m o rta lity  of 
m ice exposed to  Co-gam m a and Н е-a lp h a  irra d ia tio n  are p resen ted  in T able  I I I .  
W hen  C o-gam m a irrad ia tio n  w as p receded  b y  poly  I  : C tre a tm e n t, no m o r
ta l i ty  was observed  in the  groups ex p o sed  to  5 Gy and  6 G y. In  m ice ir ra d ia te d  
w ith  7 Gy a n o tab le  depression o f  m o rta lity  was observed. P re tre a tm e n t of 
m ice w ith  poly I  : C before Н е-a lp h a  ir ra d ia tio n  was, in c o n tra s t to  Co-gam m a 
irra d ia tio n , w ith o u t effect on m o r ta l i ty , regard less of th e  dose applied .

T he effect o f tilorone p re tre a tm e n t on th e  m o rta lity  of m ice irra d ia te d  
w ith  eoC o-gam m a ray s and Н е-a lp h a  partic les  is show n in  T ab le  IV . T ilorone 
app lied  18 h before Co-gamma ir ra d ia t io n  s tro n g ly  in fluenced  th e  m o rta lity , 
w h a te v e r the  dose o f irrad ia tio n . O n th e  c o n tra ry , p ro p h y lac tic  a d m in is tra 
tio n  of tilo rone before Н е-alpha ir ra d ia tio n  w as w ith o u t effect on th e  m o r
ta l i ty  o f mice.

D iscussion

Since 1961, w hen  the  firs t co sm o n a u t w as sen t to  Space, a n u m b er of 
p rob lem s have arisen  concerning th e  effect of cosm ic ra d ia tio n  on the  h u m an  
o rgan ism . I r ra d ia tio n  by  pro tons a n d  h eav y  ions of d ifferen t energies as p a r t  
of cosm ic ra d ia tio n  could end an g er m an  d u rin g  long-term  spacefligh t, es
pec ia lly  in the  periods of p ro tu b eran ces .
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N evzgodina an d  M aksim ova [12] s tu d ie d  th e  in fluence  of h eav y  com 
p o n en ts  of galactic  cosm ic ra d ia tio n  on le ttu c e  (Lactuca sa tiva )  cells flow n on 
b o a rd  o f “ Cosmos 1129” .T h e y  found  sig n ifican t cy togene tic  d ifferences betw een  
seedlings w hich w ere h it  b y  heavy  charged  p artic les and  tho se  th a t  rem ained  
in ta c t .

I n  lab o ra to ry  ex p e rim en ts  th e  effect o f h eavy  ions on various cells was 
m ore in ten se  th a n  th a t  o f  s ta n d a rd  (X  an d  gam m a) irrad ia tio n s . G ovorun  et 
al. [13] in v es tig a ted  th e  cy togenetic  effects o f p ro to n s, d eu te ro n s and  H e-ions 
on b one  m arrow  an d  co rn ea l ep ithe lia l cells o f m ice, Y 79-4 Chinese h a m ste r  
cells an d  h u m an  leu k o cy te s . T hey  observed  th a t  th e  re la tiv e  biological effect 
(R B E ) coefficients o f h igh  energy pa rtic le s  v a ried  from  1.3 to  2.7 depend ing  
on th e  cell ty p e  and  th e  p a ra m e te rs  m easured .

T he increase in  th e  n u m b e r of chrom osom e ab e rra tio n s  and th e  d ep res
sion o f bone m arrow  p ro life ra tio n  was in  good co rre la tion  w ith  th e  irra d ia tio n  
dose. M oreover, it  w as found  th a t  12C ions h ad  the  h ighest and 22N a ions the 
low est R B E  coefficien ts [14, 15].

T he resu lts show ed th a t  p ro d u c tio n  o f IFIN in m ice is h igh ly  sensitive  to  
Н е -a lp h a  partic les w h en  po ly  I : C an d  tilo ro n e  are used  as inducers. Po ly  
I : C induced  IF N  sy n th es is  was depressed  b y  Н е-a lpha  irra d ia tio n  w ith  th e  
m ax im u m  im p a irm en t seen on th e  3rd d ay  a fte r  exposure  to  4 Gy an d  6 Gy. 
W hen  tilo rone  was ad m in is te red , serum  IF N  p ro d u c tio n  decreased as early  as 
10 h a f te r  ir ra d ia tio n  ev en  a fte r a dose o f 2 Gy. A fter 4 G y and  6 G y, serum  
IF N  could no t be a ssay ed  10 and  48 h a fte r  exposition  to  alpha-ions.

In  b o th  cases o f  IF N  in d u c tio n , th e  IF N  p ro duc ing  system  show ed a 
te n d e n c y  to  n o rm a liza tio n  1 week a fte r  ir ra d ia tio n . R ecovery  was m ore p r o 
nounced  a fte r C o-gam m a th a n  a fte r l ie -a lp h a  irrad ia tio n .

T he resu lts co n firm ed  th e  o b se rv a tio n  of G ovorun et al. [13] concern ing  
th e  in te n s ity  of th e  b io logical effect o f h ea v y  ions, an d  in d ica te  th a t  th e  IF N - 
p ro d u c in g  system  o f th e  organism  rep resen ts  a su itab le  o b jec t for fu r th e r  
in v es tig a tio n s . I t  h as  to  be ta k e n  in to  co nsidera tion  th a t  th e  effect o f He- 
a lp h a  irra d ia tio n  m an ife s ts  in an o th e r w ay  w hen d iffe ren t inducers are a d m in 
is te re d : poly I : C -induced  IF N  p ro d u c tio n  is m ore re s is ta n t to  th is  k in d  of 
ir ra d ia tio n  th a n  th a t  in d u ced  b y  tilo rone .

I t  is in te re s tin g  th a t  V orobyov et al. [16], co m p arin g  th e  p ro tec tio n  by  
b e ta -a lk y lam in e  a g a in s t e lec trom agnetic  rad ia tio n s  (X - an d  gam m a-rays) and  
h ig h  energy  p ro to n  ra d ia tio n s  found no sign ifican t d ifference in p ro tec tio n  
d u rin g  p ro to n  an d  s ta n d a rd  irrad ia tio n s . O ur p rev ious resu lts  show ed th a t  
po ly  I  : C and  tilo ro n e  ac ted  as effective rad io p ro tec to rs  against C o-gam m a 
irra d ia tio n  [9, 10]. In  co n tra s t, s im ila r t re a tm e n t o f mice irrad ia ted  w ith  
Н е -a lpha  partic les h a d  no influence  on th e ir  m o rta lity , ind ica tin g  th e  p os
s ib ility  of d ifferen t m echan ism s of rad io p ro tec tio n  in  th e  case of a lp h a  and 
g am m a irrad ia tio n .
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APPLICATION OF RADIO-DETOXIFIED ENDOTOXIN 
AS ADJUVANT FOR EXPERIMENTAL 
FOOT-AND-MOLTH DISEASE VACCINE

F . SÓLYOM and L .  B e RTOIC

P hylaxia  V eterinary Biologicals Co., B u d a p est, and  “ Frédéric Joliot Curie”
N ational Research Institu te  fo r  Radiobiology and R adiohygiene, Budapest

(Received M ay 3, 1984)

T he im m u n ity  e n h an c in g  a d ju v a n t a c t iv ity  o f rad io d e to x ified  endotox in  (R D -L P S ) 
on th e  p o ten cy  of “ C”  ty p e  fo o t-an d -m o u th  (FM D ) vaccine w as te s te d  in  d ifferen t an im al 
species. T he su itab le  q u a n ti ty  o f R D -L PS  (20 p g  p e r  m ouse) a d ju v a te d  a sm all th a n  a  h igh  
dose of FM D  antigen . I n  c a t t le  and  sheep th e  a d ju v a n t  effect of oil -f- R D  +  L PS su rp assed  
only sligh tly  th a t  o f oil a lone. T he effect of R D -L P S  in  th e  pig w as v e ry  pronounced  w hen  
applied in  sm all doses b u t  fu r th e r  studies in  la rg e r an im al p o p u la tio n s  have to  confirm  
th is  resu lt.

The en h an cem en t o f the  im m unogenic p o ten cy  of an tig en  by  m eans of 
d ifferen t a d ju v a n ts  (m in era l carriers, lan o lin , sapon in , b ac te ria l en d o tox ins, 
F reu n d ’s a d ju v a n t, q u a te rn a ry  am m onium  com pounds, e tc .) has been te s te d . 
The role and  s ign ificance  o f these su b stan ces was especially  im p o rta n t in  th e  
case of ce rta in  in a c tiv a te d  vaccines of low  im m unogenic  po tency .

A lthough  re m a rk a b le  success has b een  achieved b y  th e  app lica tion  of 
a tte n u a te d  v iru s v acc in es , th e  use of in a c tiv a te d  ones has been p re fe rred  
recen tly . T hus, i t  is m o re  an d  m ore essen tia l to  fin d  sub stan ces able to  im p ro v e  
or to  enhance th e  im m u n o g en ic ity  of th e  in a c tiv a te d  vaccines.

I t  has been  k n o w n  since long th a t  b a c te ria l endo to x in s  are excellen t 
a d ju v a n ts , b u t  th e y  cou ld  n o t be used b ecau se  even in  sm all doses th e y  h ad  
a toxic effect. T h erefo re , it has been tr ie d  to  p roduce detox ified  p ro d u c ts  
from  en d o to x in , an d  we have succeeded in  p roducing  b y  irrad ia tio n  such  a 
detoxified  endo tox ic  p ro d u c t w hich m a in ta in e d  its  im m u n o stim u lan t and  a d 
ju v a n t ac tiv itie s  [1 -6 ].

The o b jec t o f o u r s tu d ie s  Mas to  in v e s tig a te  th e  p ro b ab le  im p ro v em en t 
of th e  im m u n o g en ic ity  o f  in a c tiv a te d  fo o t-an d -m o u th  disease (FM D) v iru s  in  
various an im al species b y  m eans of ad d itio n  o f rad io -d e to x ified  endo tox in .
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M aterials and  m ethods

Radio-detoxified, endotoxin (R D -L P S ) . P re p a ra tio n  produced  from  th e  endo tox in  of th e  
E scherichia coli 0 8 9  s tra in  p rocessed  w ith  h e a ted  aqueous phenol so lu tio n  [7] b y  ra d io 
d e to x ifica tio n  of 5 M rad g am m a ra d ia tio n  accord ing  to  th e  m ethod  of B e rtó k  e t al. [1].

Oily adjuvant. F re u n d ’s oily, incom plete  a d ju v a n t  has been used  to  a d ju v a te  th e  
ex p e rim e n ta l vaccine.

F M D  vaccine. M on o v a len t vaccines of “ C”  ty p e  produced  b y  P h y la x ia  (B u d a p es t)  b y  
W ald m an n ’s m eth o d  [8]. T he v iru s  an tigen  w as in a c tiv a te d  by  fo rm alin  in  th e  vaccine, th e  
dose of th e  vaccine w as 2 m l/ca ttle .

C om plem ent-fixation test. T he an tig en  c o n te n t of th e  vaccine w as d e term ined  befo re  
in a c tiv a tio n  b y  m eans of th e  q u a n tita tiv e  co m p lem en t-fix a tio n  te s t  e lab o ra ted  b y  Czelleng 
a n d  Sólyom  [9], follow ing flu o ro carb o n  (A rcton  113) tre a tm e n t o f th e  v irus.

T he s ta n d ard ize d  co m p lem en t con su m p tio n  o f th e  v irus a n tig en  (1 C’H D 50 =  7 /Л) 
w as d e te rm in ed  in  th e  p resence  of an tise ru m  p ro m isin g  m axim um  reac tio n . The com p lem en t 
b in d in g  a c tiv ity  o f th e  v iru s a n tig e n  tre a te d  w ith  fluorocarbon , th e  q u a n ti ty  o f com p lem en t 
f ix ed  b y  u n it  q u a n ti ty , h as b een  expressed in  te rm s  o f F  and G values.

Laboratory anim als. M ouse. In  th e  course o f th e  exam in atio n  su b jec ts  w eighing 20 to  
22 g o f th e  F t g en era tio n  issued  from  th e  c ross-breed ing  of B A L B /c a n d  CBA in b red  m ouse 
s tra in s  w ere used . T he vacc ine  w as applied  su b cu tan eo u sly  in doses o f 0.2 m l/m ouse. Sheep. 
One- to  tw o-year-o ld  m erino  sheep w eighing 30 to  40 kg were used. A dose of 1 ml vacc ine /sheep  
w as app lied  subcu tan eo u sly . Cattle. Four- to  fiv e-m o n th -o ld  calves w eighing 60 to  80 kg  an d  
2- to  3-year-o ld  c a tt le  o f 300 to  400 kg w eigh t w ere used. A dose o f 2 m l/c a ttle  was ap p lied  
su b cu tan eo u sly . Pigs w eighing 30 to  40 kg w ere u sed ; th ey  were in o cu la ted  in tra m u sc u la r ly  
w ith  5 m l and  2 m l vaccine p e r  pig.

Potency tests, (a) К -index method. T he v iru s hom ologous to th e  vacc ine  was t i t r a te d  b y  
in je c tin g  i t  in to  th e  lingual m ucosa  of v a cc in a ted  a n d  non-v acc in a ted  an im als acco rd ing  to  
th e  m eth o d  of L ucám  e t al. [10]. T he q u o tien t o f th e  tw o  titre s  gave th e  in d ex  value. A lto g e th e r 
8 c a tt le  were used . T he vacc ine  p roved  efficacious if  its  index va lue  w as >  1.2 acco rd ing  to  
th e  official F ren ch  co n tro l s ta n d a rd .

(b) E -index  method. T h e  v iru s of FM D  hom ologous to  th e  vacc ine  w as t i t r a te d  in 
v a cc in a ted  and  n o n -v acc in a ted  mice [11]. A lto g e th e r 100 mice w ere used . T he q u o tie n t of 
th e  tw o  ti t r e s  gave th e  in d ex  value . The vacc ine  m et th e  re q u irem en ts  if  its  in d ex  v a lu e  
w as >  2.39 according to  th e  p o ten c y  s ta n d a rd  of P h y lax ia .

(c) M -in d ex  method. T h e  v iru s hom ologous to  th e  vaccine w as t i t r a te d  as ab o v e  in 
v a cc in a ted  and  n o n -v acc in a ted  sheep [12]. A lto g e th e r 8 sheep were used . T he q u o tie n t o f th e  
tw o  titre s  gave th e  in d ex  v a lu e . T he vaccine p ro v e d  a p p ro p ria te  if  i ts  in d ex  value  w as >  1.0 
acco rd ing  to  th e  official F re n c h  contro l s ta n d a rd .

(d) P ig  protection test. Tw o pigs in fected  w ith  th e  v irus hom ologous to  th e  vacc in e  w ere 
k e p t  to g e th e r w ith  3 pigs v a cc in a ted  21 days earlie r. E ac h  of th e  pigs w as considered p o sitiv e  
if  even a single a p h th a  w as fo u n d  on any  foot.

(e) S-index  method. D e te rm in a tio n  of th e  b lood  an tib o d y  co n te n t o f v acc in a ted  an im als 
w as carried  o u t b y  th e  S -index  m eth o d  [13]. T he vaccine m et th e  re q u irem en ts  if  its  in d ex  
v a lu e  w as >  1.5 accord ing  to  th e  official F re n c h  co n tro l s tan d ard .

R esults

I n  the f i r s t  study  th e  “ C”  ty p e  m o n o v a len t vaccine con ta ined  228.8 F  
an d  G FM D an tigen  in  1 c a ttle  dose (2 m l). D ilu tion  1 : 8 w as also p re p a re d  
from  th is  vaccine , in  such  a m an n er th a t  th e  an tigen  co n te n t v a ried  w hile 
th e  q u a n ti ty  of its  o th e r  co n stitu en ts  rem ain ed  co n stan t. T h is vaccine d ilu tio n
1 : 8 co n ta in ed  28.6 F  an d  G FM D v iru s  an tigen  in  1 c a tt le  dose. F ro m  b o th  
vaccines of d iffe ren t an tig en  co n ten t sam ples have been  p rep ared  w h ich  in
2 m l co n ta ined  200, 400 or 800/,Mg R D -L P S . The efficacy  of the  sam ples was 
te s te d  b y  th e  E -in d ex  m ethod  in a d u lts  m ice. R esults of th e  te s t are  su m 
m arized  in  T ab le  I.
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Table I

C o m p a r a t iv e  a n a ly s i s  b y  th e  E - in d e x  m e th o d  in  m ic e , 
o f  th e  e f f ic a c y  o f  F M D  v a c c in e  s a m p le s  c o n ta in in g  

d if f e r e n t  a n t ig e n  q u a n t i t y  a d ju v a te d  
b y  r a d io - d e to x i f i e d  e n d o to x in  ( R D - L P S )

A ntigen content of 0.2 m l vaccine dose 
RD -LPS expressed in F&G

22.9 2.3ixg 7
quantity/mouse dose ---

E-index

— 3.40 2.00
20 5.00 3.50
40 4.00 3.20
80 3.60 2.75

T he resu lts  show ed th a t  th e  FM D  an tig en  had successfully  been a d ju v a te d  
b y  R D -L P S . A lthough  R D -L PS  re m a rk a b ly  enhanced  th e  im m u n o g en ic ity  of 
th e  vaccines of h igher an tig en  co n te n t (especially  w ith  th e  20 /tg dose), b u t  
its  effect on th e  vaccines o f low er an tig en  co n ten t was m ore  m arked . V accines 
of low an tig en  co n ten t failed to  m eet th e  req u irem en ts  o f efficacy as th e ir  
index  v a lu e  did n o t a t ta in  th e  th resh o ld  va lu e  of 2.39, b u t  b y  R D -L P S  co m 
p lem en ta tio n  th e  m ice w ere im m unized  w ith  p roper efficacy . B y m ean  of 
o th e r a d ju v a n ts  (sapon in , D E A E -d e x tra n , F re u n d ’s a d ju v a n t)  th e  a c t iv i ty  of 
in ferior q u a lity  an tig en  could no t be im p ro v ed  to  such an  ex ten t.

In  the second s tu d y , th e  efficacy  of FM D vaccine of “ C” ty p e  d ilu te d  
1 : 8 an d  com plem en ted  b y  20 /rg R D -L P S  has been te s te d . The R D -L P S  w as 
e ith e r d irec tly  m ixed in to  th e  vaccine or in ocu la ted  se p a ra te ly  in to  th e  v a c 
c in a ted  m ice. The p o ten cy  te s t o f th e  vacc ine  sam ples w as carried  ou t b y  th e  
E -in d ex  m ethod . R esu lts  are p resen ted  in  T ab le  II.

P o te n c y  te s tin g  o f FM D  vaccine in  a d u lt mice (20 /<g/mouse) b y  th e  
E -in d ex  m eth o d  (a) R D -L P S  was d irec tly  m ixed  in to  th e  v acc ine ; (b) R D -L P S  
was in o cu la ted  se p a ra te ly  in to  s im u ltan eo u sly  v acc in a ted  m ice. In  the course 
of p o ten cy  te s tin g  i t  w as found  th a t  th e  p o ten cy  of vaccines com plem en ted  b y  
R D -L P S  w as h igher th a n  th a t  o f vaccines w ith o u t an y  a d ju v a n t, w hile R D - 
L PS app lied  sep a ra te ly  suppressed  th e  im m u n e  response.

In  the third study , FM D  vaccine o f “ C” ty p e  w as app lied  in  u n d ilu te d  
form  (228.8 F  and  G a n tig e n  p er dose) w ith  d ifferen t a d ju v a n ts . The p o te n c y  
of th e  vaccines was te s te d  in  c a ttle  an d  calves by  th e  K - an d  S-index. R esu lts  
are sum m arized  in  T ab le  I I I .

T he p ro tec tio n  in d e x  in c a ttle  t re a te d  w ith  oil an d  oil -)- R D  L P S  
a d ju v a te d  vaccines w as g rea te r th a n  th a t  afforded  b y  a lum in ium  h y d ro x id e  
gel vaccines, and  the  e fficacy  index  of all th ese  vaccines w as above the  th re s h 
o ld-value o f th e  K -index  (1,2) and  th e  S -index  (1,5).
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Table II

C o m p a r a t iv e  a n a l y s i s  b y  th e  E - i n d e x  m e th o d  o f  th e  e f f i c a c y  
o f  F M D  v a c c in e  o f  “C” t y p e  d i lu t e d  1 : 8  

a n d  c o m p le m e n te d  b y  2 0  f ig  R D - L P S

Antigen content of vaccine 
expressed in 

F&G/mouse dose

Quantity of 
RD-LPS 

|Ug per mouse
M anner of 
inoculation

E-index

2.9 VO 2.20
2.9 20 VST 1.69
2.9 20 VTM 3.72

VO =  Vaccine applied without RD-LPS complementation 
VST =  RD-LPS inoculated separately into simultaneously vaccinated mice 

VTM =  RD-LPS mixed directly into vaccine

Table III

C o m p a r a t iv e  a n a l y s i s  b y  th e  K -  a n d  S - in d e x  m e th o d s  o f  th e  e f f i c a c y  o f  F M D  
v a c c in e  o / “C” t y p e  c o m p le m e n te d  b y  d i f f e r e n t  a d ju v a n t s

Cattle

A djuvan t
K -index S-index

Calf
K-index

Л1(ОН)3 gel 1.37 2.61 0.98
Al(OH)3 +  oil 1.50 3.46 0.38
Oil 2.43 3.43 0.00
Oil +  1 mg RD-LPS/animal 2.45 3.71 0.91

The antigen content of each vaccine was 228.8 F&G/dose

Im m u n ity  could  n o t  be elicited in  calves by  oil vaccines, b u t th is  m ay  
have  been due to  som e erro r. The a d ju v a n t  a c tiv ity  of oil was no t fu r th e r  
au g m en ted  b y  R D -L P S  su p p lem en ta tio n .

I n  the fo u rth  experim ent, th e  e fficacy  o f th e  vaccine o f “ C”  ty p e  d ilu ted  
1 : 8 w ith  a s te a d y  an tig e n  con ten t of 28.6 F  and  G /dose w as stud ied . T he 
p o ten cy  of th e  vaccine w as tested  in c a tt le  b y  the  К -index  m ethod . R esu lts  
are p resen ted  in T ab le  IV .

The “ C”  ty p e  vacc in e  d ilu ted  1 : 8 fa iled  to  im m unize  c a ttle  su ita b ly  
even w ith  th e  u su a l A l(O H )3 -(- saponin  a d ju v a n t. Oil p roved  to  be an e ffica 
cious a d ju v a n t in  th is  case, too. The co m p lem en ta ry  R D -L P S  ju s t  boosted  
the  im m u n ity .

I n  the f i f th  experim ent th e  p o ten cy  o f  th e  sam e vaccines was te s te d  b y  
th e  M- and S -index  m e th o d . T able V c o n ta in s  th e  resu lts .

The resu lts  show ed th a t  th e  vaccines g iven by d iffe ren t ty p es of a d ju v a n t 
p rovoked  in  sheep a b o u t th e  sam e im m u n ity , b u t the  b e s t average im m u n ity  
w as ob ta ined  w hen oil -)- R D  f -  L PS  w as app lied  as a d ju v a n t.
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Table IY

C o m p a r a t iv e  a n a l y s i s  b y  th e  К - in d e x  m e th o d  
o f  th e  e f f ic a c y  o f  F M D  v a c c in e  o f  “C” t y p e  

d i lu te d  1 : 8  a n d  th a t  c o m p le m e n te d  
b y  d i f f e r e n t  a d ju v a n t s

A djuvant
Cattle

K-index

Al(OH), gel 0.56
Al(OH)3 gel +  4 mg saponin 0.65
Oil 2.12
Oil +  1 g RD-LPS 2.41

The antigen content of each vaccine was 28.6 F&G/dose

Table Y

C o m p a r a t iv e  a n a ly s i s  b y  th e  M -  a n d  S - in d e x  m e th o d s  
o f  th e  e f f i c a c y  o f  F M D  v a c c in e  o f “ C ” t y p e  c o m p le m e n te d  

b y  d i f f e r e n t  a d ju v a n t s

Sheep

A djuvant
M-index S-index

Al(OH)3 gel 1.01 1.50
Al(OII)3 gel +  4 mg saponin 0.94 1.30
Oil 0.81 1.40
Oil +  1 g RD-LPS 1.06 1.55

The antigen content of each vaccine was 114.4 F&G/dose

I n  the course o f  the sixth  experim ent, th e  “ C”  ty p e  vaccine was te s te d  in  
pigs. T he vaccine o f u n d ilu ted  an tigen  co n ten t w as applied  in 2 d iffe ren t 
doses an d  on basis o f th e  response o b ta in ed  on challenge in  pigs, th e  n u m b er 
of no n -im m u n e  ( +  ) an d  im m une (— ) an im als is p resen ted  in T able V I.

T he resu lts  also verified  th a t  im m u n iza tio n  of pigs against FM D  by  
v acc in a tio n  is a m ost d ifficu lt ta sk . T he tra d itio n a l vaccines con ta in ing  A l(O H ):j 
p roved  co m p le te ly  ineffec tive  for pigs u n d e r la b o ra to ry  conditions. N ow adays, 
vaccines w ith  oil or D E A E -d ex tran  can be used for im m unization ; these  evoke 
the re la tiv e  h ighest p ro tec tio n  in  p ig, b u t u sually  t he ra te  of th e  pigs p ro 
tec ted  w ith  vaccines o f ibis ty p e  does n o t a tta in  th a t  ob ta ined  b y  o th e r 
an im al species.

In  th e  course o f ou r experim en ts th e  R D -L P S  in  5 ml vaccine d id  no t 
augm ent th e  im m u n ity , b u t su p p lem en ta tio n  of th e  sm aller dose (2 ml) 
increased  th e  im m unogen ic  a c tiv ity  o f th e  vaccine.
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Table VI

C o m p a r a t i v e  a n a ly s i s  o f  th e  e f f i c a c y  o f  F M D  v a c c in e  
o f  “C” t y p e  c o n ta in in g  2 2 8 .8  F & G  a n t ig e n /2  m l  

a n d  c o m p le m e n te d  b y  d i f f e r e n t  a d ju v a n t s

Pig vaiccine doses

A djuvant
5 ml 2 ml

572 F&G 228.8 F&G

A 1 (0 H )S g e l +  + + +
A 1 ( 0 H ) 3 g e l —f- o il + + + + +
Oil + + — + +
O il 4 -  1 g  R D - l .P S /2  m l + + — H—
DEAE-dextran + + — + +

-f- =  Number of non-immune animals after challenge 
=  Number of immune animals after challenge

D iscussion

T he im m unogen ic  a c tiv ity  of in a c tiv a te d  FM D  antigen  can  be enhanced  
b y  m eans of a d ju v a n t su p p lem en ta tio n . T he role o f A 1(0H )3 gel, sapon in , oil 
a n d  D E A E -d e x tra n  in  th e  im p ro v em en t o f im m u n ity  in  som e an im al species 
is w ell know n and  o u r aim  was to  c larify  th e  a d ju v a n t role of R D -L P S . The 
re su lts  o b ta ined  in  v a rio u s  an im al species p ro v ed  th a t  FM D an tig en  a c tiv ity  
w as re m a rk a b ly  be en h an ced  by  a p ro p er dose o f R D -L PS .

T he a u g m e n ta tio n  o f an tig en ic ity  w as especially  p ronounced  in  m ice, 
g en era lly  w hen a p p ly in g  a sm all dose o f an tig en . A vaccine no t com plem en ted  
b y  R D -L P S  m ay  n o t com ply  w ith  th e  q u a lity  requ irem en ts. T he im m uno- 
g e n ic ity  of th e  sam e vaccine  was enh an ced  to  a degree h igher th a n  th e  2.39 
in d e x  value if  co m p lem en ted  b y  R D -L P S .

In  ca ttle  an d  sheep  th e  im m unogen ic  a c tiv ity  enhancing  effect o f R D - 
L P S  w as no t so ex p ressed , due to  th e  fa c t th a t  i t  w as alw ays app lied  to g e th e r 
w ith  oil a d ju v a n t, a lth o u g h  th e  b est im m u n e  response was o b ta in ed  w ith  th e  
oil -f- R D  - f  L PS  co m b in a tio n . In  pigs, rep re sen tin g  th e  species m ost im p o r
t a n t  fo r FM D v a c c in a tio n , th e  effect of R D -L P S  -)- oil a d ju v a te d  vaccines 
ap p lie d  in  h igher a n tig e n  doses was n o t m ark ed ; th e  best resu lts  w ere o b ta in ed  
w h e n  th e  above v acc in e  w as app lied  in  a sm all dose, a lth o u g h  th e  sm all n u m 
b e r  o f anim als d id  n o t  allow  to  draw  fin a l conclusions.

D e te rm in a tio n  o f  th e  conven ien t q u a n t i ty  o f R D -L P S  p ro v ed  to  be an  
im p o r ta n t  p o in t, b ecau se  it was d e m o n s tra te d  in  mice th a t  a u g m e n ta tio n  of 
th e  R D -L P S  dose in flu en ced  d isad v an tag eo u sly  th e  im m une response  o b ta in ed  
w ith  b o th  high an d  sm all an tigen  doses. M ixing of R D -L PS  to  th e  vaccine also 
seem ed  essential because  R D -L P S  app lied  sep a ra te ly  exerted  an  im m uno-
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suppressive  a c tiv ity . T he cause of th is  phenom enon is n o t know n and  is in  
c o n tra d ic tio n  w ith  our prev ious ex p erim en ts  [14] w ith  sap o n in ; sapon in  n am e ly  
elicited  th e  sam e im m u n o stim u la tin g  a c tiv ity  w hen i t  w as applied  s e p a ra te ly  
or m ixed  to  th e  vaccine.

A c k n o w le d g e m e n t .  The authors wish to acknowledge to Mr. L. A s z t a l o s  and Mr. S. 
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RESISTANCE PLASMIDS FOR INDUCIBLE 
MACROLIDE-LINCOSAMIDE RESISTANCE 

IN STAPHYLOCOCCUS SIMULANS 
AND STAPHYLOCOCCUS EP1DERMW1S

I . B a r c s

L á s z ló  C e n tr a l  H o s p i t a l  f o r  I n f e c t io u s  D i s e a s e s ,  B u d a p e s t  

(Received May 3, 1984)

Localization and genetic nature of inducible macrolide resistance determinants in 
some coagulase negative staphylococci (CNS) were studied and compared with those in 
S ta p h y lo c o c c u s  a u r e u s .  An 1.7-megadalton R-plasmid, pEI 1107, mediating inducible resistance 
to macrolides and lincosamides was present in part of S ta p h y lo c o c c u s  s im u la n s  and S t a p h y l o 
c o c c u s  e p i d e r m i d i s  strains isolated in the Central Hospital for Infectious Diseases. Two other 
plasmids were harboured by S .  s i m u l a n s  LK 6108 strain. One of these plasmids, pEI 6108 
(molecular mass 5.2 Md) was encoded for inducible macrolide—lincosamide resistance, and the 
second one, pE 6108 (molecular mass 4.9 Md) for constitutive marcolide resistance. The 
similarity in size and phenotype of small plasmids in CNS and S .  a u r e u s  suggest a common 
origin of these resistance determinants.

T he ab ility  o f som e coagulase n eg a tiv e  s taphy lococca l (CNS) s tra in s  to  
cause d ifferen t h u m a n  in fections such  as b ac te riaem ia , endo card itis , o titis  
m ed ia , co n ju n c tiv itis , u r in a ry  tr a c t  o r w ound  in fec tions, e tc ., is well d ocu 
m en ted  [1—5]. O n th e  o th e r  h an d , th ese  b a c te r ia  are com m on in h a b ita n ts  of 
th e  h u m a n  sk in  an d  m ucous m em b ran es. T here  are d a ta  th a t  CNS m ig h t 
serve as a p o ten t ial re se rv o ir for resistance  genes in  th e  clin ically  m ore s ig n ifican t 
S. aureus [6, 7]. In  v itro  an d  in  v iv o  s tu d ies  have  show n th a t  staphy lococci 
can  exchange D N A  b y  co n ju g a tio n  [8—11].

T he div ision  in to  eleven species o f CNS is based  on differences in  cell 
w all s tru c tu re , lac tic  acid m etabo lism , a n d  D N A -hom ology [12]. This system  
seem s to  be too  co m plica ted  for ro u tin e  lab o ra to rie s . A ccording to  ou r id e n ti
f ic a tio n  schem e based  on easily  p e rfo rm ab le  b iochem ical te s ts  and  sen s itiv ity  
to  novobiocin  [13, 14] 208 s tra in s  o b ta in e d  from  clin ical specim ens were 
classified  during  a 8 -m o n th  period in 1983 [13]. A b o u t 20%  of these  s tra in s  
h a rb o u red  a resistance  d e te rm in a n t (R -d e te rm in a n t)  encoding  for inducib le  
m acro lide-lincosam ide resis tan ce  [15].

A lthough  th e  R -d e te rm in a n ts  m ed ia tin g  resis tan ce  to  m acro lide, lincos
am ide , an d  group В s trep to g ram in s  (M LS an tib io tics) o f S . aureus h av e  been  
well cha rac terized  [16 -27 ], l i ttle  is know n  a b o u t these  in  CNS. The p lasm id
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n a tu re  o f MLS res is tan ce  d e te rm in a n ts  in  6 CNS stra in s  w ere d e m o n s tra te d , 
and  sim ilarities o f p h en o ty p ic  and  physicochem ical ch a rac te rs  of S . aureus , 
S . ep iderm id is , an d  S . sim ulans  p lasm ids w ere stud ied  in  th e  p resen t p ap e r.

M aterials and m ethods

B a c t e r ia l  s t r a i n s  a n d  n o m e n c la tu r e . T he staphy lococca l s tra in s  exam ined  in th is  s tu d y  
are  lis te d  in  T able  I a long  w ith  th e ir sources and  p h en o ty p ic  m arkers. B ac te ria  iso la ted  from  
clin ical specim ens w ere id en tified  accord ing  to  th e  A pproved  L ist of B ac te ria l N am es [29] by  
b iochem ical tes ts  [13, 14]. S tra in s  h a rb o u rin g  s taphy lococca l p lasm ids and  used for d e te rm in 
ing  m olecu lar size and  M IC values are  p resen ted  in  T ab le  II .

T he p lasm ids d es ig n a te  p h en o ty p ic  a b b rev ia tio n  of th e  resistance  m arker follow ed by  
th e  s tra in  num ber. T h u s , p E I  1107 d esig n ates p lasm id  of th e  s tra in  L K  1107 encoding for 
ind u cib le  e ry th ro m y cin  an d  lincom ycin  resistance.

A n t i b i o t i c  s e n s i t i v i t y  te s t s . In  ag ar d iffusion  te s ts  [30] th e  follow ing se t o f R esis te s t 
(H u m a n , B ud ap est) d isk s w as used: penic illin  (3 IU ), ch loram phenico l (30 fig), te trac y c lin e  
(30 fig), e ry th ro m y cin  (10 fig), o leandom ycin  (30 fig), lincom ycin  (10 fig), novobiocin  (5 fig). 
M acrolide—lincosainide cross-resistance  of th e  s tra in s  w as te s ted  by  th e  m eth o d  of W eisb lum  
a n d  D em ohn [31].

M I C  v a lu e s  o f  a n t i b i o t i c s  were de te rm in ed  b y  th e  agar d ilu tio n  m eth o d  [30]. T he tes t 
was carried  out on N u tr ie n t  agar (O xoid, L ondon) p la te s  co n ta in ing  decreasing  c o n ce n tra 
tio n s  o f e ry th ro m y cin  (S igm a, St. Louis), o leandom ycin  p h o sp h a te  (S igm a, S t. L ouis), and  
lincom ycin  (L incocin; U p jo h n , P uurs).

I n d u c t io n  o f  r e s i s ta n c e .  The m acro lide—lincosain ide  resistance  of s tra in s  was induced  
b y  a m odified m eth o d  o f M alke e t al. [32]. S tra in s  w ere cu ltiv a ted  on agar p la te  w ith  0.3 mg/1 
of e ry th ro m y cin . A fte r 18 h  in cu b a tio n  a t  37 °C th e  cu ltu res  were in o cu la ted  on to  ag ar p la te s  
co n ta in in g  co n cen tra tio n  ranges o f e ry th ro m y cin , o leandom ycin  or lincom ycin.

C u r in g  p r o c e d u r e s .  Curing of an tib io tic  re sistan ce  was accom plished accord ing  to  
S ch aefler [33].

P r e p a r a t i o n  o f  D N A .  T he crude cell-lysates for d e tectio n  of sm all s taphy lococca l 
p lasm id s were o b ta in ed  b y  d igestion  w ith  ly so stap h in  (Schw arz/M ann, O rangeburg ) an d  
ribonucléase  (R ean a l, B u d a p es t)  in a tr is—E D T A —sucrose—saline buffer accord ing  to  Io rd an escu  
an d  S u rd ean u  [26].

A g a r o s e  g e l  e l e c t r o p h o r e s i s .  DN A  was v isua lized  on 3 m m  ho rizo n ta l gels o f 0 .7%  agarose  
(R ean a l, B ud ap est) b y  th e  m eth o d  described  by M eyers e t al. [34].

T h e  m o le c u la r  m a s s  o f  p l a s m i d s  w a s  d e t e r m in e d  by  e lectrophoresis on 1%  agarose gel 
b y  use  o f m olecular m ass s ta n d a rd s  [34].

R esults

Curing o f  antibiotic resistance. Six s tra in s  were selected to  d e te rm in e  th e  
genetic  localization  o f d e te rm in an ts  encoding  for inducib le  lincom ycin  resis
tan ce . E ry th ro m y c in -sen sitiv e  d e riv a tiv es  of all s tra in s  w ere iso la ted  b y  th e  
cu rin g  m ethod . T h e  s tra in s  S . sim ulans  L K  6104 lost its  ch lo ram phen ico l 
res is tan ce  s im u ltan eo u sly  w ith  e ry th ro m y c in  resistance; th is  d e riv a tiv e  is 
B I 1101. Two ty p e  of d ériv â tes  w ere iso la ted  from  S . sim ulans  L K  6108 
s tra in . One of th ese , B I 1501 lost th e  in d u c ib ility  of lincom ycin  resis tan ce  b u t  
show ed resistance  to  e ry th ro m y c in ; th e  o th e r ty p e  rep resen ted  b y  B I 1108 
lo st resistance to  a ll MLS an tib io tic s  (see T ab le  I).

D N A  electrophoresis. F o r a b e tte r  u n d e rs tan d in g  th e  a lte ra tio n s  in 
an tib io tic  su scep tib ility  we exam ined  th e  m olecular n a tu re  o f an tib io tic
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Table I

C h a r a c te r iz a t io n  o f  c o a g u la s e  n e g a tiv e  s ta p h y lo c o c c a l  s tr a in s  u s e d  f o r  p l a s m i d  d e te r m in a t io n

Strain* Species Source Resistance pattern* * Reference

LK 1107 S . s im u la n s nose E m -i Om-i Lm- i Pc Tc [281
Bl 1115 d itto LK  1107 Pc Tc [28]

LK 1108 S .  s im u la n s nose E m -i Om-i Lm- i Pc Tc [28]
В I 1102 d itto LK 1108 Pc Tc [28]

L K 2101 S .  e p id e r m id is th ro a t E m -i Om-i Lm- i Pc Tc [28]
В I 1117 d itto L K  2101 Pc Tc [28]

LK 6104 S .  s im u la n s blood culture Em -i Om-i Lm- i Pc Tc Cm [28]
В I 1101 d itto L K  6104 Pc Tc [28]

LK 9105 S .  e p id e r m id is sinus E m -i Om-i Lm-ii Pc Cm [28 1
BI 1103 ditto LK 9105 Pc Cm [28 1

LK 6108 S .  s im u la n s blood cu ltu re Em-i Om-i Lm- i Pc Tc Cm th is p ap er
В I 1501 d itto LK  6108 E in-t■ Om-c Pc Tc Cm th is  p ap er
BI 1108 d itto LK 6108 Pc Tc Cm th is pap er

* All stra in s  were isolated in th e  Centrail H osp ita l for In fectious Diseases
** A bbrev iations of phenotypes: E m -i erythrom ycin  (inducib le); E m -c — ery thro-

m ycin (co n stitu tiv e ): Om-i oleandom ycin (in ducible); Oin-c = oleandom y cin (constitu tive);
Lm-i = lincom ycin (inducible); Pc  - penicillin; T c tetracycline:: Cm chloram phenicol

S ta p h y lo c o c c u s  p la s m id s  u s e d  f o

Table II

r d e te r m in a t io n  o f  m o le c u la r  m a s s a n d  M I C  v a lu e s

Relative
Plasmid Host strain* molecular Phenotype* ** References

nass (Md)

pT U 512 NCTC 8325 29.8 E m -c Om-c Lm-c Pc [18]
p 1 258 R N  11 18.7 E m -c Om-c Lm-c Pc [19, 20]
p E P 2104 B l 2101** 14.5 E m -c Om-c Pc [21]
pSA 5700 SA 932 4.4 E m -i Om-i Lm-i Cm [22]
pT 181 SA 389 3.0 Tc [2 2 ,2 3 ]
pE 194 SA 484 2.5 E m -i Om-i Lm-i [22, 241
,,C 194 SA 25 2.0 Cm [22, 25]
pE 1764 SA 1104 1.8 E m -i Om-i Lm-i [261
pE 1151 J L  1151-113-8325E5 1.8 E m -i Om-i Lm-i [271
pE 1007 J L  1007-113-8325E3 1.7 E m -i Om-i Lm-i [27]
pE 2222 SA 1105 1.7 E m -c Om-c Lm-c [26]

* All stra in s  (except BI 2101) o rig ina ted  from  Dr. L. Ján o si (N ational In s t i tu te  of 
H ygiene, B udapest)

** Origin: PM 2 1 0 4 -~f°->  NCTC 8325, tra n s d u c ta n t [28] b in
*** See Table I; abbrev iation  of fu r th e r  p h en o type: Lm-c =  lincom ycin  (constitu tive)
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Fig. 1. Gel e lec tro p h o re to g ram s of DNAs from  w ild ty p e  S. simulans  and  S. epidermidis 
s tra in s  and  their e ry th ro m y c in  sensitive dé riv â tes  in  0 .7%  agarose gel: (A) LK1107, (B) B I 
1115, (C) LK  1108, (D ), B l  1102, (E ) LK  2101, (F ) B I 1117, (G) L K  6104, (H) BI 1101. 
( I )  L K  9105, (J )  B I 1103. A n “ s”  m ark  in d ica tes  th e  s ta r t  of e lec tro p h o re tic  separation  and  

a “ chr”  m ark  th e  l in e a r frag m en ts  (chrom osom e). F o r fu r th e r  d e ta ils , see te x t

re sis tan ce  in  CNS iso la tes . The high loss o f res is tan ce  (freq u en cy  10~3-1 0 ~ 4) 
suggested  an ex trach ro m o so m al location  o f th e  genetic  d e te rm in an ts  for th is  
an tib io tic  resistance. D N A  p a tte rn s  from  five  CNS s tra in s  an d  th e ir d érivâ tes 
a re  show n in Fig. 1. A ll w ild s tra in s  w ith  an tib io g ram  E m -i Lm -i show ed 
com m on plasm id h a n d s  designated  2; th e ir  d é riv â tes  did n o t con ta in  a p lasm id  
o f th is  size. S tra in s  h a rb o u red  o th e r ex trach ro m o so m al D N A  elem ents, too . 
T h e  B I 1101 s tra in , a d e riv a te  of L K  6104, lo st also h an d s  6, 8  and  10.

: :n m e5i

A B C

Fig. 2. DNA p a tte rn s  o f S. simulans LK  6108 s tra in  and  its  d é riv â te s  in 0.7%  agarose gel: 
(A) L K  6108 wild ty p e  s tra in ; (B) B I 1501, a d e riv a te  of th e  w ild s tra in  w ith  e ry th ro m y cin  
b u t  no lincom ycin re s is tan c e ; (C) B I 1108 e ry th ro m y cin  sensitive  d e r iv a te  of the  wild s tra in .

F or fu rth e r de ta ils , see te x t
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F ig .  3 . Migration of DNAs from S .  s i m u l a n s  and S. e p id e r m id i s  strains harbouring plasmids 
for inducible macrolide-lincosamide resistance in 1% agarose gel: (A) molecular mass stand
ards, (B) LK 1107, (C) LK 1108, (D) LK 2101, (E) LK 6104, (F) LK 9105, (G) LK 6108. 
The numbers on the left signify the molecular masses of the standards and on the right of 
the macrolide resistance plasmids of wild type coagulase negative staphylococcus strains.

B, C, D, E and F isolates contain a common 1.7 Md plasmid

Table III

M I C  v a lu e s  o f  S ta p h y lo c o c c u s  s t r a i n s  h a r b o u r in g  m a c r o l id e - l in c o s a m id e  
r e s i s ta n c e  d e te r m in a n ts

MIC (mg/1)

Strain Em Om Lm

A B A B A B

NCTC 8325 (pTU 512) 1000 > 1000 2000 3000 1000 >1000
RN LI >1000 > 1000 2000 3000 >1000 >1000
B I 2101 6.25 50 <7.8 31.5 0.5 6.5
SA 1105 >1000 > 1000 3000 4000 800 >1000

SA 484 >1000 > 1000 3000 4000 3.0 1000
SA 1104 >1000 > 1000 2000 3000 1 .0 >1000
JL  1151-113-8325E5 >1000 > 1000 2000 3000 1 .0 >1000
JL  1007-113-8325E3 >1000 >1000 2000 3000 1 .0 >1000

LK 6104 >1000 > 1000 2000 4000 1 .0 >1000
LK 1108 >1000 >1000 2000 4000 1 .0 >1000
LK 9105 >1000 > 1000 2000 3000 1 .0 >1000
LK 1107 >1000 >1000 2000 3000 1.0 >1000
LK 2101 >1000 > 1000 2000 3000 1 .0 >1000

LK 6108 <3.1 200 <7.8 62.5 <0.1 3.1
BI 1501 25 25 15.6 31.5 <0.1 0 .1

A =  without induction
В =  after induction by 0.3 mg/1 of erythromycin
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T he plasm id profiles o f  th e  S. sim ulons  L K  6108 s tra in  an d  its dérivâtes 
show ed tw o  plasm id b a n d s  re la ted  to  e ry th ro m y c in  resis tan ce  (Fig. 2). The 
s tra in  B I 1501 w ith  a single e ry th ro m y c in  resis tan ce  h ad  on ly  bands 1 and  2 
from  th e  p a tte rn  of th e  w ild  ty p e  s tra in , th e  e ry th ro m y c in -sen sitiv e  deriv a te  
B I 1108 lo st also p lasm id  b a n d  2.

D eterm ination o f  m olecular size o f macrolide-lincosamide p lasm ids. F igure 3 
shows D N A  p rép a râ tes  o f  w ild  ty p e  CNS s tra in s  and  m o lecu lar size-controls. 
F ive iso lates w ith w ild an tib io g ram  shared  a com m on 1.7-M d p lasm id: B, C, 
D, E  an d  F . T he re la tiv e  m o lecu la r m ass o f e ry th ro m y c in  p lasm ids of iso late G 
were 4.9 and  5.2 Md.

Phenotypic testing o f  Staphylococcus stra ins harbouring M L S  resistance 
determ inants. The MIC v a lu es  for two m acro lide  an tib io tic s  an d  lincom ycin of 
s tra in s  h a rb o u rin g  som e s taphy lococcal p lasm id s to  e ith e r  inducib le  or con
s ti tu tiv e  MLS resistance  a re  p resen ted  in  T ab ic  I I I .  T he te s t  was carried  ou t 
b o th  w ith  and  w ith o u t p rev io u s  induc tio n  b y  e ry th ro m y c in .

D iscussion

R d e te rm in an ts  enco d in g  for inducib le  M LS resistance  w ere exam ined in 
CNS s tra in s . This re s is ta n c e  m arker was p lasm id  m ed ia ted  as evidenced b y  
th e  cu ring  experim en ts a n d  th e  e lec tro p h o re tic  analysis o f c rude  DNA p re p 
a ra tio n s. T he size of p E I  1107, p E I  1108. p E I  2101. p E I  6104 and  p E I  9105 
p lasm ids were equal, th e ir  re la tive m o lecu la r m ass p ro v ed  to  be' 1.7 Md.

T he S. sim ulons  L K  6108 stra in  h a rb o u re d  tw o d iffe ren t e ry th ro m y c in  
p lasm ids. One of th e se , p E I  6108 m ed ia ted  also inducib le  m acro lide-lincos
am ide resistance , its  re la tiv e  m olecular m ass w as 5.2 Md. T h e  second p lasm id  

-  p E  6108 (m olecular m ass 4.9 Md) — conferred  c o n s titu tiv e  m acrolide b u t  
no lincom ycin  resistance .

T he com parison  o f  M IC values fo r s tra in s  h a rb o u rin g  staphylococcal 
MLS d e te rm in an ts  show ed  th a t  phen o ty p es d e te rm in ed  b y  p E I  1107 and th e  
o th e r 1.7 Md CNS p lasm id s are co nsiderab ly  sim ilar to  th o se  de term ined  by 
pE  1151, pE  1007 a n d  p E  1764 S. aureus  p lasm ids o rig in a tin g  from  tw o  
staphylococcosis ep idem ics in  H u ngary  [21, 35]. Since th e se  plasm ids h ad  a 
sim ilar m olecular size a n d  differed s ig n ifican tly  from  o th e r R plasm ids, th e ir  
com m on origin лгав su p p o sed .

T he s im ila rity  o f  som e R d e te rm in a n ts  of G ram -positive  cocci is well- 
know n. T he presence o f  com m on R p lasm ids has prev iously  been  d em o n stra ted  
for s tra in s  of re s is ta n t S . aureus and  S . epiderm idis. N um erous s tra in s  of 
CNS h a rb o u r p lasm ids in d is tin g u ish ab le  from  S . aureus te tracy c lin e , penicillin  
or g en tam icin  p lasm ids as judged  by  endonuclease  f in g e rp ritin g  [11, 36-39]. 
F u rth e rm o re , th e  e x a m in a tio n  of MLS d e te rm in a n ts  of d iffe ren t genera show ed
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hom ology am ong  th em  in G ram -p o sitiv e  cocci [16, 17, 40]. The in tra -  an d  
in terspecific  D N A  exchange occurred  in  b o th  in v itro  an d  in  v ivo ex p erim en ts  
[8-11, 39, 41, 42].

The d is tr ib u tio n  of hom ologous p lasm ids in  d iffe ren t species and  g en era  
suggests e ffic ien t m echanism s of gene tra n s fe r , perhaps p ro m o ted  by  in te n s iv e  
selective pressures.

The ce n tra l role of an tib io tic  th e ra p y  in  the  sp read  o f resistance is w ell- 
know n [6, 43]. T he studies o f b ac te ria  lyophilized  before th e  ad v en t o f a n t i 
b io tics show ed th a t  resistance  genes an d  plasm ids h ad  been  p resen t b efo re  
an tib io tics w ere used. In  consequence o f freq u en t an d /o r in ad eq u a te  a d m in 
is tra tio n  of an tib io tic s  th e  in h a b ita n ts  o f  indigenous flo ra  (e.g. Escherichia  
coli, en terococci, oral s trep tococci, CNS) h av e  becom e reservo irs  of R p lasm id s 
an d  tran sp o so n s w hich m ay be passed  on to  neighbouring  nonpathogen ic  an d  
pathogen ic  s tra in s  [6, 7].

This th e o ry  has been su p p o rte d  b y  som e clinical observations. N aidoo  
an d  Noble [44] gave accoun t o f  th e  acq u is itio n  of gen tam ic in  resistance b y  
S . aureus s tra in s . S tra ins w ere iso la ted  from  a p a tie n t w ith  sk in  in fection  an d  
h ad  been o b served  to  becom e re s is ta n t during  g en tam ic in  th e rap y . T h e  
acqu ired  R d e te rm in a n ts  m ig h t have  o rig in a ted  from  S . hom inis  s tra in s  co 
iso la ted  w ith  pa thogen ic  s tra in s  a t th e  beg inn ing  of d isease. The tra n sfe r  o f 
resistance  b e tw een  these s tra in s  could be b ro u g h t a b o u t in  v itro  and  also on 
th e  surface o f h u m a n  or an im al sk in  [9].

All these  fin d in g s su p p o rt th e  h y p o th es is  th a t  th e  tra n s fe r  of p lasm ids 
be tw een  S. aureus  an d  CNS m a y  occur in  n a tu re . F u r th e r  s tud ies of s ta p h y lo 
coccal R  d e te rm in a n ts  m ay  help  to  u n d e rs ta n d  th e  sp read  of an tib io tic  
resistance .

A c k n o w le d g e m e n t .  The author is indebted to Dr. L. J á n o s i  (National Institute o f  
Hygiene, Budapest) for S. a u r e u s  strains.
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INDUCTION OF HUMAN RHEUMATOID FACTOR 
AND OTHER AUTOANTIBODIES 

BY BACTERIAU LIPOPOUYSACCHARIDE

K l á r a  N é m e t h , A .  F a l u s , E r z s é b e t  E l e k e s , U t e  B ö h m  a n d  

K a t a l i n  M e r é t e y

N a t i o n a l  I n s t i tu t e  o f  R h e u m a to lo g y  a n d  P h y s i o t h e r a p y ,  B u d a p e s t ,  a n d  N a t i o n a l  I n s t i t u t e  
o f  R a d io b io lo g y  a n d  R a d io h y g ie n e  F r é d é r ic  J o l i o t - C u r i e ,  B u d a p e s t

(Received June 21, 1984)

In vitro autoantibody production induced by lipopolysaccharide (LPS) was studied 
using peripheral blood mononuclear (PBM) cell suspensions from patients with rheumatoid 
arthritis (RA) and healthy subjects. PBMs from both groups could be induced by LPS to 
secrete IgM and IgA rheumatoid factors (RF), antinuclear and anti-beta-2-microglobulin 
autoantibodies. Spontaneous production o f IgM-RF was considerabe higher in RA than in 
controls. The rate of IgM-RF and IgA-RF secretion detected by ELISA increased with the 
dose of LPS in cultures of both groups. In RA, differences were found between the kinetics 
of IgM- and IgA-RFs secretion. LPS augmented the relative avidity of IgM-RF produced 
by PBMs from RA patients and this value was significantly higher than that of healthy 
persons. In some cases RFs cross-reacting with nuclear antigens and beta-2-microglobulin 
were detected.

R h eu m ato id  fa c to rs  (R F) are a n ti- Ig  au to an tib o d ie s  ap p earin g  in large 
a m o u n ts  in  sera an d  synovial flu id s  o f R A  p a tie n ts . A n tin u c lea r an tibod ies 
(ANA) w ith  specific ity  to  nuclear an tig en s  an d  an ti-be ta -2 -m icrog lobu lin  (an ti- 
b e ta -2 m ) an tibod ies, to o , are fre q u e n tly  p re sen t in  R A  p a tie n ts  [1—4]. S tim uli 
for m a in ten an ce  o f th e  high level o f  these  au to an tib o d ie s  (th e  exogenous 
in d u c tiv e  and  endogenous regu la tive  fac to rs) are n o t fu lly  know n in R A  and  
o th e r au to im m u n e  diseases.

Several com pounds derived fro m  d iffe ren t m icroorganism s are  capab le  of 
inducing  au to an tib o d ie s  v ia  the ir e ffec t on R cell p ro life ra tio n  and  polyclonal 
В cell ac tiv a tio n  [5]. In  v itro  E p s te in -B a r r  v iru s in fec tion  can induce R F  
secre tion  o f h u m an  lym phocy tes in  h e a lth y  sub jec ts  [6]. Escherichia coli 
in jec ted  in to  ra b b its  p roduced  R F -lik e  au to an tib o d ie s  an d  p o ly a r th r itis  [1]. 
L ipopo lysaccharides in d u ced  R F  p ro d u c tio n  in vivo and in v itro  in  mice [7, 8]. 
I t  is suggested  th a t  po lyclonal a c tiv a tio n  b y  exogenous in fec tive  agen ts m ay  
also ta k e  p a r t  in au to im m u n e  processes.
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L ipopo lysaccharide  (L P S ), a co m p o n en t o f th e  cell-w all of G ram -nega tive  
b a c te r ia  is one o f th e  b e s t s tu d ied  polyclonal В cell a c tiv a to rs  and В cell 
m ito g en s in mice [9, 10]. S tu d y in g  В cell m itogen  response and  polyclonal 
В cell a c tiv a tio n  in h u m a n  periphera l В ly m p h o cy tes , L PS  w as, how ever, 
o ften  ineffective [11, 12].

A com p ara tiv e  in v e s tig a tio n  o f th e  in  v itro  in d u c tio n  of R F , ANA and 
a n ti-b e ta -2 m  p ro d u c tio n  by  LPS w as done in p e riphera l blood m ononuclear 
cell c u ltu re s  from  R A  p a tie n ts  and  h e a lth y  sub jec ts . We have ch arac terized  
th e  k in e tic s  of th e  fo rm a tio n  of L P S  in d u ced  au to an tib o d ie s  and  im m u n o 
g lo b u lin s  and  m easured  th e  re la tiv e  av erag e  av id ity  o f IgM -R F  as well as th e  
R F  cross-reactions w ith  nu c lear an tig en s an d  beta-2 -m icrog lobu lin .

M aterials an d  m ethods

C e l l  c u l tu r e s . Venous blood was obtained from 6 patients with RA and 5 helthy subjects. 
Mononuclear cells were separated on Ficoll-Uromiro gradient (1200 g, 30 min) [13]. Cells 
were washed with culture medium containing Parker’s TC 199, 10% fetal calf serum (FCS), 
20 mM glutamine, and antibiotics (100 U/ml penicillin, 100 f i g / m l  streptomycin) and resus
pended in medium. Lymphocytes were counte and their viability controlled by eosin Y dye 
exclusion test. (Viability was approximately 98%.) LPS purified from E s c h e r ic h ia  c o l i 089  
(H um an, Hungary) was diluted to 200 f i g / m l  and 1000 f ig /ml in medium. Cell suspensions 
were distributed into round culture plates (Libro TM): 2.10G viable lymphocytes (1 ml medium) 
well. Cultures were incubated with LPS solutions (20 f i g / m l  and 100 f i g / m l  LPS, respectively) 
and in medium only (control groups) at 37 °C, with 5% С 02 in humid air. Cultures were har
vested on the 5th, 7th, 10th and 14th days without previous change of medium. Supernatants 
were stored at —20 °C until tested.

I n d i r e c t  E L I S A  f o r  d e te c t io n  o f  I g M -  a n d  I g A - R F s .  ELISA micro-titre plates (Sterilin, 
England) were coated with 5 f i g / m l  human IgG in 100 /il aliquots incubated overnight at 4 °C. 
After washing with 0.1% Tween 20 in phosphate buffered saline (PBS, pH 7.3), 5% horse 
serum (100 /il in PBS) was added and incubated at 37 °C for 2 h. After washing, the plates 
were incubated with 100 /Л culture supernatants overnight at + 4 °C  in duplicate. After three 
washings. 100 //1 alkalinephosphatase-labelled anti-human-IgM or -IgA (Orion Diagnostic, 
Finland) were added to the wells (1 : 100 dilutions in PBS-0.1% Tween 20, 0.5% horse serum) 
and incubated for 1 h at room temperature and for 1 h at 37 °C. After three washings para- 
nitrophenyl phosphate substrate (Merck, FRG) was added and the enzyme reaction was 
stopped with 0.7 м NaOII. An RF-pool from RA sera in 1 : 40 and 1 : 20 dilutions was used 
as positive control. OD was measured at 405 nm. Calculation:

OD sample — OD background 
OD RF-pool — OD background

OD relative [14].

D e te r m in a t io n  o f  r e la t i v e  m e a n  a v i d i t y  o f  I g M - R F .  IgM-RF of the supernatants was 
titrated by indirect ELISA (see above) using geometric dilutions on 3 plates with different 
IgG coating (25.5 and 1 f i g / m l ) .  A dilution (1 : 10) on the linear part of the titration curves 
was selected from every titration curve. We calculated ratios of OD relatives belonging to 
1 : 10 dilution (OD25, OD5, OD1). Finally we used the OD1/OD25 ratio which seemed to be 
in direct proportion to the relative average avidity [15].

I n d ir e c t  E L I S A  f o r  d e te c t io n  o f  I g G  a n t i - b e ta - 2 - m ic r o g lo b u l in  a u to a n t ib o d ie s .  Human 
beta-2m (100 /eg/100 /Л) isolated from urine of patients with nephropathy was used as antigen 
coating. Supernatants of cultures from the 6 RA patients and from 4 healthy subjects were 
added to the wells and incubated at 4 °C overnight. After washings, the plates were incubated 
with 1 : 500 diluted (PBS-0.1%  Tween 20, and 0.5% horse serum) horse-radish peroxidase- 
labelled staphylococcal protein A (Human, Hungary) at room temperature for 2 h. After 
washings, the enzyme reaction was developed by ortho-phenylene-diamine (Human, Ilun-
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gary) substrate in the presence of H 20 2 and stopped by addition of 4 N H 2S 0 4. A human 
serum containing anti-beta-2m activity (diluted 1 : 100) was used as positive control. OD was 
determined at 500 nm [16].

I n d ir e c t  im m u n o f lu o r e sc e n t a s s a y  f o r  m e a s u r e m e n t  o f  a n t in u c le a r  a n t i b o d ie s  ( I g G ,  I g A , 
I g M ) .  Supernatants from each RA patient and from healthy donors of 10th and 14th days 
were incubated on acetone-fixed smears of rat liver nuclei at room temperature for 45 min. 
After washing with PBS the smears were incubated with FITC-conjugated anti-human Ig 
(1 : 20) (Hyland, USA) at room temperature for 45 min. Fluorescent staining was detected  
by epiluminescence under a fluorescent microscope (Fluoval, Zeiss, GDR). The degree of 
staining was indicated in arbitrary units 1 — 4 [17].

D e te c t io n  o f  c r o s s - r e a c t iv e  R F - s .  ANA and anti-beta-2m positive supernatants were 
adsorbed on heat-aggregated IgG-Sepharose and bovine serum albumin (BSA)-Sepharose as a 
control. The ligands (heat aggregated human IgG and BSA) were coupled to CNBr activated  
Sepharose (Pharmacia, Sweden). Fifty (Л  of the supernatants were incubated with 50 //1 
IgG- and BSA-Sepharose at - f 4 ° C  overnight. ANA and anti-beta-2m antibodies of super
natants were detected after adsorption on immunosorbents. Decrease of ANA and anti- 
beta-2m activity compared with BSA-Sepharose indicated cross-reactive RFs [18].

D e te c t io n  o f  I g G .  I g A  a n d  I g M  i n  c u l tu r e  s u p e r n a t a n t s .  Immunoglobulins secreted 
during the culture period were measured by the linear immunodiffusion method of Mancini 
et al. [19].

S ta t i s t i c a l  a n a l y s i s .  Student’s two-tailed f-test was used.

R esu lts

Ig M -R F  production by P B  M s o f  R A  and healthy subjects. K ine tics o f 
Ig M -R F  secre tion  is shown in Fig. 1. In  th e  h e a lth y  group IgM -R F  levels 
increased  dose d ep en d en tly  and  w ere s ig n ifican tly  d ifferen t a t  14th  d a y  
(p << 0.01) be tw een  th e  0 and 100 p g/m l L P S  groups. In  th e  100 //g/m l L P S  
g roup  b y  20 d ays (p <  0.05) and 14 day s (p 0 .01) th e re  was a s ig n ifican t 
difference co m p ared  to  the  su p e rn a ta n ts  on th e  5 th  d ay  of th e  c u ltu re s  o f 
h e a lth y  sub jec ts . In  RA groups, Ig M -R F  secre tion  increased  slig h tly  an d  
s ig n ifican t d ifferences were found o n ly  a t  10 days (p <7 0.05) be tw een  th e  
va lu es  o f 0 and  th e  20 //g/m l as well as 100 //g /m l L P S  groups. IgM -R F  levels 
p ro d u ced  b y  PR M s o f RA p a tie n ts  w ere s ig n ifican tly  h igher th a n  th o se  o f  
h e a lth y  persons (p <  0.001).

Ig A -R F p ro d u c tio n  in  the cultures o f  P B M s  fro m  R A  and healthy subjects. 
C hanges of Ig A -R F  levels are d e m o n s tra te d  in  F ig . 2. In  th e  cu ltu res  o f 
PBM s of h e a lth y  persons secretion o f Ig A -R F  increased  dose d ep en d en tly  as 
com pared  to  th e  7 th  day  and s ig n ifican tly  in  th e  20 //g /m l and  100 //g /m l 
LPS groups (p <7 0.05) on th e  14 th  d ay . S ig n ifican t differences w ere fo u n d  
betw een  th e  0 an d  100 //g/m l L PS g roups (p < 0  .05) on d ay  14, too . Ig A -R F  
p ro d u c tio n  was au g m en ted  dose d e p e n d e n tly  and differed sign ifican tly  in  th e  
100 //g /m l L PS g roup  (p <[ 0.05) from  th e  5 d a y  values and  betw een  th e  0 an d  
100 //g /m l LPS g roups on day 14 (p <  0.05) in  th e  R A  groups. Ig A -R F  levels 
o f th e  cu ltu re  su p e rn a ta n ts  of PBM s o f R A  p a tie n ts  were sig n ifican tly  h ig h er 
th a n  those  of th e  h e a lth y  group b e tw een  th e  20 //g /m l L PS  groups a t  10 an d  
14 days and  th e  100 //g/m l LPS groups (p <7 0.05).
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F i g .  1 .  Spontaneous and LPS induced IgM-RF secretion in peripheral blood mononuclear 
cell cultures of RA patients and healthy subjects. IgM-RF levels were detected by ELISA  
from supernatants. Means ±SE M  are indicated. P values by Student’s i-test are indicated 
by vertical bars between the different LPS concentrations and by horizontal bars between 
different days of the culture using the same LPS concentration. • -  •  healthy subjects
(n =  5), О -----O RA patients Л  (n =  6), 1 =  medium; 2 =  20 /tg/ml PLS; 3 =  100 /tg/ml LPS

Relative m ean av id ity  o f in  vitro secreted Ig M -R F .  K inetics of re la tiv e  
av e rag e  av id ity  o f  Ig M -R F  is shown in  F ig . 3. T he OD1/OD25 ra tio s  increased  
s ig n ifican tly  in  th e  100 /tg/m l LPS g roup  o f “ R A  P R M -cu ltu res”  and  show ed 
th e  m ax im um  v a lu e  on  the  7 th  d ay  (p <7 0.05). S ign ifican t d ifferences w ere 
o b ta in e d  betw een  th e  0 and  the  100 /zg/m l LPS groups from  d ay  7 (p <T 0.05). 
M ean OD1/OD25 v a lu es  calcu lated  from  Ig M -R F  ti t  ra tion -cu rves o f th e  h e a lth y  
su b je c ts  was as lo-w as in  th e  u n s tim u la te d  cu ltu res  of th e  RA p a tie n ts .

Anti-beta-2-m icroglobulin lgG secretion by P R M s  o f  R A  and healthy p e r 
sons. In  v itro  a n ti-b e ta -2 m  secretion is show n in  Fig. 4. U sing PBM s from  R A  
p a tie n ts , the  ch an g e  o f th e  an ti-b e ta -2 m  level was n o t sign ifican t be tw een  
th e  d ifferent L P S  con cen tra tio n s an d  betw een  different in te rv a ls  of th e  cul-

Acta Microbiologica Hungarica 32, 1985



I N D U C T I O N  O F  R H E U M A T O ID  F A C T O R 253

p 0.05I-------------------
p 0.05I J

p0.05F------1Л

F ig .  2 . Spontaneous and LPS induced IgA-RF secretion in peripheral blood mononuclear cell 
cultures of RA patients and controls. For explanation see Fig. 1

tu re s  w ith  th e  sam e LPS dose. W hen  cu ltu res  of PBM s o f h e a lth y  persons 
w ere te s te d , h igher an ti-b e ta -2 m  levels w ere m easured  in  th e  100 /ig /m l L PS  
g roup  th a n  in  th e  20 /tg /m l L P S  g roup , b u t  th e  difference w as n o t sign ifican t.

A ntinuclear antibodies in  culture supernatants. Six c u ltu re  su p e rn a ta n ts  
o f th e  20 /tg /m l L PS  group, 2 o f th e  100 ^g /m l LPS groups an d  1 of th e  “ no 
L P S ”  g roups, show ed ANA a c tiv i ty  (ou t o f th e  72 sam ples o f R A  p a tien ts) . 
A m ong th e  sam ples from  cu ltu res  of h e a lth y  sub jec ts only  1 A N A  p o sitiv ity  
w as observed  in  th e  20 /ig /m l L P S  group (Table I).

In  vitro produced cross-reactive R F s . N ine ANA po sitiv e  sam ples w ere 
ad so rbed  on IgG -Sepharose an d  R F s w ith  ANA a c tiv ity  w ere detec ted  in  5 
sam ples o f th e  “ RA cu ltu res” . N o d e tec tab le  c ro ss-reactiv ity  w as found  in  th e  
only  A N A  positive  sam ples from  th e  “ h ea lth y  cu ltu res” . A n ti-b e ta -2 m  a c tiv ity
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F i g .  3 . Kinetics and LPS dose dependence of the relative avidity values of in vitro secreted 
IgM-RFs by healthy subjects and RA patients. OD1/OD25 values were calculated from 
titre-curves measured by ELISA. Means ±SEM  are indicated. P values are shown, о —  
healthy subjects (n = 3 and 4), 1 =  100 //g/ml LPS, •  •  RA patients (n = 6). 2  medium:

3  =  20 ^g/ml LPS; 4  =  100 /ig/ml LPS

CD>
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F i g .  4 . Anti-beta-2-microglobulin autoantibody production in peripheral blood mononuclear 
cell cultures. Anti-beta-2m was measured by ELISA. Significant differences are shown
between the healthy persons and RA patients. Means ±SEM  are indicated. О ------О healthy
subjects (n 4), 1 =  20 /ig/m l LPS; 2 ^  100 ^g/inl LPS: • ---- •  RA patients (n =  6);

3 =  medium; 4 =  20 ( i g / m l  LPS; 5 =  100 //g/ml LPS
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F ig .  5 . IgG (a), IgA (b) and IgM (c) levels of culture supernatants of RA patients and healthy 
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Table I

A n t in u c le a r  a n t ib o d ie s  in  c u l tu r e  s u p e r n a ta n ts  
( i n d i v i d u a l  s a m p l e s )

Sample*
LPS

Day ANA**
Cross-reacting

ANA***
(ANA-RF)

Healthy, 20 14 +  +  + —

RA, 20 5 _
20 7 + + + + —
20 14 + + + + —

too 10 + + +

RA, 0 5 + + + + +
20 7 + +  + —
20 10 + + + + +

RA„ 20 10 + +
too 10 +

* Healthy,, HA,. RA,, НЛ, represent individual samples from four persons 
** ANA results are given in arbitrary units 

*** ANA-s binding to human IgG, are also called cross-reactive ANA

decreased  by  m ore th a n  50%  in 10 o f 35 an ti-b e ta -2 m  positive  (OD re la tiv e  
> 0 .3 0 0 )  sam ples adso rbed  on IgG -S epharose  com pared  to  th e  a c tiv ity  a f te r  
a b so rp tio n  on B SA -Sepharose. W e o bserved  an  ap p a re n t increase of th e  a n ti-  
b e ta -2 m  a c tiv ity  in  adsorbed  sam ples (d a ta  no t show n). O ccurrence o f cross- 
re ac tiv e  R F s was m ore freq u en t in th e  L P S  tre a te d  groups.

I n  vitro produced IgG, Ig A  and Ig M .  Changes of im m unog lobu lin  levels 
are  show n in  Fig. 5. No sign ifican t in crease  was d em o n stra ted  in  cu ltu re s  se t 
u p  b y  PBM s o f h e a lth y  persons. In  “ R A  cu ltu re s” , spon taneous p ro d u c tio n  
o f IgG  was enh an ced  by  L PS b u t  no sig n ifican t dose d ep en d en t change w as 
d e tec ted .

D iscussion

A sig n ifican tly  h igher sp o n tan eo u s  IgM -R F  secretion  was m easu red  by  
E L IS A  in the cu ltu re s  of PBM s from  RA p a tie n ts  th a n  in th e  “ h e a lth y ”  g ro u p . 
A fu r th e r  increase o f th e  Ig M -R F  levels in  th e  RA group  was less easily  
ach ieved  b y  L PS  th a n  in  th e  h e a lth y  group  in w hich th e  s tim u la tio n  w as 
d o se-dependen t and  sign ifican t. O ur d a ta  d em o n stra ted  th a t  a ce rta in  p o p u la 
tio n  o f В ly m p h o cy tes  secreting  Ig M -R F  m ay be a c tiv a te d  in vivo in  R A  
p a tie n ts . D a ta  of o th e r  au th o rs  also su p p o rt th is  observ a tio n : В ly m p h o c y te s  
o f som e R A  p a tie n ts  secrete d e te c ta b le  IgM -R F  in v itro  w ith o u t m ito g en  an d  
help  of T  cells [20].
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Low sp o n tan eo u s R F  levels w ere d e tec ted  b y  E L IS A  in PBM s also from  
h ea lth y  persons w hich  docum ents th e  presence o f re s tin g  au to reac tiv e  В cell 
clones in  h e a lth y  sub jec ts .

D ifferences betw een  the Ig A -R F  an d  IgM -R F  k in e tics  were a p p a re n t in 
the  RA group . In  R A  p a tien ts , Ig A -R F  secretion  induced  by  LPS was sim ilar 
to  IgM -R F  secre tion  o f h ea lth y  su b je c ts  an d  th e  sp o n tan eo u s  level o f Ig A -R F  
was low er th a n  th a t  of IgM -R F. T h is o b se rv a tio n  m ay  be exp la ined  b y  th e  
heterogeneous sen s itiv ity  to  T h e lp e r an d  T  suppresso r signals of В cell clones 
secreting  R F s of d iffe ren t iso types. W e h av e  n o t in v e s tig a te d  th e  ra tio  o f T cell 
subpop u la tio n s in  v itro , b u t the  h igh  spon tan eo u s p ro d u c tio n  of IgM -R F  and  
Ig A -R F  m ay  re flec t th e  abnorm al T  cell regu la tio n . In  th e  blood and  synov ia l 
flu id  of R A  p a tie n ts  and  increase o f  ra tio s  of T helper/T  suppressor cells has 
been d e m o n s tra te d  [21].

S pon taneous an ti-b e ta -2 m  p ro d u c tio n  m easu red  by  E L ISA  w as also 
d em o n stra ted . Levels of an ti-b e ta -2 m  w ere increased  b y  L PS  b u t th e  change 
was no t s ign ifican t. R A  p a tien ts  could  be d iv ided  in to  “ high and  low ”  sp o n 
taneous secre tion  g roups on th e  basis  o f sp o n tan eo u s an d  p rovoked  an ti- 
be ta -2m  secretion . T he in v itro  h e te ro g e n e ity  of th e  p ro d u c tio n  of a n ti-b e ta -  
2in o f RA p a tien ts  m ig h t reflect som e differences in  th e  clinical course o f th e  
disease. In  the  sera  o f RA p a tie n ts , p a rtic u la r ly  of tho se  w ith  e x tra a r tic u la r  
sym ptom s, an ti-b e ta -2 m  a c tiv ity  w as s ig n ifican tly  h ig h er th a n  in  h e a lth y  
sub jec ts an d  R A  p a tie n ts  w ith  o n ly  jo in t  in v o lv em en t [4]. M oreover, an ti- 
be ta-2m  au to an tib o d ie s  were in d u ced  b y  L PS in PB M s from  h ea lth y  p e r
sons, too .

T he frequency  of ANA p o sitiv e  sam ples was re la tiv e ly  high in cu ltu re s  
w ith  L P S . I t  has been m entioned  th a t ,  in mice, L PS  induced  th e  ap p earan ce  
of an ti-D N A  an tib o d ies  and D N A  release in to  th e  c ircu la tio n  [22]. O th e r 
au th o rs  failed to  d e te c t DNA release b u t  could d e m o n s tra te  an ti-D N A , an ti-  
D N P  and a n ti-Ig  a n tib o d y  responses [23].

C ross-reactive R F s were te s te d  in c u ltu re  s u p e rn a ta n ts . W e could d e tec t 
R F s w ith  an tin u c lea r  a c tiv ity  an d  p ro b a b ly  w ith  an ti-b e ta -2 m  a c tiv ity . W e 
could observe a decrease of an ti-b e ta -2 m  a c tiv ity  in  10 sam ples adso rbed  on 
Ig-S epharose, b u t an ti-b e ta -2 m  a c tiv i ty  was increased  in 7 sam ples a fte r  
ad so rp tio n  on IgG as com pared  w itli B SA -Sepharose. C ross-reactions have  
been show n by o th e r au tho rs [24] b e tw een  hetero logous an tibod ies ag a in st 
h u m an  Ig  and  b c ta -2 m . Id e n tity  o f  th e  b e ta -2 m  b in d ing  m ateria ls  w ith  R F s 
in sera were found in few cases [25], since th e  dom ain-like s tru c tu re  of im m u n o 
globulins and  be ta -2m  shows considerab le  sim ila rity  [26]. R F s cross-reacting  
w ith  nuclear an tigens w ere detec ted  in  5 o f 92 sam ples, b u t  in  vivo th e  cross- 
reac tive  b ind ing  sites m ay  have been  b locked  b y  excess IgG  [1]. C ross-reactive 
R F s m ay  also ap p ea r w ith in  th e  a u to a n tib o d y  p o p u la tio n , as p a r t  o f p o ly 
clonal an tib o d y  response.
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In  RA p a tien ts  th e  in  v itro  secreted  h igh level of sp o n tan eo u s IgM -R F  
w ith  low  re la tive  average  a v id ity  m ay  show  th e  in  vivo a c tiv a te d  s ta te  of 
В cells carry ing  recep to rs o f  low av id ity . A dd itio n a l В cell s tim u la tio n  by  L PS  
le a d s  to  th e  secretion  o f h ig h er av id ity  IgM -R F s in  RA . IgG  as an tig en  for R F  
an tib o d ie s  is p resen t in  h igh  co n cen tra tio n  in  the  blood and m a in ta in s  to lerance  
on  specific  В cell ca rry in g  h igh av id ity  recep to rs . В cells w ith  low  a v id ity  
re c e p to s  can escape to le ran ce  b u t  th e  large  am o u n t o f self an tig en  is unab le  
o f  a c tiv a tin g  these  cells. I t  is p resum ed  th a t  th e  po lyclonal a c tiv a to rs  m igh t 
s t im u la te  these cells to  secre te  an tibod ies o f low  av id ity  [5]. T h is w ould exp la in  
th e  low er av id ity  o f Ig M -R F  in  th e  cells o f h e a lth y  persons. O th e r  au th o rs  [6] 
a lso  found  th a t  EB V  in d u ced  IgM -R F  h a d  a h igher a v id ity  in  cell cu ltu res of 
R A  p a tie n ts  th a n  in  th o se  o f h e a lth y  sub jec ts .

A ccording to  ou r d a ta , a b ac te ria l cell wall e x tra c t, L P S  as polyclonal 
В cell a c tiv a to r  is c ap ab le  to  s tim u la te  th e  au to reac tiv e  В cell clones w ith  
d iffe re n t specificities p re se n t n o rm ally  in  v ivo , and  to  ind u ce  R F s  and  o th e r 
a u to a n tib o d y  p ro d u c tio n  in  v itro  in h e a lth y  sub jec ts , too . T he h igher sp o n 
ta n e o u s  in v itro  a u to a n tib o d y  secretion  in R A  p a tien ts  m ay  be re la ted  to  an 
in  v ivo  abnorm al cell re g u la tio n  of th e  au to reac tiv e  clones.
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CHANGES IN THE TENDENCY OF LYMPHOCYTES 
TO UNDERGO BLASTIC TRANSFORMATION 

IN THE POSTOPERATIVE PERIOD,
IN IMMUN E-STIMULATED AND UNTREATED 

COLONIC TUMOUR PATIENTS

A. N a g y , I l d i k ó  P e t r i , Z. C s í z e k , G. B a r a d n a y  a n d  T .  K o v á t s

F ir s t  D e p a r tm e n t  o f  S u r g e r y , B lo o d  T r a n s f u s i o n  C e n tr e , a n d  I n s t i t u t e  o f  E x p e r i m e n t a l  
S u r g e r y , U n i v e r s i t y  M e d ic a l  S c h o o l , S z e g e d , a n d  a  u m a n  I n s t i tu t e  

f o r  S e r o b a c te r io lo g ic a l  P r o d u c t i o n  a n d  R e s e a r c h , B u d a p e s t

(Received June 14, 1984)

A study was made of the blastic transformation of lymphocytes in the postoperative 
period in colonic tumour patients: 23 who had been immune-stimulated by vaccination, and 
28 who had not been vaccinated. The immune reactivity decreased significantly in the majority 
of the cases; however, the deterioration of the immune status affected 68% of the non- 
vaccinated group, but only 48% of the vaccinated group. The data indicate that the vaccina
tion primarily averted the deterioration of the defence ability in the early postoperative 
period in patients with a normal preoperative immune activity. An evaluable change in the 
immune reactivity did not occur in the 6—10 preoperative days following vaccination. Three 
months postoperatively, the number of patients giving a normal immune reaction was three- 
fol 1 in the vaccinated than in the non-vaccinated group.

F rom  th e  resea rch  results a t ta in e d  in  th e  p a s t few  years i t  has becom e 
increasing ly  clear th a t  th e  prevailing  im m u n e  s ta tu s  o f surgical p a tie n ts  has 
a considerab le in flu en ce  on the inc idence  of sep tic  com plications and  th e  
course of ex is tin g  com plications [1—4]. O ur earlie r su rv ey  of colonic tu m o u r  
p a tie n ts  con firm ed  t h a t  there  is a close co rre la tio n  betw een  th e  p resu rg ica l 
cellu lar im m une defence pred isposition  an d  th e  occurrence of w ound in fec 
tions [5]. T he (jueslion arose, how ever, w h e th e r a single p reo p era tiv e  p a ra m e te r  
p rov ided  an  a p p ro p ria te  p ictu re  o f th e  course o f th e  im m une  s ta tu s  in  th e  
en tire  p o s to p e ra tiv e  period . The im m u n e  re a c tiv ity  o f th e  p a tie n t is know n to  
be affected  b y  th e  su rg ica l stress, b y  som e o f th e  an tib io tic s  applied  fo r p re 
v en tiv e  or th e ra p e u tic  purposes, and  even by th e  an aesth esia  [6 -8 ]. A ccord-
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ing ly , it was decided  to  ex ten d  in v es tig a tio n s  to  the  changes occurring  in th e  
ce llu la r im m une defence ab ility  in  th e  p o s to p e ra tiv e  period . A re la ted  s tu d y  
w as m ade to  c la rify  w h e th e r a vaccine p ro d u ced  from  G ram -nega tive  b a c te ria  
iso la ted  from  local in fections was cap ab le  o f s tim u la tin g  th e  p a t ie n t’s im m une  
defence in th e  p o sto p e ra tiv e  period, and  w h e th e r a difference could be observed  
in  th e  im m une re a c tiv ity  of im m u n e -s tim u la te d  and  u n tre a te d  p a tie n ts  3 
m o n th s  p o s to p e ra tiv e ly  [9-12].

M aterials an d  m ethods

P a t i e n t s .  A randomized study was made on 51 colorectal cancer patients in whom  
elective, radical colonic surgery was performed. Table I provides details on the sex and age 
of the patients, the type of surgery, their pretreatment and the nature of antibiotic prevention. 
On the day following admission, 23 patients received into the deltoid 1 ml of a vaccine con
taining in each ml 10,J phenol-killed bacteria of E s c h e r i c h ia  c o l i , K l e b s i e l l a , P r o te u s  and P s e u d o 
m o n a s  a e r u g in o s a ;  28 patients did not participate in immune stimulation. Blood samples 
were taken on the day of admission (before vaccination in the treated group), on the day of 
surgery (6—10 days after the first blood sampling), and on the 10th postoperative day. The 
fourth sampling took place 3 months postoperatively. The tendency of the lymphocytes to 
undergo blast cell transformation was determined in blood samples, in order to characterize 
the activity of cellular immune defence.

P r e p a r a t i o n  o f  p e r i p h e r a l  l y m p h o c y te  c u l tu r e s .  Heparinized venous blood was added to 
an equal amount of salt solution. The mononuclear cells were isolated by Ficoll-Urorniro 
(Pharmacia Fine Chemicals, Uppsala, and Bracco Ind. Chimica S.P.A., Milano) density

Table I

A g e ,  s e x ,  t y p e  o f  s u r g e r y  a n d  s u r g i c a l  p r e p a r a t io n  in  v a c c in a te d  
a n d  n o n - v a c c in a te d  p a t i e n t s

P atients and treatm ent

No. of cases 
Average age (years)
Male 
F emale
Type of surgery

Right hemicolectomy 
Left colon resection 
Rectal extirpation 

Surgical preparation +  antibiotic 
prophylaxis

accinated N on-vaccinated

23 28
58.7 59.3
11 15
12 13

4 4
10 13
9 11

Puring and irrigation
4 x  500 mg metronidazole orally for 

5 days
4 x  500 mg neomycin sulphate orally 

for 2 days
4 x 5 0 0  mg cephalothin parenterally 

for 7 days
2 x 8 0  mg gentamicin parenterally for 

2 days
2 X 40 mg gentamicin parenterally for 

5 days

Note: parenteral antibiotic administration was begun 12 h preoperatively
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gradient centrifugation, washed three times and resuspended in medium RPMI 1640 (Serva) 
containing 10% fetal calf serum, L-glutamine (20 m ) ,  penicillin (200 IU/ml) and streptomycin 
(100 /ig/ml). Triplicates of peripheral lymphocytes from controls and patients were cultured in 
microtitre plates (Greiner) containing 2 X 105 viable cells/well. Mitogen-stimulated triplicates 
contained and optimum mitogen concentration: 5, 10 or 20 /Л of a 1 : 10 dilution of a com
mercial stock solution of phytohaemagglutinin (PHA, Difco) and 2.5, 5 or 10 //1 of Concanava- 
lin A (Con A, Serva) were added to 200 /Л culture. The cultures were incubated for 72 h in a 
humidified atmosphere with 5% carbon dioxide at 37 °C before the addition of 3H-thymidine 
1 ^Ci/well. The cultures were harvested and counted (Packard, Tri-Carb, Prague, CSSR) 5 h 
after the addition of thymidine. Mean values of the samples resulting in maximum stimula
tion were calculated and applied [13, 14].

The control group contained 50 healthy subjects. Their mean value ± 2  SD was con- 
sidred to represent the normal blast cell transformation activity in the colonic tumour patients. 
Data above the mean were considered typical of a strong reaction, those below the mean, 
typical of a weak reaction. The mean Mastic transformation provoked with phytohaemaggluti
nin was 33 515 ±  14 440 cpm /2x 105 lym phocytes, while that with Con A was 24 291 ±  12 151 
cpm/2 X 105 lymphocytes. The changes in the immune activities of the patients were examined 
subsequently by a self-control method, with reference to the personal starting values. Dif
ferences from the control means were taken as real changes.

E v a l u a t i o n  o f  r e s u l t s  The patients were divided into 4 groups.
(1) The blastic transformation activity of the lymphocytes was initially normal or 

strong, and it remained normal or strong in the postoperative period.
(2) The blastic transformation activity of the lymphocytes was initially normal or 

strong, but it became weak in the postoperative period.
(3) The blastic transformation activity of the lym phocytes was initially weak, but it 

became normal or strong in the postoperative period.
(4) The blastic transformation activity of the lymphocytes was initially weak, and it 

remained weak in the postoperative period.
Groups 1 and 3 were regarded as positive, and groups 2 and 4 as negative, as concerns 

the effectiveness of the immune defence activity.
To assess the effect of vaccination, the changes in blastic transformation activity in 

samples taken at admission and on the day of surgery were compared separately in the vac
cinated and the non-vaccinated subjects. During this period, there was no difference between 
the members of the two groups apart from the vaccination. For technical reasons certain 
examinations could not be performed, and accordingly this comparison was made only for 
16 vaccinated and 17 non-vaccinated cases. Nineteen vaccinated and 17 untreated patients 
presented for the 3-month control.

Statistical analysis was performed with the y f  test.

R esults

T ab le  IT co n ta in s  th e  d is tr ib u tio n  d a ta  of th e  b lastic  tra n sfo rm a tio n  
cap ac ity  o f th e  ly m p h o cy tes  a t th e  beg inn ing  of th e  ex am in a tio n  in th e  v a c 
c in a ted  and  th e  n o n -v acc in a ted  g roups. T ab le  I I  reveals  th a t  th e  tw o g roups 
im m unolog ica lly  eq u iv a len t, since th e  ra tio  of th e  n u m b e r of cases w ith  n o rm al 
or s tro n g  and  w ith  w eak im m une ac tiv itie s  was a lm o st th e  sam e in th e  tw o 
groups a t  th e  beg inn ing  of th e  e x a m in a tio n : 5 2 -4 8 %  an d  5 7 -4 3 % , respec tive ly . 
T he 4 0 -5 0 %  incidence of anergic cases am ong th e  p a tie n ts  opera ted  on for 
colonic tu m o u r corresponded  to  th e  average  given in  th e  l ite ra tu re  [5, 15, 16].

T ab le  I I I  p resen ts  th e  changes in  b lastic  tra n sfo rm a tio n  a c tiv ity  of 
lym phocy tes from  th e  d ay  of adm ission  u n til  th e  10 th  p o sto p era tiv e  d a y  in  
th e  v acc in a ted  and non-vacc ina ted  g roups. On th e  lO tli po sto p era tiv e  d a y  a 
positive change in th e  b lastic  tra n s fo rm a tio n  a c tiv ity  of th e  ly m p h o cy tes  
could be observed  in 52%  of the  cases in  th e  v a cc in a ted  group, co m p ared  
w ith  32%  o f th e  non -vacc ina ted  p a tie n ts  (the  difference was sign ifican t:
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p <7 0.05). F rom  th e  a sp ec t o f a d e te rio ra tin g  im m une a c tiv ity , th is  m eans 
th a t  th e  im m une defence a b ility  w orsened  d u rin g  th e  p o sto p e ra tiv e  period in 
h a lf  o f  th e  v acc in a ted  cases an d  in  tw o -th ird s  o f  th e  u n tre a te d  ones.

I t  is n o tew o rth y  th a t  th e  difference be tw een  th e  v acc in a ted  an d  th e  non- 
v a c c in a te d  groups w as in  fa c t th a t  35%  of v a cc in a ted  cases g iv ing  a norm al 
or s tro n g  reaction  re ta in e d  th e ir  in itia l im m u n e  a c tiv ity , w hile 14%  of th e  
n o n -v acc in a ted  cases did so. A t the  sam e tim e , only  17%  of th e  v acc in a ted  
cases in itia lly  giving a n o rm a l or s tro n g  im m u n e  a c tiv ity  d isp lay ed  a w eaker 
a c t iv i ty  in  th e  p o s to p e ra tiv e  period , w hereas 4 3 %  of th e  n o n -v acc in a ted  cases 
b ecam e  anergic (th e  d ifference  was s ig n ifican t: p <[ 0.05).

T he p ro p o rtio n s o f  th e  cases in  w hich  th e  orig inally  w eak  im m une 
a c t iv i ty  becam e no rm al or s tro n g , or rem ain ed  w eak  th ro u g h o u t, w ere p ra c ti
c a lly  iden tica l in th e  v a c c in a te d  and th e  n o n -v acc in a ted  groups.

T ab le  IV  com pares th e  h lastic  tra n s fo rm a tio n  ac tiv ities on th e  d ay  of 
c lin ica l adm ission an d  on th e  d ay  of su rg e ry  in  16 v acc in a ted  an d  17 non-

ТаЫе II

D i s t r i b u t i o n  o f  h la s tic  t r a n s f o r m a t io n  c a p a c i ty  
o f  l y m p h o c y te s  in  th e  v a c c in a te d  a n d  n o n -v a c c in a te d  g r o u p s  

a t th e  b e g in n in g  o f  th e  e x a m in a t io n , c o m p a r e d  
to  n o r m a l  c o n tr o l  c a se s

Vaccinated Non-vaccinated

PHA  Con A PHA  Con A

Normal or strong 12 12 16 16
Weak 11 11 12 12
Total 23 23 28 28

Table HI

T y p e s  o f  l y m p h o c y te  b la s t i c  t r a n s f o r m a t io n  in  v a c c in a te d  a n d  n o n - v a c c in a te d  g r o u p s  
f r o m  th e  d a y  o f  a d m is s i o n  u n t i l  th e  1 0 th  p o s to p e r a t iv e  d a y

Vaccinated Non-vaccinated
(23 patients) (28 patients)

Blastic transform ation

PHA Con A PHA Con j

1. Initially normal or strong value remained normal or 
strong 8* 7 4* 6

2. Initially weak value became normal or strong 4 5 5 3
Total 12 12 9 9

3. Initially normal or strong value became weak 4* 5 12* 10
4. Initially weak value remained weak 7 6 7 9

Total i l к 19 19

* p <  0.05
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v acc in a ted  p a tie n ts . Two sub-groups w ere perfo rm ed , depend ing  on w h e th e r 
th e  im m une a c tiv ity  of the  p a tie n ts  a t  th e  beg inn ing  o f th e  s tu d y  was n o rm a l 
or strong , or w h e th e r i t  was w eak. T h e  ta b u la te d  d a ta  clearly  d e m o n s tra te  
t liât bo th  in  th e  v acc in a ted  and n o n -v acc in a ted  groups in itia lly  w ith a no rm al 
or s trong  a c tiv ity  th e  b lastic  tra n s fo rm a tio n  a c tiv ity  fell in  half, and  rose in  
h a lf  o f th e  cases. In  co n tra s t, no ch an g e  was observed  in  th e  m a jo rity  of 
p a tien ts  o rig inally  ex h ib itin g  a w eak im m u n e  a c tiv ity ; how ever, in som e cases 
a rem ark ab le  a c tiv ity  increase o ccu rred  (no sign ifican t difference in an y  of 
th e  com pared  groups).

T able  У co n ta in s  th e  correspond ing  d a ta  re la tin g  to  th e  3-m onths co n tro l. 
Three m o n th s p o s to p era tiv e ly , a s ig n if ican t d ifference (p <[ 0.05) in  im m u n e  
reac tiv ity  w as found  betw een th e  v a c c in a ted  and  non-vaccinated  cases. 
W hereas th e  defence a c tiv ity  rem ain ed  s tro n g  or n o rm al, or becam e s tro n g  
or norm al, in  14 o f th e  19 v acc in a ted  p a tie n ts , a s im ila r ten d en cy  w as d is 
p layed  b y  on ly  7 of th e  17 n o n -v acc in a ted  p a tie n ts .

Table IV

B la s t ic  t r a n s f o r m a t io n  o f  ly m p h o c y te s  f r o m  d a y  o f  a d m is s i o n  u n t i l  d a y  o f  s u r g e r y  
( a s s e s s m e n t  o f  e ffe c t o f  v a c c in a t io n )

Blastic transform ation
V accinated 

(16 patients)
Non-vaccinated 

(17 patients)

A. Cases with initially normal or strong immune activity 8 9
— No change or activity increase up to day of surgery 4 5
— Activity decrease 4 4

B. Cases with initially weak immune activity 8 8
— Activity increase up to day of surgery 2 3
— No change* 6 5

' The group classification method allowed no significant decrease of the activity

Table V

B la s t ic  t r a n s f o r m a t io n  o f  ly m p h o c y te s  f r o m  d a y  o f  a d m  i s s io n  u n t i l  3  m o n th s  p o s to p e r a t iv e ly

Blastic transform ation
V accinated 

(19 patients)
Non-vaccinated 

(17 patients)

A. Cases with initially normal or strong immune reactivity 10 9
— No change or activity increase 7I 4)
— Activity decrease 3 5

B. Cases with initially weak immune reactivity 9 114** 817**
— Activity increase 7) 31
— No change* 2 5

* The group classification method allowed no significant decrease of activity 
** p <  0.05
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D iscussion

O u r resu lts  su p p o rte d  th e  earlie r f in d in g  th a t  th e  cellu lar im m u n e  
re a c tiv i ty  decreases considerab ly  in  a la rg e  p ro p o rtio n  of th e  p a tie n ts  as a 
consequence  of th e  ev en ts  during  su rg ery  a n d  th e  po sto p era tiv e  period  [1—3, 6]. 
A n eg a tiv e  change w as observed  in  68 %  o f o u r n o n -vacc ina ted  cases. I t  m u s t 
be n o te d , how ever, t h a t  th e re  was a d e f in ite  im pro v em en t in  b lastic  t r a n s 
fo rm a tio n  a c tiv ity  of th e  lym p h o cy tes  in  c e r ta in  subjects.

W e found th a t  a f te r  th e  v a c c in a tio n  sign ifican tly  m ore p a tie n ts , co m 
p a re d  to  th e  u n tre a te d  ones (see T ab le  I I I ) ,  re ta in ed  th e ir  s tro n g  p reo p e ra tiv e  
im m une  re a c tiv ity  level in th e  early  p o s to p e ra tiv e  period . S im ilarly  to  th e  
n o n -v acc in a ted  cases, p a tie n ts  w ith  an  in itia lly  weak ce llu lar im m une re a c 
t iv i ty  responded  on ly  w eakly  to  v acc in a tio n , according to  ou r prev ious in d ire c t 
ev idence  [5]. In  som e o f th e  p a tie n ts  w ith  in itia lly  norm al or s tro n g  re a c tiv ity , 
th e  v acc in a tio n  p rev en ted  or sh o rten ed  th e  effects of fac to rs  u n fa v o u ra b ly  
in flu en c in g  th e  im m u n e  defence. C hanges in  th e  opposite d irec tio n  m ay  in  all 
p ro b a b ility  be ascribed  to  reasons w hich , because of th e  low  n u m b er o f  th e  
p a tie n ts , could no t be ta k e n  in to  co n sid e ra tio n  in the p resen t group c lassifica 
tio n . E xam p les  of such  possible fac to rs  are  th e  s ta te  of n u tr i t io n  [14, 16—18J, 
th e  m etabo lic  eq u ilib riu m , th e  stage  o f th e  tum orous disease, th e  q u a n ti ty  of 
b lood  tran sfu sio n s [19], and , p e rh ap s th e  m ost im p o rta n t fac to rs  are th e  sep tic  
com plica tions [14, 20 -2 2 ]. I t  has b een  show n th a t  lym pho id  cells o rig in a tin g  
fro m  th e  h u m an  sp leen , ly m p h  nodes a n d  tonsils are s tim u la ted  b y  en d o to x in , 
w h ich  a t th e  sam e tim e  does no t a c t on periphera l ly m p h o cy tes . In  v itro  
ex p e rim en ts , how ever, show ed th a t  it decreases th e  b la s t cell tra n s fo rm a tio n  
a c tiv ity  induced  b y  p h y to h a e m a g g lu tin in  [23]. I t  has also been  observed  th a t  
a slig h t slow in fec tio n  s tim u la tes  to  a ce rta in  ex ten t the  im m une a p p a ra tu s , 
w hereas a severe one ex h au sts  i t  [21, 24, 25]. O ther au th o rs  in te rp re te d  th e  
co n n ec tio n  be tw een  th e  sev erity  o f in fec tio n s and th e  im m une  s ta tu s  in  t h a t  
th e  course o f th e  in fec tio n  is d e te rm in ed  b y  th e  im m une s ta tu s  [14, 20, 22, 26]. 
W e in ten d  to  ca rry  o u t fu r th e r  in v es tig a tio n s  in an a t te m p t  to  c la rify  th is  
qu estio n .

A nim al an d  clinical ex p e rim en ta l s tud ies have been  rep o rted  in  w hich  
v acc in a tio n  led to  im m une  depression  fo r som e tim e [26-29]. This o b se rv a tio n  
cou ld  he con tro lled  b y  com parison  of b la s tic  tra n sfo rm a tio n  a c tiv ity  in  b lood  
sam ples ta k e n  on th e  day  of su rgery  w ith  the  d a ta  o b ta in ed  on th e  d a y  of 
adm ission  in v acc in a ted  and  n o n -v acc in a ted  p a tien ts . T he b lastic  tra n s fo rm a 
tio n  a c tiv ity  of ly m p h o cy tes  increased  or decreased be tw een  these  tw o  p o in ts  
o f tim e  in ab o u t 4 0%  of th e  p a tie n ts  ex h ib itin g  a norm al or s trong  re a c tiv ity , 
in  b o th  th e  v a cc in a ted  and  n o n -v acc in a ted  groups (6/16 and  7/17, re sp ec tiv e ly ), 
b u t  no ten d en cy  could  be d iscovered in  the  d irection  o f th e  changes. In  som e 
p a tie n ts  an en h an cem en t of th e  in itia lly  w eak re a c tiv ity  was o bserved  in
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b o th  th e  v a c c in a ted  and  n o n -v acc in a ted  groups, is ev idence ag a in st an  im m u n e  
depression.

L y m p h o cy te  b lastic  tra n sfo rm a tio n  m easu rem en ts  3 m onths p o sto p er- 
a tive ly , a f te r  convalescence, in d ica ted  th e  fav o u rab le  s itu a tio n  of th e  v acc in a ted  
cases. N ev erth e less , th e  d a ta  d u rin g  th is  period  m ay  h av e  been in flu en ced  by  
u n co n tro llab le  effect such as tu m o u r  recu rren ce , in te rc u rre n t diseases, e tc ., 
and  there fo re  th e  resu lts  should  be e v a lu a te d  w ith  care . E ven  so, i t  m ay  be 
s ta te d  th a t  o u r resu lts  po in t to  th e  possib ility  of p ro longed  im m une s tim u la 
tio n  by  m eans of vacc ina tion .

A c k n o w le d g e m e n t .  The study has been made partly with the help of the Alexander von 
Humboldt Fellowship, Bonn, ERG.
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DETECTION OF MAIN CORE PROTEINS 
OF SIMIAN C-TYPE VIRUSES 

AND HUMAN RETROVIRUS HTUV 
AND ANTIBODIES TO THEM 

IN PATIENTS WITH LYMPHOID MALIGNANCIES

F . D . T ó t h , L. V á c z i , B . S z a b ó , J o l á n  K i s s , A. R é t h y , A. K iss ,
В. T e l e k , I l o n a  K o v á c s , C s . K i s s  a n d  K .  R á k

Institu te  o f  M icrobiology, Second D epartm ent o f  M edicine, 
and D epartm ent o f  Paediatrics, U niversity  M edical School, Debrecen

(R eceived Ju n e  25, 1984)

P erip h era l leuk o cy tes  or lym ph  node cells an d  blood p lasm a sam ples from  p a tie n ts  
w ith  ly m pho id  m alignancies w ere in v estig a ted  for im m unolog ical m ark e rs  o f B aEV , GaLV 
and HTLV. A n tig en s and  a n tib o d ies  were show n w ith  rad io im m u n o assay . A ntigen  re la te d  to  
th e  p30 core p ro te in  o f B aE V  could  be de tected  in each  cell ty p e  of leukaem ias and lym phom as. 
A ntigen  re la te d  to  th e  GaLV p30 was found  m ain ly  in  B - and  О-cell fo rm s, while th a t  re la te d  
to  th e  p24 p ro te in  o f H TLV  could  be de tected  on ly  in  tw o  T-cell m alignancies. A ntibodies 
reac tiv e  w ith  th ese  an tig en s show ed a sim ilar d is tr ib u tio n .

The c ritica l q u estio n  concern ing  re tro v iru ses  is w h e th e r th e y  arc invo lved  
in h u m an  carcionogenesis an d , if  so, to  w h a t e x te n t. A recen t developm ent of 
co n tin u o u sly  grow ing cell lines from  p a tie n ts  w ith  lym phoid  m alignancies has 
led to  th e  iso la tio n  of C -type  re trov iruses. M ost o f th em  are  very  closely 
re la ted  to  C -type v iruses o f p rim a tes  [1]. T h e  h u m an  T-cell leukaem ia/lym - 
phom a v iru s (H T L V ) w as f i r s t  iso lated  from  a US p a tie n t  w ith  cu taneous 
T-cell ly m p h o m a [2]. T he iso la tio n  of H TLV  from  p a tie n ts  in  d ifferen t p a r ts  
o f th e  w orld  su p p o rts  recen t serological-epidem iological s tud ies [3-5] in d ic a t
ing th a t  th is  v iru s  is m ore w ide-spread  th a n  prev iously  believed.

O ur p rev ious s tu d ies  [6] w ith  in d irec t m em brane  im m unofluorescence 
tech n iq u e  show ed th e  p resence of an tibod ies to  sim ian  C -type v iruses an d  
H TLV  in blood p lasm a sam ples from  p a tie n ts  w ith  m alig n an t ly m p h o 
p ro lifé ra tiv e  d iseases. In  th e  p resen t w ork, we re p o rt th e  resu lts  of a ra d io 
im m unoassay  s tu d y  on th e  presence of p rim a te  oncovirus-specific  an tigens 
and  an tibod ies in  H u n g a rian  p a tie n ts  w ith  d iffe ren t lym p h o id  m alignancies.
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M aterials and  m ethods

P urifica tion  o f  leukocytes and lym ph node cells. E ry th ro c y te s  w ere rem oved  by  lysis 
in  0 .8 3 %  am m onium  chloride so lu tion . F o r d e ta ils  see D. T o th  e t al. [7].

Preparation o f  cell extracts. One m l o f p h o sp h a te  buffered saline (PB S ) p H  7.4 con
ta in in g  C a++ and  Mg + + an d  su p p lem en ted  w ith  ovalbum in  (0.5 m g/m l), 0 .5%  N on id e t 
P -40 an d  2 mM phen y l-m eth y l-su lfo n y l flu o rid e  (P M S F ) was added  to  108 leukocy tes o f ly m p h  
node cells. T he cells w ere d is in teg ra ted  b y  five u ltra so n ic  tre a tm e n ts  (1.5 A, 10 sec). T he tre a te d  
sam ples were th e n  in cu b a ted  a t  37 °C for 15 m in  an d  fin a lly  cen trifuged  a t  18 000 g fo r 15 m in 
a t  4 °C. T he su p e rn a ta n ts  w ere used  as co m p etin g  an tig en s in co m p etitiv e  rad io im m u n o assay . 
P ro te in s  were q u a n tita te d  by  th e  m eth o d  of L ow ry  e t al. [8].

P urifica tion  o f  p30  po lypeptides fro m  p rim a te  oncoviruses. T he M7 s tra in  o f b ab o o n  
endogenous v irus (B aEV ) an d  th e  g ibbon  ape leu k aem ia  v irus (GaLV ) w ere p ro v id ed  b y  th e  
P fizer L ab o ra to ries  (M ayw ood, N .J .,  USA). T h e  B aE V  and GaLV p30 p ro te in s w ere pu rified  
b y  phosphocellu lose colum n ch ro m a to g ra p h y  as described by  S tra n d  an d  A ugust [9]. V iral 
an tig e n s  were labelled  w ith  125I  using  th e  ch lo ram ine  m eth o d  [10].

H T L V p 2 4  antigen  w as supplied  by  M. R o b e rt-G u ro ff  and R. C. Gallo from  th e  N a tio n a l 
C ancer In s t i tu te  (B e th esd a , M ary land , USA).

Im m u n e  sera. G oat im m u n e  sera  to  B aE V  p30 and GaLV p30 w ere p ro v id ed  b y  R. 
W ilsnack  (H u n tin g d o n  R esearch  C enter, B a ltim o re , M aryland, USA). G oat im m u n e  serum  
ra ised  ag a in st H TLV p24 w as sen t by  M. R o b e rt-G u ro ff  and R. C. Gallo (B e th esd a , M ary 
lan d , USA). P re c ip ita tin g  ra b b it  an ti-g o a t im m u n e  serum  and g oat a n ti-h u m an  IgG  serum  
were from  H y lan d  Co. (C osta M esa, C alifornia, USA).

Competitive radioim m unoassay ( R I A ) .  T h e  an tise ru m  was ad d ed  a t  d ilu tio n s w hich 
p re c ip ita te d  ap p ro x im ate ly  50%  of th e  labe lled  an tig en , and th e  co m p e titiv e  in h ib itio n  of 
b in d in g  of th e  125I-labelled  a n tig en  w as m easu red . A t f irs t  200 /Л of cell e x tra c t an d  20 [Л of 
a n ti -рЗО or an ti-p24  serum  w ere in cu b a ted  a t  37 °C for 1 h. T hen 10 //1 o f ,25I-labe lled  v iral 
an tig en s  were added  and  th e  m ix tu re  was in c u b a te d  a t  37 °C for 3 h. T h erea fte r  20 p \  o f ra b b it  
a n ti-g o a t serum  were ad d ed  to  th e  sam ples w hich  were subseq u en tly  in cu b a ted  for 1 h  a t 
37 °C and  th en  for 18 h a t  4 °C. A fter te rm in a tio n  of incubation , th e  im m une com plexes were 
sed im en ted  (1000 g, 15 m in) an d  w ashed tw ice  in 0.5 ml of buffer a t  4 h  in te rv a ls  a t  4 °C to 
allow  a reaggregation  of sm all, soluble im m u n e  com plexes. R a d io a c tiv ity  o f th e  sed im en ts 
resu sp en d ed  in buffer was assessed in a gam m a sc in tilla tio n  counter. T he sam e b u ffer as used 
for p re p a ra tio n  of cell e x tra c ts  w as em ployed  as d ilu en t and for w ashing.

R adio im m unoprécip ita tion  assay ( R I P ) .  T he experim en tal cond itions described  by  
K u r th  e t al. [11] were u tilized  th ro u g h o u t th e  p re sen t s tudy . The ca rrie r and w ash ing  buffer 
co n ta in ed  2 mM PM SF. As it was done in  R IA  experim en ts, all so lu tions w ere cen trifuged  
ju s t  before assay  to  rem ove possible aggregates. T en  p\ of v irus an tig en , 70 [A of c a rrie r buffer 
a n d  20 /Л of h u m an  blood p lasm a  sam ple a t  tw ofo ld  d ilu tions (s ta rte d  from  1 : 5) w ere in cu b a ted  
for 3 h a t  37 °C. T hen an tih u m an  IgG  serum  w as ad ded  in 20-fold excess over th e  te s t  p lasm a 
and  th e  sam ples were in cu b a ted  for 1 h  a t  37 °C. In c u b a tio n  was te rm in a te d  a fte r  18 h  a t  4 °C. 
C entrifug ing  of im m une com plexes (1000 g, 15 m in) w as followed by  tw o  washes. R a d io a c tiv ity  
o f th e  sed im ents was assessed in a gam m a sc in tilla tio n  counter.

R esults

1. Frequency o f  B a E V  p3 0 , G a L V  p30  and H T L V  p2 4 . E x tra c ts  from 
p erip h era l leukocy tes o f p a tie n ts  w ith  lym pho id  leukaem ias and  from  lym ph 
node cells of p a tie n ts  w ith  ly m p h o m as  were te s ted  b y  co m p e titiv e  R IA  
(T able I). T he an tigen  re la ted  to th e  p30 core po ly p ep tid e  of B aE V  could be 
d e tec ted  in each cell ty p e  o f acu te  ly m p h o id  leukaem ia  (A LL), ch ron ic  ly m 
phoid leukaem ia  (CLL), n o n -H o d g k in  ly m p h o m a (N H L ) and  in H o d gk in  ly m 
p h o m a (H L ). The presence o f G aLV  рЗО-like an tigen  was connected  m ain ly  
w ith  O- and В -cell ty p e s  o f  A LL, C LL an d  N H L . O ut o f 21 T-cell m alignancies, 
only  tw o sam ples w ere positive  for th e  an tig en  re la ted  to  H TLV  p24. P e r ip h 
eral leukocytes of 87 h e a lth y  persons and biopsized lym ph  nodes of 14
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Table I

Frequency o f B a E V  рЗО, G aL V  p  30 and H T L V  p24  antigens 
in  malignant lymphoproliférative diseases

Antigen

Diagnosis Cell type
BaEV рЗО GaLV рЗО HTLV р24

ALL T 2/ 12* 0/12 1/12
О 3/15 6/15 0/15

CLL в 2/8 3/8 0/8

N H L T
в

3/9
4/10

0/9
4/10

1/9
0/10

HL 2/8 3/8 0/8

* Positive sam ples/num ber of sam ples tested
A bbreviations: A L L  =  acute lym phoid  leukaem ia; CLL =  chronic lym phoid leukaem ia; 

N H L  = non-H odgkin ly m phom a; H L =  H odgkin  lym phom a

p a tie n ts  w ith  re ac tiv e  h yperp lasia  were used as con tro l m ateria ls . A ntigen  
re la ted  to  B aEV  p30 could be d e tec ted  in th ree  cases o f reactive  lym ph  node 
hyperp lasia . No co n tro l sam ples co n ta in ed  G aLV -, or H TLV -specific an tig en s.

2. Quantitative expression o f  m ain core antigens in cell samples. T ah ié  I I  
show s th e  degree o f  an tig en  expression  in sam ples p o sitiv e  for GaLV  p30 and 
H TLV  p24 p o ly p ep tid es , and  th e  clinical d a ta  of th e  corresponding  p a tie n ts . 
T he an tig en  co n te n t o f sam ples is expressed  in  ng o f co m p e tito r p e r m g of 
to ta l p ro te in . The a m o u n t of an tig en  com peting  w ith  GaLV  p30 is h igher in 
ALL th a n  in o th e r ly m p h o id  m alignancies. In  A L L  th e  level o f GaLV  p30- 
specific co m p e tito r seem s to  he para lle l w ith  the  ra tio  of b lastic  e lem ents. 
I t  is n o tab le  th a t  th e  HTLV p24-specific  an tigen  could  be found in tw o T-cell 
m alignancies of m a tu re  cell ty p e . These tw o p a tie n ts  w ere ad u lts . P erip h era l 
leukocy te  sam ples from  th e ir  close fam ily  m em bers p ro v ed  to  he co n seq u en tly  
negative  for H TLV  p24.

3. Frequency o f  antibodies reacting with B a E V  рЗО, G a L V  p 3 0  and  
H T L V  p2 4 . D e tec tion  o f an tibod ies b y  R IP  was ca rried  ou t in blood p lasm a 
sam ples o f p a tie n ts  lis ted  in T able  I, except th e  T-cell A LL cases. In  th e  
T-cell A L L  group m ore sam ples w ere te s ted  for an tib o d ies  th a n  for com peting  
an tigens (Table I I I ) .  T h e  d is tr ib u tio n  of an tibod ies o f d ifferen t specificities 
was sim ilar to  th a t  o f v irus-specific  an tigens. A n tibod ies reac ting  w ith  B aEV  
p30 an tig en  could be fo u n d  in 0 - ,  B- and T-cell ty p e s  of A LL, CLL, N H L  
and  in  H L . A nti-G aL V  p30 an tibod ies were d e tec ted  in  p lasm a sam ples of 
p a tie n ts  w ith  0 -  an d  В -cell m alignancies and  in  one case o f T-cell A L L . A nti- 
H TLV  p24 an tibod ies w ere found in  tw o p a tie n ts  (one w ith  T-cell A L L  and  
one w ith  T-cell ly m p h o m a). C ontrol p lasm a sam ples w ere tak en  from  th e
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Table II

Quantitative expression o f  GaL У p30 and H T L V  p24 antigens 
in  peripheral leukocytes and lym ph node cells

P atien t Leukocytes ng antigen/m g protein

Diagnosis Cell type
N o . age (years) G /l % blast GaLV p30 HTLV p24

l 7 2.8 10 5 .8
2 0.5 5 .6 34 7 .4 —
3 9 4.3 15 4 .2 —
4 11 ALL 0 2 6 .4 96 8 .9 —
5 14 4 .5 30 6 .7 —
6 16 100 89 11 .2 —

7 29 T 4 .5 0 — 14 .3

8 76 46 1 3 .2
9 61 CLL в 39 3 2 .4 —

10 78 52 15 1 .9 —

11 7 0 2 .8 —

12 10 0 1.7 —

13 55 N H L В 14 3 .4 —

14 37 54 2 .9 —

15 46 T 0 — 24 .2

16 4 3 .6
17 12 HL — 7 .2 —

18 47 5 .9 —

A bbreviations: see T ab le  I

Table III

Frequency o f  antibodies reacting with B a E V  p 3 0 , G aLV  p30  
and H T L V p 2 4  antigens in  m alignant lymphoproliférative diseases

Diagnosis Cell type

A ntibodies reacting w;ith

BaEV p30 GaLV p30 HTLV p24

\ T  T . T 6 / 2 0 * 1/20 1 /20
о 4 /1 5 5 /1 5 0 /1 5

CLL в 0 /8 2 /8 0 /8

N H T ,
T 0 /9 0 /9 1/9
в 1/10 2 /1 0 0 /1 0

HL — 1/8 0 /8 0 /8

* Positive p lasm as/n u m b er of p lasm as tested  
A bbreviations: see T ab le  I
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Table IV

Titres o f antibodies reacting with G a L V  p30 and H T L V  p 2 4  in plasm a samples 
o f  patients with malignant lymphoproliférative diseases

Leukocytes ng of precipitated antigen*

0/1 % blast GaLV p30 HTLV p24

1 7 2.8 10 5.2 —

2 9 5.6 7.4 3.8 —

3 11 ALL 0 26.4 96 4.6 —

4 14 4.5 30 7.2 —

5 16 100 89 6.1 —

6 34 4.7 4 8.4
7 29 4.5 0 24.2

8
9

76
61 CLL В 46

39
1
3

3.8
2.9 —

10
11

50
7 N H L В 2.8

3.4
4.6
3.7 -

12 46 T 0 17.7

* N anogram s o f  v ira l antigens p rec ip ita ted  by  10 f d  of p lasm a dilu ted  1 : 1 0  
A bbrev iations: see Table I

Diagnosis
age (years)

Cell
type

sam e persons, w hose periphera l leu k o cy tes  or ly m p h  node cells served  as 
con tro l in  c o m p e titiv e  R IA  stud ies. N one o f th em  h a d  an tibod ies reac tin g  
w ith  th e  m a jo r core  po lypep tide of B aE V , GaLV or H T L V .

4. Titres o f  antibodies reacting w ith  the m ain  core polypeptides. T ab le  IV 
show s th e  a m o u n t o f an tibod ies re a c tin g  w ith  B aE V  p30, GaLV  p30 and  H T L V  
p24. T he a n tib o d y  tilre s  are e s tim a te d  for 10 //1 o f  p lasm a d ilu ted  1 : 10. 
T he h ig h est v a lu es  w ere observed in  tw o  sam ples co n ta in in g  H TLV  p24- 
specific an tib o d ies . These p lasm a sam ples w ere from  tho se  p a tie n ts , w hose 
tu m o u r cells c o n ta in e d  HTLV p24-specific  an tigen . T h e ir  close fam ily  m em bers 
h ad  no H T L V -specific  an tibodies. In  all cases, th e  p resence of v irus-specific  
an tibod ies was co n n ec ted  w ith  th e  p rogressive  phase o f lym p h o id  m alignancies. 
I t  should  he n o te d  th a t  p a tie n t No. 6 w as a young m o th e r, whose b ab y  d ev e l
oped О -cell A L L  in  th e  age of 6 w eeks. The b a b y  h a d  GaLV p3 0 -re la ted  
an tigen  (T able I I ,  N o. 2). The o th e r  fam ily  s tud ies gave negative  re su lts .
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D iscussion

In  th is rep o rt we h av e  show n th a t  h u m a n  lym phoid  tu m o u r  cells co n ta in  
a n tig en s  re la ted  to  th e  m ain  core p o ly p ep tid es  o f B aEV , G aLY  an d  H TLV . 
T he B aE V  рЗО-like a n tig e n  could he d e te c te d  n o t only in ly m p h o id  tu m o u rs , 
h u t in  norm al lym p h o id  cells, too. The p resence  o f antigens re la ted  to  s tru c tu ra l 
co m p o n en ts  of sim ian  oncoviruses in  h u m a n  cells seems to  he su p p o rted  by 
th e  d e tec tio n  of d iffe ren t fam ilies of h u m a n  D N A  sequences re la te d  to  re tro 
v iru ses  of o th e r m am m als  [12-14]. O ne o f th ese  D N A  segm en ts has been 
show n to  be re la ted  to  th e  prov iruses o f A K B  m urine leu k aem ia  v irus and 
B aE V  [12]. A n o th er segm en t of th e  h u m a n  genom e [13] has D N A  sequence 
hom ology  to  th e  gag a n d  pol genes o f M oloney m urine  leu k aem ia  v irus [13]. 
T h u s , th e  ap p earan ce  o f BaEV - and  G aL V -re la ted  an tigens in  h u m an  cells 
cou ld  be the  consequence  of derepression  o f th e  hum an  endogenous gag 
sequences. M oreover, th e  possib ility  o f tran sm issio n  of an  in fec tive  agen t 
re la te d  to  GaLV c a n n o t b e  excluded in  th e  case of th e  A L L  b a b y  (Table I I ,  
N o. 2) born  by a leu k ae in ic  m o ther (T able  IV , No. 6).

E xpression  o f H T L V  antigens an d  an tib o d ies  specifically  reac tiv e  w ith  
s tru c tu ra l  p ro te in s o f 11TLV have been  found  in w hite p a tie n ts  w ith  T-cell 
m alignancies [17, 18] in d ifferen t p a r ts  o f th e  w orld. R ecen tly , a new h u m an  
re tro v iru s , called H T L V -II, was id e n tif ie d  in [17] and  iso la ted  from  [18] 
c u ltu re d  cells o f a p a t ie n t  w ith  h a iry  cell leu k aem ia ; th is iso la te  is re la ted  to , 
b u t  q u ite  d is tin c t fro m , all o th e r H T L V  iso la tes. O ther v iru ses belonging to  
th e  H T L V  fam ily  h av e  been iso la ted  from  p a tie n ts  w ith  acqu ired  im m u n o 
d efic ien cy  syndrom e [19]. The origin o f an tig en  re la ted  to  H T L V  p24 in our 
tw o  p a tie n ts  w ith  m a tu re  T-cell m alignancies is ye t no t c lear, because th e ir  
close fam ily  m em bers w ere co n seq u en tly  neg a tiv e  for H T L V  p24 and a n t i 
bod ies to  them . An analogous o b se rv a tio n  has been rep o rted  on w hite  p a 
t ie n ts  [20]. In je c tio n  o f cell-free m a te ria ls  in to  baboons, o rig ina lly  neg a tiv e  
fo r H TLV . induced  ap p earan ce  of H T L V -specific  im m unologic m arkers and 
d ev e lo p m en t of ly m p h o m ato u s  d iseases in  th em . Final c la rifica tio n  of th is 
q u e s tio n  needs th e  com parison  of th e  p24-like an tigen  d e tec ted  b y  us w ith  th e  
m a in  core p o ly p ep tid e  o f  d ifferen t H T L V  sero types.
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A NEW S A L M O N E L L A  SEROTYPE 
S A L M O N E L L A  A R I Z O N A E  (28 : z : z10)

WITH UREASE-POSITIVE CHARACTER
(A NOTE)
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National Institute o f Hygiene, Budapest, Hungary and WHO Collaborating Centre 
fo r  Reference and Research on Salmonella, Institu t Pasteur, Paris, France

(Received April 26, 1984)

A new Salmonella subspecies I I I  serotype: Salmonella arizonae 28 : z : z10 urease
positive variant, isolated from a sewage treatment finishing pond is described.

Salm onellae n o rm ally  do n o t sp lit u rea . T h e  u rease  te s t  is th e re fo re  
used for th e  rap id  d iffe ren tia tio n  of Salm onella  from  Proteus vulgaris and  
Proteus m irabilis  w hich are  all lac to se-n eg ativ e  a n d  H 2S-positive on tr ip le  
sugar iron  agar. A ccord ing  to  our know ledge th e re  is a p u b lica tio n  on a u re a se 
positive  Salm onella cubana  s tra in  [1] iso la ted  from  u rin e . In  th is  n o te  we 
describe th e  c ircum stances of th e  iso la tion  o f a u rease-p roducing  Salm onella  
arizonae w hich  a t th e  sam e tim e  is a new  sero ty p e .

In  th e  course o f a ro u tin e  en v iro n m en ta l m o n ito rin g  p rog ram m e th e  
new  Salm onella  sero type  w as iso la ted  from  a fin ish ing  p o n d  w a te r sam ple, n ea r 
to  th e  to w n  K esz the ly  on  2 6 th  S ep tem ber, 1983. T h ere  are  tw o p ara lle l series 
o f tw o shallow  lagoons w hich  serve for th e  f in ish in g  tre a tm e n t of th e  d is
in fec ted  e ff lu en t of th e  to w n ’s sewage t re a tm e n t p la n t  and  are a lte rn a te ly  
loaded  a t  in te rv a ls  of 3 to  4 weeks.

W hile only  s tra in s  belonging to  Salm onella  subspecies I  have ever been 
iso la ted  from  th e  seco n d ary  tre a te d  sew age flow ing  in to  th e  fin ish ing  p o n d , 
d ifferen t sero ty p es of Salm onella  subspecies I I I  h av e  o ften  been d e tec ted  from  
th e  e fflu en t w ate r. I t  w as supposed  th a t  S . arizonae  h a d  reached  th e  w a te r  
w ith  th e  ex c re ta  of th e  fa u n a  liv ing  in  th e  a b u n d a n t v e g e ta tio n  of th e  ponds.
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M aterials an d  m ethods

F ive  hundred  m l o f th e  w a te r  sam ples w ere m em b ran e  filte red  a n d  in cu b a ted  o v er
n ig h t  in  P reuss [2, 3] en rich m en t b ro th  a t  37 °C. Iso la tio n  was perfo rm ed  on salm onella  
se lec tiv e  m edia  [4, 5]. B iochem ical and  serological reac tio n s  were described b y  K a u ffm a n n  [4] 
a n d  Be M inor [5].

Results

A ccording to  b iochem ical fea tu res  (see T ab le  I), th e  iso la te  belonged  to  
Salm onella  subspecies I l l b  w hich co rresponds to  S . arizonae subgenus I I I ,  
possessing  tw o H  phases [6 ,7 ] :  i t  is g a la c tu ro n a te - , g lu tam y ltran sfe rase - and  
g lucu ron idase-positive . O n th e  o th e r h a n d , th e  s tra in  is lac to se-, O N PG - an d  
m alo n a te -p o sitiv e , d - ta r tr a te -  and  K C N -nega tive . I t  differs in th e  follow ing 
c h a ra c te rs : d u lc ito l-positive , g e la tin ase -n eg a tiv e , H 2S -negative , gas from  
g lucose negative an d  p rin c ip a lly  in sp littin g  u rea  in one d ay  in th e  urea- 
in d o le  b ro th  [8] derived  from  th e  m ed ium  of F erguson  an d  H oo k  [9] and  
s im ila rly  in  C hristensen ’s m ed ium  [10]. W e could  n o t observe seg rega tion  of 
u rease -n eg a tiv e  colonies: all o f th em  possessed and m a in ta in e d  th is  fea tu re . 
N o co n co m itan t D N A  b a n d  could be observed  b y  gel e lec trophoresis . T h e re 
fo re  we can n o t ad v an ce  an  a rg u m en t in  fav o u r o f th e  p lasm id ic  localiza tion  
o f  th e  genes w hich code th e  u rease , as i t  w as show n in  Escherichia coli, P ro
v idencia  stuartii an d  Streptococcus fa ec iu m  [11, 12, 13].

The iso late belonged  to  serogroup  M, its  d e ta iled  an tigen ic  s tru c tu re  was 
2 8 г, 28.,, it  d iffered on ly  b y  som e m inor an tig en s from  th e  an tig en s of S. dakar.

Table I

Biochemical properties o f S. arizonae 28 : z : z10

Adonitol — D-Xylose +
L-Arabinose OINPG
Cellobiose — Methyl red 37 °C +
Dulcitol -f Voges—Proskauer 37 °C —
D-Fructose + Urea (Ferguson) +
D-Galactose 4- Indole —

D-Glucose (gas) + (-) H 2S +
Glycerol (gas) _ | _ 5 — 6 Gelatin (film) —
m-Inositol — Ammonium citrate —
Lactose + d-, 1-, i-Tartrate _ _ _ 7

D-Maltose -f- Galacturonate +
D-Mannitol + y -Glut amyltransfer ase +
D-Mannose + /5-Glucuronidase +
Melibiose +  2 Malonate +
Raffinose — Mucate —

L-Rhamnose - j - Lysine decarboxylase -j_
Salicin — Ornithine decarboxylase +
D-Sorbitol -j- Arginine dihydrolase _ _ _ 7

Sorbose — Tryptophan deaminase —
Sucrose — Tetrathionate reductase +
D-Trehalose + KCN —
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T he iso la te  possessed th e  H  an tigens z and  z10. T h e  cu ltu res in  th e  co r
respond ing  p h ase  abso rbed  serum  H z (S . poona  phase  1) an d  absorbed se rum  
H z10 (S . glostrup  p h ase  1), b u t n o t com pletely . In  th is  w ay  th e  s tra in  an a ly zed  
p ro v ed  to  be a new  sero type  o f S. arizonae.

Iso la tion  o f th e  sam e se ro ty p e  failed  in  fu r th e r  sam plings. The iso la te  of 
th e  new  sero type  has been inc luded  in  th e  H u n g a ria n  Collection of M edical 
B ac te ria , B u d ap est, u n d er accession n u m b er 40047.

A c k n o w le d g e m e n ts .  The authors are indebted to Professor J. B ockemühl  and Dr.
S. A le k s ic  (Hamburg) with whom one of us (L. L e  Mi n o r ) is collaborating in studying new 
S a lm o n e l la  serotypes, for kindly confirming the biochemical and serological characteristics 
of this strain.
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T he sto ry  of th e  to x ic  n a tu re  of A sia tic  cholera re flec ts  th e  change o f 
ou r view s in th is fie ld . Soon a fte r th e  d iscovery  of the  cau sa tiv e  agent. R o b e rt 
K o ch  po in ted  ou t t h a t  cholera  is a to x in -m ed ia ted  disease. H ow ever, fo r v a 
rio u s reasons, th is  p red ic tio n  was confirm ed  considerab ly  la te r . A fter th e  tu r n  
of c e n tu ry , lab o ra to rie s  of th e  in d u stria lized  w orld to o k  no in te res t in  th e  
p a th o m ech an ism  of ch o le ra  w hich h ad  cessed to  be of epidem iological im p o r
tan ce . P erh ap s also som e fear ex isted  to  th e  risk  of m an ip u la tin g  w ith  ag en ts  
u nknow n  in the ir ow n c o u n try  b u t capab le  o f causing so dangerous ep idem ics 
in  th e  p a s t. T here w ere techn ica l p rob lem s, to o : th e  classical exo tox ins, e.g. 
te ta n u s  or d ip h th e ria  can  be easily  te s te d  in  la b o ra to ry  an im als b y  g iv ing  
m in im u m  am ounts p a re n te ra lly . T hus, a genera lly  accep ted  assum ption  based  
on ex p erim en ta l re su lts  w as advanced : exo tox ins are h igh ly  tox ic  m a te ria ls  i f  
g iven to  lab o ra to ry  an im als  b y  p a re n te ra l or especially  b y  in trav en o u s ro u te . 
T he cholera  tox in  does n o t f i t  in to  th is  schem e (abou t 10 pg o f p u rified  cho lera  
to x in  corresponds to  th e  L D 50 v a lue , w hereas th e  sam e am o u n t o f te ta n u s  
to x in  is equal to  4 X 105 L D 50) and  on ly  th e  pandem ic  ap p earan ce  of th e  E l T o r 
b io ty p e , th e  m u ltip lied  effo rts  of re in v estig a tio n s an d  th e  renew ed ap p lica tio n  
o f  th e  iso la ted  gu t m odel by  De and C h a tte rje  [1] led to  th e  d iscovery  o f c h o 
le ra  an d  re la ted  to x in s  [2, 3].

1. E ntero tox ins

T h e re  is no g en era lly  accepted  d efin itio n  of en te ro to x in s : in a n a rro w  
sense these  are p ro te in  exo toxins w hich in  n a tu ra l c ircum stances are effec tive  
on th e  bow el ep ith e lia l cells causing flu id  loss by  th e  accu m u la tio n  of cA M P or 
cG M P w ith o u t ce llu la r dam ages. T his d efin itio n  exclude som e re la ted  to x in s  
su ch  as Shiga and  c lo s trid ia l en te ro to x in s  an d  th e  n o t well defined cy to - or 
v e ro to x in s . I t  is tru e , t h a t  a t  least in  som e cases th e ir  re la tedness sug g est a 
d e fin itio n  in a b ro a d e r sense.

1.1. The enterotoxin o f  Vibrio choierae

T he causa tive  a g e n t of A siatic cholera  — includ ing  th e  classical ty p e  o f  
V. cholerae and  its  E l T or b io ty p e  — is a n o n -invasive  p a th o g en . T here  is a 
p o ss ib ility  th a t  som e ad d itiv e  fac to rs (m o tility , m ucinase) p lay  a role in th e  
pa thogenesis , b u t acco rd ing  to  our p re se n t know ledge th e re  is only one v iru l
ence fac to r  of overhe lm ing  im p o rtan ce , th e  exo tox in .

T he en te ro to x in  o f V. cholerae or Cholera T oxin  (CT) or choleragen, p u r i 
fied  f ir s t  b y  F in k e ls te in  [4] is a p ro te in  exo tox in  w ith  a m olecular w eigh t o f 
84 000 and  consists o f tw o , so called p ro to m ers : th e  “ A ” , lig h t su b un it (29 000 
d) an d  the  “ B ” , h e a v y  su b u n it (55 000 d) associated  by  non  covalen t b o n d s
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[5]. T he A su b u n it is syn thesized  as a single p o ly p ep tid  chain , b u t in  p ro te a se  
p ro d u c in g  s tra in s  i t  w as iso lated  in  a n icked  form : p o ly p ep tid e  A j (23 000 d) 
an d  A., (6000 d) linked b y  a d isu lphide bond  and  n o n co v a len t in te ra c tio n s  [6]. 
The В su b u n it consists of five id e n tic a l po lypep tides (11 600 d) n o n co v a len tly  
associa ted . T he A, chain  is a ttach ed  to  th e  В su b u n it th ro u g h  the A.,.

T he en zy m atica lly  active p a r t  o f  th e  tox in  is th e  A 3 po ly p ep tid e  w h ich  
in vades th e  sensitive cells and  a c tiv a te s  th e  adenyl-cyclase enzym e by  a N A D - 
d ep en d en t A T P -ribosy la tion  of th e  G T P  b inding  co m ponen t [5, 7]. T h e  В 
su b u n it is th e  recep to r-b ind ing  co m p o n en t of th e  to x in . T his B p ro to m e r is 
a tox ic  ( th e  A p ro to m er is only very  s lig h tly  toxic) an d  seem s to  be id e n tic a l 
w ith  th e  n a tu ra l  a tox ic  p ro d u c t cholerageno id  [8, 9]. T he choleragen tr e a te d  
w ith  fo rm ald eh y d e  or g lu ta rd eh y d e  g ives perhaps only a v e ry  sim ilar p ro d u c t 
( 10].

S tu d y in g  th e  pharm aco log ical e ffec t of cholera to x in  i t  has been  v e ry  
ea rly  observed  th a t  i t  ac ts  p rim arily  b y  au gm en ting  a secre to ry  process, w ith 
o u t im p a irin g  th e  ab so rp tio n . The e n h an ced  secretion is in d ep en d en t fro m  e.g. 
a r te ria l p ressu re , depend ing  only on th e  dysfunction  of ep ith e lia l cells. E x p e r i
m en ts perfo rm ed  in  perfusion  cham bers show  a chloride secretion  w ith  co n co m 
i ta n t  loss o f o th e r ions an d  w ater across th e  m em brane w ith o u t in h ib itin g  
th e  g lucose-enhanced  sod ium  abso rp tio n . E ssen tia lly , a n o rm al succus entericus  
is secre ted  [2].

A lread y  v an  H eyn ingen  et al. [11] h av e  suggested th a t  a ganglioside m a y  
be th e  re c e p to r for CT. L a te r  it  has b e e n  p roved  b y  several m ethods th a t  th e  
m onosialoganglioside GM| is th e  exact re c e p to r  s tru c tu re  [12, 13]: C eram ide 
glucose — galactose — iV -acety lgalactosam ine — galactose: TV-acetyl-neur
am inic  ac id  (sialic acid).

The b in d in g  betw een  th e  p o ly p ep tid e  of В p ro to m er am i 5 -6  GMl m ole
cule occurs th ro u g h  th e ir  oligosaccharide chains [14]. GMl being a ra th e r  u b i
q u ito u s com ponen t of th e  an im al p la sm a  m em brane, CT m ay  be b ound  to  
o th e r tissues th a n  bow el [15]. T herefore, th e  accum ulation  of cAM P a n d  in  
som e cases m easurab le  changes m ay be observed  in o th e r tissues or cells, to o . 
N evertheless, th e  classical m odels used  th e  n a tu ra l ta rg e t, th e  bowel. T hese 
inc lude  th e  lig a ted  sm all bow el loops o f r a b b i t  [1], dog [16, 17] or r a t  je ju n u m  
[18]. Suckling  rab b its  [19], m ice [20] an d  h am ste rs  [21] are  used w idely as well 
as a d u lt dogs [22] or th e  so called sealed  a d u lt  mice [23]. T he change in  p e r 
m eab ility  caused  by  to x in  is ex tensive ly  em ployed in th e  p erm eab ility  (or 
b lueing) te s t  (P F ) on ra b b it  skin [24] or frog  skin [25], as well as in th e  fo o t 
p a d  te s t  in  m ice or ra ts  [26]. Some cells a re  sensitive enough for th e  assay  of 
CT, e.g. ea rlie r th e  iso la ted  f a t  cells of th e  r a t  [27], and  subsequen tly  th e  cell 
lines o f Y1 [28], CHO [29], or Vero [30] w ere used.

For th e  s tu d y  of a h u m an  disease in  an im al m odel th e  suckling r a b b it  
te s t  [19], th e  flu id  loss an d  th e  ion tra n s p o r t  de tec ted  b y  th e  chronic dog te s t
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[17], an d  th e  so called T h iry -V ella  loop w ere m ostly  used. F o r a rap id  assay  
genera lly  th e  cell cu ltu re  te s ts  are app lied  [28, 29]; using th e  CHO (Chinese 
H a m ste r  O vary  cells) line  th e  reading is so m ew h at easier, because th e  effect 
o f CT is expressed  b y  cell elongation  and  n o t  b y  round ing  as i t  occurs in th e  Y1 
ad ren a l cells. B ecause th e  cell cultures u sed  in  v irology or in  to x in  te s t  (e.g. 
d ip h th e ria ) reac t m o stly  w ith  cy to toxic  ch an g e , th e  effect ex e rted  by  CT is 
called cy to to n ic  effect. T h e  d ifferen tia tion  o f cy to tox ic  an d  cy to ton ic  effects 
o f en te ro to x in s  (in a b ro a d e r  sense) w as u sed  b y  K eusch an d  D onta  [31] fo r 
classification , nam ely  cy to to n ic  en te ro to x in s  an d  cy to tox ic  en te ro to x in s  (e.g. 
“ S h ig a -to x in ” or C lostrid ium  perfrigens en te ro to x in ). The absence of th e  c y to 
to x ic  effect of CT, as well as the  fact p roved  in  several an im al m odels an d  also 
in  m an th a t  n e ith e r cho lera  infection, n o r CT cause h isto log ical lesions, are v e ry  
im p o r ta n t. The lesion is pu re ly  functional, there fo re  the w a te r  and  ion re so rp 
tio n  of th e  gu t is n o t im p aired . H ence th e  p rinc ip le  and  p rac tice  of th e  so im 
p o r ta n t  o ral re h y d ra tio n  th e ra p y  [32].

T he p ro duc tion  o f CT by V. cholerae s tra in s  is specified and reg u la ted  
chrom osom ally . The tox  gene was found  in  h istid ine  (h is )  linkage [33]. T he 
coding of p ro to m er A a n d  В is reg u la ted  co o rd in a ted ly  b y  th e  litx an d  Itx  
loci [34], w hich are th e  allelic forms of th e  sam e reg u la to r gene resu lting  h y p er- 
tox inogen ic  or h ypo tox inogen ic  m u ta n ts . T h ere  are d a ta  [35] show ing d iffe r
ences am ong th e  o rg an iza tio n  of th e  to x in  genes of d ifferen t s tra in s of V. 
cholerae. The reg u la to r m u ta n ts  htx have p ra c tic a l significance in  th e  yield d u r 
ing  th e  p u rif ic a tio n  of to x in  derived fro m  th e  high level of th e  produced  CT. 
M ore im p o r ta n t is th e  sep a ra ted  coding sequences of p ro to m er A and  B. A n 
A “ B + s tra in  was iso la te d  b y  H onda a n d  F in k e ls te in  [36] th ro u g h  n itro so g u a- 
n id ine  m utagenesis o f V. cholerae (s tra in  T ex as S tar-S B ), w hich is a p ro m ising  
vaccine can d id a te  [37].

The p ro d u c tio n  o f  separa ted  A an d  В su b u n its  occurs cy to p la sm a tica lly  
on free polysom es [38]. T he tra n sp o rt o f p ro to m ers  th ro u g h  th e  inner m em b ran e  
reaches th e  p e rip la sm a tic  space, w here th e  b in d in g  of CT h ap p en s. The re lease  
of CT seem s to  be v e ry  effective.

T he cholera to x in , being  a high m o lecu la r w eight p ro te in , is im m unogen ic . 
E x p e rim e n ts  p erfo rm ed  on th e  n eu tra liz in g  m echanism  of an tito x in s  show  th a t  
th is  is p rim arily  d irec ted  against th e  B p ro to m er [39]. T here are an tib o d ie s  
ag a in st th e  A p ro to m er, how ever, the  a n ti-B  an tibod ies are  n o t only o v erw h elm 
in g  in  a q u a n tita tiv e  sense, b u t th e ir  re la tiv e  n eu tra liz in g  cap ac ity  is also m u ch  
h igher. This fac t co rresponds to  the  co n cep t o f F inkelste in  [3] abo u t th e  s t ru c 
tu re  of th e  h o lo tox in , n am ely , the  В p ro to m e r seems to  cover th e  A p o ly p ep tid e . 
T hus th e  p ro tec tiv e  m echanism  of a n tito x in s  is th e  in h ib itio n  of to x in  to  b in d  
to  th e  GMl ganglioside receptors.

The im p o rtan ce  o f th e  local fo rm a tio n  o f an tibod ies was po in ted  out v e ry  
early  b y  B urrow s e t al. [40]. S om ew hat la te r  Pierce an d  G owans were [41]
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ab le  to  d em o n stra te  b y  im m unofluorescence th e  ap p earan ce  of specific a n t i 
body -co n ta in in g  p lasm a cells in th e  lam in a  propria of ex p erim en ta l an im als. 
A m ong th e  im m unoglobu lin  classes th e  im portance  of s lg A  was a lread y  d em 
o n s tra te d  by  K au r e t al. [42]. B ecause of th e  efficiency o f IgG  an tib o d ies  it  
was supposed  th a t  th e  long-lasting  re la tiv e  an ti-cho le ra  resistance am ong  
a d u lts  in  endem ic areas [43] is b ased  on IgG  antibod ies [39].

T he above-ou tlined  experiences concerning cholera im m u n ity  (including  
a n tito x ic  and  a n tib a c te r ia l im m u n ity ) serve as an im p o r ta n t  th eo re tica l basis 
for developing vaccines. Two basic fea tu re s  m ust be considered : (i) th e  a n t i 
to x ic  response is d irec ted  against th e  В su b u n it, th ere fo re  this p ro to m e r is 
n ecessary  and  su ffic ien t fo r a n tito x ic  im m u n ity  (e.g. T ex as S ta r-S R  s tra in ) ; 
(ii) th e  local fo rm ation  of an tibod ies is im p o rta n t, th ere fo re  m ost in v estig a to rs  
fav o u r th e  oral ro u te  of v acc in a tio n  [44—46]. A fter all, i t  m u s t be em phasized  
th a t  a t  p resen t we c a n n o t de term ine  w hich  role and sign ificance th e  a n tito x ic  
an d  th e  a n tib a c te ria l fac to rs  p lay  in im m u n ity  against cho lera .

1.2. The enterotoxin o f  non-Ol vibrios

N on-01 (NAG) v ib rios occasionally  cause sporad ic  cases or sm all o u t 
b reak s o f cholera-like w a te ry  d ia rrhoea , freq u en tly  in cholera  epidem ic regions 
[47], b u t  som etim es in  cholera-free a reas , too  [48]. In  th e  cu ltu re  su p e rn a ta n t 
of such  s tra in s  an  e n te ro to x in  was d em o n stra ted  w ith  a close an tigenic  an d  
bio logical resem blance to  th e  cholera  to x in  [49, 50]. T he purified  non-O l 
to x in  m ay  be classified in to  tw o ty p es  on th e  basis of m olecu lar com position  
[51, 52]: one is seem ingly  iden tica l w ith  th e  cholera to x in , th e  o th e r show s 
m inor m olecular differences (sm aller В su b u n its , etc.). T he la t te r  observ a tio n  is 
su p p o rte d  by  genetic evidences. K ap e r e t al. [53] rep o rted  th a t  the  D N A  
sequence encoding en te ro to x in  in som e non-O l s tra in s is n o t id en tica l w ith  the  
allelic reg ion  of 01 V. cholerae. N evertheless, th ere  are d a ta  a b o u t such m olec
u la r h e te ro g en e ity  betw een  the  tox genes of 01 V. cholerae reference s tra in  
569B an d  of an E l T or s tra in , too [54].

1.3. The enterotoxin in  Vibrio parahaem olyticus

T he m arine, haloph ilic  V. parahaem olyticus, an ag en t fre q u e n tly  a sso c ia t
ed  w ith  food poisoning, w as m ostly  s tu d ie d  in Ja p a n  [55, 56]. The illness is 
u sua lly  m ild , h u t som etim es severe an d  fa ta l w atery  d ia rrh o ea  occurs an d  in 
such  cases, like in  cholera , histo logical dam ages in th e  bow el are  absen t, even  
in fa ta l cases. The en te ro p a th o g en ic ity  o f V. parahaem olyticus seems to  be 
assoc ia ted  w ith  tw o to x ic  su bstances: (i) a hea t-s tab le , so called  K -(K an ag a- 
w a-)-haem olysin  and (ii) a supposed en te ro tox in -likc  su b stan ce .
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The existence o f  th e  en te ro to x in  w as supposed  on th e  basis  th a t the  cu l
tu re  su p e rn a ta n t or th e  p u rif ied  m a te ria l o f  th e  v ibrio  gave  positive b lueing  
a n d  lig a ted  rab b it ilea l loop te s ts  and m ice responded  w ith  d iarrhoea  to  feed
ing  w ith  th e  b ac te ria  [57]. T he resu lts becam e m ore conv incing  w hen a cy to - 
to n ic  effect on CHO cells w as described [58].

T he ch arac te ris tic  pa tho log ica l an d  h is to p a th o lo g ica l signs observed a fte r 
th e  o ra l ad m in is tra tio n  o f V . parahaem olyticus cu ltu re  s u p e rn a ta n t and  changes 
in m an  have been a t t r ib u te d  to  the  com bined  effect o f e n te ro to x in  and K -hae- 
m o lysin .

1.4. The heat-labile enterotoxin o f  Escherichia coli

E n te ro to x in  p ro d u c in g  stra ins o f E . coli were f irs t iso la ted  b y  v e te rin a ry  
m icrobiologists from  p igs an d  new born calves suffering from  diarrhoeal disease
[5 9 ] . The cu ltu re  s u p e rn a ta n t  of these  s tra in s  or th e  liv in g  organism  caused 
bow el d ila ta tio n  and  f lu id  accum ulation  in  th e  liga ted  loops o f th e  host an im al
[6 0 ] . S im ilarly  to  ch o le ra , no histo logical dam age was observed , and  th e  crude 
to x ic  substance w as ineffec tive  b y  in tra v e n o u s  a d m in is tra tio n  [61]. L a te r  
som e co n trad ic to ry  d a ta  on the  en te ro to x in  were clarified  b y  recognizing th e  
ex istence  of a high m o lecu la r w eight, h ea t-  and  acid-labile to x in  (LT) and  of a 
low  m olecular w e igh t, h e a t-  and  ac id -stab le  to x in  (ST), w hich  are freq u en tly  
p ro d u ced  s im u ltan eo u sly  [2].

The significance in  hum an  diseases o f en te ro to x in s  o f E . coli was d em 
o n s tra te d  in C a lcu tta  b y  showing lo o p -te s t positive s tra in s  from  p a tie n ts  
su ffering  of an a c u te , cholera-like disease [62].

The hea t-lab ile  en te ro to x in  of E . coli resem bles choleragen  in d iffe ren t 
re sp ec ts . I ts  m olecu lar w eight is ab o u t 91 000 d [63], b e ing  com posed of an  
A  p ro to m er w ith  a m o lecu la r w eight be tw een  25 000-29 000 d [64] and  o f a 
B -p ro tom er of a p p ro x im a te ly  59 000 d [64, 65]. The A p ro to m e r is syn thesized  
as a single p o ly p ep tid e  ch a in , occurring  also in a nicked form  w ith  an e n z y m a t
ica lly  active A ,-like p o ly p ep tid e  (21 000 d) linked by  a d isu lph ide  bond to  th e  
A , chain . The B p ro to m e r consists of fiv e  no n co v a len tly  linked  iden tica l (11 800 
each) pep tide  su b u n its  [65].

LT exerts an  effect qu ite  analogous to  th a t  of CT: i t  increases the  in t r a 
ce llu la r level of cA M P due the  A ,-p o ly p ep tid e  ac tiv a tin g  th e  N A D -dependen t 
ribosy la tio n  of th e  a d e n y la te  cyclase [66, 67].

On the  hasis o f th e  above-described  m olecular and  biological analogues 
betw een  LT and  CT i t  is u n d ers tan d ab le  th a t  th e  b io logical assay  te s ts  app lied  
fo r choleragen a re  e q u a ly  useful for L T , too .

Beside th e  o u tlin e d  m olecular an d  biological ana logy  betw een CT a n d  
LT, th e  A and  B p ro to m ers  share com m on an tigenic  d e te rm in an ts  [68-70].
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The am ino acid sequence of the  В -region an d  the am in o te rm in a l region o f  th e  
A j-po lypep tides show  an  hom ology o f 8 0 %  [71, 72].

The b ind ing  of LT  to  th e  GMl gang lioside  recep to r h as  been p roven  [73], 
b u t  d a ta  on th e  b ind ing  p roperties b e tw een  CT and  LT d iffer b o th  q u a lita tiv e ly  
and  q u a n tita tiv e ly . F irs t o f all, th e re  are  rep o rts , e.g. o f P ierce [74] a n d  of 
H olm gren  [75] show ing th a t  th e  В -region o f CT p re in cu b a ted  w ith  th e  lig a ted  
ra b b it  ileal loop p rev en ted  the  b in d ing  o f CT, h u t no t o f LT. In  reciprocal 
experim en ts  [73] th e  B p ro to m er of L T  could  block th e  flu id  accum ulation  
induced  b o th  b y  LT and  CT. H olm gren th ere fo re  concluded  th a t  beside GMl 
an u n id en tified  g lycopro tein  m ay serve as th e  p red o m in an t recep to r fo r LT  
[73].

I t  seems th a t  th e re  is some ev o lu tio n a l divergence am ong LTs: T ak ed a  
and  M urphy [76] have  described an LT  w ith  a m inor b io logical m od ifica tion  
(cy to ton ic  for CHO, b u t  not for Y1 cells) th e  p roduction  o f w hich is a conse
quence of lysogenic conversion. A s im ila r L T  (LT’) was described  by  us [77] 
w ith o u t any  connection  to  lysogeny. G reen e t al. [78] re p o rte d  on a new, chro- 
m osom ally  coded LT, n eu tra lized  n e ith e r  b y  an ti-L T  nor b y  anti-C T  sera. T here  
seem s to  be an  an tigen ic  h e te rogene ity  also  am ong ty p ic a l LTs: Gyles show ed 
only  a p a r tia l  n e u tra liz a tio n  betw een tw o  L T s of porcine origin [79]. F inkel- 
s te in  [80] found  no cross reaction  be tw een  pu rified  LTs o f his (hum an s tra in  
339t5) and  of D o rn er’s (porcine s tra in  P 263) in  th e  O u ch terlony  te s t. S im ilar 
conclusions w ere d raw n by  o ther in v e s tig a to rs  [81, 82].

These som etim es conflic ting  resu lts  w ere in te rp re te d  b y  Clemens and  
F inkelste in  [83] so th a t  th e  separa te ly  sy n th esized  A p o ly p ep tid e  is cell b o u n d  
and  d u ring  n a tu ra l release or p re p a ra tio n  m a y  couple to  irre lev an t p ro te in s . 
On th e  o th e r h an d , a p a r t  from  th e  ab ove-m en tioned  h e te ro g en e ity  caused by  
an a rte fa c t th e re  is an an tigen ic  difference b e tw een  LT o f h u m a n  (LT h , L T -H ) 
and porcine (L T P, LT-P) origin [64, 84, 85], w h ich  is resid ing  in th e  B -sub u n its  
[86] .

The LT — as com pared  to  CT — seem s to  be m ore o f cell bound n a tu re  
[87]; th e  release of th e  to x in  m ay be in d u ced  b y  polym yxin  В [88], m itom ycin  
C [89], or b y  lincom ycin  [90]. A ccording to  G em ski e t al. [91] th e  m itom ycin  
C in d u c tio n  does n o t affect th e  LT release d irec tly , b u t causes a release by  lysis 
th ro u g h  th e  in d u c tio n  of a tem p era te  p h ag e  ly tic  cycle. M ost p ro b ab ly  th e  
v a ry in g  e ffec tiv ity  of re lease leads to  a b ro a d  range  of d ifference in the  a m o u n t 
of th e  p roduced  to x in  [92]. A recen t p u b lic a tio n  [93] has show n th a t  th e  re 
lease o f LT is con tro lled  b y  a chrom osom al locus.

In  c o n tra s t to  th e  chrom osom ally  specified  choleragen, th e  en te ro to x in s  
of E . coli are coded b y  p lasm ids. The ex istence  of these so called  “ E n t” p la s 
m ids w as d em o n stra ted  in  en tero tox igen ic  s tra in s  iso lated  from  anim als [94, 
95], as well as from  h u m an  p a tie n ts  [96, 97]. Som e of th ese  E n t  p lasm ids are 
coding only ST [98], only LT  [99], o thers b o th  ST and LT [98]. The ra te  is:
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3 0 -4 0 %  for L T +S T + , 4 0 -5 0 %  for L T “ S T + and  2 0 -30%  fo r L T + S T “ [100]. 
T hese  ra te s  depend (i) on th e  h ost an im al, e.g. calf s tra in s  are  p red o m in an tly  
ST p lasm id  carriers [101], or (ii) on th e  presence  of the  adhesion  fac to r: th e  p ig  
specific  adhesin K 88 is freq u en tly  associa ted  w ith  L T +S T + p lasm id, w hile 
987P  an d  K99 only  w ith  ST p rod u c tio n . T h e  hum an  adhesion  fac to r C F A /I 
asso c ia tes  frequen tly  w ith  LT ST, b u t  C F A /II only w ith  ST 1102]. This a sso 
c ia tio n  (iii) is connected  w ith  th e  O -serogroup of th e  en te ro tox igen ic  s tra in  
[102]. T he association b e tw een  E n t p lasm id , adhesion fa c to r  an d  O -serogroup 
can  be in te rp re ted  b y  th e  so called “ clonal sp read ing ’ phenom enon: s tra in s  
w i th  given antigenic s tru c tu re  pick up coding sequences (p lasm id  or ch ro m o so m 
al) fo r adhesins and  E n t  p lasm id  (and ev en tu a lly  also for o th e r  fac to rs b e n e 
fic ia l fo r the  su rv iv a l o f  th is  b ac te ria l clone), and such “ well f i t te d “  clones 
sp read  all over th e  w orld .

F irs t So et al. [103] cloned th e  coding sequence of LT  from  the  re la tiv e ly  
la rg e  p lasm id  P307. P307 is 5 0 x l 0 6 d in  m ass and th e  coding sequence w as 
d e m o n s tra te d  to  be 1 .2 x 1 0 °  d. S u b seq u en tly  D allas e t al. [104] d e te rm in ed  
th e  presence of tw o c is tro n s: eltA  and  eltВ coding th e  A p ro to m er (L T —A) 
a n d  th e  B p ro to m er (L T —В) of LT, resp ec tiv e ly . T heir o rd e r (p rom oter—eltA — 
eltB) shows a sim ilar s tru c tu re  to  the  CT gene. D allas [105] com pared  th e  elt 
genes o f hum an  ( eltH)  an d  of porcine ( eltP)  origin. Beside th e  overall s tru c tu ra l  
id e n ti ty , he found th e  elt Bp cistron so m ew hat larger th a n  th e  elt B H in  ag ree 
m e n t w ith  th e  fin d in g  o f th e  somewdiat la rg e r m olecular w eight of LT  — B P. 
T h e  eltA  cistrons w ere p ro v en  to  be id en tica l. I t  is in te re s tin g  th a t  th e  f la n k in g  
sequences of eltH  an d  eltP  genes are qu ite  d iv erg en t. This m ay  provide a fu r th e r  
ev idence  th a t  th e  LT  gene w as carried  o rig inally  b y  a tran sp o so n . Y am am o to  
an d  Y okota [106] described  an  LT gene w hich hav ing  a transp o so n  s tru c tu re  
w as flan k ed  b y  re p e a te d  sequences. T he tran sp o so n  th e o ry  could exp la in  n o t 
o n ly  th e  already  m en tio n ed  irregu la r LTs or th e  also m en tioned  ra re  fin d in g s, 
n a m e ly  th a t  th e  LT coding  sequence w as ca rried  chrom osom ally  [78] or b y  a 
te m p e ra te  phage [76], b u t  the  general ch a rac te rs  of E n t plasm ids, to o . As 
a lre a d y  m entioned , th e  E n t p lasm ids, wdiich are re la tiv e ly  large (a t  le a s t 
5 0 x l 0 6 d), freq u en tly  in co rp o ra te  th e  ST gene (proven to  be of tra n sp o so n  
n a tu re )  and are fre q u e n tly  associated w ith  genes coding adhesins, to o  (e.g. 
C F A /I+ S T  [107, 108], C F A /I + L T + S T  [108], C F A /I I + L T + S T  [109]). 
T h ere  are also associa ted  or reco m b in an t p lasm ids w hich  ca rry  E n t genes and  
res is tan ce  d e te rm in an ts  of an R  p lasm id  [110].

Recognizing th e  p lasm id  specified n a tu re  of LT i t  is u n d e rs tan d ab le  th a t  
th e  firs t assum ption  [111] denied an y  correlation  betw een  en te ro to x ig en ic ity  
a n d  antigenic (О-group) s tru c tu re . Soon a f te r  th e  f irs t serological in v es tig a tio n s  
i t  has becom e clear t h a t  th is  a ssum ption  is incorrec t, a n d  th e re  is a v e ry  d e f i
n ite  association b e tw een  serogroups a n d  som etim es even sero types a n d  th e  
nosological u n it of en te ro tox igen ic  E . coli (ETEC ) [112—115]. The m ost im p o r-
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Table I

The most important serogroups o f  E T E C

Host Serogroups of E .  co li

M an 0 6 , 0 8 , 0 1 5 . 0 2 5 , 0 6 3 , 0 7 8

Pig 0 8 , 0 20 , 0 4 5 , 0 6 4 , O101, 01 3 8 , 0141 
0147, 01 4 9 , 0157

Calf and lam b 0 8 . 0 9 , 0 2 0 , O101

t a n t  serogroups are  sum m arized  in  T able I  accord ing  to  th e  d a ta  of G aa s tra  an d  
De G raa f [102].

The an tig en ic  n a tu re  of LT and  i ts  cross re a c tiv ity  w ith  CT p re d ic t an 
an tib o d y  response  a f te r  illness caused b y  LT  p ro duc ing  ETEC s tra in s  [116]. 
In  ex p e rim en ta l challenge stud ies of L ev ine e t al. [100] serum  IgG  a n tib o d v  
response w ith  LT n eu tra liz in g  capac ity  w as d e tec ted  in  77%  of ill v o lu n te e rs ; 
s lgA  an tib o d ies  w ere also d em o n stra ted  in  th e  in te s tin a l flu id  [100].

Im m u n iz a tio n  m u st be d irected  to w ard s  s tim u la tio n  of in tes tin a l m uco
sal im m u n ity  [100]. Such ex p erim en ta l vaccines are  in  progress, n ecessarily  
tak in g  in to  accoun t th e  im p o rtan ce  of im m u n ity  also ag a in st ST, as well as its  
a n tib a c te r ia l (an ti-adhesine) effec tiv ity  [100].

1.5. The heat-stable enterotoxin o f  Escherichia coli

The h e a t-s ta b le  en te ro to x in  (ST), a lread y  m en tio n ed  in  p a r t  1.4 o f th is  
review , is a low  m olecular-w eight, acid- a n d  h e a t-s ta b le  (100 °C, 15-30 m in) 
to x in . The ST has tw o d is tin c t ty p es : th e  m e th an o l so luble  STA (class 2, o r 
STI), w hich is ac tive  in  in fa n t mice (useful assay  te s t)  a n d  in  n eonate  p ig le ts , 
b u t n o t in  w eaned  pigs [117—119]. The o th e r, m e th an o l insoluble ST (ST B, ol
d a ss  1, or S T II) is ac tiv e  in  w eaned pigs, b u t  n o t in  suck ling  mice. A s im u lta 
neous p ro d u c tio n  of STA an d  STB m ay  occur [118].

The overw helm ing  m a jo rity  of s tu d ies  deals w ith  STA, w hereas our 
know ledge o f ST B is ra th e r  poor (see la te r) .

I t  should  be m en tio n ed  th a t  STA is a ra th e r  hetero logous group , e.g . 
K a p itá n y  e t al. [120] p u rified  tw o STA’s d iffering  in  h e a t resistance, an d  also 
in  am ino acid  c o n te n t. A fte r all, i t  seem s th a t  th e  d ifferences in STs are  n o t 
connected  w ith  th e  an im a l h o st, from  w here th e  E . coli s tra in s  o rig inated  [121].

The m o lecu la r w eight of STA is a p p ro x im a te ly  2000 d [122-124]. I t  is 
no t only acid-, an d  h ea t-s tab le , b u t also re s is ta n t ag a in st pro teases, nucleases, 
lipases, phospho lipase  C an d  am ylase [125, 126].

Two h u m an  [124, 127] and  a porcine STA were an a ly sed  [123] for th e ir  
am ino acid sequence: th e y  w ere com posed o f 18-19 am ino  acids. Six o f th e se
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w ere half-cystines, an d  basic am ino acids w ere absen t. The four am ino acids 
a t  th e  am ino-te rm ina l end  could he rem o v ed  w ith o u t a loss of biological a c t iv 
i ty  [127].

T re a tm e n t of in te s tin a l tissues w ith  E . coli STA resu lts  in  an  increased  
f lu id  accum ula tion , p receded  b y  increased  cyclic GMP levels [128-130]. I t  is 
a ssu m ed  th a t  th e  STA ac tiv a te s  th e  g u an y l cyclase [128, 130] b y  an  u n k n o w n  
m echan ism .

T he STs are n o t im m unogenic , b u t  i f  con juga ted  a d eq u a te ly , e.g. w ith  
b o v in e  serum  album in  (S T — BSA), an tib o d ie s  m ay  be p roduced . No cross re a c 
tio n  w as found  w ith  LT  or even w ith  ST B [131].

T he STA recep to r w as successfully  iso la ted  from  th e  b ru sh  bo rder o f r a t  
sm all in te s tin e  ep ith e liu m . I t  seem s to  be a p ro te in  of a b o u t 100 000 d [132]. 
T h e  b in d in g  of STA to  th is  recep to r p ro te in  m ay  be d irec ted  b y  a d isu lph ide  
b rid g e  [132].

T he assay of STA m ay  he carried  o u t on 3 days old suck ling  m ice in o cu 
la te d  in tra g a s tr ic a lly  [133] or o ra lly  [134]. T he liga ted  ileal loop te s t  is also 
u sefu l. STA stra in s  of an im al origin are  o p tim a lly  te s ted  in  loops of th e  sam e 
species [135]. A new  possib ility  is th e  use o f th e  so called “ sealed  a d u lt m ice” 
m odel [23]. ST co n ju g a ted  w ith  bovine im m unoglobu lin  [136] or w ith  bov ine  
se ru m  album in  [131] raises an ti-S T  a n tito x in s  and  an tise ra  p roduced  in  th is  
m a n n e r  are su itab le  for rad io im m u n o assay  m ethods [131, 136].

As already  m en tio n ed , th e  p ro d u c tio n  of STs are specified  b y  p lasm ids. 
T h e  ST gene, as d e te rm in ed  by  gene clon ing  tech n iq u e , is a tran sp o so n  of ab o u t 
1.7 kilobasis (kb) o f m ag n itu d e  flan k ed  b y  in v erted  In se rtio n  Sequences 1 
(IS1 [137]). S im ilar re su lts  were o b ta in ed  b y  stud ies perfo rm ed  on tw o STs of 
p o rc in e  origin [138]. A ccording to  L a tk e  e t al. [138] th e  coded p ro te in  is of 
a b o u t 10 000 d an d  th e  end  p ro d u c t (STA) w as gained by  a p ro teo ly tic  p ro ces
sing  m echanism . STA (as well as LT) genes w ere cloned also from  a h u m an  
s tra in  [139] w ith  analogous find ings: th e  ST gene form ed a tran sp o so n  of 1.5 
k b . T he find ings a b o u t th e  tran sp o so n  n a tu re  of STA gene m ay  exp la in  th e  
h e te ro g en e ity  of ST p lasm ids, as well as easy  association or reco m b in a tio n  w ith  
o th e r  p lasm ids (R , Col) of th is  gene [140].

STA (and also LT) producing  colonies w ere detected  b y  rad io labelled  ST- 
(LT) coding D N A  sequences used as h y b rid iz a tio n  probes for hom ologous D N A  
sequences of E . coli colonies grown an d  ly sed  in situ  on n itrocellu lose f ilte rs  
[141].

V ery little  can  be m en tioned  a b o u t S T B because its  ex ac t role in p a th o g e 
n ic ity  is n o t know n: th e  only STB p ro d u c in g  E . coli s tra in s w ere unab le  to  cause 
d isease in ex p e rim en ta lly  in fected  p ig lets [142] and  the  assay  of STB could  be 
done only in je ju n a l loops of pigs [143]. As a lread y  po in ted  o u t, th e re  is no a n t i 
genic re la tionsh ip  be tw een  STA and  S T B [131], and th ey  rep re sen t gene tica lly  
d is tin c t sequences [144]. R ecently , Lee e t al. [145] cloned th e  STB gene from
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th e  60 X 106 d p lasm id  711(P307). T he S T b is coded b y  a D N A  sequence o f 806 
b p  (basis pair) an d  its  transposon  n a tu re  h as  been n e ith e r  p roven  no r excluded  
(there  are re p e a te d  sequences, h u t n o t in  th e  close v ic in ity  of the  ST B gene). 
T he nucleo tide sequence of STB is q u ite  d iffe ren t from  th a t  o f STA; th e  coded 
STB p ro te in  is com posed  b y  71 am ino  acids [145].

As re fe rred  to  p a r t  4.1. of th is  rev iew  th e  concept o f an  an ti-en te ro to x ic  
vaccine, beside LT , m u s t consider also th e  STA [100]. Since STs are n o t a n t i 
genic, an effective ex p erim en ta l vaccine  m ay  be p roduced  w ith  sy n th e tic  ST A 
cross-linked to  th e  B -su b u n it of LT . T h is gives a sa tis fa c to ry  p ro tec tio n  in  
ra b b its  [146] an d  ra ts  [147].

1.6. Enterotoxins o f  salmonellae

Several au th o rs  d em o n stra ted  t h a t  salm onellae  are  ab le to  provoke flu id  
accum ula tion  in  th e  lig a ted  ileal loops o f th e  r a b b it  [148, 149]. The en te ro to x ic  
n a tu re  of th e  above phenom enon  w as described  b y  K o u p a l an d  D eibel [150], 
who show ed th e  p resence of a h e a t-s ta b le  fa c to r  in  cu ltu res an d  in th e ir  su p e r
n a ta n ts  active in  th e  suckling  m ouse te s t .  A n en te ro to x in  o f heat-lab ile  n a tu re  
was p a rtia lly  p u rified  from  a S. typ h i-m u riu m  s tra in  b y  S andefu r and  P e te rso n  
[151]. I ts  m olecular w eight, ap p ro x im a te ly  de te rm ined  on Sephadex G-100 
colum n, was ab o u t 90 000 d; i t  was ac tiv e  in  th e  b lueing  (P F ) te s t and  caused  
e longation  in CHO c u ltu re . B oth effects w ere successfully n eu tra lized  b y  cho
lera  an tito x in  [151], o r by  an ti-cho lera  В su b u n it serum  [152]. The salm onella 
en te ro to x in s  gave, of course, a positive  loop te s t , too  [153]. T he release o f th e  
LT-like en te ro to x in  seem s to  be ra th e r  poo r, b u t  m ay be in d u ced  by  e.g. m ito 
m ycin  C [154]. A c rude  ly sa te  of a S . enteritidis  s tra in  iso la ted  by  us w as 
stro n g ly  positive in  th e  suckling m ouse te s t  (ST-effect), p ositive  in  th e  r a b b it  
loop te s t , in th e  b lueing  reaction , in m ouse fo o t oedem a te s t , and  caused e lon
gation  of th e  CHO cells. This la tte r  w as effec tively  n eu tra lized  b y  E . coli an ti- 
LT serum  [155].

L ittle  is know n of th e  recep to r o f th e  salm onella L T -to x in ; a m ix tu re  of 
gangliosides, w hich are  in h ib ito ry  to  cho leragen , in h ib ited  also the  a c tiv ity  
of LT-like to x in  on CHO cells [154].

The p ro duc tion  of en tero to x in s  am ong  salm onellae seem s to  be w ide
sp read , b u t some s tra in s  are  very  w eak  p ro d u cers . S tudy ing  n ea rly  400 iso lates 
K ü h n  et al. [156] found  th a t  in th e ir  co llection  th e  s tro n g est producers were
S . typ h i-m urium  s tra in s , a lm ost 70%  o f th e m  being p ositive  b y  th e  P F  te s t . 
S. agona (30% ) an d  S. dublin  (20% ) w ere n e x t  in  order.

T he patho log ical role of the  e n te ro to x in s  in g as tro en te ritis  caused by  
salm onellae is still in  d o u b t. The p ro d u c tio n  of en te ro to x in s  m ay  play  role in 
th e  loss of flu id  and e lec tro ly tes. This a ssu m p tio n  was su p p o rted  b y  experim en ts 
[157] w here a p ro tec tiv e  effect aga in st liv in g  S. typ h i-m u riu m  Teas d em o n stra t-
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ed in  loop te s t  by  im m uniz ing  th e  ra b b its  w ith  p rocholeragenoid  (heat in a c ti
v a te d , purified  CT), as w ell as b y  a passive im m unization  w ith  cholera a n t i 
to x in .

1.7. The enterotoxin o f  Shigella fle xn er i

An en te ro to x in  w ith  un ique  fea tu re s  w as described b y  us [158, 159] in  
1978. The e n te ro to x in  w as p roduced  b y  a s tra in  of S. fle x n e r i  3a. The p a r tia lly  
p u rif ied  en te ro to x in  w as stro n g ly  ac tiv e  in  suckling m ice an d  in  th e  early  
(4-hour) liga ted  ra b b it  loop te s t, fu rth e rm o re  it was acid- and  h e a t-s ta b le  
(100 °C, 30 m in). I t  fa iled  to  give th e  LT-specific biological reac tions (Yl, CHO 
cells, P I ’ te s t, m ouse foo t oedem a te s t) . In  co n tra s t to  those ST-like ch a rac te rs  
its  e s tim a ted  m olecular w eight (Sephadex  G-100 colum n and  A m icon u l t r a 
f i ltra tio n )  was in  th e  o rd er of 100 000 d an d  i t  p roved  to  he im m unogenic . In  
n e u tra liz a tio n  ex p erim en ts  perfo rm ed  in  suckling mice m odel, n o t only  th e  
hom ologous an ti-sh igella  ST serum , b u t  also an tito x in s  ag a in s t E . coli LT an d  
cho leragen  had  n eu tra liz in g  cap ac ity .

A m ong o th e rs , a s tra in  of S. fle x n e r i  ty p e  2a described  as a p ro d u ce r of 
“ S higa-like”  to x in  [160], w as d em o n stra ted  to  produce also an  an tigen ic  ST of 
th e  above high m olecu lar w eight [161].

The role of th is  (or o ther) en te ro to x in (s) in  th e  p a th o m ech an ism  o f sh i
gellosis rem ains unclear. S im ilarly  to  th a t  in salm onellosis, it  m ay be a d ia r- 
rh o ea l fac to r, since in  th e  case of bac illa ry  d y sen te ry  an  early  phase of w a te ry  
d ia rrh o ea  follow ed b y  th e  colitis is ch a rac te ris tic . K insey e t al. [162] carried  
o u t experim en ts on m onkeys w ith  o ra l an d  in tracoecal ad m in is tra tio n  o f S. 
fle x n e r i. In  th e  la t te r  case, in  c o n tra s t to  oral feeding, o n ly  colitis developed  
w ith o u t th e  p ro d ro m al w a te ry  d ia rrh o ea .

1.8. Enterotoxins in other enteric bacteria

There are num ero u s rep o rts  on th e  occurrence of en te ro to x in , ch iefly  ST 
p ro d u c tio n , by  o th e r  d iffe ren t genera of Enterobacteriaceae. K lipstein  an d  E n - 
g e rt [163] ch a rac terized  an d  p u rified  an  ST produced  b y  Klebsiella pneum oniae  
and  Enterobacter cloacae [ 1641. T hey  concluded  th a t  in th e  so called tro p ica l 
sp ru e  such en te ro tox inogen ic  s tra in s  m ay  have some ro le [165]. B ou langer et 
al. [166] showed tw o  d ifferen t ST-like en te ro to x in s  of Aerom onas hydrophila  
d iffering  in  an tigen ic  s tru c tu re , as well as in  pharm aco log ical m echanism  from  
each  o th e r an d  from  th e  ST o f E . coli. A large scale in v es tig a tio n  w as ca rried  
ou t by  Ján o ssy  an d  T a rjá n  [167] inc lu d in g  170 s tra in s  o f Aerom onas. T estin g  
in  suckling  mice ST occurred  m ost freq u en tly  (79% ) am ong A . hydrophila  
s tra in s . ST producers w ere also found  in  A . punctata  subsp . caviae and  su b sp . 
puncta ta , and  A . salm onicida  subsp . achromogenes.
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T here are  p len ty  o f in fo rm ations ab o u t th e  ST-like en te ro to x in  o f  Y e r
sin ia  enterocolitica b o th  of hum an and  o f  an im al origin. P a i e t al. [ 168J fo u n d  
65%  of s tra in s  p ro duc ing  ST, w ith  v e ry  h igh  freq u en cy  am ong hum an  iso la tes. 
The m ost f re q u e n t ST p roducers belonged to  serogroups 0 3 , 0 8 , 0 5 , 26, 0 6 , 30 
and  0 9 . T here  was a co rre la tion  betw een  ST p ro d u c tio n  and  rham nose  fe r
m en ta tio n : r h a + s tra in s  p roduced  ST only  in 10% , while rh a ~  stra ins in 9 0 % .

The m echan ism  o f th e  action  of Y ersin ia  ST seem s to  he analogous to  
the  E . coli ST, since a c tiv a tio n  of gu an y l cyclase [169] an d  accum ula tion  o f  
cGM P have  been observed  [170]. In Y . enterocolitica on ly  a m eth an o l so lub le  
substance  ex erts  ST a c tiv ity  [171, 172].

The role o f th is  ST in  th e  en te ritis  caused  by  Y . enterocolitica is q u e s tio n 
able. F irs t of all, ST is p roduced  only u n d e r 30 °C of in cu b a tio n  te m p e ra tu re  
[173]. In  a m odel ex p erim en t carried o u t w ith  various food sam ples in o cu la ted  
a rtific ia lly  w ith  S T + Y ers in ia , th e  presence of ST in th e  sam ples was d e te c ta b le  
only a fte r tw o days o f in cu b a tio n  and  sh ak in g  a t 25 °C. A ccordingly, food 
poisoning due to  a p re fo rm ed  ST m ay p ra c tic a lly  be excluded  [174].

In  general, it can  be concluded th a t  th e  en te ro to x in , especially ST genes 
m ay be w idespread  am ong  en teric  b ac te ria , som etim es in  m odified form s. T he 
sp reading  o f th e  genes m ay  be fac ilita ted  b y  th e ir  tran sp o so n  n a tu re . W ad strö m  
et al. [175] rep o rted  th a t  E n t + stra in s w ere iso la ted  from  37%  of E th io p ia n  
in fan ts  suffering  from  a c u te  en teritis . A m ong th e  iso la tes E . coli occurred  in  
38%  only, th e  o thers w ere Klebsiella (15% ), Enterobacter (12% ), Citrobacter 
(11% ), Aerom onas  (11% ), Proteus (7% ), Serratia  (2% ), and  Pseudom onas 
(1% ). The s ta b ility  of to x in  p roduction  an d  its  ev en tu a l role in th e  p a th o m e- 
chanism  rem ains still questionable .

2. The en tero -neu ro tox in  of Shigella dysen teriae  1

The long h is to ry  of th e  tox in  p roduced  b y  S. dysenteriae  1 (Shiga) is an  
e x tra o rd in a ry  con flic ting  area  of to x in  research . The p ro d u c tio n  of an exo to x in  
by “ Shiga” w as discovered already  in th e  y e a r of 1903 b y  C onradi [176] who 
described a special neuro logical effect on ra b b its  a fte r in tro d u c tio n  of th e  c ru d e  
tox in  in trav en o u sly . K ra u s  and  D örr [177] described  th e  la te  ap p earan ce  o f  
exo toxin  d u rin g  c u ltiv a tio n  and  its  c a p ac ity  to  evoke an  an tito x ic  response . 
The effect o f a p a r tia lly  p u rified  tox in  on ra b b its  w as described  by  F lex n e r 
and Sweet [178]: a flacc id  paralysis ap p ears  f ir s t  in  th e  fro n t legs and  th e n  
slowly on th e  h ing  legs o f  th e  ra b b it. S often ing  of the  grey  m a tte r  of th e  sp in a l 
cord and  sm all h aem o rrh ag es in  th e  b ra in  w ere also observed .

I t  should  be n o te d  th a t  th e  sen s itiv ity  o f d iffe ren t an im al species is 
e x tra o rd in a ry  d iv erg en t. E .g . th e  le tha l dose fo r th e  m ouse is 700 tim es g re a te r  
th an  for th e  ra b b it  and  guinea pigs are p ra c tic a lly  re s is ta n t [179].
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T he “ S h ig a-to x in ”  was f irs t p u rif ied  b y  chem ical m e th o d s in  1937 by  
B o iv in  and  M esrobeanu [180], b u t a p u re  to x in  was produced  on ly  by  v a n  H ey- 
n in g en  e t al. [181]. U sing th is  pu re  to x in  B ridgew ater e t al. [182] re in v e s ti
g a te d  th e  neuro logical changes caused b y  th is  “ n eu ro to x in ”  in  ra b b its . T he 
f in a l conclusion of th is  s tu d y  has been th a t  th e  term  “ n e u ro to x in ”  is a m is
n a m e , since th e  “ S h ig a -to x in ”  a tta c k s  p r im a ry  the  en d o th e liu m  of th e  blood 
vessels and  th e  neuro log ica l lesions are  th e  re su lts  of a secondary  effect. A cco rd 
in g ly , in  th e ir  opinion th is  to x in  is a “ v a sc u la r  to x in ” [182].

The n ex t “ tu r n ”  o f th e  h is to ry  of “ S h ig a -to x in ” was connected  w ith  th e  
o b se rv a tio n  th a t  th e  hea t-lab ile  ex o tox in  o f S. dysenteriae 1 causes flu id  ac c u 
m u la tio n  in  lig a ted  ra b b it  ileal segm ents [183]. This seem s to  be a cu rious 
e ffec t p roduced  b y  a v a scu la r to x in , since th e  to x in  has no v a sc u la r  p e rm e a b il
i ty  effect on ra b b it  sk in  (the  b lueing  te s t  is negative). Som ew hat la te r  K eusch  
e t  a l. [184] rep o rted  t h a t  th e  flu id  secre tion  was no t connec ted  w ith  an  e n 
h a n c e d  level of cA M P. T he fac t th a t  th e  p u rif ie d  “ S h ig a -to x in ”  (the  sam e Se- 
p h a d e x  fractions) caused  flu id  accu m u la tio n  and  also neuro log ica l an d  c y to 
to x ic  lesions, led K eusch  e t al. [185] to  conclude th a t  th e  “ n eu ro -” (vascu lar) 
a n d  en te ro to x in s  w ere iden tica l. In  view  o f th e  flu id  accu m u la tin g  an d  c y to 
to x ic  effect of th is  to x in , K eusch  an d  D o n ta  [31] classified en te ro to x in s  in to  
tw o  groups: cy to to n ic  en te ro to x in s  (e.g. CT) and cy to tox ic  en te ro to x in s  (e.g. 
“ S h ig a -to x in ” ). B esides th e  above bio logical fea tu res, th e  re c e n tly  d iscovered  
s tru c tu re  of th e  “ S h ig a -to x in ”  fits  also w ell in to  its  c lassifica tion  as an  en te ro - 
to x in . The to x in  is a p ro te in  w ith  a m o lecu lar w eight of a p p ro x im a te ly  68 000 d 
a n d  consists o f tw o  com ponen ts: A (30 000 d) and  В co n ta in in g  6 -7  su b u n its  
o f th e  la t te r  (each of a b o u t 5000 d). The A ch a in  can be co n v erted  in to  tw o p o ly 
p e p tid e s  [186]: A 1? th e  ac tiv e  m a te ria l (27 500 d) is linked  b y  n o n co v a len t b in d 
ings and  w ith  a d isu lph ide  bridge to  th e  A 2 po lypep tide  (3000 d).

In  c o n tra s t to  th e  (classical) en te ro to x in s , the  effect of th e  “ S h ig a -to x in ”  
is n o t  an ac tiv a tio n  of adenosine cyclase, b u t  an  inh ib ition  o f p ro te in  sy n th esis  
[187], on th e  level o f th e  pep tid e  chain  elongation . The A D P  rib o sy la tio n  of 
E F -2  is n o t d em o n strab le , th e  in a c tiv a tio n  of th e  60S su b u n it of ribosom as 
occurs w ith  an  un k n o w n  m echanism  [188].

I t  is only assum ed  th a t  th e  В co m p o n en t is responsib le for th e  re c e p to r 
b in d in g  of the  ho lo tox in . In  fac t, В su b u n its  do not b in d  to  sensitive  H eL a 
cells [186]. I t  is supposed  th a t  th is  b in d in g  needs some co n fo rm atio n a l changes, 
e.g . an  association  fo rm ing  a В oligom er [186].

Beside these  bio logical ac tiv ities, a v e ry  cha rac teris tic  fea tu re  of th e  to x in  
is th e  cy to tox ic  effect. T he n u m b er o f sensitiv e  cell lines is lim ited : e.g. m ost 
o f th e  H eL a cell lines are  sensitive, b u t  e.g. Y1 is re s is ta n t, n o t being ab le to  
ab so rb  th e  to x in  p e rh ap s because of th e  la ck  of receptors [189]. A n o th e r u se 
fu l cell cu ltu re  is th e  Vero line [190]. I t  has been m en tio n ed  [190] th a t  som e 
re s is ta n t cells do abso rb  th e  to x in , th a t  is, th e  defect in  se n s itiv ity  is n o t due
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to  th e  lack  of recep to rs , h u t  to  th e  m issing in te rn a liza tio n  o f th e  cell b o u n d  
to x in  [190]. The m ost im p o r ta n t fac t is th a t  th e  cy to to x ic  effect m an ifests  
also on th e  ep ithe lium  of th e  bow el of sensitive an im als [191].

The to x in  recep to r is a g lycopro tein  bearing  an  o ligosaccharide w ith  te r 
m inal be ta-1 ,4-linked  IV -a c e ty l-D -g lu c o sa m in e  [189].

T he release o f th e  “ S h ig a-to x in ”  is ra th e r  poor (ab o u t 1 m g/g d ry  w eight 
[181]). In  a v e ry  low  yield  i t  can  be ob ta in ed  b y  allow ing th e  organism  to  au to - 
lyse [191]. The m eth o d  of v an  H eyn ingen  [191] using  K O H  e x trac tio n  a t  p H  
11 o f heat-k illed  b a c te ria  is genera lly  used. R elease o f th e  to x in  m ay  also be 
o b ta in ed  by  phage lysis [192].

The genetic  b ackground  of th e  tox in  p ro d u c tio n  is n o t e lucidated .
The patho log ica l role of “ S h ig a 'to x in ”  in h u m an  d y sen te ry  is an  open 

question  still to d a y . N eurological sym ptom s in  h u m an  d y sen te ry  are  v e ry  
ra re : only  tw o cases w ere observed  [179] am ong 3800 p a tie n ts  suffering  from  
Shiga dysen tery . In  ex perim en ts carried  o u t in  m onkeys, B ran h am  e t al. 
[193] failed  to  p rovoke  clinical d y sen te ry  even w ith  h igh doses of tox igen ic  
S . dysenteriae 1. A fte r all, i t  is well know n th a t  th e  essen tia l p a r t  of shigella 
in fec tions is th e  ep ithe lia l p e n e tra tio n  followed b y  th e  in trace llu la r m u ltip li
ca tion  [194, 195]. A ccoiding to  K eusch  et al. [196] th e  “ S h ig a-to x in ”  has an 
essen tia l role — like choleragen — in  th e  d iarrhoeal sy m p to m s of d y sen te ry . 
T he ex perim en ts of G em ski et al. [197] gave neg a tiv e  answ er to  th is  p o in t. 
U sing a w ild-type, tox inogenic  S. dysenteriae 1 s tra in  an d  its  m u ta n ts  w ith o u t 
p e n e tra tio n  ab ility , or w ith o u t tox ino g en ic ity  th e y  d id  n o t found  an y  differ
ence in the  sym ptom s caused b y  th e  w ild-type or b y  th e  atox igeuic  m u ta n t. 
T he m u ta n t p roducing  to x in , h u t h av in g  no p e n e tra tio n  ab ility  w as, how ever, 
u n ab le  to  cause d y sen te ry . A ccording to  these  a u th o rs  [197], p e n e tra tio n  and  
in trace llu la r m u ltip lica tio n  are them selves — in absence of th e  exo tox in , to o  — 
su ffic ien t to  cause th e  loss of flu id  and  e lectro ly tes.

A fter all. we can n o t exclude th e  role of some cy to to n ic  or cy to to x ic  en te- 
ro to x in s  in th e  p ro d ro m al w a te ry  d iarrhoea  in  bac illa ry  d y sen te ry .

I t  was a lread y  m entioned  in  th is  ch ap te r th a t  soon a fte r  its  d iscovery , 
th e  ab ility  of “ S h ig a-to x in ” to  induce  im m uno response (neu tra liz ing  a n tib o 
dies) was d em o n stra ted  [177]. T he to x in  can he assayed  b y  using these  a n t i 
to x in s  e ith er in n e u tra liza tio n  m ouse te s t  (L-|- dose) or in  floccu la tion  te s t  
[181, 198].

The dubious role of “ S h ig a-to x in ”  in th e  clin ical sym ptom s o f h u m an  
“ Shiga d y sen te ry ”  m akes th e  p ro tec tiv e  role of an tito x in s  also do u b tfu l. 
A ccord ing  to  van  H eyn ingen  [191] th e  an tito x in  has no th e ra p e u tic  role an d  
v a lu e  in  “ Shiga d y se n te ry ” . T he to x in  is read ily  tran sfo rm ed  to  to x o id  e.g. 
b y  fo rm aldehyde [199]. Im m u n iz in g  m onkeys w ith  a such fo rm alin -toxo id  
M clv er e t al. [200] observed v e ry  severe clinical d y sen te ry  a fte r  a challenge 
w ith  a v iru len t s tra in , th o u g h  th e  an tito x in s  were p resen t in  a h igh level.
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2.1. The occurrence o f  “ Sh iga-" , or '"Shiga-like" toxins in other enteric bacteria

In  a sensitive H e L a  system  K eusch  e t al. [201] in v es tig a ted  p a tie n ts  sera 
a f te r  an  infection cau sed  b y  S. fle x n e r i, S . sonnei an d  S. dysenteriae 2. M ost of 
th e m  con tained  n e u tra liz in g  an tib o d ies  ag a in s t “ S h ig a-to x in ” . T he au tho rs 
conc luded  th a t  “ S h ig a-lik e”  to x in s  are  p ro d u ced  also b y  o th e r shigellae. The 
c y to to x ic  effect o f a s tra in  of S . fle x n e r i  2a an a lysed  b y  O’B rien  e t al. [160] 
w as cross-neu tra lized  b y  “ S h ig a -an tito x in ” . As m en tioned  in  p a r t  1.7. o f th is  
rev iew , we re in v e s tig a te d  th is  s tra in  [161] an d  found  th a t  th e  c ro ss-n eu tra l
iz a tio n  b y  “ S h ig a -a n tito x in ”  was o n ly  p a r tia l. F u rth e rm o re , th e  sem ipurified  
to x in  also carried  th e  fe a tu re  of th e  u n iq u e  shigella ( S . f le x n e r i)  ST, proven  b y  
successful n e u tra liz a tio n  w ith  an  an ti-S T  serum  of S. flexn er i.

In  a s tu d y  on th e  en te ro to x in  p ro d u c tio n  of Salm onellae [155], one of 
o u r S . enteritidis s tra in s  show ed LT an d  ST a c tiv ity , as well as a cy to to x ic  fea
tu re .  A ctive S ep h ad ex  frac tions w ere n eu tra lized  b y  an  an ti-L T  serum  (of 
E . coli) and  p a r tia lly  also  b y  an  “ an ti-S h ig a”  serum . In  a rec ip rocal experim en t, 
a n tito x ic  salm onella se ru m  did n o t n eu tra liz e  the “ S h ig a -to x in ” , ind ica tin g  
a u n ila te ra l an tigen ic  re la tio n sh ip . Two o th e r Salmonella  s tra in s : S . kapemba  
a n d  S. thompson show ed  no LT an d  ST a c tiv ity  b u t  ex e rted  cy to to x ic ity . S u r
p ris in g ly , this c y to to x ic  effect could be n eu tra lized  n o t only b y  “ S h iga-an ti
to x in ” , b u t by  a n ti-L T  serum , too .

O ’Brien et al. [202] te s te d  L T - , S T - , an d  S e ré n y -te s t-  E . coli stra ins 
iso la ted  from  in fa n ts  suffering  from  d ia rrh o ea l disease. A m ong th e  13 iso lates 
11 p roduced  cy to to x in  in  d ifferen t q u a n titie s . These to x in s  w ere en tero tox ic  
in  ra b b its , le th a l fo r m ice and  in h ib ited  p ro te in  syn thesis  in  H eL a  cells. The 
la t te r  effect was fu lly  n eu tra lized  b y  “ S h ig a -an tito x in ” . One of th e  pu rified  
to x in s  [203] derived  fro m  a classical en te ro p a th o g en ic  E . coli (E P E C ) stra in . 
B eside th e  “ S h iga-analogous”  biological ac tiv ities  th e  p u rified  to x in  showed 
an  id en tica l re la tiv e  lica t-re sis tan ce  (65 °C, 30 min) and id en tica l isoelectric 
p o in t (7.03 ^  0.02). A nalogous to  th e  “ S h ig a-to x in ”  i t  consisted  o f an A and  
sev era l copies of В su b u n it . T here w as a p p a re n tly  som e difference in  th e  m olec
u la r  w eight: th e  “ S h iga-like” to x in  of E . coli w as 48 000 d, w hile th e  contro l 
“ S h ig a -to x in ” p re p a ra tio n  (s tra in  60R) w as 58 000 d.

These find ings su p p o rt th e  v iew  of O’B rien  and  LaV eck [203] th a t  a 
w hole “ fam ily” of “ Shiga-like”  to x in s  ex ist. F u rth e rm o re , i t  m ay  be assum ed 
t h a t  th is  fam ily has re la tio n sh ip s  w ith  en te ro to x in s , as well as w ith  d ifferent 
cy to to x in s .

3. Cyto- (V ero -) toxins

In  the  y ear 1977 K onow alchuk  e t al. [204] described a cy to to x in  produced  
b y  several s tra in s o f E . coli. This cy to to x in  was effective on Yero cells, h u t not 
on YT or CHO. F u rth e rm o re , it had  no an tigen ic  re la tio n sh ip  to  LT of E . coli,
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■w as hea t-lab ile  a n d  its  m olecular w eigh t w as e s tim a ted  betw een  10 000 an d  
30 000 d. A fter p u rif ic a tio n  [205], th e  p re d o m in a n t, ac tiv e  m olecule w as 28 000 d. 
G iugliano e t al. [206] tested  d iffe ren t cell lines fo r sen s itiv ity . T he so called  
V ero-tox in  (VT) w as effective — b eside  th e  Yero cells — also on a d u lt rhesus 
k id n ey  cells (LLC — M K 2) and on h u m a n  em bryonic  H F S  cells.

T here are a ssum ptions th a t  in  th e  path o m ech an ism  of E P E C  som e k ind  
of cy to to x in s  m a y  have some ro le . A ccord ing  to  th e  d a ta  of O’B rien  e t al. 
[202, 203] a lread y  c ited  (2.1.) th e se  a re  “ Shiga-like”  to x in s . A ccord ing  to  a 
g en era lly  accep ted  opinion, to d a y  we c a n n o t exclude th a t  th e  above or o th e r  
k in d s o f cy to to x in s  are  involved in  th e  p a th o m ech an ism  [207]. T he occurrence 
o f th e  p ro d u c tio n  o f YT am ong E P E C  s tra in s  was in v es tig a ted  b y  S co tlan d  e t 
al. [208]. O nly a b o u t 10%  of th e  iso la te d  E P E C  s tra in s  show ed VT p ro d u c tio n  
an d  th e  presence o f  VT was assoc ia ted  w ith  some serogroups: n am ely , all th e  
V T + s tra in s  be longed  to  th e  0 2 6  a n d  0128 serogroups. A ccording to  C aprioli 
e t al. [209], th e  to x ic  fac to r of E P E C , its  m olecular w eigh t being a p p ro x im a te ly  
70 000 80 000 d, is n o t identical w ith  V T.

A  com parison  of VTs of h u m a n  a n d  porcine E . coli s tra in s  w as re p o rte d  
b y  B lanco e t al. [210]. They could d e m o n s tra te  some differences in  biological 
ac tiv itie s .

C y to to x ic ity  am ong Aerom onas s tra in s  was also observed [211, 212].
T he f irs t re p o r t  on some h ea t- lab ile  cy to to x in s  p roduced  by  Salm onellae 

w as pub lished  in  th e  p ap er of M esrobeanu  e t al. [213]. O therw ise, ex perim en ts 
s tu d y in g  th e  H eL a  (or Henle 407) in v a s iv ity  of Salm onellae show ed b o th  th e  
d es tru c tio n  of cells [214] and even th e  in h ib itio n  of p ro te in  syn thesis  [215].

Sonic e x tra c ts  of a stra in  of S . enteritid is  ex e rted  cy to to x ic  effect, an d  
in h ib ite d  p ro te in  syn thesis  in V ero- an d  iso la ted  in te s tin a l ep ith e lia l cells, 
in d ica tin g  th a t  ce llu la r dam ages in  sa lm onella  in fections are  associa ted  w ith  
th is  cy to to x in  [216, 217].

C onsidering d a ta  on entero- or “ Shiga-like” to x in s  of shigellae, an d  f in d 
ings on cy to to x in s  o f  Escherichia an d  Salm onella  s tra in s , one can easily  accep t 
th e  assu m p tio n  of P o lo tsk y  [218] th a t  a ll in v asiv e  en teric  p a thogens necessarily  
p roduce  som e k in d  o f  cy to tox in . R e p o rts  on th e  cy to to x ic  a lp ha-haem olysin  
of E . coli or Proteeae have  been d iscussed  elsew here [219].

4 . The ed em a disease principle (E D P )  o f E sch erich ia  coli

T he oedem a disease of w eaning  pigs is caused b y  E . coli be longing  to  
serogroups 0138, 0 1 3 9  and  0141. T he an im als  show gastric , colonic, p a lp e b ra l 
and  subcu taneous oedem a, and  la te r  th e y  m ay  develop p a ra ly tic  sym ptom s 
[135]. T he sm all in te s tin a l con ten t o f th e  d iseased  pigs or e x tra c ts  of th e  above- 
m en tio n ed  E . coli cu ltu re s , if  ad m in is te red  in trav en o u sly , elicit a ch a rac te ris tic
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o ed em a [220]. O ral ap p lica tion  of th e se  s tra in s  p roduces also a ch a rac te ris tic  
d isease  [221].

T he supposed to x ic  fac to r — th e  E d em a D isease P rincip le  (E D P ) — w as 
p a r t ia l ly  purified  b y  C lugston an d  N ielsen [222]. T hey  e s tim a ted  its  m olecular 
w e ig h t betw een 50 000 an d  100 000 d. A ccord ing  to  K u rtz  e t al. [223] th e  p r i 
m a ry  effect o f E D P  is a generalized v ascu litis ; o thers [224] com pared  i t  to  
th e  “ Sh iga-tox in”  a n d  therefo re  reg a rd ed  E D P  as an  E . coli n eu ro to x in . B u x to n  
a n d  Thom linson [225] considered E D P  as an  an tig en  w hich gives rise to  a 
h y p ersen sitiv e  re a c tio n , ra th e r  th a n  as a to x in .

Since E D P  is a heat-lab ile  p ro te in , p réc ip itab le  b y  am m onium  su lp h a te , 
s ta b le  in  sodium  deoxycho la te  an d  inso lub le  in  w eak acids [222], its  ex o to x in  
n a tu re ,  as well as i ts  be ing  a v ascu la r to x in , h as  been genera lly  accepted  [226]. 
T h e  observed neu ro log ica l sy m p to m s m ay  he th e  consequence of v a scu la r 
dam ag es and also o f  hypertension  [226]. F o r a co rrec t answ er, experim en ts 
w ith  a pure E D P  a re  needed.

5. (E n tero -) tox ins produced by Clostridia

C lostridia a re  n o t  regarded  to  belong  to  en te ric  b a c te ria  in  a s tr ic t sense, 
b u t  because th e y  a re  freq u en tly  fo u n d  in  th e  bow el, cause en te ric  d isorders by 
cy to to x in s  or en te ro to x in -lik e  su b stan ces, i t  is reasonab le  to  give here a sh o rt 
su m m ary .

5.1 . Food poisoning caused by C lostridium  perfringens type A

I t  was d iscovered  already  in  1945 [227] th a t  ty p e  A s tra in s  of C. p e r fr in 
gens  can cause food poisoning  ch arac te rized  b y  d ia rrh o ea  and  abdom inal c ram ps. 
A n an im al m odel w as e labo ra ted  b y  H au ssch ild  e t al. [228], who infected  lam b s 
o ra lly  or in tra - in te s tin a lly . L iga ted  in te s tin a l segm ents of lam bs also show ed 
flu id  accum ulation  [229]. The ra b b it  loop te s t  p o s itiv ity  and  its  s trong  co rre la 
t io n  w ith  p a th o g e n ic ity  in  m onkeys an d  h u m an s w as p roven  b y  D uncan  an d  
S tro n g  [230] u sin g  cell free f iltra te s  of C. perfringens.

The so ca lled  perfringens e n te ro to x in  is p roduced  only  during  sp o ru la 
tio n  [231]. W hen in g ested , v eg e ta tiv e  cells sp o ru la te  in th e  alkaline in te s tin a l 
en v iro n m en t [232] an d  abo u t 108 v iab le  cells are su ffic ien t to  p roduce a to x in  
leve l to  cause sy m p to m s. As th e  spores su rv ive  in itia l cooking, foods c o n ta 
m in a te d  p rio r to  h ea tin g  m ay  be vehicles o f c lostrid ia l food-borne illness.

According to  F rieben and  D uncan  [233] th e  en te ro to x in  is a s tru c tu ra l 
com ponen t of th e  spore coat. I ts  m olecular w eight is e s tim a ted  as 35 000 d 
[234]. A n titox in  response in p a tie n ts  w ith  acu te  food poisoning teas d em o n 
s tra te d  [235].
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5.2. E nteritis necroticans caused by C lostridium  perfringens type C

There is an  illness w ith  h igh  m o rta lity  know n as en te ritis  necro tican s 
caused b y  ty p e  C o f C. perfringens [236]. I t  occurred  a fte r  th e  second W orld  
W ar in  G erm any (“ D a rm b ra n d ”  [237]), b u t  i t  was s tu d ied  also in P a p u a  New 
G uinea as th e  so ca lled  “ pig-bel”  observed  in  associa tion  w ith  “ p ig -feastin g ” 
[238]. E n te ritis  necro tican s is caused  b y  an  en te ro to x in  p roduced  b y  ty p e  C 
s tra in s  of C. perfringens. I t  is bio logically  an d  im m unologically  sim ilar to  th a t  
of ty p e  A stra in s [239]. The severe lesions are  assum ed  to  be caused b y  th e  b e ta -  
to x in , w hich is n o rm a lly  in a c tiv a ted  b y  p ro teases  (p rim arily  b y  try p s in )  of 
th e  bow el [236]. T he occurrence o f “ p ig -b e l”  is associa ted  w ith  th e  feeding 
h a b its  o f P ap u as: th e ir  daily  diet is sw eet p o ta to  w hich  leads to  a h y p o p ro te i-  
naem ia  an d  to  a p ronounced  inh ib itio n  of try p s in  syn th esis . The in fection  h a p 
pens on th e  occasional “ p ig -feasting”  due to  th e  co n sum ption  of in fec ted  m ea t 
[240].

I t  seems th a t  th e  p a th o g en ic ity  of C. perfringens  ty p e  C is n o t re s tr ic te d  
to  h u m an s. The presence  of th is ag en t an d  its  b e ta - to x in  was show n also in  
pigs su ffering  from  n ecro tic  en te ritis  [241].

5.3. T oxins o f  C lostridium  difficile

D uring  th e  la s t  y ea rs  i t  was clearly  e lu c id a ted  th a t  th e  so called pseudo- 
m em braneous colitis is caused b y  C. d iffic ile  [242]. T he S yrian  h am ste r, used 
as a m odel, responds wdth ileocaecitis [243]. T oxinogenic C. difficile  w as also 
found  in  h ea lth y  in fa n ts  in  a high (90% ) freq u en cy  [244, 245], b u t  less th a n  
in  4 %  o f h ea lth y  a d u lts  [243]. I t  is n o te w o rth y  th a t  th e  p seudom em braneous 
en teroco litis  seems to  lie in association  w ith  an tib io tic  th e ra p y : th e  disease 
was observed  m ost fre q u e n tly  a fte r  a d m in is tra tio n  o f am picillin  [246], c lin 
dam ycin  [247], lincom ycin  [248]. and  cephalosporins [249]. The n a tu re  of th is  
re la tio n  is unclear [250].

T he to x in  p ro d u c tio n  of C. d iffic ile  was a lread y  d e tec ted  in  1937 [251], 
i.e. th e  cu ltu re  su p e rn a ta n ts  of s tra in s  co n ta in ed  a h ea t-lab ile  substance  an d  
caused oedem a, re sp ira to ry  arrest an d  d e a th  i f  in jec ted  in to  guinea pigs su b c u 
tan eo u sly . I t  has been  found  la te r  t h a t  tw o to x in s  are  p roduced  [252]: to x in  
A is cy to to x ic , p roduces le th a l haem orrhag ic  c a e c itis in  h am ste rs , causes h a e m 
orrhagic  flu id  accu m u la tio n  in r a b b it  ileal loops an d  in  in fan t m ice, gives 
positive  skin p e rm eab ility  reaction  [253]. This A to x in , called  en te ro to x in , teas 
p u rified  b y  T ay lo r e t al. [254]. Toxin  В is a v e ry  p o te n t cy to to x in  e x e rtin g  
cy to p a th ic  effect on h a m s te r  fib rob last cells an d  in h u m an  am nion  cell cu ltu res , 
b u t i t  causes no flu id  accum ula tion . M inim al doses of to x in  B, or “ c y to to x in ”  
are le th a l for mice [255, 256]. The cy to to x in  an d  n o t th e  en te ro to x in  seem s to  
s tim u la te  th e  g u an y la te  cyclase a c tiv ity  an d  in h ib its  th e  adeny la te  cyclase 
[257].
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T he A and  В to x in s  are an tig en ica lly  d is tin c t [258] on th e  basis  o f cross- 
n e u tra liz a tio n  ex p erim en ts . T oxin В show s an  an tigen ic  re la tio n sh ip  w ith  of one 
o f  C. sordellii [259].

V accinating  h am ste rs  w ith  fo rm alin  to x o id  p repared  from  b o th  to x in s  
show ed  th a t  b o th  o f th e m  w ere in v o lv ed  in  th e  p a th o m ech an ism  o f ileocaecitis 
o f  th is  m odel an im al and  m ost p ro b a b ly  also in  h u m an  pseudo m em b ran eo u s 
co litis  [252].

Beside th e  cu ltiv a tio n  o f C. d iffic ile  (w hich is inconclusive in  case of 
in fa n ts )  th e  tissue cu ltu re  assay  is a v a lu a b le  te s t  in  th e  d iagnosis. E nzym e 
im m u n o assay  seem s to  be an  easy , specific  an d  v e ry  sensitive m e th o d  [260].

6. C onclusions and rem arks

I t  was n o t th e  pu rpose  o f th is  rev iew  to  discuss th e  p rob lem  o f th e  en d o 
to x in  of G ram -negative  b ac te ria  an d  its  role in  th e  p a th o m ech an ism  of b a c te r ia l 
en te ric  diseases. T h is does n o t m ean  th e  u n d e re s tim a tio n  of th e  sign ificance of 
en d o to x in , w hich is s till fa r from  being  a fu lly  e lucidated , closed fie ld  o f re 
sea rch . This prob lem  can n o t be d iscussed in  su ffic ien t d e ta il in a c h a p te r  of a 
rev iew  like th is , b u t  shou ld  be th e  su b jec t o f an  en tire  sep a ra te  an d  volum inous 
a rtic le .

A ccording to  o u r p resen t know ledge th e  endo tox in  does n o t e x e rt its  
e ffec t in  the  bow el, unless i t  is lib e ra te d  in  vario u s tissues an d  b o d y  flu id s . T he 
lib e ra tio n  requ ires th e  d isru p tio n  o f b a c te ria . The m ultip le  effect re su ltin g  in 
c lin ica l sym ptom s depends in  a la rg e  e x te n t on th e  q u a n tity , th e  dynam ics and  
th e  localization  of th e  release of en d o to x in .

S im ilarly , th e  p resen t rev iew  does n o t deal w ith  som e v iru lence  fac to rs , 
e .g . haem olysins, w hich m ay  also e x e rt to x ic  effects (see th e  proceeding review  
o f  th e  au th o r [219]).

S um m arizing  th e  ou tlines o f d a ta  concern ing  en te ro to x in s , f ir s t  of all 
th e ir  w idespread  occurrence am ong  en te ric  p a thogens and  o p p o rtu n is tic  p a th o 
gens should be em phasized . T his does n o t m ean  th a t  th e  role o f en te ro to x in s  in  
th e  p a th o m ech an ism  is equ a lly  im p o r ta n t:  som etim es th e y  p la y  an essen tia l 
a n d  som etim es an  ad d itiv e  p a r t  an d  we c an n o t prove or exclude th e  p o ssib ility  
t h a t  during  ev o lu tion  th is  c h a ra c te r  has h ad  an  influence on th e  p a th o g en ic ity  
o f  th e  organism .

The tran sp o so n  n a tu re  o f th e  STA gene, w hich has been  u n d o u b te d ly  
p ro v en , seems to  be tru e  a t  least in  ev o lu tio n a l sense also fo r LT. This is n o t 
o n ly  an answ er to  th e  observed  sp read ing , b u t  also a sign ifican t exam ple o f th e  
special w ay of ev o lu tion  in  p ro k a ry o te s , acqu irin g  a lread y  “ te s te d ” genes in 
a sh o rt w ay  b y  v ec to rs  (p lasm ids, phages).

I t  is n o t easy  to  produce  clear c u t categories for en te ro to x in s , “ S h iga”  
an d  “ Shiga-like”  to x in s  or cy to to x in s . Some k inds of overlap p in g  fea tu res  can
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be observed  an d  h y p o th e tica lly  th e y  seem  to  form  a com m on fam ily  o f gene 
p ro d u c ts , d iverged  earlie r or la te r  d u rin g  th e  evolu tion .

In  th e  cases w here  the  above to x in s  are p lay in g  a p rim a ry  ro le in  th e  
p a th o m ech an ism , e.g . in  V. cholerae o r  E T E C , th e  ro le an d  significance o f to x 
ins seem s to  be b e t te r  elucidated. A  p ro m ising  field  o f research  is p ro v id ed  b y  
diseases, e.g. salm onellosis and shigellosis w here th e  to x in  m ay  or m ay  n o t have  
an  ad d itiv e  role.

W ith o u t a b e t te r  u n d ers tan d in g  o f  c lo strid ia l to x in s  and  th e ir  genes, i t  is 
as y e t questionab le  w hether these to x in s , w hich are  biologically  s im ila r to  
tho se  o f G ram -nega tives , have o rig in a te d  from  a com m on ancesto r gene or are  
re su lts  of a p a ra lle l evolution.

G enerally  sp eak in g , the  new  f ie ld  opened b y  th e  discovery  of to x in s  
p ro d u ced  b y  en te ric  pathogens m ay  also  in fluence th e  fu tu re  of th e ra p y  by  
developing  p h a rm aco n s  w ith  in h ib ito ry  ab ility , as w ell as e lab o ra tin g  specific  
p rev en tio n , a t  le a s t in  some diseases.
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LIPID CONTENT AND ESR DETERMINATION 
OF PLASMA MEMBRANE ORDER PARAMETER 

IN CANDIDA ALBICANS STEROL MUTANTS

M . P e s t i , L .  H o r v á t h , L .  V i g h  a n d  T .  F a r k a s

Department o f Microbiology, József Attila University, Szeged, and Institute o f Biophysics and 
Institute o f Biochemistry, Biological Research Center, Hungarian Academy o f Sciences, Szeged

(Received March 16, 1984)

Sterol intermediates of ergosterol biosynthesis in seven sterol mutants of Candida albi
cans were determined by gas-liquid chromatography. Only one of them could synthetize ergo
sterol, while in the others sterol biosynthesis was blocked beyond zymosterol. Alterations in 
sterol composition were correlated with a slight increase in saturation and a decrease in the 
chain length of fatty acids, and increases in phosphatidylinositol and phosphatidic acid, and 
decreases in phosphatidylcholine and phosphatidylserine contents. During exponential growth, 
as measured on their protoplasts using the intercalated fatty acid spin probe, 5-doxylstearic acid, 
these single mutants exhibited higher plasma membrane order parameters than their ergoster- 
ol-producing parental strain, designated 33 erg+, as follows: erg-12 >  erg-16 >  erg-37 >  
>  erg-2 >  erg-20 >  erg-40 >  erg-41 >  33 erg + . The mutants displayed significantly higher 
phase-transition temperatures, measured in a reconstituted lipid-water dispersion, than their 
parental strain.

T he p lasm a m em b ran e  is a m u ltico m p o n en t system  and  p lay s an  im p o r
ta n t  role in a n u m b e r of cellu lar p rocesses. One of its  co n stitu en ts  in  yeasts  is 
e rgostero l, th e  e n d -p ro d u c t of stero l b io sy n th es is . Some aspects o f its  im p o r
ta n c e  and  function  w ere discussed p rev io u sly  [1].

S tu d y  o f th e  s te ro l m u ta n ts  o f th e  u n ice llu la r, pe tite -n eg a tiv e , h u m an  
path o g en ic  eu k ary o tic  m icrobe, th e  y e a s t  C andida albicans, is a possib ility  to  
lea rn  m ore ab o u t th e  role of ergostero l a n d  i ts  p recu rso rs in  th e  p lasm a m em 
b ran e  processes [2]. I t  w as show n in  th e se  ex p erim en ts  th a t ,  co m p ared  to  th e  
ergostero l-p roducing  p a re n ta l  s tra in , a n  ergostero l-less m u ta n t o f C. albicans 
d isp layed  no a lte ra tio n  o f its  p lasm a m em b ran e  u ltra s tru c tu re  as revealed  
b y  freeze etch  e lec tron  m icroscopy [3], b u t  i t  h a d  an  increased a c tiv ity  [4] of 
m em b ran e-b o u n d  ch itin  sy n th e tase  (EC 2.4.1.16) an d  an increased spon taneous 
ion leakage [5].

W e have especially  been in te re s te d  to  le a rn  th e  background  o f th e  ob 
served  phenom ena, w h a t k in d  of in te rm e d ia te s  o f ergosterol are  accu m u la ted  
in  th ese  m u ta n ts , an d  how  th e  a lte ra tio n s  in fluence  th e  com position  of o th e r 
lip ids. The E S R  m eth o d  is one of th e  b e s t  to  o b ta in  d irect in fo rm atio n  ab o u t
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th e  p lasm a  m em brane f lu id ity  a lte ra tio n s  of stero l m u ta n ts . Thus in  th is  p a p e r 
we also re p o rt E S R  o rd e r p a ram e te r  d a ta  on th e  p lasm a m em brane of th e  
ergostero l-p roducing  s tra in  of C. albicans and  its  s tero l m u ta n ts , as a know ledge 
of th e  com plex a lte ra tio n s  in th e  lip id  com position  of stero l m u ta n ts  [5] does 
no t p e rm it a d irect p rognosis of th e  p robab le  change in p lasm a m em b ran e  
f lu id ity .

M aterials an d  m ethods

Strains. Sterol mutants of C. albicans erg-2, erg-16 and erg-37 originated from the adenine- 
requiring ergosterol-producing strain 33 erg +, while mutants of erg-12, erg-20, erg-40 and erg-41 
were obtained from the threonine- and methionine-requiring ergosterol competent strain 
35 erg+ [5]. Three of these have been deposited in the American Type Culture Collection, Rock
ville: ATCC 44829 (33 erg+), ATCC 44830 (erg-16) and ATCC 44831 (erg-2).

Culture conditions and protoplast formation. Media, maintenance of strains and culture 
conditions for lipid analysis and protoplast formation have been described earlier [4].

L ip id  analysis. Extraction of lipids and determination of fatty acids by gas-liquid chro
matography (GLC) was carried out as described earlier [6]. Quantitative determination of the 
individual phospholipids such as phosphatidylcholine (PC), phosphatidyl ethanolamine (PE), 
phosphatidylinositol (PI), phosphatidylserine (PS) and phosphatidic acid (PA) was achieved 
by two-dimensional thin-layer chromatographic separation [7].

For GLC analysis of the non-saponifiable sterol extracts, the cells were treated with 
n-heptane [5]. Extracts were evaporated and acetylated with acetic anhydride-pyridine 
( 5 : 1 )  or silanized with Sylon ВТ 2 — 3 3029 (Supelco Inc.) when necessary. Extracts were
dissolved in acetone or benzene and analysed in a JEOL JGC-20K (FP) gas chromatograph. 
Quantitation was performed using a Packard Integrator (Model 603) connected to the GLC. 
The carrier gas was argon with 60 ml/min rate for all columns: (i) 10% SE-30 on a Gas Chrom 
Q (80—100 mesh) 5-foot glass column at 265 °C; (ii) 3% OV-17 on a Diatomile CLQ (100-120 
mesh) 3-foot glass column at 271 °C; (iii) 10% on a Super Coport 1-2140 (80-100 mesh) 5-foot 
glass column at 300 °C. Relative retention times (RTTs) of sterols were calculated relative to 
cholestanol acetate (OV-17), cholestane (SE-30) and cholesterol (SP-2100).

Reproducibility in RTT was OV-17 ± 1 % , SE-30 + 2% , SP-2100 ±1.5% . The RTTs of 
Candida sterols were compared with those of authentic components from yeast mutants ob
tained from Dr. A. M. Pierce (Simon Fraser University, Canada) and Dr. D. N. Kirk (University 
of London, U. K.) and with the gas chromatography data of Bard et al. [8].

Preparation o f samples for spin labelling experiments. The protoplast suspension (10y 
cells/ml) was diluted five-fold in 1 м mannitol prior to the addition of spin probe. A 4 //1 aliquot 
of a 5 mg/ml ethanol stock solution of 5-doxylstearic acid was then added to 1 ml cell suspen
sion and the mixture was gently shaken to facilitate spin probe incorporation.

Finally, to remove ethanol the protoplast suspension was sedimented at low speed (1000 
g, 5 min) and resuspended in 100 /Л final volume. Ethanol-mediated spin probe incorporation 
has the advantage that it can be controlled very conveniently and quantitatively. Under the 
above conditions, magnetically resoluted spectra were obtained, i.e. no isotropic triplet due to 
unincorporated spin probes was observed [9].

Electron spin resonance measurements. Electron spin resonance (ESR) spectra were 
recorded with a JES-PE-1X  JEOL (Japan) spectrometer. The protoplast suspension was 
added to the micro flat cell (Scanlon. USA) and thermostated at 22 °C. The order parameter 
was calculated from the splitting of the inner (2 /imin) and outer (2A max = 2 A M) extremes,

26.3G

where A  was determined from the inner splitting ( 2 A m -m ) by Gaffney’s method as described in 
[10]. The phase transition of total lipid extracts was measured in lipid- water dispersion. Total 
lipids were hydrated with 0.1 м NaCl ±  5 т м  CaCL (pH 7).
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R esults

L ip id  composition. T he re p re se n ta tiv e  ste ro l m u ta n ts  exam ined  w ere 
chosen from  23 m u tan ts  of d iffe ren t origin on th e  basis o f th e  u ltra v io le t a b 
so rp tion  sp ec tra  and  th in -la y e r ch ro m ato g rap h ic  p a tte rn s  o f th e ir  s te ro l 
e x tra c ts  [5]. The rep resen ta tiv es  o rig ina ted  from  tw o ergostero l-p roducing  
s tra in s  h av in g  d ifferent au x o tro p h ic  m ark ers  [5], b u t  th e y  gave ex ac tly  th e  
sam e GLC sp ec tru m  and  so on ly  33 erg + w as s tu d ied  fu rth e r . R TT d a ta  on th e  
app lied  s te ro l s tan d ard s are lis ted  in T ab le  I. T he RTTs of stero l com ponen ts 
on OV-17, SE-30 and PS-2100 are given in  T ab le  I I ,  while th e  re la tiv e  am o u n ts  
of id en tif ied  sterols of C. albicans s tra in s  an d  th e ir  p resum ed  enzym e defects 
are to  be seen in  Table I I I .  A ll m u ta n ts  w ith  one excep tion  co n ta ined  zy m o 
stero l in  sign ifican t am ounts. C onsidering th e  m ain  p a th w a y  in  ergostero l sy n 
thesis an d  th e  d a ta  accu m u la ted  up  to  th is  tim e  [1, 2, 8, 11] th e  ta b u la te d  
d a ta  m ean , (i) th e  erg-12 s tra in  accu m u la ted  cholesta-7,24-dien-3/S-ol an d  
ergostero l, w hich m ay be a consequence of a leak y  m u ta tio n  of 5 ,6 -dehy
drogenase; (ii) th e  erg-2 an d  erg-40 m u ta n ts  accu m u la ted  zl8-sterols, in d ica tin g  
a block o f A 8—zl7 isom erase; (iii) th e  erg-20 an d  erg-37 m u ta n ts  co n ta in ed  one 
o f th e  la s t p ro d u c ts  of ergostero l b io syn thesis , ergosta-7-en-3/3-ol, su g g est
ing  th e  in a c tiv a tio n  of 5 ,6 -dehydrogenase or 22 ,23-dehydrogenase or b o th ; 
(iv) th e  erg-16 and  erg-41 m u ta n ts  accu m u la ted  ergosta-7,22-dien-3/3-ol, 
w hich p re su m ab ly  resu lted  from  an  en zy m atic  b lock  of 5 ,6 -dehydrogenase. 
F o r m u ta n ts  defic ien t in th e  sam e enzym e, d iffe ren t am o u n ts  o f accu m u la ted  
in te rm e d ia te s  of th e  sam e ty p e  could  be  de tec ted .

Tabic I

Nomenclature o f applied sterol standards and their relative retention times in separations 
on chromatographic columns o f OV-17, SE-30 and PS-2100

'iomenclature Relative retention times

chemical name tr iv ia l nam e common nam e OV-17 SE-30 PS-2100

squalene 0.88 0.52
lanosterol 1.52

Cholesta-8,24,-dien-3/?-ol 8,24
z lc zymosterol 3.90 2.05 1.13

Ergosta-5,7,22-trien-3/S-ol Ziff’““ ergosterol 4.20 2.15 1.16
Ergosta-5,7-dien-3/?-ol z Ie 7 4.38

Ergosta-7,24/28/-dien-3/?-ol 3 f (2,) episterol 4.59
Ergosta-8,24/28/-dien-3/?-ol / ) 8e 24(28) fecosterol 4.90
Ergo sta- 7- en- 3/S- о 1 z Ie 5.04
Cholesta-7,24-dien-3/?-ol ZIe24 1.51
Ergosta-7,22-dien-3/2-ol A e 2í 1.63
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Table II

Relative retention times o f sterols o f Candida albicans strains in separations on various
chromatographic columns

Column Strain Relative retention  times

OV-17

SE-30

PS-2100

erg + 1.62 3.22 4.20 5.05
erg-2 3.90 4.90
erg-12 1.63 4.19
erg-16 0.77 1.82 3.91 4.39
erg-20 0.76 3.90 4.59 5.05
erg-37 3.89 4.59 4.91
erg-40 3.89 4.92
erg-41 0.88 3.91 4.60 5.04

erg + 1.28 1.55 2.15 2.85
erg-2 2.06 2.54
erg-12 1.29 2.15
erg-16 2.05 2.33
erg-20 2.05 2.33
erg-37 2.05 2.33 2.53
erg-40 2.05 2.52
erg-41 2.04 2.33 2.86

erg + 0.76 1.16 1.34 1.51
erg-2 1.12 1.18
erg-12 0.36 0.76 1.16 1.51
erg-16 1.16 1.19 2.09
erg-20 1.12 1.18
erg-37 1.13 1.29
erg-40 1.13 1.53
erg-41 0.51 1.12 1.29 2.08

T he fa t ty  acid com positions of th e  to taJ  lip id  e x tra c ts  of th e  C. albicans 
s tra in s  are given in T ab le  IV . The genera l tre n d  was a slight decrease in th e  
s te ro l m u ta n ts  as concerns b o th  th e  average  fa t ty  acid chain  len g th  an d  th e  
re la tiv e  p rop o rtio n  o f u n sa tu ra te d  acids. D esp ite  som e v a ria tio n s , th e  levels o f 
h ex ad eca trien o ic  (16 : 3), stearic  (18 : 0) an d  gam m a-lino len ic  (18 : 3) acids 
increased  a t th e  expense o f oleic (18 : 1) acid . These changes w7ere re flec ted  in 
the  m a jo r phospho lip ids. PC, P E  and  P I  accoun ted  for m ore th a n  80%  of the  
to ta l  phospholip ids in  33 erg + (Table V). T he ten d en cy  w as th a t  in  th e  stero l 
m u ta n ts  PC and  PS decreased , while P I  an d  P A  increased  sig n ifican tly  com 
p a red  w ith  33 erg + .

F lu id ity  measurem ent. The order p a ra m e te r  (S) re su lts  for th e  exam ined  
s tra in s  in th e  ex p o n en tia l g row th  phase , m easu red  on p ro to p la s ts  (Table V I). 
L ow er values of S rep re sen t sim ply less o rdered  m em branes, and  vice versa . 
T he p a re n ta l 33 erg+ s tra in  h ad  the  m ost f lu id  m em brane. The decreasing order 
o f th e  p a ram e te r  w7as erg-12 >  erg-16 >  erg-37 >  erg-2 >  erg-20 >  erg-40 >  
>- erg-41 > 3 3  erg + .
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Table I I I

Relative amounts o f identified sterols (in  per cent) in  C. albicans strains, and their proposed enzymatic block
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Enzyme defect

33 erg + 71.5 14.3 tr 3.0 11.2 none
erg-2 1.7 42.7 55.6 A s — A 1 isomerase
erg-12 64.9 29.8 5.3 leaky
erg-16 24.7 36.2 13.8 25.3 tr 5,6-dehydrogenase
erg-20 42.6 49.3 6.1 2.0 22,23-dehydrogenase
erg-37 60.8 32.0 7.2 22,23-dehydrogenase
erg-40 2.1 44.1 53.8 A s — AP isomerase
erg-41 2.3 33.1 32.1 14.0 18.5 5,6-dehydrogenase

tr =  trace (0.1-1.5%)
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Table IV

F a tty  acid compositions (per cent by w t) o f  total lip id  extracts o f  C. albicans 33 erg + strain
and its sterol m utants

Strain
Percentage of to ta l U nsat./

Sat.
16 : 0 16 : 1 16 : 2 16 : 3 18 : 0 18 : 1 18 : 2 18 : 3

33 erg  + 19.1 10.5 0.9 2.2 4.3 35.0 25.7 2.3 3.24
erg-2 19.1 9.4 1.7 3.7 6.0 35.7 20.2 4.2 2.98
erg-12 16.1 12.6 1.2 6.3 8.1 26.5 24.2 5.0 3.13
erg -16 18.0 10.8 1.3 3.7 4.1 40.9 19.3 1.9 3.52
erg-20 20.6 13.8 0.8 4.5 7.7 25.5 21.2 5.9 2.53
erg-37 19.0 11.2 2.1 6.2 7.6 22.6 27.8 3.5 2.76
erg-40 20.1 9.9 1.0 2.8 8.6 17.4 32.8 7.4 2.50
erg-41 13.3 12.7 1.6 5.9 6.1 25.7 25.3 7.4 3.67

Table V

Phospholipid compositions o f  lip ids extracted fro m  the ergosterol-producing parental 
Candida albicans strain 33 erg+ and  its sterol mutants

Percentage of total

PC PE PI PS PA

33 erg + 53.9 ±  5.9 16.1 ±  2.8 10.6 ±  3.9 13.2 ±  2.5 6.2 ±  2.0
erg-2 33.2 ±  5.0 20.7 ±  2.9 25.3 ±  4.0 5.7 ±  0.9 15.3 ±  5.9
erg- 12 34.9 ±  1.3 22.1 ±  3.2 16.1 ±  0.6 8.8 ±  2.5 18.1 ±  2.7
e rg -16 48.0 ±  5.7 14.1 ±  1.3 23.3 ±  2.7 4.3 ±  0.9 10.3 ±  2.9
erg-20 36.7 ±  4.3 19.1 ±  3.7 14.3 ±  5.9 10.3 ±  6.0 19.6 ±  5.4
erg-37 44.1 ±  2.5 14.4 ±  1.8 21.7 ±  0.5 10.2 ±  3.6 9.6 ±  5.6
erg-40 40.4 ±  6.1 31.5 ±  2.5 11.9 ±  0.9 6.4 ±  1.2 9.8 ±  2.7
erg-41 40.4 ±  4.9 14.6 ±  4.9 17.2 ±  6.8 11.7 ±  6.1 16.1 ±  7.5

±  S tan d ard  deviation

Table VI

Membrane order param eters ( S )  o f  the ergosterol-producing C. albicans strain 33 erg +
and its sterol m utants

Strain S

33 erg + 0.611 _L 0.003 (4)
erg->2 0.640 ± 0.005 (5)
erg-•12 0.677 ,L 0.008 (4)
erg-■16 0.671 ± 0.010 (3)
erg-■20 0.635 ± 0.013 (4)
erg-•37 0.666 0.013 (5)
erg-•40 0.627 ± 0.005 (5)
erg-■41 0.613 ± 0.003 (5)

D ata arc m eans ^ S .D .  N um bers of ex p erim en ts in paren theses. E rro r in m easu re 
m en t: +  0.003
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The tem p era tu re -d ep en d en ce  o f  th e  order p a ra m e te r  of 5 -doxy lstearic  
acid-labelled y e a s t lip id  dispersions is seen  in  Fig. 1. T h e  p h ase -tran sitio n  te m 
p era tu res  of th e  p lasm a  m em brane lip id s  are no t h ig h e r th a n  15 °C, a n d  a ll 
these  order p a ra m e te r  va lues there fo re  in d ica te  f lu id -p h ase  properties. T h e

Temperature,‘C

Fig. 1. P h ase -tran sitio n  te m p e ra tu re  of C. albicans 33 erg + ( o ----------o)  a n d  erg-40 ( • -----------• )
s tra in s  m easured  on re c o n s titu te d  lipid e x tra c t

o rd er p a ram e te r vs. te m p e ra tu re  p lo t e x h ib ite d  a b reak  a t  th e  ph ase -tran sitio n  
te m p e ra tu re  (7%) [12]. A n o th e r b reak  cou ld  be seen a t  20 °C for b o th  th e  
ergosterol-less an d  th e  ergostero l-p roducing  s tra in s  p o in tin g  to  a fu rther p h ase  
tra n s itio n . H exagonal s tru c tu re s  w hich m a y  be p ro d u ced  b y  phospholip ids 
an d  sterols in  th e  p lasm a  m em brane cou ld  co n trib u te  to  th e  existence of th is  
phenom enon. F o r th e  fo u r rep re sen ta tiv e  s tra in s  te s ted , th e  following low er, 
an d  p ro b ab ly  ch a ra c te ris tic  TM values w ere o b ta ined : 33 erg+ 2 °C; erg-2 
10 °C; erg-16 8 °C; and  erg-40 12 °C.

D iscu ssion

One of th e  m ost im p o r ta n t fu n c tio n  o f th e  large a m o u n t of sterols in  
biological m em branes is to  rigidify th e ir  s tru c tu re  in  th e  liqu id  crystalline 
phase  an d  to  m a in ta in  th e ir  perm eab ility . T he m icroviscosity  index  of choles
te ro l in  the  h u m an  e ry th ro c y te  phospho lip id  m ix tu re  is 12.1, while the values 
fo r th e  in d iv idua l phospho lip id s range o n ly  from  0.5 to  3.4 a t  37 °C [13]; th u s  
th e  m ixing ra tio  basica lly  determ ines th e  f lu id ity  of m em b ran es. In  w ild-type 
s tra in s  o f yeasts , e rgoste ro l is th e  m ain s te ro l; th e  sterols accu m u la ted  in  th e  
cells can  a tta in  0 .15%  of th e  d ry  weight. I n  s te ro l m u tan ts  co n ta in in g  d ifferent 
ergostero l in te rm ed ia tes  th is  value can be as high as 0 .72%  [14].
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Q u a lita tiv e  an d  q u a n tita tiv e  a lte ra tio n s  in stero l com position  m ay  
re su lt in  a t  least tw o  effects. I t  has been  suggested  th a t  th e  q u a n ti ty  of stero ls 
in  cells itse lf  c an n o t be  responsib le fo r th e  functional chan g es o f the  p lasm a 
m em b ran e  [15]. A t th e  sam e tim e, v e ry  l i t t le  in form ation  h a s  em erged a b o u t 
th e  s tru c tu ra l  fu n c tio n  a n d  im p o rtan ce  o f  various e rg o ste ro l in te rm ed ia tes .

I t  is a fac t th a t ,  in  th e  exam ined s te ro l m u tan ts  of C. albicans, zym ostero l 
a n d  p recu rso rs follow ing zym ostero l in  th e  ergosterol b io sy n th esis  accum ula ted  
in  s ig n if ican t am o u n t in s te a d  of ergostero l, w ith  one ex cep tio n  (erg-12). T hese 
a lte ra tio n s  seem ed to  in d u ce  an  a d a p ta tio n  in  phospholipid com position , re s u lt
in g  in  decreased  am o u n ts  o f PC and  PS (described  as flu id iz ing  lip ids by  S h in itz- 
k y  a n d  H e n k a rt [13]) a n d  in  increased  a m o u n ts  of P I, P E  a n d  P A  (considered 
to  b e  rig id ify ing  lip ids).

T h e  consequence o f these  com plex  a lte ra tio n s in th e  lip id  com position  
o f th e  m u ta n t  cell m u s t be  reflec ted  a t  th e  p lasm a m em b ran e  level, and  could  
be  e v a lu a te d  b y  m easu rem en t of th e  p la sm a  m em brane o rd e r  p a ram e te r. A ll 
s te ro l m u ta n ts  e x h ib ite d  a higher p la sm a  m em brane r ig id ity  th a n  th a t  o f th e ir  
p a re n ta l  s tra in , s im ila rly  as in Saccharomyces cerevisiae [15]. S urprising ly , 
erg-12, an  ergostero l-p roducing  m u ta n t ,  h a d  the  h ig h est o rd er p a ra m e te r, 
c e r ta in ly  as a consequence  of A7’21 s te ro l accum ulation  a n d  th e  e levated  levels 
o f  P I , P E  an d  P A  phospho lip ids. A d ire c t correlation b e tw een  the  ty p e  o f 
a c c u m u la ted  sterols a n d  th e  a lte ra tio n s  in  o th e r  lipid co m p o n en ts  could n o t be  
d e m o n s tra te d  in th e se  experim en ts. H ow ever, a com parison  of th e  p la sm a  
m em b ran e  order p a ra m e te r  values w ith  th e  p h ase-tran sitio n  p o in ts  s trong ly  su g 
gested  th a t  a low er flu id -p h ase  o rder in d ic a te d  a lower p h a se -tra n s itio n  p o in t

(Fig- 1).
T he h igher p la sm a  m em brane o rd e r p a ram e te r v a lu es , th e  altered  e n z y m 

a tic  a c tiv ity  of m em b ran e-b o u n d  c h itin  sy n th e tase  (EC 2.4.1.16) [4], th e  in 
c reased  spon taneous io n  leakage (m easu red  co n d u c to m etrica lly  in d is tilled  
w a te r) an d  th e  s ig n if ican tly  reduced  cell perm eab ility  to  glycerol [5] o f th e  
s te ro l m u ta n ts  co m p ared  to  those  fo r th e  pa ren ta l s tr a in  showed th a t  a 
decrease  in , or th e  lack  o f ergosterol, in  th e  m u ta n t cell b rin g s  ab o u t a co m p lex  
a lte ra tio n  in  th e  am o u n ts  of o ther lip id  com ponents. In  sp ite  of th is c o m p en 
sa to ry  m echanism , th e  liv ing  m u ta n t cells canno t regain  th e ir  original p la sm a  
m em b ran e  fu n c tio n  a n d  low rig id ity .

To feel th e  co m p lex ity  of th e  s i tu a tio n  one m ay con sid er th a t  if  th e  b lo ck  
o f ergostero l b io sy n th esis  would re su lt  in  the  m issing o f  an y  sterol in  th e  
p la sm a  m em brane, i t  w ould lead to  s ig n if ican t f lu id ity  in crease . As in  re a l i ty  
a re le v a n t decrease i.e. h igher r ig id ity  w as detected , i t  re fe rs  to  th e  fac t t h a t  
one or m ore in te rm e d ia te s  or p recu rso rs o f  ergosterol b io sy n th esis  were in c o r
p o ra te d  in to  th e  m em b ran e  endow ing i t  w ith  a higher lev e l o f packing. M odel 
re su lts  seem  to  su p p o r t th is  idea as e rg o ste ro l precursors in c o rp o ra te d  in to  a r t i 
fic ia l m em branes re a lly  increased th e  o rd e r param eter [10]. The case seem s to
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be m ore co m plica ted  w ith  the  m u ta n t  erg-12 as it has th e  h ighest ergosterol 
co n ten t in  c o n tra s t to  its  tw o-fold  n y s ta t in  resistance an d  th e  h ighest o rder 
p a ram ete r. T h u s th e  question  arises a b o u t th e  cy to logical localization  o f th e  
ergostero l an d  ab o u t th e  n a tu re , a m o u n t, an d  ra tio  of its  su b stitu en t(s) in  the  
p lasm a m em brane.

Acknowledgement. W e th a n k  Miss G iz e l l a  A l t o b d a i fo r  tech n ica l assistance.
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CHARACTERIZATION OF B-PLASMIDS CODING 
FOR AMPICILLIN RESISTANCE IN 

SALMONELLA T Y  PH I-M URI UM

S. N ik o l n i k o v

N a tiona l Institute o f  H ygiene , B udapest 

(R eceived A pril 10, 1984)

E ig h t Salm onella typ h i-m u r iu m  s tra in s  coding resistan ce  to  am picillin w ere chosen  
from  38 stra in s  iso la ted  in d iffe re n t counties of H u n g a ry  in  1981, a n d  th e ir  plasm ids w ere c h a r
acterized  b y  agarose  gel e lectrophoresis. In c o m p a tib ility  g ro u p s a n d  m olecular w e ig h ts  of 
transferab le  R -p lasm id s coding resistance  to  am picillin  were d e te rm in e d  and restric tio n  enzym e 
analyses w ere done. The s tu d ies  show ed th a t  am ong R -p lasm ids cod ing  for am picillin re s is tan c e  
in S. typ h i-m u riu m  s tra in s  I n d a  group p lasm ids w ith  a m olecu lar w eight of 66 M dal w ere 
do m in an t in H u n g a ry . A ccord ing  to  th e ir cleavage p a tte rn s , th e  exam ined  plasm ids fo rm ed  
tw o groups. B o th  ty p es  co n ta in ed  some frag m en ts  id en tica l in  size, an d  they  are su p p o sed  to  
be connected  ev o lu tionarily .

T im oney [1] rep o rted  th a t  tw elve p e rcen t of th e  Salm onella typ h i-m u riu m  
s tra in s of an im al origin exam ined  in  New  Y ork  S ta te  d u rin g  the  period  1 9 7 3 - 
1976 were sensitiv e  to  am picillin , te tracy c lin e , k a n a m y c in , neom ycin, c h lo r
am phenicol a n d  s trep to m y c in . R esistance to  am picillin  an d  ch loram phenico l 
was th e  m ost freq u en t. C hérubin  et al. [2] show ed th a t  th e  p roportion  o f am p i- 
c illin -resistan t S . typ h i-m u riu m  s tra in s increased  s ig n ifican tly  in 1971-1978.

In v e s tig a tin g  S. typ h i-m u riu m  s tra in s  iso la ted  in  N ew  Zealand in  1980, 
A nderson [3] showed th a t  th e  resistance d e te rm in a n t to  am picillin w as m e
d ia ted  by  ex trach ro m o so m al genetic e lem ents, th e  p lasm ids. The p lasm id s 
carry ing  am picillin  re s is tan ce  genes have  been ch a rac te rized  by  m o lecu la r 
w eight.

A ccording to  Milch e t al. [4] th e  p ro p o rtio n  of am pic illin -resistan t S . 
typh i-m urium  s tra in s  w as fo u n d  to  be co n s ta n tly  low in  H u n g ary , no t h ig h e r 
th a n  2%  o f th e  exam ined  s tra in s  (in 1979 — 18 s tra in s , 0 .9 % ; in 1980 — 33 
s tra in s , 1 .2% ; in  1981 — 38 stra ins, 1 .6% ).

In  th e  p re se n t s tu d y  e ig h t isolates w ere chosen fro m  38 am picillin-resis- 
t a n t  S. ty p h i-m u riu m  s tra in s  iso lated  d u rin g  1981 a n d  th e ir  plasm ids w ere 
characterized  fo r in co m p a tib ility , phage re s tric tio n , fe r t i l i ty  inh ib ition  a n d  
m olecular w eigh t. The p u rified  p lasm id  D N A s were d igested  by  re s tr ic tio n  
enzym es and  re s tr ic tio n  endonuclease cleavage p a tte rn s  w ere com pared.

Se r g e y  N ik o l n ik o v

N ational Institu te  of Hygiene
H-1966 Budapest, P .O .B . 64, Hungary
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M aterials an d  m ethods

S tra ins. Selected S. typ h i-m u riu m  s tra in s  w ere iso la ted  from  p a tie n ts  b y  P ub lic  H e a lth  
S ta tio n  lab o ra to rie s  in H u n g a ry  in  1981, and w ere se n t to  th e  D ep artm en t o f  P hage  R esearch  
of th e  N a tio n a l In s ti tu te  of H ygiene for d e te rm in a tio n  of phage se n sitiv ity .

D eterm ination  o f  the biochemical and phage types. P hage typ ing  of S . typ h i-m u riu m  was 
p e rfo rm ed  according to  th e  in te rn a tio n a l m eth o d  o f Felix-C allow  [5], th e  exam in ed  S. typh i- 
-m u r iu m  s tra in s  were p hage  ty p e d  b y  A nderson’s p h ag e  series [6]. B iochem ical ty p es were 
d e te rm in e d  on th e  basis o f reac tio n s in rham nose  a n d  inosito l [7].

A ntib io tic  sensitivity  w as exam ined w ith  R e s is te s t disks ( In s titu te  fo r Serobacterio log ical 
P ro d u c tio n  an d  R esearch  H u m a n , B udapest) to  te tracy c lin e , k an am y cin , chloram phenico l, 
s tre p to m y c in , neom ycin , am picillin , gen tam icin , carben ic illin , azlocillin a n d  doxycycline.

T ransfer o f  p lasm ids  fro m  wild stra ins to  re c ip ie n t Escherichia coli J 5 — 3 [8] was carried  
o u t b y  co n ju g a tio n  [9]. F o r th e  selection of t ra n sc o n ju g a n ts  am picillin w as used .

M ed ia , determ ination o f  f i  character and  phage restriction w ere described p re v io 
u sly  [4].

Incom patib ility  test. T he in co m p atib ility  o f  p lasm id s was exam ined  accord ing  to  G ra n t 
e t al. [10] w ith  th e  m o d ifica tio n  described b y  B ird  a n d  P itta rd  [11]. D a t ta ’s an d  C h ab b ert’s 
re fe ren ce  p lasm ids were used  to  exam ine th e  in co m p a tib ility  of p lasm ids [12].

Isolation o f  p lasm id  D N A .  Large scale p lasm id  D N A  prep ara tio n s b y  th e  po lyethy lene  
g lycol p re c ip ita tio n  m eth o d  of H um phreys e t al. [13] w ere followed b y  e th id iu m  broin ide-C sC l 
d e n s ity  g ra d ie n t cen trifu g a tio n . T he sm all scale m e th o d  was used to p re p a re  D N A  as described 
b y  B im b ó im  and  Doly [14].

Restriction enzyme digestion. R estric tio n  en zy m es E co R I , B g/II a n d  Xfeal were o b ta in ed  
fro m  th e  In s t i tu te  of B io ch em istry , Biological R e se a rc h  Center of th e  H u n g a ria n  A cadem y of 
Sciences, Szeged. R estric tio n  enzym e d igestions o f p lasm id  DNAs w ere p e rfo rm ed  in  buffers 
as reco m m en d ed  b y  N ew  E n g la n d  B iolabs [15].

Agarose gel electrophoresis and estimation o f  molecular weight. A garose  gels were p rep ared  
as d escribed  by  M aniatis e t al. [16]. S tan d ard  p lasm id s  [12] in m olecular w e ig h t d e te rm in a tio n  
w ere as follows: S-а (In cW ) 23 M dal, R N 3 (In cN ) 33 M dal, R1 ( In c F II )  62 M dal. RA1 (IncA ) 
86 M dal.

R esu lts

Results o f  phage- and biotyping. T he s tra in s  were iso la ted  in  d ifferent p a r ts  
o f th e  c o u n try  (T able I). B iotypes 2 a n d  3 were rep resen ted  b y  four s tra in s  
each . B io type  2 an d  b io ty p e  3 s tra in s  w ere  e ith er u n ty p ab le  or fell accord ing  
to  th e  Felix -C allow  schem e in to  phage ty p e  2b. W ith ty p e  p h ag es of A nderson , 
tw o  s tra in s  belonged to  phage ty p e  TT 135, a n d  four stra ins to  U133. One s tra in  
w as n o n -ty p ab le , an d  a fu rth e r  one cou ld  n o t he determ ined .

A ntib io tic  resistance and transferable determinants o f  antibiotic resistance. 
A ll th e  s tra in s  chosen con ta ined  m ark ers  o f an tib io tic  re s is tan ce  against a m p i
c illin , carbenicillin  an d  strep to m y cin . In  ad d ition , th ree  s tra in s  h ad  m ark ers  
o f k an am y c in  re s is tan ce , one s tra in  m a rk e rs  of azlocillin re s is tan ce , w hile th e  
s tra in  designated  477 h a d  resistance m a rk e rs  against ch lo ram phen ico l, t e t r a 
cycline an d  doxycycline.

In  m ost cases o n ly  th e  m arkers o f am picillin  and  carben ic illin  could be 
tra n s fe r re d  by  co n ju g a tio n  (Table I). In  th re e  stra ins th e  tra n s fe r  of k an am y c in  
res is tan ce  m ark er w as also possible. In  th e  case of stra in  477, m ark ers  of t e t r a 
cycline resistance a p p ea red  in the  tra n sc o n ju g a n t. T ran sfe r  w as carried  ou t 
w ith o u t m obilization .
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Characterization o f  p lasm ids. In  each tra n sc o n ju g a n t we id en tified  a 
p lasm id . Their m o lecu la r w eight w as 66 M dal b y  gel elecrophoresis. The p la s 
m ids p roved  to  b e  incom patib le  w ith  s tra in s  R 64 (Incloc), R 144 ( I n d a ) ,  R 66a 
( In c I  со) and  w ere classified  in to  in c o m p a tib ility  group la .  A ll th e  e igh t p las-

Table I

Characterization o f S. typ h i-m u riu m  strains carrying R-plasm ids

Designation
of

strains

Place of origin 
(county or

district of B udapest)
Biotype

Phage type according to Resistance pattern  
transferred 

to  E .  co li K l2Felix-Callow Anderson

44 Békés 3 n t* * U135 Sm , Ap, Cb, K m A p, Cb, K m
63 Heves 2 n t U133 Sm , Ap, Cb A p, Cb

395 Pest 3 n t U133 Sm , Ap, Cb A p, Cb
477 B udapest X I I I 3 n t n t Sm , Ap', Cb, K m , 

Cm, Tc, Do
Ap, Cb, Tc, 

Do, K m
659 B udapest IX 2 n t U133 Sm , A p, Cb, K m A p, Cb, K m

1384 Veszprém 3 n t U135 Sm , Ap, Cb, Azl A p, Cb, Azl
1527 Vas 2 2b n d * ‘ * Sm, Ap, Cb A p, Cb
1586 Veszprém 2 2b U133 Sm , A p, Cb A p, Cb

* A bbreviations: A p =  am picillin, Cb =  carbenicillin , Tc =  te tracycline , Do =  doxy- 
cycline, Azl =  azlocillin, K m  =  kanam ycin , Sm  =  strep to m y cin , 
Cm =  chloram phenicol

** N on-typable 
*** N ot determ ined

Fig. 1. A garose gel e lectrophoresis of EcoR I frag m e n ts  of R -p lasm id  DN A  from  S. typ h i-m u riu m  
belonging to  in co m p a tib ility  g roup  la . A =  Л D N A  digested  b y  K coR I (size m ark e r in K B ). 

P lasm id  DN A  d igestions: 1 =  1384, 2 = 395, 3 -  1586, 4 — 1527, 5 =  44, 6 -  63
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F ig. 2. D igestion of 477 a n d  659 designated  p lasm id  D N A s in I n d a  group b y  B g lI I ,  ü c o R I 
an d  X b a l. A =  7.DNA d ig es ted  by  KcoRI (size m ark e r in K B ). 1 and  2 =  477 an d  659 p lasm id 
D N A s digested  by  B g l l i ;  3 and  4 =  477 an d  659 p lasm id  D N A s digested  b y  E co h il; 5 and 

6 =  477 and  659 p lasm id  D N A s d igested  b y  X im I

m ids w ere f i~ . T he p lasm id  designated  477 h ad  an in h ib ito ry  effect for phages 
T4, F 4 , F5, 23, 24, 0 , w hile o th e r p lasm ids h ad  no such  effect.

In  th e  case o f seven  plasm ids, fu lly  id en tica l p lasm id  p a tte rn s  w ere found  
a f te r  E eoR I d igestion  (F ig . 1.: 1 -6  lanes, Fig. 2.: 4 lanes). The p a t te rn  o f th e  
p la sm id  designated  477 (Fig. 2.: lanes 1, 3, 5) d id  n o t p rove id en tica l w ith  o th e r 
p lasm ids in  in c o m p a tib ility  group Ioc; a close re la tio n sh ip  could, how ever, be 
seen on th e  basis o f th e  fragm en ts s im ila rly  m obile to  those  of p lasm id  D N A  on 
gel p a tte rn s  a fte r d igestion  b y  re s tr ic tio n  endonucleases E coR I an d  B glI I .

D iscussion

The exam ined  s tra in s  of S. typ h i-m u riu m  w hich were n o n -ty p ab le  acco rd 
in g  to  th e  schem e o f Felix-Callow , or belonged to  phage ty p e  2b, w ere classified  
a long  w ith  the  p h ag e  ty p e  of A nderson  to  phage ty p e s  U133 and  U135. A ccord
ing  to  T hrelfall e t a l. [17, 18] in  E n g lan d  S. typ h i-m u riu m  s tra in s  belonging to  
in co m p a tib ility  g ro u p  Ioc and  carry in g  p lasm ids w ith  resistance  d e te rm in a n ts  
o f  am picillin , k a n a m y c in  and s trep to m y c in  belonged to  phage ty p es U193 
a n d  U204, th e  m o st freq u en t ones in  E urope.
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R -p lasm ids of S. typ h i-m u riu m  con ta in ing  res is tan ce  d e te rm in an ts  of 
k an am y c in  an d  azlocillin beside th o se  of am picillin  an d  carben icillin , and  w hich, 
in  th e  p lasm id  designated  477, also con ta ined  resis tan ce  d e te rm in an ts  o f t e t r a 
cycline an d  doxycycline, belonged to  in co m p a tib ility  g roup  la ,  and  w ere iso 
la te d  w ith  a freq u en cy  increasing  y ea r b y  y ear as co m p ared  w ith  o ther in co m 
p a tib ility  g roups [19-21].

E x am in in g  plasm ids of in co m p a tib ility  g roup  l a ,  B ird  an d  P it ta rd  [22] 
found  th em  to  be incom patib le  also w ith  an  Iy  p lasm id , a n d  so th e y  e v a lu a te d  
th em  as n o n -ty p ica l I  p lasm ids. T he p lasm ids ex am in ed  b y  us have show n in 
co m p a tib ility  also w ith  a p lasm id  of th e  Inclco g roup , so th e y  belong to  n o n 
ty p ic a l l a  p lasm ids.

All th e  e ig h t p lasm ids w ere f i~  an d  h ad  a m o lecu la r w eight of 66 M dal. 
T he m olecular w eights of th e  p lasm ids belonging to  th e  I  p lasm id  com plex  
know n from  th e  l ite ra tu re  w ere sim ilar in  value [12].

In  th e  case o f seven p lasm ids, com pletely  id en tica l p a tte rn s  were fo u n d  
a fte r E coR I d igestion , which in d ica te s  th e ir  com m on orig in . D N A  res tr ic tio n  
p a tte rn s  of th e  p lasm id  d esigna ted  477 were d ifferen t fro m  th o se  of o ther I n d a  
p lasm ids, b u t  th e y  con ta ined  som e fragm en ts of id e n tic a l size.

C habbert e t al. [23] h ad  p lasm id  DNAs of d iffe ren t l a  in co m p a tib ility  
g roups d igested  b y  EcoR I re s tr ic tio n  enzym e an d  ch a rac te rized  th em  b y  
agarose gel electrophoresis. The cleavage p a tte rn  o f D N A  show n by  th e ir  p la s 
m ids was sim ilar to  those  in  our ex am in a tio n s a fte r  E co R I d igestion , s till th e re  
w as no full id e n tity  to  be estab lish ed  (d ifferen t n u m b e r o f  fragm en ts).

The analysis o f p lasm ids show s th a t  those of th e  ex am in ed  l a  in co m p a ti
b ility  groups are of com m on orig in , an d  i t  is to  be assum ed  th a t  these  p lasm ids 
are  h igh ly  fre q u e n t in  S. typ h i-m u riu m  s tra in s in  H u n g a ry .

R E F E R E N C E S

1. T im cney , J .  F .: J  In fe c t Dis 137, 67 (1978).
2. C hérubin , C. E ., T im oney , J .  F ., S ie rra , M. F ., Ma, P ., M arr, J . ,  Sh in , S.: JA M A 243,

439 (1980).
3. A nderson , D. M.: J  H y g  (L ond) 85, 293 (1980).
4. M ilch, H ., László, Y. G., N ikolnikov, S.: A c ta  M icrobiol H u n g  32, 87 (1985).
5. Felix , A .: J  Gen M icrobiol 14, 208 (1956).
6 . A nderson , E . S., W ard , L. R ., D eSaxe, M. J . ,  D eSa, J .  D. H .: J  H y g  (L ond) 78, 297 (1977).
7. M ilch, H ., M adár, J . ,  H erm án , G., T ak ács , J . :  E g észség tudom ány  14, 51 (1970).
8 . Coetzee, J .  N ., D a t ta ,  N ., H edges, R . W .: J  Gen M icrobiol 72, 543 (1972).
9. T ay lo r, D. E ., L evine, J .  G.: J  Gen M icrobiol 116, 475 (1980).

10. G ran t, A. J . ,  B ird , P . L , P i t ta rd , J . :  J  B acterio l 144, 758 (1980).
11. B ird , P . L , P i t ta rd ,  J . :  P lasm id  9, 191 (1983).
12. Jac o b , A. E ., Shapiro , J .  A ., Y am am o to , L ., Sm ith , D. L , Cohen, S. N ., B erg , D .: In  B u khari,

A. I ., Shapiro , J .  A ., A dhya, S. L. (eds): DN A  In se rtio n  E lem en ts , P lasm ids and E pi- 
som es. Cold Spring  H a rb o r L ab o ra to ry , U SA  1977. p. 607.

13. H u m p h rey s, G. O., W illshaw , G. A ., A nderson , E . S.: B iochem  B iophys A cta  383, 457
(1975).

14. B im bó im , H . C., D oly , J . :  N ucl Acids R es 7, 1513 (1979).
15. New E ng land  B iolabs C atalog (1982-1983).

A d a  Microbiologica Hungarica 32, 1985



320 N I K O L N I K O V

16. M a n ia tis , T ., F ritsch , E . F ., Sam brook , J . :  M olecular Cloning. Cold Spring  H a rb o r L ab o ra 
to ry ,  USA 1982.

17. T h re lfa ll, E . J . ,  W ard, L . R ., R ow e, B .: B r M ed J  2, 997 (1978).
18. T h re lfa ll, E . J . ,  W ard , L. R ., A shley, A. S., R ow e, B .: B r Med J  2 , 1210 (1980).
19. B ezan so n , G. S., Pauzé, M ., L ior, H .: A ppl E n v iro n  Microbiol 41, 585 (1981).
20. M akono , S., Ishiguro, N ., S a to , G., Seno, N. : J  H y g  (Lond) 87, 257 (1981).
21. F ro s t,  J .  A., Rowe, B ., W a rd , L. R ., T hrelfall, E . J . :  J  H yg (L ond) 88, 193 (1982).
22. B ird , P . I ., P itta rd , J . :  P la sm id  8, 211 (1982).
23. C h a b b e rt, У. A., R oussel, A ., W itch itz , J .  L ., P o rs , M .-J. S.-L ., C ourvalin , P .: In  T im m is,

K . N ., Piihler, A. (eds): P lasm ids of M edical, E n v iro n m en ta l an d  C om m ercial Im p o r
tan c e . Elsevier, A m ste rd a m  1979. p. 183.

Acta Microbiologica Hungarica 32. 1985



Acta Microbiologica Hungarica 32 (4 ) , pp. 321 —  340 (1985)

P H A G E  T Y P E S A N D  E PID E M IO L O G IC A L  
SIG N IF IC A N C E  OF S A L M O N E L L A  E N T E R I T I D I S  

ST R A IN S IN  H U N G A R Y  B E T W E E N  1976 A N D  1983

V e r a  G . L á s z l ó , E r z s é b e t  S z . C s ó r iá n  and  J u d i t  P á s z t i  

N ational Institu te  o f  H ygiene , B udapest, and Pest County Public H ealth Station , B udapest

(R eceived  M ay 24, 1984

In  H u n g ary , 14 819 hu m an  Salm onella  enteritidis  s tra in s  w ere iso lated  be tw een  1976 
and  1983. Phage ty p e  w as de term ined  o f 10 132 h u m an  stra in s  o rig in a tin g  from  6852 foci, 
and  of 711 stra in s  iso la ted  from  an im als an d  w a te r  in th is period . T h e  h u m an  s tra in s  w ere 
ty p ab le  in  99.4%  a n d  th e y  belonged in to  21 p h age  ty p es . Five p hage  ty p es  (1, 4, 7, 16 a n d  17) 
were m ore freq u e n t th a n  1% . Phage ty p e  7 p re d o m in a te d  am ong th e  s tra in s  iso lated  b e tw een  
1976 and 1980, inc lu d in g  65 .6 % -8 9 .3 %  o f  th e  s tra in s . T here was a change  in the  p rev alen ce  of 
phage types from  1980-1981, as phage ty p e  7 w as o u sted  b y  phage ty p e  1. T he da te  of th e  ch an g e  
in  th e  p redom inance  o f phage ty p es co incided  w ith  th e  considerable increase of S. en teritid is  
iso lates; th e  n u m b er o f isolates was n e a rly  fivefold  in  1980 of th a t  in  1976. Phage ty p e  7 f re 
q u e n t in  th e  f irs t p e rio d  proved  to be hom ogeneous; th e  stra ins could n o t  be subdiv ided  e ith e r  
by  th e  tem p era te  p h ag es carried by  th e m  or b y  o th e r  phages. T he incidence of phage ty p e s  1 
and  7 was nearly  th e  sam e among th e  s tra in s  derived  from  anim als, food, w a ter and h y g ien ic  
con tro l ex am in atio n s , a n d  there  was no tem p o ra l difference in th e  freq u en cy  of th e  tw o p h ag e  
ty p es as i t  was obse rv ed  am ong the  h u m an  s tra in s . T he h u m an  s tra in s  o rig in a ted  in 49 .5%  fro m  
o u tb reak s  and in  50 .5 %  from  sporadic cases in  th e  c o u n try . Of th e  s tra in s  exam ined for p hage  
ty p e  during  th e  e ig h t-y ea r period, 41.9%  w ere iso la ted  from  23 field  epidem ics, 84 c o m m u n ity  
o u tb reak s and 757 fam ily  infections. A nalysing  th e  reg ional spread  of S . enteritidis , th e  in crease  
in  th e  nu m b er of iso la tes w as the  h ighest in  coun ties T olna, B ács-K iskun , Som ogy and  G yôr- 
Sopron. The p red o m in an ce  of phage ty p e  1 w as observed  in  counties B ékés, Borsod, C songrád, 
G yôr-Sopron, H a jd u -B ih a r , Pest and  T o ln a . I t  w as obvious in th e  case o f coun ty  T olna t h a t  
th e  source of in fec tion  w as con tam in a ted  egg an d  b a b y  chicken. P h ag e  ty p e  7 p red o m in a ted  in 
counties K om árom , V as a n d  Veszprém . P h ag e  ty p e  4 c ircu la ted  in co u n ties Csongrád and  P e s t,  
phage ty p e  17 in c o u n ty  F e jé r  and phage ty p e  2 in  c o u n ty  H a jd u -B ih a r.

Because o f th e  increasing n u m b e r o f infections caused  by  Salm onella  
enteritidis i t  was desirab le  to  subd iv ide  th is  sero ty p e  b y  phages. The firs t schem e 
of S. enteritidis p h ag e  typ ing  was p roposed  b y  Lilleengen in  1950 [1]. U sing  
four phage p re p a ra tio n s , 16 s tra in s  w ere te s te d  and  8 d iffe ren t ly tic  reac tio n s  
w ere d iffe ren tia ted . A nderson [2] w orked  o u t a system  w hich  was applied  o n ly  
b y  h im . In  P o lan d , M acierewicz e t al. [3] e lab o ra ted  a p h ag e-ty p in g  sy s tem , 
w hich was m odified  on several occasions. In  th e  firs t version  by  m eans o f 7 
phage p rep ara tio n s  11 ly tic  reactions w ere d istingu ished  b y  te s tin g  605 s tra in s . 
In  th e  second vers io n  25 phage ty p e s  w ere de te rm ined  b y  th e  add ition  of fiv e  
phages. T hough th e  m ethod  h ad  ep idem iological ad v an tag es, i t  has given som e
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u n re p e a ta b le  ty p in g  reac tio n s  and  th ere fo re  a th ird  version w as worked o u t, 
w hich consisted  of 9 p h ag es (six phages fro m  th e  form er se t an d  th ree  new  
ones) an d  allow ed th e  d is tin c tio n  of 20 p h ag e  ty p es  [4]. As th e  ly tic  reactions 
of p rep a ra tio n s  I  a n d  1/6585 were hom ogeneous, the  la t te r  w as w ithd raw n  
from  th e  set [5]. G ershm an  published  a p h a g e  ty p in g  m eth o d  to  subdiv ide S. 
enteritidis  s tra in s  [6]. T h e  exam ined  183 s tra in s  were subd iv id ed  in to  17 phage 
ty p es using  8 phages iso la ted  from  sew age. I t  was supposed th a t  the n u m b er 
of ph ag e  ty p es  will in crease  a fte r  th e  e x am in a tio n  of fu rth e r s tra in s . The ch a ra c 
te ris tic  p a tte rn s  of th e  p h a g e  typ es observed  w ere rep roducib le  an d  the  cu ltu res  
iso la ted  from  a com m on o u tb reak  belonged  to  iden tical ty p e s . Some of th e  
phages affected  o th e r, serologically  d iffe ren t Salmonellae. On th e  basis o f th is  
fac t a single phage ty p in g  se t, consisting o f 50 phages was developed to d iffe r
e n tia te  58 serovars be lo n g in g  to  serogroups A , B, C l, C2, D , E l ,  E2, E3 a n d  
E4 [7]. T he m eth o d  w as m odified an d  b y  th e  help of 27 phages [8] 1245 
cu ltu res  belonging to  serog roups A, B, C l, D l ,  D2, E l ,  E 2, E 3 , G l, K , N w ere 
ty p e d .

T he p resen t p a p e r  gives an accoun t o f th e  phage ty p in g  resu lts ca rried  
o u t betw een  1976 a n d  1983.

M aterials and  m ethods

Bacterial strains. P h a g e  ty p e  was d e te rm in ed  of a to ta l o f 10 843 S. enteritidis s tra in s  
(10 132 h u m an  and  711 s tra in s  o f anim al and w a te r  orig in) isolated in  H u n g a ry  betw een 1976 
an d  1983, and  31 cu ltu res  iso la ted  in the  G erm an  D em ocratic  R epublic .

Propagating stra ins and  type phages. T he m o d ified  m ethod of La]ko and  M acierewicz was 
used  [4]. T he ty p e  p h ag es a n d  p ro p ag atin g  s tra in s  a re  listed  in Table I. Phages 1, 2, 3, 4 a n d  7 
(acco rd ing  to  th e  H u n g a rian  designation) were iso la ted  from  Salm onella p a ra typh i-В  s tra in s , 
phages 5, 6 an d  8 fro m  S . enteritidis  s tra ins. T hese  w ere ad ap ted  to  th e  p ro p ag atin g  s tra in s  
lis ted  in  T able  I. T he p ro p a g a tin g  s tra in  of phage 1 w as a Salmonella typ h i-m u riu m  s tra in , th e  
o th e r seven p ro p a g a tin g  s tra in s  were S. enteritidis s tra in s .

Table I

S . enteritidis type-phages and propagating strains

Type phages Propagating

H ungarian Polish
strains

l IV/8956 8956
2 H I/10/7530 9396
3 I I I 885
4 I 6585
5 V I l l /K
6 V II 2106
7 IV 99/M
8 V 64 /М
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Propagation o f  phages was carried  ou t by  th e  “ c u ttin g  o u t”  m eth o d , s ta rtin g  from  one 
single p laque. To o b ta in  b acteria -free  phage p re p ara tio n  G5 glass f ilte r  was used. P hages were 
used  in R TD  (ro u tin e  te s t  d ilu tion ) d e term ined  by  titra tio n  of th e  phage on the p ro p ag a tin g  
s tra in  and on th e  p hage  ty p e  s ta n d a rd  stra ins.

Determ ination o f  phage types. T he 2 h  b ro th  cu ltu re  of th e  s tra in  to  be ty p ed  was p o u red  
over an  agar p la te , th e  excess being  d raw n  off. A fter th e  cu ltu re  had  d ried , ty p e  phages in ro u tin e  
te s t  d ilu tion  (R T D ) were sp o tted  on th e  p la te , in cu b a ted  a t  37 °C o v e rn ig h t and th e  ly tic  p a t 
te rn  was read  and phage ty p e  was g iven  according to  th e  p h ag e-ty p in g  schem e.

Phage typ ing  scheme is g iven in T able  I I ,  w hich  shows th e  ly tic  p a tte rn s  and b o th  th e  
H u n g a rian  and  Polish  phage ty p es  because th ere  are d ifferences be tw een  them . The set w hich  
we received consisted  of 17 s ta n d a rd  stra in s , therefore  th e  H u n g a rian  schem e o m itted  phage 
ty p es  9, 11 and 19 (Polish  phage ty p e  designation) and  in 9 cases th e  p hage  ty p es differed. F ive 
new  phage ty p es w ere ad d ed  ( l a ,  2a, 3a, 4a, lOd). T ab le  II show s th e  d esignation  of s ta n d a ra  
s tra in s , too.

Induction  o f  lysogenic strains by m itom ycin C. M itom ycin  C (10 /ig /m l) was added  in  0.1 
m l q u a n tity  to 1.9 ml o f th e  2 h  b ro th  cu ltu re  o f th e  lysogenic s tra in  (final co n cen tra tio n , 
0.5 /ug/m\) and  a fte r  30 m in  it  was cen trifuged  (3000 rp m , 20 m in); to  th e  sed im ent 2 m l p re 
w arm ed b ro th  was ad d ed  an d  in cu b a ted  a t  37 °C for 3 h. A fter c en trifu g a tio n  th e  su p e rn a ta n t 
w as d ropped  on th e  surface of an  ag ar p la te  w hich was p o u red  over w ith  th e  b ro th  cu ltu re  of 
th e  in d ica to r s tra in  an d  in cu b a ted  overn igh t.

M edia. Oxoid n u tr ie n t  b ro th  No. 2 and agar were used.

Table II

Phage typing scheme fo r  S . enteritidis

Phage type Type•phages Phage
type

Hun
garian Polish 1 2 3 4 5 6 7 8

standard
strains

l l S C L O L O L S C L S C L S C L S C L S C L 7 1 1 5

2 2 S C L S C L O L — S C L S C L S C L S C L 9 3 9 6

3 3 S C L — — S C L S C L S C L S C L S C L 9 3 8 1

4 4 — S C L C L S C L S C L S C L S C L S C L 7 0 6 8

5 5 — S C L S C L — S C L S C L S C L S C L 7 7 6 1

6 6 — — C L S C L S C L S C L S C L S C L 8 8 5

7 7 — — — S C L S C L S C L C L C L 2 5 3 /8 1

8 8 — ± ± +  +  + + S C L + +  +  + 6 4 M

9 10 — — ± — S C L S C L S C L S C L 4 2 9 6

10 12 S C L — — — +  +  + — S C L S C L 4 1 0 6

11 13 — +  + S C L — ± S C L + S C L 1 0 5 6 2

12 14 — +  +  + +  + — — — — S C L 9 5 1 0

13 15 — +  +  + +  + — ± — ± — 7 5 3 0

1 4 16 — — — — S C L — +  + — 1 1 /K

15 17 — — ± — — S C L ± i
( + + )

2 1 0 6

16 18 — — — — — — S C L + + + 2 4 8 0

17 2 0 - — — — — — ± S C L 1 1 2 2

l a — S C L O L S C L S C L S C L S C L S C L — 2 1 4 /8 3

2 a — S C L S C L S C L — S C L S C L S C L — 1 2 5 4 /8 1

3 a — S C L — — S C L S C L S C L S C L — 1 3 6 8 /8 3

4 a — — S C L S C L S C L S C L S C L S C L — 4 8 4 /8 3

1 0 d — S C L — — S C L — — S C L S C L 5 1 4 /8 3
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R esults

Phage type distribution o f  hum an strains. Phage ty p e  w as de te rm in ed  of 
a to ta l  o f 10132 S. enteritidis  s tra in s  iso la ted  from  9826 persons an d  from  6852 
foci, in  th e  years 1976 to  1983. The s tra in s  were iso la ted  from  p a tie n ts  an d  
a sy m p to m a tic  excretors. T ab le  I I I  show s th e  d is trib u tio n  o f  phage ty p es  in  
p e rc e n ta g es . The stra in s a n d  foci w ere ty p a b le  in  99 .4%  a n d  99 .2% , respec
tiv e ly , a n d  21 phage ty p e s  w ere encoun tered . N o n -ch aracte ris tic  ty p es  were 
fo u n d  am ong  th e  stra in s an d  foci in 0 .2%  an d  0.3% , respec tive ly . In  th e  period 
of ex a m in a tio n  five phage ty p e s , i.e. 1, 4, 7, 16 and  17 occurred  m ore freq u en tly  
th a n  1 % . In  certa in  years  th e re  was an  increase in  th e  incidence o f som e of th e  
p h a g e  ty p e s , e.g. phage ty p e  l a  in  1977, 1982 an d  1983, p h ag e  ty p e  2 in  1981,

Table III

Phage type distribution o f  hum an  
(H u n g ary , 1976-1983)

Phage tyoe
197i5 1977 1978 1979

S F S F S F S F

l 5.1 6.3 5.5 7.0 13.8 14.9 18.6 18.8
la 1.0 1.4
2
2a
3 0.3 0.4
3a
4 7.1 1.9 1.8 2.0 7.1 2.2 13.1 2.0
4a 1.0 1.2
5 0.1 0.2
6 0.3 0.3 0.2 0.3
7 81.8 84.4 89.3 86.7 75.3 77.7 65.6 75.6
8 0.1 0.2
9

10 0.2 0.3 0.3 0.4
11
12
13
14 1.0 1.2 0.3 0.3 0.2 0.3
15
16 0.5 0.6 0.3 0.3 0.4 0.5
17 1.5 1.9 0.3 0.3 1.2 1.6 1.2 1.5

N o t characteris tic 0.5 0.7 0.6 0.8 0.1 0.2

N o t ty p ab le 2.0 2.5 0.7 1.0 1.0 1.4 0.6 0.7

T o ta l n u m b er of strains 198 160 384 299 481 363 733 537

S =  stra in  
F  =  focus
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p h ag e  typ es 4a a n d  14 in  1976. In  1977 th e  s tra in s  and  foci belonged  to  ph ag e  
ty p e  7 in  81.8%  a n d  89.3% , resp ec tiv e ly . In  1980-1981 th e re  w as a change in  
th e  p redom inance  o f phage types, th e  incidence o f  phage ty p e  7 s tra in s  an d  foci 
decreased  to  56 .9%  a n d  31.3% , resp ec tiv e ly . T he decreasing ten d e n c y  co n tin u ed  
an d  in  1983 p hage  ty p e  7 stra ins w ere found  on ly  in  23 .8% . T he frequency  of 
p h ag e  ty p e  1 w as 5 .1 %  in 1976, i t  in c reased  to  33 .8%  an d  4 6 .2 % , resp ec tiv e ly , 
in th e  period  of th e  change in p h ag e-ty p es  in 1980 an d  1981, an d  i t  was as h igh 
as 6 6 .5 %  in 1983. T h e  incidence o f  p h ag e  ty p e  17 w as h igher th a n  5 %  in 1980; 
i t  re ach ed  a m ax im u m  of 13.2%  in  1981 an d  decreased  in  th e  n e x t years.

P hage ty p e  4 o ccu rred  am ong  th e  foci in  1 .9% —2.2% , am ong  th e  s tra in s  
in 1 .8 % -1 3 .1 % , b e tw een  1976 a n d  1979. T he difference b e tw een  th e  values 
w as due  to  the  o u tb re a k s  caused b y  s tra in s  of p h ag e  ty p e  4.

S. enteritidis strains and fo c i,  in  percentage

1980 1981 1982 1983 Total

s F s F s F S F S F

33.8 33.6 46.2 41.9 63.1 59.2 66.5 58.1 47.0 41.8
0.9 0.7 0.2 0.2 l . i 1.7 0.9 1.5 0.6 0.8
0.1 0.1 2.5 2.7 0.6 0.8 0.2 0.5 0.5 0.8
0.2 0.2 0.1 0.1 0.1 0.1
0.5 0.7 0.5 0.6 0.3 0.4 0.2 0.3 0.3 0.4

0.2 0.4 0.1 0.1
0.7 0.9 0.4 0.6 0.9 1.4 1.7 2.5 2.2 1.5

0.1 0.1 0.1 0.1
0.1 0.1 0.1 0.1

0.3 0.3 0.2 0.2 0.2 0.3 0.1 0.2
56.9 55.0 31.3 33.7 26.7 26.6 23.8 27.7 40.6 43.9

0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
0.1 0.1 0.1 0.1

0.1 0.1 0.2 0.1 0.1 0.1
0.2 0.2 0.1 0.1 0.1 0.1 0.2 0.3 0.1 0.1

0.1 0.1 0.1 0.1
0.1 0.1 0.1 0.1

0.1 0.1
0.1 0.2 0.1 0.1 0.1 0.1

0.9 1.3 4.0 4.4 0.5 0.8 0.4 0.5 1.1 1.4
5.1 6.2 13.2 14.0 5.3 7.1 4.1 6.0 5.6 6.9

0.3 0.5 0.4 0.4 0.1 0.2 0.2 0.4 0.2 0.3

0.4 0.6 0.7 0.9 0.7 1.0 0.6 0.8 0.6 0.8

1774 1228 1768 1388 2158 1347 2636 1530 10 132 6852
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T h e frequency  o f foci o f phage ty p e  16 was 1 .3%  an d  4 .4%  in  1980-1981, 
an d  w as less th a n  1%  in  th e  o ther y ea rs . F igure  1 show s th e  percen tag e  d is tr i
b u tio n  o f th e  frequen t p h ag e  ty p es  accord ing  to  s tra in s  an d  foci, and  th e  change 
in  p red o m in an ce  of p h ag e  ty p es ; p hage  ty p e  7 was o u sted  by  phage ty p e  1.

No. of 
examined 

strains

No. of 
examined

foci

19в (g) Ш Ш /////////////Л

*•1 © П И Е
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Fig. 1. D istrib u tio n  of f re q u e n t phage tip e s  of h u m an  S. enteritidis s tra in s  and  foci
(1976 — 1983)

20 4 0  60  80 100V .
Foci

E xam ina tion  o f  the lysogenic state o f  strains o f  phage type 7. B ecause of 
th e  h igh  incidence of phage ty p e  7 am ong th e  h u m a n  s tra in s  exam ined  in  
1976 an d  1977 (81 .8%  an d  89.3% , respec tive ly ), a tte m p ts  were m ade to  su b 
d iv id e  th is  phage ty p e . The lysogenic s ta te  and  th e  ly tic  spectra  o f th e  carried  
P h a  ges were exam ined  b y  te s tin g  60 s tra in s  of p hage  ty p e  7 iso la ted  from  d if
fe re n t areas of th e  c o u n try  (from  coun ties B ács-K iskun , K om árom , N ógrád , 
P e s t ,  Szolnok, V as, V eszprém  an d  from  B u d ap est) , in  1976 and  1977. As in d u c 
er, m itom ycin  C an d  as in d ica to r s tra in s  th e  phage ty p e  s tra n d a rd  s tra in s  an d  
w ild  ty p e  stra ins of p h ag e  typ es 1, 4, 6, 7 and  17 w ere used. T he ly tic  sp ec tra
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of th e  te m p e ra te  phages lib e ra ted  from  th e  s tra in s  of phage ty p e  7 were id e n 
tic a l, on ly  th e  s tra in s  of phage ty p e  1 were ly sed  b y  them .

Sen sitiv ity  to temperate phages o f  phage type  7 strains. T he s tra in s  ex am in ed  
for lysogenic s ta te  were te s ted  fo r sen s itiv ity  to  tem p era te  phages lib e ra te d  
from  phage ty p e  s ta n d a rd  s tra in s  b y  m itom ycin  C induc tion . S trong  lysis 
(+ - ( -  +  or SCL) w as d isplayed b y  th e  te m p e ra te  phages carried  b y  s tra in s  of 
phage ty p es  2, 6, 11, 14 and  17, a n d  w eak  lysis b y  th e  phages carried  b y  s tra in s  
of phage ty p e s  5, 9, 13, 15 an d  16. T he ly tic  p a tte rn s  of every  s tra in  te s te d  
w ere id en tica l. I t  w as n o t possible to  subd iv ide  th e  s tra in s  of phage ty p e  7 
e ith e r b y  th e  te m p e ra te  phages c a rr ie d  b y  th e m  or b y  th e  te m p e ra te  p hages 
derived  from  s tra in s  belonging to  o th e r  phage ty p es .

Phage type distribution o f  stra ins o f  an im al and water origin. P hage ty p e  
was d e te rm in ed  o f  a to ta l  o f 711 s tra in s  iso la ted  from  anim als, food p ro d u c ts , 
food sam ples fro m  food borne o u tb re a k s , hygienic con tro l exam in a tio n s a n d  
from  w ate r, b e tw een  1976 and  1983. T ab le  IV  show s th e  phage ty p e  d is tr ib u 
tio n  o f th e  s tra in s . T he stra ins d e riv ed  from  b eef belonged to  phage ty p e  7 in  
63%  an d  to  p h ag e  ty p e  1 in  2 6 % . A m ong th e  p o u ltry  s tra in s , phage ty p e  1 
was th e  m ost f re q u e n t, th e  occurrence of phage ty p e  7 was h igh an d  phage ty p e s

Table IV

Phage type distribution o f  S . enteritidis strains o f  non-human origin 
(H u n g ary , 1976—1983)

Phage type
Total No. 

of
strains

Beef
cattle P oultry Egg

Other
animals

Food
sample

Hygienic
control

examina
tion

W ater

l 313 14 103 36 10 81 6 i 8
la 13 2 10 l
2 4 4
3 7 2 3 2
3a 2 2
4 28 2 13 10 3
6 1 1
7 281 34 92 44 4 36 51 20
8 1 1

10 6 3 3
13 1 1
14 1 1
16 13 3 6 4
17 30 3 18 1 3 5

N ot characteris tic 8 3 1 4

N ot ty p ab le 2 1 1

T otal 711 54 230 83 26 138 138 42
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17 a n d  16 were also p re se n t. The incidence o f ty p es am ong th e  s tra in s  iso la ted  
from  eggs was inversed , p h ag e  ty p e  7 b e in g  m ore freq u en t th a n  p hage  ty p e  1. 
C olum n “ other a n im a ls”  involved th e  10 s tra in s  of phage ty p e  l a  iso la ted  
from  w ild-ducks, th e  o th e r  stra ins w ere iso la ted  from  p h easan ts , dogs, ca ts , 
ho rses an d  guinea p igs. A m ong th e  s tra in s  o b ta in ed  from  food sam ples, phage 
ty p e  1 was the  m ost f re q u e n t, follow ed b y  phage ty p es  7 an d  4. T he s tra in s  
d e riv ed  from  hygienic co n tro l ex am in a tio n s  belonged m ain ly  to  phage ty p es 
1, 7 a n d  4. H a lf of th e  s tra in s  o rig ina ting  from  well w ate r, b a th  w a te r, surface 
w a te r  an d  sewage, b e lo n g ed  to  phage ty p e  7 an d  6 o th e r phage ty p es  w ere found ; 
th e  p hage  p a tte rn  o f 4 s tra in s  was n o t ch a rac te ris tic , and  one s tra in  was no t 
ty p a b le .

Phage typing o f  31 strains isolated in  the GDR in  1981 and 1982. T ab le  Y 
show s th e  phage ty p e  d is trib u tio n  o f th e  s tra in s . T he s tra in s  w ere derived

Table V

Phage type distribution o f S . enteritidis strains isolated in  the 
German Democratic Republic

Origin
of

strains

P h age typ e
T otal

4 6 7

H um an и 12 23
B roiler ch icken 3 3
W ater 3 2 5

Table VI

D istribu tion  o f S. enteritidis isolations according to origin 
(1976-1983)*

E pidem ics Sporadic cases T otal

Y ear
Total
No.

P a
tients

Ex-
cretors

P/E Total
No.

P a 
tien ts

Ex-
cretors

P/E No. of 
isolations

E/S P/E

1976 240 146 94 1.5 :: 1 361 257 104 2.5 : 1 601 0.6 : 1 2.0 : 1
1977 292 176 116 1.5 :; 1 407 305 102 2.9 : 1 699 0.7 : 1 2.2 : 1
1978 226 138 88 1.6 :: 1 548 394 154 2.6 : 1 774 0.4 : 1 2.2 : 1
1979 601 435 166 2.6 :: 1 703 484 219 2.2 : 1 1304 0.8 : 1 2.4 : 1
1980 1651 775 876 0.8 :: ] 1228 887 341 2.6 : 1 2879 1.3 : 1 1.4 : 1
1981 1032 721 311 2.3 :: 1 1208 948 260 3.6 : 1 2240 0.8 : 1 2.9 : 1
1982 1462 884 578 1.5 :: 1 1366 1012 354 2.9 : 1 2828 1.1 : 1 2.0 : 1
1983 1824 1260 564 2.2 ;: 1 1670 1251 419 3.0 : 1 3494 1.1 : 1 2.6 : 1

T o ta l 7328 4535 2793 1.6 : 1 7491 5538 1953 2.8 : 1 14 819 0.9 : 1 2.1 : 1

* On the basis o f  rep o rts  of the  P ub lic  H ea lth  S ta tions 
E /S  =  No. o f ep idem ic cases per one sporadic  case 
P /E  =  No. o f p a tie n ts  per one excre to r
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from  3 o u tb reak s, sporad ic  hum an  cases, b ro ile r chicken and  w ater. In  tw o  
o u tb reak s , s tra in s  of p h ag e  ty p e  4 w ere fo u n d ; in  one of th e m  th e  in fec tio n  w as 
sp read  b y  chicken. T he th ird  o u tb reak  w as caused b y  s tra in s  of phage ty p e  7 . 
P h ag e  ty p e  4 was d em o n stra ted  am ong th e  s tra in s  iso la ted  from  broiler ch ic k e n , 
phage ty p es  6 an d  7 from  surface w a te r.

A n a lysis  o f  epidem ics caused by S . enteritid is. O ut o f 14 819 S. en tcritid is  
s tra in s  iso la ted  in  H u n g a ry  in  1976—1983. 4 9 .5 %  o rig ina ted  from  epidem ic o u t
b reaks an d  50.5%  from  sporadic cases. F ro m  1980 onw ard , th e  ra tio  of iso la 
tions from  epidem ics increased  s ig n ifican tly  (Table VI). T he ra tio  of iso la tio n s  
from  p a tie n ts  an d  a sy m p to m atic  ex c re to rs  w as on th e  av erag e  2.1 : 1 in  1981 
an d  alm ost 3 : 1 in  1983. T here was a s ig n if ic a n t difference as to  th e  p a t ie n t /  
ex cre to r ra tio  be tw een  th e  epidem ic a n d  sporad ic  cases.

D uring  th e  period  o f exam ina tion  p h ag e  ty p e  w as de te rm in ed  o f 4232 
s tra in s  o rig ina ting  from  23 field epidem ics, 84 com m unity  o u tb reak s an d  757 
fam ily  o u tb reak s. T able V II  presents the  geographic  d is tr ib u tio n  of phage ty p e s  
o f th e  exam ined  s tra in s  iso la ted  from  fie ld  epidem ics. The m a jo rity  was cau sed  
b y  s tra in s  of phage ty p e  1. The o u tb reak  in  T o lna  co u n ty  w as of g rea t im p o r
ta n c e ; i t  la s ted  for fiv e  m o n th s, 32 localities w ere invo lved , 453 p a tien ts  a n d  
224 a sy m p to m atic  ex cre to rs  were d iagnosed . T he pa thogen ic  ag en t was sp read  
th ro u g h  co n tam in a ted  eggs and  b ab y  ch icken  delivered from  th e  p o u ltry  b ro o d 
er in  D u n aszen tgyörgy . T he spread o f in fec tio n  showed in  tim e  and  space a

Table VII

Geographic distribution o f S . enteritidis phage types derived fro m  fie ld  epidemics
(1976-1983)

Phage types

Location 
(county or 
Budapest)

Total No. of
1 4 7

epidemics strains
No.

epidemics
of

strains
No. of

epidemics strains
No.

epidemics
of

strains

B aranya 1 7 l 7
B ács-K iskún 1 10 l 10
B orsod-А.-Z. 1 22 l 22
Csongrád 2 110 l 25 1 85
Győr-Sopron 6 151 4 61 2 90
H ajdú-B ihar 1 24 1 24
K om árom 1 19 1 19
N ógrád 1 52 1 52
Szabolcs-Sz. 1 19 1 19
Tolna 2 436 2 436
Vas 4 43 2 26 2 17
Veszprém 1 64 1 64
B udapest 1 110 1 110

T otal 23 1067 13 641 1 85 9 341
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para lle lism  w ith  th e  reg ional delivery  o f  b a b y  chicken. S . enteritidis o f p hage  
ty p e  1 was iso lated  un ifo rm ly  from  th e  stoo ls of p a tien ts  an d  from  th e  equ ips 
m e n t of th e  brooder.

In  co u n ty  C songrád w idespread  o u tb re a k s  w ere cau sed  b y  s tra in s  of 
p h a g e  ty p e  4. The in fec tion  teas conveyed  b y  co n tam in a ted  ice-cream s. T he 
s tra in s  iso la ted  from  ice-cream  sam ples, from  th e  confectioner and  from  th e  
p a tie n ts  were u n ifo rm ly  of phage ty p e  4.

T he o u tb reak  w hich  to o k  place in  B u d a p e s t in 1980 affec ted  26 ch ild ren  
com m unities [9], 206 p a tie n ts  an d  474 asy m p to m a tic  ex cre to rs . The in fec tion  
w as sp read  b y  spiced b u tte r-c re am  an d  sp iced  sheep cheese w ith  b u t te r  m ad e  
b y  th e  sam e ca te re r. T he pa thogen ic  ag en t w as S. enteritidis  of phage ty p e  7.

I t  was rep o rted  s im u ltaneously  from  six  areas o f th e  co u n try  in  1983 
t h a t  m em bers of d iffe ren t to u r is t  g roups w ere tak en  ill w ith  en teric  sy m p to m s. 
T h e  sim ilar ae tio logy  p ro v ed  b y  phage ty p in g  has d raw n  a tte n tio n  to  a co n n ec
tio n  betw een  th e  cases. E v e ry  to u ris t g ro u p  passed th ro u g h  th e  tow n G yőr

Table VIII

Geographic distribution o f  S. enteritidis phage types derived fro m  com m unity outbreaks
(1976-1983)

Location
(county or Budapest)

Total

o u t
breaks

No. of 

strains

1 4 7 17
O ther

No.

out
breaks

of

strains

No. of 

out-
breaks strams

No.

out
breaks

of

strains

No. of 

out-
breaks stram s

No. of 
strains

B a ran y a 2 23 l 8 l 15
B ács-K iskún 1 3 l 3
B ékés 2 7 l 4 l 3
Borsod-A .-Z. 2 40 l 15 l 25
C songrád 6 44 5 35 l 9
F e jé r 5 29 2 11 3 17 l

G yőr-Sopron 12 257 8 92 4 165
H a jd ú -B ih a r 1 27 1 27
H eves 3 27 1 5 2 22
K om árom 3 43 1 и 2 25 2
N ógrád 4 104 1 53 3 46 5
P e s t 6 201 4 166 2 35
Szabolcs-Sz. 3 26 2 17 1 9
Szolnok 1 12 1 12
T olna 5 64 2 39 3 25
V as 5 57 5 57
V eszprém 1 5 1 5
Zala 1 19 1 19
B u d ap es t 21 223 11 140 9 76 1 7

T o ta l 84 1211 43 659 2 35 35 485 4 24 8
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an d  consum ed  food w ith  m ayonnaise  or ta r ta re  sauce a t  th e  sam e re s ta u ra n t. 
T he s tra in s  iso la ted  from  th e  p a tien ts  belonged  to  p hage  ty p e  7. The in fec tious 
ag en t reach ed  th e  re s ta u ra n t  w ith  eggs, because s tra in s  o f phage ty p e  7 w ere 
iso la ted  also from  eggs s to red  in  th e  k itch en .

T ab le  V I I I  show s th e  phage d is tr ib u tio n  of s tra in s  iso la ted  from  co m m u 
n ity  o u tb reak s ; o f th ese , 43 were caused b y  s tra in s  of p h ag e  ty p e  1, 35 b y  ph ag e  
ty p e  7. In  tw o o u tb reak s  in  co u n ty  P e s t s tra in s  of ph ag e  ty p e  4, in  co u n ty  
F e jé r th re e  o u tb reak s  an d  in  B u d ap est in  one o u tb re a k  s tra in s  of p h ag e  ty p e  
17 w ere th e  path o g en ic  agen t. In  ch ildren  com m unities 37 an d  in w edd ings 12 
o u tb reak s  occurred . O u t o f 12 o u tb reak s in  10 th e  food w as co n tam in a ted  w ith  
s tra in s  of phage ty p e  1 an d  in 2 cases th e  phage ty p e  w as 7.

The n u m b e r of cases was high in  th e  k in d e rg a rten -o u tb reak s  in  G yőr in 
1980, w hich  w ere caused  b y  s tra in s  of p h ag e  ty p e  7 a n d  in  a w edding in  c o u n ty  
P es t, w here th e  s tra in s  belonged  to  ph ag e  ty p e  1. T he phage ty p e  d is tr ib u tio n

Table IX

Geographic distribution o f  S . enteritidis phage types derived fro m  fa m ily  outbreaks
(1976-1983)

Phage type

Location
1 4 7 17

(county or 
Budapest)

out-
strains

No. of No. of No. of No. of No. of

breaks out-
strains

out-
strains

out-
strains

out-
strains

out-
strainsbreaks breaks breaks breaks breaks

B aran y a 7 15 3 7 4 8
B ács-K iskún 5 13 l 4 2 5 2 4
Békés 16 42 14 37 2 4 l
B orsod-А.-Z. 46 121 29 65 l 2 11 44 1 2 4 8
Csongrád 28 67 23 54 4 11 1 2
Fejér 40 104 13 37 13 29 14 38
G yőr-Sopron 116 307 105 282 8 19 2 4 1 2
H ajd ú -B ih ar 45 111 21 54 4 9 13 33 7 15
Heves 49 124 26 67 17 43 5 11 1 3
K om árom 6 13 1 2 1 2 4 9
N ógrád 18 38 10 21 5 11 3 6
Pest 42 123 24 67 2 5 10 30 2 9 4 12
Somogy 13 32 4 12 9 20
Szabolcs-Sz. 26 72 13 31 12 39 1 2
Szolnok 26 66 17 38 1 2 5 16 3 10
Tolna 77 185 62 151 14 30 1 3 1
Vas 42 112 10 22 30 86 2 4
Veszprém 32 100 6 19 21 69 3 7 2 5
Zala 18 49 9 28 8 19 1 2
B udapest 105 260 56 137 1 2 42 105 5 12 1 4

T otal 757 1954 447 1135 10 22 234 630 41 106 25 61
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Table X

Percentage distribution o f  phage types o f  S . enteritidis
(1976-1983)

Location
(county  or Budapest)

Total No. of 
strains

0  S 0

1

s
4

0

Phage type 

S

B a ra n y a 45 33 64.7 35.3 _ 100.0
B ács-K isk u n 26 68 63.6 36.4 — —

B ékés 49 111 35.7 64.3 — 100.0
B orsod-A .-Z . 185 301 34.8 65.2 9.1 90.9
C songrád 221 211 48.7 51.3 94.4 5.6
F e jé r 134 332 42.5 57.5 — 100.0
G yőr-Sopron 717 595 50.8 49.2 — 100.0
H a jd ú -B ih a r 159 314 38.1 61.9 52.9 47.1
H eves 151 209 43.1 56.9 — 100.0
K o m áro m 76 191 51.4 48.6 50.0 50.0
N ó g rád 196 157 72.4 27.6 — 100.0
P e s t 326 345 61.2 38.8 90.9 9.1
Som ogy 32 88 35.3 64.7 — 100.0
Szabolcs-Sz. 117 243 35.8 64.2 — 100.0
Szolnok 78 154 40.7 59.3 50.0 50.0
T olna 685 266 86.8 13.2 — 100.0
V as 212 316 41.0 59.0 — 100.0
V eszprém 174 438 14.5 85.5 — 100.0
Zala 70 171 48.5 51.5 — —

B u d ap es t 596 1342 35.5 64.5 8.3 91.7

T o ta l 51.1 48.9 60.7 39.3

N u m b e r of strains 4249 5883 2432 2334 142 92

О =  strains iso lated  from  o u tb reaks

of th e  stra ins derived  from  fam ily  o u tb re a k s  are sum m arized  in  T able I X . 
A to ta l  of 1954 s tra in s  iso la ted  from  757 fam ilies were p h ag e-ty p ed . The m a jo r
i ty  orig inating  from  fam ily  o u tb reak s  w ere iso lated  in  c o u n ty  G yőr-Sopron  
a n d  in  B udapest, an d  also in co u n ty  T o lna . P h ag e  ty p e  1 w as p red o m in an t in 
fa m ily  ou tb reaks in  co u n ty  G yőr; phage ty p e s  1. 7 and  17 w ere freq u en t in 
B u d a p e s t, and  th e  w idesp read  fie ld  ep idem ic w hich took  p lace in  co u n ty  T o lna  
in  1983, was follow ed b y  th e  sp read  of p h ag e  ty p e  1.

T able X  p resen ts  th e  phage ty p e  d is tr ib u tio n  of th e  s tra in s  iso lated  from  
ep idem ics and  spo rad ic  cases. T he exam ined  10 132 S. enteritidis  s tra in s  w ere 
d e riv ed  in 41.9%  from  epidem ics and  in  5 8 .1%  from  sporadic  cases. In  B u d a 
p e s t th e  stra ins w ere iso la ted  from  single cases in  70%  an d  phage ty p e  7 was 
th e  p red o m in an t one. In  co u n ty  G yőr-Sopron  th e  stra in s w ere derived  in 54 .7%  
fro m  ou tb reaks an d  th e  p revalence  of phage ty p e  1 was d em o n stra ted . In  c o u n ty
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s t r a i n s  d e r iv e d  f r o m  o u tb r e a k s  a n d  s p o r a d ic  c a s e s

7 16 17 O ther

0 s 0 s () s 0 s

57.5 42.5 _ _ 100.0
17.0 83.0 — 100.0 22.2 77.8 — 100.0
25.9 74.1 — 100.0 — — 8.3 91.7
48.7 51.3 50.0 50.0 16.7 83.3 25.8 74.2
22.5 77.5 — — 22.2 77.8 — 100.0
21.8 78.2 10.0 90.0 26.6 73.4 100.0 —

70.6 29.4 13.3 86.7 20.0 80.0 7.1 92.9
28.4 71.6 — 100.0 — 100.0 22.1 77.9
42.2 57.8 — 100.0 52.4 47.6 23.1 76.9
25.1 74.9 33.3 66.7 — 100.0 33.3 66.7
36.5 63.5 66.7 33.3 — 100.0 84.6 15.4
17.3 82.7 33.3 66.7 25.0 75.0 38.7 61.3
25.0 75.0 — — — 100.0 — 100.0
34.5 65.5 — 100.0 — 100.0 28.6 71.4
20.5 79.5 — 100.0 55.6 44.4 — 100.0
27.5 72.5 — 100.0 30.0 70.0 5.5 94.5
42.4 57.6 — 100.0 30.8 69.2 — 100.0
32.7 67.3 31.3 68.7 20.6 79.4 100.0 —

16.4 83.6 33.3 66.7 — 100.0 28.6 71.4
31.4 68.6 15.8 84.2 14.1 85.9 7.4 92.6

35.4 64.6 17.7 82.3 22.9 77.1 20.5 79.5

1456 2658 20 93 130 439 69 267

S =  strains iso la ted  from  sporadic cases

T olna  th e  s tra in s h a d  o rig inated  from  epidem ics in  72 .0%  and  here phage ty p e  
1 p red o m in a ted . In  c o u n ty  Pest, p h a g e  ty p es 7, 16, 17 and o th e r ty p e s  were 
p re d o m in a n t am ong th e  sporadic cases, in o u tb reak s  phage ty p es 1 and  4 
w ere th e  freq u en t ty p e s . In  V eszprém  a n d  Vas th e  m a jo rity  of th e  s tra in s  of 
phage ty p e s  1, 4, 7, 16, an d  17 were iso la ted  from  sporad ic  cases.

T he incidence o f S . enteritidis s tra in s  varied  sig n ifican tly  in  th e  geograph
ic areas of th e  c o u n try . The y ea rly  average  ra tio  of iso lation  fo r 100 000 
in h a b ita n ts  was ex am in ed  parallel w ith  th e  p redom inance  of phage ty p es  1 
an d  7 (T able X I). B ecause phage ty p in g  o f S . enteritidis s tra in s  s ta r te d  in  1976, 
th e  d a ta  were sum m arized  from  1976 onw ards. In  th e  period  of th e  p red o m i
nance  o f  phage ty p e  7, betw een  1976 a n d  1980, th e  average  of s tra in s  w as 11.7 
for 100 000 in h a b ita n ts  and  in the  p e rio d  of th e  p revalence  of phage ty p e  1, 
be tw een  1981 and 1983, th is  value h a d  doub led . D u rin g  ih e  tw o periods, th e
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f req u en cy  of iso lates increased  in  ev e ry  area , excep t in  co u n ty  Csongrád, 
w here  a m oderate  d ecrease  appeared . T he m ost s trik in g  was th e  increase in 
co u n ties  B ács-K iskun  a n d  Tolna, w here  an  e igh t-fo ld  increase w as observed , 
in  c o u n ty  Somogy a seven-fold , in c o u n ty  G ydr-Sopron a six-fold increase  was 
d e m o n s tra te d  in th e  y e a r ly  average o f  iso la tions. In  co n tra s t, in  B u d ap est, 
th e  y e a r ly  average o f  iso lations rem ain ed  u n ch an g ed  and  th e  increase  was 
m o d e ra te  in  counties B ékés and K o m áro m .

Regional d istribu tion  of phage ty p e s  show ed th e  p redom inance  of phage 
ty p e  1 in  th e  coun ties Békés, B orsod , Csongrád, G yôr-Sopron, H a jd ú , P es t, 
S zolnok  and  Tolna. T h e  p revalence o f phage ty p e  7 was observed  in  counties 
K o m áro m , Som ogy, V as and  V eszprém . P hage ty p e  4 was freq u en t in  counties 
C songrád  and  P es t, p h a g e  ty p e  17 accu m u la ted  besides B u d ap est also in  co u n ty  
F e jé r . P hage ty p e  16 w as found besides B u d ap est in  counties V eszprém , G yőr- 
S o p ro n , S zabo lcs-S zatm ár and  F e jé r, m ain ly  in  sporad ic  cases. As to  o th e r 
p h a g e  ty p es, phage ty p e  2 ap p ea red  a lm ost on ly  in  co u n ty  H a jd d -B ih a r.

Table XI

G e o g r a p h ic  d i s t r i b u t io n  o f  S .  e n te r i t id i s  is o la t io n s *

L ocation
(c o u n ty  o r B udapest)

No. o f iso la tions 5 y ea r 
average  for 

100 000 
in h a b ita n ts

No. o f  iso la tions 3 y e a r  
av erage for 

100 000 
in h a b ita n ts1976 1977 1978 1979 1980 1981 1982 1983

B a ra n y a 18 40 20 22 65 7.6 107 58 192 27.4
B ács-K iskún 7 3 5 15 40 2.5 61 29 195 16.8
B ékés 64 50 88 60 59 14.8 34 111 67 16.4
Borsod-A .-Z. 45 9 54 35 74 5.4 116 77 191 15.9
C songrád 53 47 129 273 219 31.4 59 169 87 23.1
F e jé r 48 13 16 56 54 8.9 139 138 98 29.6
G yôr-Sopron 12 12 40 38 222 15.1 365 476 270 86.1
H a jd ú -B ih a r 11 11 13 64 113 7.7 102 130 109 20.6
H eves 3 — 4 54 94 8.9 55 52 85 18.4
K om árom 43 27 110 247 64 30.7 73 147 131 36.2
N ógrád 6 52 7 18 113 16.5 128 33 52 29.7
P e st 20 31 20 24 150 5.1 100 211 260 19.4
Som ogy 4 1 6 13 40 3.6 24 99 107 21.4
Szabolcs-Sz. 12 32 2 13 133 6.6 110 145 156 23.3
Szolnok 35 16 15 52 120 10.7 95 171 123 29.2
T o ln a 14 24 27 56 73 14.8 60 44 828 115.9
Vas 34 24 44 53 170 23.0 209 165 93 54.6
V eszprém 44 24 47 51 82 12.0 102 180 78 30.9
Zala 12 10 8 14 117 8.1 31 80 35 15.4
B u dapest 116 273 119 146 887 14.8 270 313 337 14.9

T o ta l 601 699 774 1304 2879 11.7 2240 2828 3494 26.7

* D a ta  of th e  N a tio n a l Salm onella Centre
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D iscu ssion

The occurrence and epidem iological significance of Salm onellae increased  
th ro u g h o u t th e  w orld  and  also in  H u n g a ry . T he N ationa l Salm onella  C entre 
collecting  th e  d a ta  w ith in  the  scope of th e  In te rn a tio n a l Salm onella  S u rve il
lan ce  P rogram m e gave an accoun t on th e  salm onella iso lations in  th e  years 
1972-1976 [10]. T he y early  incidence o f th e  h u m an  Salmonella  an d  S. enteritidis  
iso la tes  in  H u n g a ry  betw een 1974 a n d  1983 is show n in Fig. 2, on th e  basis 
o f d a ta  of th e  N a tio n a l Salm onella C en tre . (In  th e  n u m b er of Salm onellae, S. 
typ h i, S . p a ra typ h i-A , S. para typ h i-В , S . para typh i-C  are n o t in c lu d ed  an d  one 
iso la tio n  m eans on e iso lation  per p e rso n  fo r a given sero type.) D urin g  th e  period  
o f ex am in a tio n , Salm onellae were iso la te d  from  a to ta l  of 94 494 persons an d  
S. enteritidis from  15 977 persons. T h e  incidence of th is  se ro ty p e  increased  
s ig n ifican tly  from  1980 onw ards, th e  n u m b e r o f iso lates was m ore th a n  five- 
tim es  higher in  1983 th a n  i t  was in  1974. F ig u re  2 shows th e  incidence of an im al 
s tra in s , too. (The d a ta  were o b ta in ed  from  th e  C en tra l L a b o ra to ry  o f V e te ri
n a ry  H ygiene.) T he n u m b er of sa lm onella  iso la tes of an im al orig in  w as 31 765; 
i t  v a rie d  betw een  2798 and  3647 y e a r ly  an d  from  1978 show ed an  increasing  
ten d en cy . The n u m b e r of S. enteritidis iso la tes w as 662.

19* 75 76 77 78 79 80 81 82 83 years

Fig. 2. SalmonBlle and  S. enteritidis iso la tions o f h u m an  and  an im al origin (1974— 1983)
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T aille  X I I  shows th e  order of freq u en cy  for th e  10 com m onest h u m a n  
sa lm onella  sero types. S . t y p h i - m u r i u m  w as th e  m o st freq u en t in  each  y ea r, 
excep t in  th e  years 1980, 1982 and  1983, w hen  i t  fell to  th e  2nd and  3 rd  ra n k , 
resp ec tiv e ly , while th e  1st ra n k  was occupied  b y  S. e n t e r i t i d i s  w hich earlie r 
was th e  2 n d  to  4 th  fre q u e n t sero type. T he ra n k  of S. p a n a m a  v aried  b e tw een  
2nd a n d  4 th  for 9 y ears , S . s a i n t - p a u l  ra n k e d  am ong th e  5 com m onest sero types 
for 6 y e a rs , S. in fa n tis  belonged  to  th e  5 m ost f re q u e n t sero types since 1977. 
T here w ere sero types w h ich  were fre q u e n t o n ly  in  single years, causing  w id e
sp read  f ie ld  o u tb reaks (S . give in  1981, S . S ta n le y  in  1974, S . a b o n y  in  1978, 
S. a g o n a  in  1975, S. d e r b y  in  1975, 1976 an d  1977, a n d  S. h a d a r  in  1980).

T h e  com m on Salm onella  se ro types am ong  th e  s tra in s  of an im al orig in  
are show n in  T able X I I I .  S . typ h i-m u riu m  was th e  m o st freq u en t am ong  th e  
iso la tes o f an im al orig in , to o , i t  ran k ed  in  th e  f irs t  tw o  places b u t  th e  freq u en cy  
of o th e r  sero types d iffered  from  th e  h u m a n  ones. S. cholerae-suis, S . derby

Table X II

T h e  te n  m o s t  f r e q u e n t l y  r e p o r te d  h u m a n  S a lm o n e l la  s e r o ty p e s  in  H u n g a r y  
(1974-1983)*

R a n k Serotype
Y e a r /ra n k

1974 1975 1976 1977 1978 1979 1980 1981 1982 1983

l S .  t y p h i - m u r iu m 1 l l l l l 2 l 3 3
2 S .  e n te r i t id is 2 4 2 3 3 2 1 2 l i

3 S .  p a n a m a 3 6 3 2 4 3 4 4 4 4
4 S .  s a in t - p a u l 4 5 4 7 7 5 7 5 5 6

5 S .  S ta n le y 5 7
6 S .  a n a tu m 6 8 8 8 10 10
7 S .  d e r b y 7 2 5 4 6 6 9 8 8 7
8 S .  th o m p s o n 8 10 6 7 6 7
9 S .  in f a n t is 9 8 9 5 2 4 3 3 2 2

10 S .  a b o n y 10 10 5
11 S .  a g o n a 3 7 10
12 S .  m a n h a tta n 9 10 9
13 S .  lo n d o n 8 9 9
14 S .  b r a n d e n b u r g 10 6

15 S .  g iv e 9 6
16 S .  b a r e i l ly 9
17 S .  b o v i s - m o r b i f ic a n s 8 10 7 5
18 S .  h a d a r 10 5
19 S .  o r a n ie n b u r g 6
20 S .  h e id e lb e rg 9
21 S .  g o ld -c o a s t 8

T o ta l No. of salmonella
iso lations 6152 7250 8165 7913 7580 7995 11190 11845 13704 12700

* D a ta  of the  N a tio n a l Salmonella Centre
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a n d  S. anatum  w ere th e  most com m on  till 1980, an d  from  1978 onw ards, S. 
in fa n tis . The ra n k  o f S. enteritidis w as 29 th  to  1 3 th  betw een  1974 an d  1979, 
a n d  w as am ong th e  10 m ost com m on from  1980 onw ard . The ra n k  of S. p a n a m a  
w as 11th , 12th  a n d  11th  in 1975, 1976 an d  1979, re spec tive ly , an d  in  th e  o th e r  
y ea rs  i t  was am o n g  th e  10 m ost f re q u e n t sero types.

A ccording to  th e  W HO re p o r ts , S. enteritidis has a g rea t s ign ificance 
w orldw ide in  h u m a n  salm onellosis. T h e  y ea rly  d a ta  of th e  coun tries p a r t ic i
p a tin g  in  the  In te rn a tio n a l Salm onella  Surveillance P rog ram m e show ed th a t  
th e  epidem iological im portance  o f  th is  sero type  w as th e  m ost s ig n ifican t in  
E u ro p e . In  re c e n t years th is se ro ty p e  was th e  m ost freq u en t in  R o u m an ia  
w ith  20 -30%  o f th e  y ea rly  iso la tions. Since 1980 i t  becam e th e  m ost f re q u e n t

Table XIII

The 10 most frequently  reported Salm onella  serotypes o f  anim al origin in  H ungary
(1974-1983)*

Year/rank
R ank  Serotype

1974 1975 1976 1977 1978 1979 1980 1981 1982 1983

1 S. cholerae-suis 1 3 3 4 4 5 5
2 S. typhi-m urium 2 l l 2 2 2 1 2 2 2

3 S. anatum 3 4 4 3 3 3 7 4 3 4
4 S. derby 4 2 2 1 1 1 3 3 4 3
5 S. senftenberg 5
6 S. agona 6 6 10

7 S. potsdam 7
8 S. panam a 8 7 9 4 5 10 5
9 S. infantis 9 7 7 8 5 4 2 1 1 L

10 S. Stanley 10

11 S. london 5 7 9
12 S. manhattan 8 10

13 S . bareilly 9
14 S. thompson 10 5 6 7 6 7 5 7
15 S . give 6 5 6 8 10 7 6
16 S. saint-paul 8 9 6 6
17 S . brandenburg 9 9 8 1 0 6 8
18 S . livingstone 10
19 S. kapemba 10

20 S . hadar 9
21 S . enteritidis 8 8 9
22 S . gold-coast 10

23 S . Heidelberg 8
24

1 ;
S. bovis-morbificans 9

T otal No. of salm onella
iso lations 2826 2871 3102 3571 2798 3057 3122 3647 3592 3179

* D a ta  of th e  C entra l L aboratory  of V e te rin a ry  H ygiene
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one in  B u lgaria  and in  Ju g o slav ia , w ith  n e a r ly  one th ird  of th e  to ta l  iso lates 
y ea rly . I t  occupied th e  second ra n k  in  N o rw ay , Spain and Sw eden in recen t 
y ears . I t  was am ong th e  3 com m onest se ro ty p es v a ry in g  y ea rly  in  A ustria , 
D en m ark , F in land , an d  P o lan d  [11]. T he n u m b e r of salm onellosis w as 29 334— 
41 166 in  G F R  in 1977-1979 [12]. S. typ h i-m u r iu m  was th e  m ost freq u en t, S. 
p a n a m a  was the  second, S . enteritidis th e  th ird  an d  S. in fa n tis  th e  fo u rth  in 
freq u en cy . S. enteritidis w as th e  second se ro ty p e  in  th e  USA, accord ing  to  a 
su rv ey  carried  out in  1975 [13], and  am ong  th e  te n  m ost com m on sero types in 
C an ad a  in  1975-1976 [14].

T h e  increasing n u m b e r  of in fec tions caused  by  S. enteritidis  m ade i t  
n ecessa ry  to  in tro d u ce  th e  d iffe ren tia tio n  of th is  sero type  b y  phages. The 
m e th o d  elabora ted  in  P o la n d  was based  on num ero u s epidem iological d a ta  an d  
p ro v e d  to  be app licab le . T h e  m ethod  re p o r te d  b y  G ershm an  [6] w as used for 
th e  d iffe ren tia tio n  of 183 s tra in s  b u t  th e ir  epidem iological analysis has n o t 
been  pub lished . T herefo re , a fte r ce rta in  m od ifica tions th e  P olish  m eth o d  w as 
in tro d u c e d  in  H u n g ary . D e te rm in a tio n  o f th e  phage ty p es  of 10 874 h u m an  and  
a n im a l stra in s show ed t h a t  th e  m eth o d  w as su itab le  for epidem iological p u r 
poses. P hage types p ro v e d  to  be stab le  in  th e  course of rep ea ted  exam ina tions 
an d  exam in a tio n  of o u tb re a k s  and  sev era l s tra in s  from  one an d  th e  sam e p e r
sons. T h e  resu lts o f p h a g e  ty p in g  rev ea led  th e  connections betw een  th e  cases 
of o u tb re a k s , p roved  o r p rec luded  th e  p o ssib ility  of th e  suspected  source in 
d ev e lo p m en t of th e  ep idem ics [15].

A nalysing th e  re su lts  of phage ty p in g , i t  has been found  th a t  phage ty p e  
7 p red o m in a ted  am ong  th e  h u m an  s tra in s  iso la ted  betw een  1976 an d  1980. 
On th e  basis of th e  sam e  ly tic  sp ec tra  o f th e  te m p e ra te  phages carried  b y  
s tra in s  o f phage ty p e  7 a n d  th e  sam e p h ag e  sen s itiv ity  of th ese  s tra in s  to  te m 
p e ra te  phages, i t  w as suggested  th a t  th e  s tra in s  of phage ty p e  7, sp read  in  th e  
c o u n try , were hom ogeneous. Phage ty p e  7 w as ousted  by  phage ty p e  1 from  
1981 onw ards and  th e  n u m b e r of iso la tes increased  sign ifican tly . T he tim e  w hen 
th e  change in th e  p rev a len ce  of phage ty p e s  occurred  coincided w ith  th e  sign if
ic a n t increase of S. enteritid is  iso la tes (F igs 1 an d  2). A nalysing  th e  d is tr ib u 
tio n  o f  S . typ h i-m u riu m  s tra in s , a s im ila r change in  th e  p redom inance  of phage 
ty p e s  w as observed [16].

T he frequency  o f  phage ty p es 1 an d  7 was n ea rly  th e  sam e am ong th e  
s tra in s  derived from  an im als, foodstu ffs an d  w ater, while no such a tem p o ra l 
d ifference was o bserved  betw een th e  freq u en cy  of th e  tw o phage ty p es as b e 
tw een  h u m an  si ra in s .

Com paring o u r re su lts  w ith  L a lk o ’s [5] in  P o land  betw een  1970 and  1975, 
ex am in in g  1847 s tra in s  iso la ted  from  1567 persons from  673 foci, i t  was found  
t h a t  in  th e  tw o co u n trie s  d ifferen t p h ag e  ty p e s  sp read  excep t one phage ty p e . 
In  P o la n d  19 phage ty p e s  were fo und , th e  m ost freq u en t were phage ty p es 8 
(3 1 .8% ), 5 (21.8% ), 7 (18.0% ) and  12 (7 .5% ). (Phage ty p e  12* is ty p e  10 a c 
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cord ing  to  our schem e.) A m ong th e  164 s tra in s  of an im al origin th e  m ost f re 
q u e n t w ere ph ag e  ty p e  12* (50.0% ), 8 (23.8% ) and  5 (15.9% ). O ut o f th ese  
on ly  ty p e  7 w as freq u en t in H u n g a ry . P h ag e  ty p e  1, w hich was fre q u e n t in  
H u n g a ry , o ccu rred  only in one h u m an  case h u t  in  no an im al s tra in  in  P o lan d . 
T he frequency  of phage ty p e  4 w as 30%  am ong th e  Polish h u m an  s tra in s  an d  
one an im al s tra in  belonged to  th is  ty p e . P h ag e  ty p e  17 (according to  th e  H u n 
g arian  designation) w hich was fre q u e n t am ong  h u m an  s tra in s  in  H u n g a ry , 
occurred  in  P o land  in 2 .7% , while phage ty p e  16 was rep resen ted  only b y  one 
h u m a n  an d  f iv e  an im al stra ins.

A ccording to  th e  Polish ex am in a tio n s, th e  30 h u m an  s tra in s  derived  from  
one focus, in G D R  belonged to  phage ty p e  7. In  our exam ina tions th e  s tra in s  
iso la ted  in  th e  G D R  p roved  to  be o f phage ty p e s  7, 4 and  6. A ccording to  L a lk o ’s 
ex am in a tio n s th e  259 an im al s tra in s  from  R u lgaria  belonged to  phage ty p e  7 
(70.7% ) an d  4 (17 .8% ). These resu lts  show ed th a t  d ifferen t s tra in s  w ere c ir
cu la tin g  in  P o lan d  and  H u n g ary , in  th e  G D R  an d  B ulgaria .

Suchow iak an d  H a la t [17] re p o rte d  a food poisoning caused b y  c o n ta 
m in a ted  m ilk  in  th e  W roclaw  d is tr ic t, an d  G ran ick i e t al. [18] re p o rte d  an  
o u tb re a k  associa ted  w ith  S. enteritidis  in  K atow ice  P rov ince w here c o n ta m i
n a te d  ta r ta r-b e e fs te a k  was the  source o f in fec tion . Lalko [5] described  tw o 
o u tb reak s  caused  b y  S. enteritidis. T he f irs t  w as discovered in  1972 in  th e  
Szczecin d is tr ic t an d  th e  infectious source was ice cream , an d  th e  phage ty p e  o f 
th e  in fec ting  s tra in , 12*. The second o u tb re a k  occurred  in  1975 in  th e  Lodz 
d is tr ic t. H ere ta r ta r-b e e fs te a k  conveyed  th e  in fection  w ith  phage ty p e  8. 
T he s tra in s  iso la ted  from  food, as well as from  sick people an d  from  th e  c o n ta c t 
a sy m p to m a tic  cases rep resen ted  th e  sam e ph ag e  ty p e . I t  was observed  th a t  
th e  phage ty p es 12*, 6, 7 and  4 w ere iso la ted  m ain ly  from  ad u lts  an d  o lder 
ch ild ren , w hile th e  ty p es 5 and  2 from  in fa n ts  s tay in g  in h osp ita ls  an d  ch il
d re n ’s hom es. E x am in in g  th e  sp read  of phage ty p es  in H un g ary , no connection  
w as found  b e tw een  age d is trib u tio n  an d  p hage  ty p es.

A n tib io tic  re s is tan ce  of S. enteritidis  s tra in s  an d  the  ch a rac te riza tio n  o f 
th e  carried  R -p lasm ids will be th e  su b jec t o f a fu r th e r  s tu d y .
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DIFFERENTIAL TRANSLATION OF YIROGENIC 
AND ONCOGENIC SEQUENCES IN MALIGNANT 

LYMPHOPROLIFERATIVE DISEASES AND 
TRANSFECTION OF CODING DNAs INTO 

NIH 3T3 CELLS
F. D .T ó t h , L. YÁczi, B. Sza b ó , J o lá n  K is s , К. R á k , A. Kiss, I lo n a  K o v á cs ,

Cs. Kiss and K. P ec ze

In s titu te  o f  M icrobiology, Second D epartm ent o f  M edicine, and D epartm ent o f  Paediatrics,
U niversity  M edical School, Debrecen

(R eceived A u g u st 29, 1984)

T h e  expression of o n cov ira l p30 p o ly p ep tid es an d  one gene-specific p ro te in s  has been 
ex am in ed  in  d ifferen t h u m an  ly m p h o id  m alignancies. T he d is trib u tio n  o f an tig en (s) re la ted  to 
th e  p30 o f B aE V  lacked  a n y  specificity . A ntigen (s) re la ted  to  th e  m ain  core po ly p ep tid e  of 
GaLY could  be de tected  m ain ly  in  B- and  О-cell m alignancies. T he m yc-encoded p ro te in  was 
tra n s la te d  a t  h igher levels in  m alig n an t th a n  in  n o rm al lym pho id  cells. A n a c tiv e  sre gene was 
id en tified  in  th ree  acu te  ly m p h o id  leu k aem ias an d  in  one n o n -H o d g k in  ly m p h o m a  of T-cell 
origin. H u m a n  DNAs coding oncovira l an tig en s or one gene-specific p ro te in s  could  be tra n s 
fec ted  in to  N IH  3T3 cells. T hese  d a ta  suggest t h a t  th e  synergistic  effect o f th e  m yc  and  sre 
genes w ould  operate  in  m alig n an t tran s fo rm a tio n  o f som e p rogenito rs o f T-cell lineage.

T he tran sfo rm in g  genes of re tro v iru se s  are derived from  n o rm a l cellular 
genes th a t  are conserved am ong v e r te b ra te s  [1, 2]. The fu n c tio n  o f th ese  cel
lu la r  gene p roducts is n o t c learly  defined . T here is, how ever, evidence th a t  
v iru s-in d u ced  tra n sfo rm a tio n  is co rre la ted  w ith  enhanced  levels of expression 
of th e se  genes [3, 5]. R ecen t d a ta  suggest th a t  tw o or m ore oncogenes m ust 
co o p era te  to  tran sfo rm  cells [6, 7]. T he developm ent of co n tin u o u sly  grow ing 
cell lines from  p a tie n ts  w ith  lym p h o id  m alignancies has led  to  iso la tion  of C 
ty p e  re trov iruses. M ost o f th em  are  v e ry  closely re la ted  to  C ty p e  p rim a te  
v iru ses  [8, 9]. B y using  th e  nucleic acid  h y b rid iza tio n  assay , expression of 
R N A  sequences hom ologous to  D N A  frag m en ts  conta in ing  d iffe ren t one genes 
has b een  detec ted  in  d iverse  h u m an  ly m p h o id  m alignancies [10-13]. T he DN A - 
m e d ia te d  gene tran sfe r tech n iq u es p ro v id ed  an  approach  for th e  de tec tion  of 
v irogen ic  and  oncogenic D N A  sequences. DNAs from  a n u m b e r of hum an  
tu m o u rs  were found  to  induce  m a lig n an t tran sfo rm atio n  o f N IH  3T3 cells, a
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co n tin u o u s m ouse line  th a t  is co n tac t-in h ib ited  an d  h ig h ly  susceptib le to  DNA 
tran sfec tio n  [14].

The presen t re p o r t  deals w ith  th e  detec tion  of oncov ira l p30 polypep tides 
a n d  tran s la tio n a l p ro d u c ts  of th e  myc  and  src oncogenes in  hum an  lym phoid  
m alignancies. A n o th e r aim  was to  determ ine  w h e th e r an y  v ira l or cellular gene 
p ro d u c ts , detected  in  h u m an  cells, could be induced  in N IH  3T3 cells b y  D N A  
tran sfec tio n .

M aterials and  m ethods

P urification o f  leukocytes and lym ph  node cells. H ep arin ized  blood sam ples from  p a tie n ts  
w ere  centrifuged. L y m p h  no d e  b iopsy  specim ens were tak e n  a p a r t  in R P M I 1640 m edia, m inced, 
a n d  th e  fragm ents w ere p assed  th ro u g h  a sta in less-steel wire m esh. E ry th ro c y te s  were rem oved  
b y  ly sis in 0.83%  a m m o n iu m  chloride so lu tion  [15]. Cell v iab ility , d e te rm in ed  by t ry p a n  blue 
d y e  exclusion, was g re a te r  th a n  80% .

N I H  3T3 cells w ere  k in d ly  supp lied  by  Dr. C. A ltan er (C ancer R esearch  In s ti tu te  of th e  
S lo v ak  A cadem y of Sciences, B ra tis la v a , C zechoslovakia), an d  m ain ta in ed  in D ulbecco’s m odi
f ied  M EM  containing 5 %  fe ta l ca lf se rum  (Gibco B io-C ultures L td ., Pa isley , Scotland).

Im m une sera. G o a t im m u n e  sera to  th e  p30 core p o ly p ep tid e  o f bab o o n  endogenous v irus 
(B a E V ) and gibbon ape  leu k aem ia  v irus (GaLV ) were k in d ly  p rov ided  b y  Dr. R. W ilsnack  
(H u n tin g d o n  R esearch  C en te r, B altim ore , M D, USA). R a b b it an tise ru m  to  a sy n th e tic  p ep tid e  
t h a t  corresponds to  th e  v-m yc-encoded p ro te in  lacking gag sequences [16] was k ind ly  sen t by  
D r. K . B ister (M a x -P la n k -In s titu t fü r  M olekulare G enetic, W est B erlin). The ra b b it im m une 
se ru m  raised  against th e  p p 6 0 src was th e  g ift of D r. R . L. E rik so n  (D e p a rtm en t of P a th o lo g y , 
S chool o f Medicine of th e  U n iv e rs ity  of Colorado, H e a lth  Sciences C enter, D enver, CO, USA). 
R a b b it  an ti-goat IgG  a n d  g o a t a n ti- ra b b it  IgG  sera con ju g a ted  w ith  F IT C  were b o u g h t from  
H y la n d  Co., (Costa M esa, CA, USA).

Indirect cytoplasmic immunofluorescence assay was perfo rm ed  b y  sp o ttin g  10° cells w ashed 
in  P B S  on slides. A fter a ir-d ry in g  th e  sam ples were fixed  in  acetone. T he ap p ro p ria te  im m une 
se ru m  d ilu ted  1 : 40 w as ap p lied  to  cells an d  in cu b a ted  a t 37 °C fo r 30 m in  in a hum ified a tm o 
sp h e re . T hen the  slides w ere w ashed th ree  tim es in  PB S . T he a p p ro p ria te  FIT C -labelled  H y lan d  
a n tise ru m  was d ilu ted  1 : 20 and applied  to  th e  fixed  cells a t  37 °C fo r 30 m in. The slides were 
w ash ed  again three  tim es before ex am in atio n  u n d e r th e  fluorescence m icroscope. As con tro ls, 
n o rm a l rah b it or goat se ra  w ere used  in th e  f irs t  step.

Preparation o f  high molecular weight D N A  fro m  hum an cells. D N A  w as ex trac ted  acco rd 
ing to  th e  procedure o f G ross-B ella rd  e t al. [17], w ith  m inor m od ifications. Cells were suspended  
in T N E  buffer pH  8.3 c o n ta in in g  150 т м  NaCl, 2 т м  E D T A , 10 т м  T ris-H C l, 1%  N a Dód 
SO ,, 1%  m ercap to e th an o l a n d  1 mg per ml o f p ro tease  (S igm a C hem ical Co., St. Louis, MO, 
U S A ), and  incubated  o v e rn ig h t a t  27 °C. L y sa tes were e x tra c te d  tw ice w ith  b u ffer-equ ili
b ra te d  phenol and once w ith  chloroform . D N A  was p rec ip ita ted  in 2 vol o f absolu te e thano l. 
T h e  p e lle t was w ashed in  7 0 %  e thano l, d ried , and  resuspended  w ith  H epes buffer p H  7.05 
w h ich  contained 137 т м  N aC l, 5 т м  KCl, 7 m M N a2H P O „  and  20 т м  iV -2-hydroxyethyl piper- 
azine-iV ’-2 -etbanesu lphonic  acid  (H epes). F o r d ifferen t p re p a ra tio n s , th e  ra tio  O D 2(;0 to  O D 280 
v a r ie d  betw een 1.85 a n d  2.00.

Transfection assay. T ran sfec tio n s w ere perform ed by  th e  calcium  p h o sp h a te  p re c ip ita tio n  
tec h n iq u e  [18], as m odified  b y  us. T he D N A  was p rec ip ita ted  b y  th e  a d d itio n  of 2m CaCl2 to  a 
f in a l concen tra tion  of 125 т м  and left a t  room  te m p e ra tu re  for 30 m in  before being ad d ed  to 
th e  cu ltu res . The D N A  w as sheared  10 tim es w ith  a 22-gauge needle a tta c h e d  to  a 1 ml tu b e r 
cu lin  syringe. Portions o f  th e  DN A  p re c ip ita te  were th en  added  to  25 cin2/40 ml p lastic  tissue 
c u ltu re  flask  (N unc, R osk ild e , D enm ark) cu ltu res of N IH  3T3 cells so th a t  the  m onolayer 
w o u ld  be about 70 -8 0 %  co n flu en t a t  th e  tim e  of add itio n  of D N A ; 40 fig  of D N A  were u tilized  
to tra n s fe c t 10° cells. T h e  sam ples were in cu b a ted  a t 37 °C fo r 30 m in  and  th en  D ulbecco’s 
m o d ified  MEM w ith  5%  fe ta l  calf serum  was added  to th em . A fte r 5 h  incu b a tio n  a t  37 °C, 
th e  cell cultures were w ash ed  once w ith  g ro w th  m edium , and  5 m l D ulbecco’s m odified M EM 
c o n ta in in g  3%  feta l c a lf  serum  was added  to th e  cu ltu res. Focus fo rm atio n  was scored a t 
18 21 days.
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R esults

Detection o f  oncoviral p30  polypeptide-, v-myc- and v-src-specific proteins  
in different hum an lym phoid  cell samples. T h ir ty  four sam ples were assayed  for 
th e  presence of pro te ins iden tica l or re la ted  to  oncov iral p ro te in s  or tra n s la tio n 
al p ro d u c ts  of v-myc an d  v-src genes. Im m unofluo rescence  stud ies of acetone- 
fixed  cell sam ples in d ica ted  th a t  an tigens re la ted  to  B aE Y  or GaLV p30 core 
p o lypep tides were lo ca ted  in the  cy top lasm  (Fig. 1). T he m yc-encoded p ro te in s  
w ere observed  in  the  n u c leus (Fig. 2), w hile th e  src-encoded p p 6°s"  s ta in  w as 
m ost in ten siv e  in th e  p e rip h era l p a r ts  of th e  cells (F ig. 3). E igh teen  of 34 
sam ples w ere positive for B aEV  рЗО-re la ted  an tigen(s). T he d is trib u tio n  of th is  
an tigen  am ong  th e  d iffe ren t groups of p a tie n ts  lacked  an y  specific ity  (Tables 
I and II) . G aLV  рЗО-like antigen(s) could he d e tec ted  in  10 sam ples; th e y  o ri
g inated  m o stly  from  p a tie n ts  wdth B- or О -cell m alignancies. R esults of ex p eri
m ents w ith  the an ti-m y c  im m une serum  show ed th a t  m yc  was expressed  in 
a lm ost every  exam ined cell ty p e  b u t th e  v-m yc  encoded p ro te in  was tra n s la te d  
a t h igher levels in m a lig n an t th a n  in  n o rm al lym phoid  cells (Tables I and II) . 
Src was expressed  a t h igh  levels in 4 cases. T um our sources in  w hich an ac tive  
src gene w as iden tified  inc luded  acu te  ly m p h o id  leukaem ias and  a non-H odgkin  
lym jihom a of T ly m p h o b las t type.

Fig. 1. Im m unofluorescence s ta in in g  for GaLV p30 in leukaem ic cells from  p a tie n t No. 11
listed  in T ab le  I
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F ig . 2. Im m unofluorescence b y  an ti-p 5 7 myc a n tib o d y  of leukaem ic cells from  p a tie n t ISo. 6
listed  in T ab le  I

F ig . 3. Im m unofluorescence m ic ro g rap h  of leukaem ic cells (p a tien t No. 3 in  T able  I) t r e a te d
w ith  an ti-p p 6 0 ,rc an tib o d y



D I F F E R E N T I A L  T R A N S L A T IO N  O F  S E Q U E N C E S 345

T ab le  I

Detection o f p30 antigens , v-myc- and v-src-specific proteins in  acute lym phoid leukaemic
cell sam ples

N o Cell typ e BaEV  p 30  GaLV p30 m yc src

1 m atu re  T +
2 -

3 —

4 +
5 +  +
6 T  ly m p h o b last +  +
7 —
8 +  +

9 +  +
10 —
11 +  +
12 0 +
13 +  +
14 —

+

+ +  + + + +  
+ + +

+  +  +  +

Table I I

Detection o f p30 antigens, v-myc- and v-src-specific proteins in  cell samples o f patients 
w ith  C LL , N H L , H L , and  o f control persons

No D iagnosis Cell type BaEV p30 GaLV p30 myc src

l chronic _ + + _
2 lym phoid m atu re  В — — + —

3 leukaem ia + + — + + —

4 — + “Ы - —

5 m atu re  T — — — —

6 — — + —

7 — - + + + + + + +

8
non-
H odgkin T  lym phoblast + - + + + + —

9 lym phom a + — + + + —

1 0 — + + + + + —

11 В lym phoblast + — + + + —

1 2 + + + + + + + + + —

1 3 + + + + + —

14 H odgkin — — — + —

1 5 lym phom a — — + + —

16 + — + + —

1 7 reac tive + — — —

18 hyper- — — — + —

19 plasia + — + + —

2 0 — — + —
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Transfection o f  D N A  coding рЗО-like antigens and  one gene-specific p ro 
teins fro m  hum an lym pho id  cells into N I H  3T3 cells. Sam ples w ere assayed  fo r 
in d u c tio n  of foci in  m onolayer cu ltu res . T he resu lts  of these  ex p erim en ts  
(T ab les I I I  an d  IV ) show ed th a t  D N A s o f lym phoid  tu m o u rs  induced  t r a n s 
fo rm a tio n  a t a level s ig n ifican tly  above th e  b ackground  o f spon taneous t r a n s 
fo rm a tio n  in  co n tro l cu ltu res exposed to  h igh  m olecular D N A s of ly m p h o id

F ig. 4. M orphology of n o rm al N IH  3T3 cells

cells from  persons w ith  reac tive  h y p e rp la s ia  of ly m p h  nodes. E igh teen  of 30 
tu m o u r  cell D N A s w ere scored as p o sitiv e  in  th e  tran sfec tio n  assay. D N A s o f 
12 lym phoid  tu m o u rs  p resen ted  in  T ab les I I I  and IV  w ere negative  for t r a n s 
fo rm atio n . Foci o f N IH  3T3 cells tra n sfo rm e d  b y  tu m o u r cell DNAs w ere n o t  
s im ila r in ap p e a ra n ce  (Figs 4 an d  5).

T ransfo rm ed  cells were grow n to  m ass cu ltu res for fu r th e r  stud ies. T h e  
cells re ta in ed  th e ir  tran sfo rm ed  ap p ea ran ce . D etection  of tran sfo rm in g  a c t iv 
i ty  was co rro b o ra ted  b y  assay ing  fo r oncoviral core po lypep tides a n d  one  
gene-encoded p ro te in s  in  foci derived  from  h u m an  D N A s. Im m u n o flu o rescen ce  
s tu d ies  in d ica ted  t h a t  h u m an  D N A s coding  B aE V  or GaLV  рЗО-rc la ted  a n t i 
gens or one gene-specific  pro te ins could  be tran sfec ted  in  every  in v e s tig a te d  
case (Tables I I I  a n d  IV).

Acta Microbiologica Hungarica 32, 1985



D I F F E R E N T I A L  T R A N S L A T IO N  O F  S E Q U E N C E S 347

Fig. 5. (a) R ep resen ta tiv e  focus o f N IH  3T3 cells tran sfo rm ed  by  D N A  from  leukaem ic ly m p h o 
b las ts  o f p a tie n t No. 7 lis ted  in  Table I I I .  (b ) A n o th er m orpholog ical ty p e  of tran sfo rm a tio n  

induced by  D N A  from  leukaem ic cells of p a tie n t 11 lis ted  in T able  I I I
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Table I I I

Transfection o f  D N A  coding p30 antigens and one gene-specific proteins fro m  A L L  cells
into N I H  3T3 cells

N o
Donor D N A  

(cell type)
Foci Translation o f

per /xg DJNA
ВаЕУрЗО GaLVp30 m yc sre

l m atu re  T 0.17 + + — + —

2 < 0 .0 0 5 — — — —

3 0.30 — +  + +  + + + + +
4 0.15 + — + + +  + —
5 T  lym phoblast 0.17 + — + + + +  +  +  +
6 < 0 .0 0 5 + + + — + + —
7 0.24 — — + + +  + + + + +
8 0.09 + + — + +  + —

9 < 0 .0 0 5 + + + + +  + —
10 0.09 — — +  +  + —
11 0 0.23 + + + + + + +  + —
12 < 0 .005 + + — +  +  + —
13 0.06 + + + +  +  + —
14 0.08 — + + + + + —

Table IV

Transfection o f D N A  coding p30 antigens and one gene-specific proteins fro m  cell samples 
o f  patients w ith C L L , N H L , H L , and fro m  control persons into N I H  3T3 cells

N o
Donor D N A Foci per Translation o f

Source Cell typ e
Hg D N A

B aE V  p30 GaLV p30 m yc sre

l < 0 .0 0 5 — + + —

2
CLL m atu re < 0 .0 0 5 — — + —

3 в < 0 .0 0 5 + + — + —

4 < 0 .0 0 5 — + + + —

5 m atu re 0.14 — — — —
6 T < 0 .0 0 5 — — + —

7 T 0.18 — — + + + + + + +

8 lym pho- 0.17 + + — +  +  + —

9
N H L

blas t < 0 .0 0 5 +  + — + +  +  + —

10 в 0.06 — + + +  +  + —

11 lym pho- < 0 .0 0 5 + — + + + —

12 b las t 0.11 +  + + + + + + + + —

13 0.04 + + + + —

14 0.02 — — + + —

15 H L — < 0 .0 0 5 — — + —

16 0.02 + + — +  + -

17 < 0 .0 0 5 + — — —
1 8 reac tive <  0.005 — — + + —

19 hy p er
plasia

— <  0.005 +  + - + + -

20 <  0.005 — — + —
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D iscussion

T he re su lts  indicated  th a t  p r im a ry  h u m an  lym pho id  tu m o u r cells as well 
as n o rm al ly m p h o cy tes  express an tigen (s) re la te d  to  th e  В аЕ У  p30 p o ly p ep tid e  
an d  th e  p-m yc-encoded p ro te in . T h e  tra n s la tio n a l p ro d u c t of v-m yc  w as ex p res
sed a t h igher levels in m alignan t th a n  in n o rm al lym phoid  cells. A lthough  a c ti
v a tio n  o f th e  m yc  gene a p p a re n tly  co n trib u te s  to  th e  developm ent o f ex p e ri
m e n ta l and h u m a n  lym phom as, th e  id en tified  tran sfo rm in g  gene tu rn e d  ou t 
to  be a new  oncogene designated  B lym  [19] or ras [20]. An ac tive  src oncogene 
coex isted  w ith  m yc  in some T -cell m alignancies and  its  tra n s la tio n a l p ro d u c t 
w as expressed  a t  high levels in  N IH  3T3 cells, tran sfo rm ed  b y  th e  D N A  of 
th e  p rim ary  h u m a n  tu m o u r cells. F rom  these  d a ta  i t  has been  concluded  
th a t  if  th e  m yc  gene were in v o lv ed  in  m a lig n an t tran sfo rm a tio n , i t  w ould  m ost 
like ly  op era te  in  conjunction w ith  th e  src gene in  these  m a lig n an t T ly m p h o 
b la s ts . This a ssu m p tio n  was su p p o rte d  b y  th e  observa tion  th a t  a re co m b in an t 
m u rin e  re tro v iru s  contain ing th e  src gene of av ian  R ous sarcom a v iru s  w as 
show n to  tra n s fo rm  m urine ly m p h o id  p ro g en ito r cells. T he tra n s fo rm a n ts , 
co m m itted  to  th e  T-cell lineage, expressed  h igh  levels of th e  p p 6°irc [21]. 
T he only  sam ple  in  which tra n sc r ip tio n  o f th e  sis gene h ad  been d e tec ted  was 
a h u m a n  m a tu re  T-cell ly m p h o m a  cell line [10], b u t  a tran sfo rm in g  gene 
re la te d  to  th e  ras gene fam ily seem s to  be a c tiv a te d  in  som e h u m an  leukaem ia  
sam ples of T -cell origin [22]. T h is ras gene w as d em o n stra ted  in  h u m an  ly m 
p h o id  tu m o u r cells of В -cell o rig in , too  [23]. In  c o n tra s t to  th e  w ide expression 
o f th e  ras gene, th e  src seem ed to  be a c tiv a te d  only in  some T -lym p h o b lastic  
h u m a n  tu m o u rs . Thus, the  re su lts  in d ica ted  som e degree of specific ity  w ith  
re sp ec t to  th e  src gene a c tiv a te d  in  d iscrete  form  of T cell tra n s fo rm a tio n . 
A GaLY  рЗО-re la te d  antigen cou ld  be found  m ain ly  in  B- an d  О-cell m a lig 
nancies. The re la tio n sh ip  betw een  i ts  expression and  ac tiv a tio n  of B lym  [19] 
an d  ras [23] oncogenes rem ains to  be c larified . All th e  sam ples used  th ro u g h 
o u t ou r s tud ies w ere taken  from  p a tie n ts  in  th e  progressive stage  of som e 
ly m p h o id  m alig n an cy . I t  seems to  be useful to  in v estig a te  th e  expression o f 
th e se  m ark ers  in  th e  same p a tie n ts  du ring  rem ission. Such ex p erim en ts  are  
in  progress an d  i t  is hoped th a t  th e y  w ill lead  n o t only to  a reasonab le  assess
m e n t of th e  in v o lv em en t of v irogens an d  oncogenes in  lym p h o id  m alignancies, 
h u t  also to  a b e t te r  u n d erstan d in g  of th e  role of these  genes in  th e  n o rm al 
m a in ten an ce  a n d  d ifferen tia tion  o f  d ifferen t lym pho id  cell ty p es.
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P R I M I N G  OF I N T E R F E R O N  P R O D U C T IO N  
I N  H U M A N  EMRRYO F 1 B R O B U A S T S  B Y  A L P H A ,  

B E T A  A N D  GAMMA I N T E R F E R O N S *

I. R o SZTÓCZY  a n d  O L G A  S l R O K I  

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

(Received D ecem b er 13, 1984)

P re tre a tm e n t o f h u m a n  em bryo fib ro b la s ts  w ith  hom ologous a lp h a , b e ta  an d  g am m a  
in te rfe ro n s  (IF N s) e x e r ted  a prim ing effect o n  b o th  th e  o rd in a rily  po ly  I : C-induced an d  th e  
su p errin d u ced  hu m an  I F N  b e ta  p roduction . T h e  p rim ing  a c tiv itie s  o f H u IF N -a lp h a  an d  b e ta  
w ere eq u iv a len t w hile H u IF N -g a m m a  p ro v ed  to  be som ew hat in ferio r in th is respec t. D E A E - 
d e x tra n  enhanced  th e  e fficacy  of in duction  w h e n  i t  w as used  in  com b in a tio n  only w ith  po ly  
I:C . N o  such effect cou ld  b e  observed in  th e  su p erin d u ced  cu ltu res . A co rre la tion  w as fo u n d  
b e tw een  th e  am o u n t o f I F N  produced by  th e  prim ed or su p erin d u ced  h u m an  em bryo  fib ro 
b la s ts  an d  th e  q u a n tity  o f  e x trac tab le  p o ly ad e n y la ted  tra n s la ta b le  IF N  m R N A  in th ese  cells.

In te rfe ro n  (IF N ) p re tre a tm e n t o f  cells p rim es th e ir  su bsequen t IF N  p ro 
d u c tio n  [1]. The p rim in g  effect of I F N  is com m only  used  to  enhance th e  p ro 
d u c tio n  of HuIFN-oc in  hum an  h u ffy  co a t cells [2, 3]. The p ro d u c tio n  o f 
H uIF N -/3  in  cu ltu res o f poly  I  : C -s tim u la ted  h u m an  d ip lo id  fib ro b lasts  can  
also be p rim ed , even  w hen  th e  su p e rin d u c tio n  p rocedure  is used [4-7]. I t  has 
been d em o n stra ted  t h a t  ty p e  I I  IF N s  also ex e rt a p rim in g  effect [8 -10 ]. 
A lpha, b e ta  and  g am m a IF N s seem to  h av e  d ifferen t a n tiv ira l and  an tice llu la r 
a c tiv itie s  [11, 12]. In  th e  p resen t w o rk , th e re fo re , we com pared  th e ir  p rim in g  
effects in  poly  I  : C -stim u la ted  h u m a n  fib ro b la s ts . W ith  th e  en h an cem en t of 
IF N  p ro d u c tio n  in  m in d , we also in v e s tig a te d  th e  effects of D E A E -d ex tran  
an d  su p erin d u c tio n . T o  o b ta in  in fo rm a tio n  on th e  level o f regu la tion  in  th e  
process o f IF N  sy n th es is  u n d er d iffe ren t in d u c tio n  p rocedures, we dete rm in ed  
th e  a m o u n t of IF N  m R N A  in  s tim u la te d  h u m an  em bryo  fib ro b lasts  b y  in je c t
ing  th e  e x trac ted  p o ly  А -rich  R N A  fra c tio n  in to  X en o p u s laevis oocytes.

M aterials a n d  m ethods

Cell culture. The h u m a n  em bryo fib ro b la s t  cell line  used  in  th e  p re sen t experim en ts o ri
g in a ted  fro m  th e  lungs of a 15-week-old m ale h u m a n  em bryo . F rozen  stock  of low passage cells 
were se t u p  and experim en ts  w ere perform ed w ith  cu ltu res  o f 20 to  30 p o p u latio n  doublings. 
Cells w ere cu ltu red  in  E ag le ’s m inim al essen tia l m ed iu m  (M EM ) p lus 10%  new born calf serum  
(H u n g aro ca lf, M ezőhegyes, H u ngary ).
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Chemicals. Po ly inosin ic-po lycy tidy lic  acid  (po ly  I : C) was pu rch ased  from  R eanal F ine  
C hem icals, B udapest, H u n g a ry ; actinom ycin  D from  Serva Feinbiochem ica G m bH , W est 
G e rm an y ; cyclohexim ide fro m  F lu k a , Chem ische F a b rik , B uchs, S w itzerlan d ; and  d ie thy l- 
a m in o e th y ld e x tra n  (D E A E -d ex tra n )  from  P h a rm a c ia  F ine  Chemicals, In c , U p p sala , Sw eden.

In d u c tio n  o f interferon. F o r th e  in d u c tio n  o f IF N , m onolayer cu ltu res  w ere p rep ared  in 
150 cm 2 p la s tic  tissue cu ltu re  f lasks (G reiner) b y  seed ing  2 X 106 cells in  50 m l of g ro w th  m edium . 
C onfluency  was usually  reach ed  follow ing in cu b a tio n  a t  37 °C in 5%  C 0 2 a tm o sp h ere  fo r 5 to  6 
d ays. T h e  cu ltu res were u sed  3 to  4 days a f te r  confluency . The cu ltu re  m ed ium  was rem oved , 
an d  in  experim en ts  invo lv ing  p rim ing  it  was rep laced  b y  20 m l of fresh  m ed iu m  conta in ing  
v a ry in g  con cen tra tio n s of h u m an  IF N s. T he specific  activ ities of th e  IF N  p rep ara tio n s  used 
for p re tre a tm e n t were as follow s: 2 X 106 IU /m g  p ro te in  for H u IF N -a , 1 X 106 IU /m g  p ro te in  
for H u IF N -/? , and 1 X 105 lab o ra to ry  u n it/m g  p ro te in  for H u IF N -y . A fter in cu b a tio n  fo r 12 h 
th e  I F N  w as rem oved, and cu ltu res  were in duced  w ith  75 /ig/m l poly I : C in  10 m l of serum -free 
m ed iu m  fo r 1 h a t  37 °C (o rd in a ry  induction ). W hen  D E A E -d ex tran  was ad d ed  to  poly I : C, i t  
w as u se d  a t  a co n cen tra tio n  of 150 /ig/m l. A t th e  end of th e  ind u ctio n  p e riod , cu ltu res  were 
w ash ed  th re e  tim es w ith  serum -free  m edium  a n d  in cu b a ted  for an  a d d itio n a l 16 h  in 30 m l of 
g ro w th  m ed iu m  supp lem en ted  w ith  2%  n ew b o rn  ca lf serum . W hen th e  su p erin d u ctio n  p ro ce
d u re  [1 3 -1 5 ] was used , th e  po ly  I  : C so lu tion  w as su p p lem en ted  w ith  60 //g /m l cyclohexim ide, 
th e  c u ltu re s  were in cu b a ted  fo r 220 m in and  th e n  0.75 ц g/m l actinom ycin  D w as added . A fter 
110 m in  fu r th e r  in cu b a tio n , th e  inducer an d  a n tim e ta b o lite  m ix tu re  w as rem oved , an d  cul
tu re s  w ere  w ashed w ith  serum -free  m edium  a n d  in cu b a ted  for 12 h  in  th e  p resence of 30 m l of 
g ro w th  m edium  su p p lem en ted  w ith  2%  n ew b o rn  calf serum .

In terferon assay. IF N  w as t i t r a te d  b y  m ean s of a cy topathogen ic  effect in h ib itio n  m icro 
m e th o d  [16] on m onolayers o f h u m an  em bryo  fib ro b la s ts  cu ltu red  in m ic ro titre  p la tes (G reiner), 
u sin g  v esicu lar s to m atitis  v iru s as th e  challenge v iru s. T he m u ltip lic ity  o f in fection  was 0.2 
p laq u e  form ing  un it/cell. IF N  activ ities w ere ca lib ra ted  against an  in te rn a tio n a l reference 
s ta n d a rd  o f H uIFN -/? (G-023 902 527) and t it re s  w ere expressed  in  in te rn a tio n a l reference u n its .

In terferon m R N A  determ ination. T he to ta l  cy top lasm ic  R N A  w as e x tra c te d  from  75 to  
100 X 106 cells, using th e  p h en o l-ch lo ro fo rm  tech n iq u e . In  brief, 6 h  from  th e  beginning of 
in d u c tio n  10 to 12 m o n o lay er cu ltu res w ere w ashed  tw ice cold PB S. Cells w ere rem oved  by  
sc rap in g  w ith  a ru b b e r po licem an. A fter c en trifu g a tio n , th e  cells were resuspended  in  an  ice- 
cold  b u ffe r  con tain ing  20 т м  T ris p H  7.5, 100 т м  N aC l and  1 т м  E D T A  p H  7.5. N o n id e t P  40 
w as a d d e d  to  l% ,a n d  nuclei an d  cell debris w ere rem o v ed  b y  cen trifu g a tio n  for 5 m in  a t  2000 g. 
T h e  s u p e rn a ta n t  was a d ju s te d  to  0 .5%  (w /v) sod ium  dodecyl su lp h a te  an d  th e  to ta l R N A  
w as o b ta in e d  by e x tra c tin g  3 tim es w ith  a so lu tio n  con ta in ing  a m ix tu re  of phenol-chloroform - 
iso a m y l alcohol in a ra tio  o f 50 : 50 : 1 (v /v /v ) a n d  2 tim es w ith  ch lo ro fo rm -isoam yl alcohol 
(50 : 1) a t  room  tem p e ra tu re . T he R N A  w as p re c ip ita te d  by  th e  a d d itio n  of 2.5 volum es of 
co ld  e th a n o l and 1/50 vo lu m e of 5 м NaCl. T he p o ly  А-rich  R N A  frac tio n  was iso lated  b y  a ffin 
i ty  ch ro m a to g rap h y  on oligo (dT ) cellulose (T ype 7, P L  B iochem icals), essen tia lly  as described  
b y  A v iv  an d  Leder [17]. T he poly А -rich R N A  frac tio n  was dissolved a t  a co n cen tra tio n  of 1 
m g /m l in  sterile d istilled  w a te r. The IF N  m R N A  co n ten ts  of these p re p a ra tio n s  were assayed  
b y  tra n s la t io n  in X en o p u s laevis oocytes. B a tch es o f 10 oocytes w ere in jec ted  w ith  a to ta l  of 
400 n l o f  R N A  solu tion , an d  th e n  in cu b a ted  a t  room  tem p e ra tu re  for 30 h  in 100 /il of m odified  
B a r th  so lu tion  [18].

R esults

T he kinetics o f IF N  p ro d u c tio n  w ere com pared in  o rd in arily  induced  
an d  superin d u ced  h u m a n  em bryo f ib ro b la s ts . The o rd in arily  induced  cu ltu re s  
w ere  s tim u la ted  w ith  po ly  I : C on ly ; th e  su perinduc tion  procedure  was p e r
fo rm ed  as described in  “ M aterials an d  m e th o d s” . The aim  of th ese  ex p erim en ts  
w as to  acquire in fo rm a tio n  on th e  perio d  of m axim um  IF N  p ro d u c tio n , in  o rd er 
to  d e te rm in e  th e  o p tim u m  tim e for IF N  sam pling and  for R N A  e x tra c tio n . 
I F N  p ro d u c tio n  w as fa s te r  in th e  su p erin d u ced  cu ltures and  th e  t i tre s  exceeded  
u su a lly  more th a n  50 tim es th e  IF N  p ro d u c tio n  observed in  th e  o rd in a rily  
in d u ced  hum an  em bryo  fib ro b last (F ig . 1). P re tre a tm e n t of cells w ith  any  o f
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1 6 12 16 2C
Hours from the begining of induction

Fig. 1. K inetics o f I F N  p roduction  in  o rd in a r ily  induced  an d  su p erin d u ced  h u m an  em b ry o  
fib ro b la s ts . O--------- O su p e rin d u ce d ; X ---------- X o rd in a rily  induced

th e  th re e  IF N  ty p e s  resulted  in  a n  en h an cem en t of IF N  p roduc tion . T h is 
p rim ing  effect developed  in a d o se -d ep en d en t m anner an d  could be observed  
for b o th  o rd in a rily  induced  and su p e rin d u ced  IF N  p ro d u c tio n . The enh an c in g  
effect of p rim ing  w as som ew hat h ig h e r in  th e  o rd inarily  in d u ced  cu ltu res an d  
th e  p rim ing  a c tiv ity  o f H uIF N -y  p ro v e d  to  be less p ro n o u n ced  th a n  th o se  of 
H u IF N -x  and -ß .  P rim in g  w ith o p tim u m  doses of IF N -x  an d  -ß  enhanced  th e  
o rd in a rily  induced  in terferon  p ro d u c tio n  8 to  10 tim es, w hile the  p ro d u c tio n  
of superinduced  c u ltu re s  was increased  3 to  5 tim es. T he corresponding  v a lu es  
for H u IF N -y  w ere 4 to  5 and 2 to  3, re sp ec tiv e ly  (Fig. 2).

In  th e  p resence  o f D E A E -d ex tran , p o ly  I  : C in d u ced  su b s ta n tia lly  m ore  
IF N  (512 IU /m l v e rsu s  32 IU /m l). H o w ev er, w hen th e  su p erin d u c tio n  p ro c e 
dure  was app lied , D E A E -d ex tran  w as n o t effective an d  D E A E -d ex tran - 
tre a te d  cu ltu res p ro d u ced  the same a m o u n t or even less IF N . P rim ing  o f cells 
w ith  100 IU /m l H u lF N -x  for 12 h  e n h a n c e d  th e  IF N  p ro d u c tio n  in these  c u l
tu re s , too  (Table I) . IF N  m RN A  a c t iv i ty  in  th e  poly  А -rich  R N A  frac tio n s  
e x tra c te d  from  th e  o rd inarily  in d u ced  cells was below  th e  sensitiv ity  o f th e  
assay  used.

P rim in g  of cells w ith  100 IU /m l H u IF N -x  before in d u c tio n  increased  
th e  IF N  m R N A  c o n te n t to  a d e tec tab le  level. A m ore p ronounced  en hancem en t 
in  the  am o u n t of I F N  m R N A  could be  o b serv ed  in  th e  po ly  А -rich R N A  f ra c 
tions e x tra c te d  from  th e  superinduced c u ltu re s  (Table II) .
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IFN used for p retreatm ent

Fig. 2. E ffec ts of H u IF N -a , -ß  an d  -y  p re tre a tm e n t on  IF N  p ro d u c tio n  of o rd in arily  induced  
an d  superinduced  h u m an  e m b ry o  fib rob lasts. О -------------О su perinduced ; X ---------- X o rd i

narily  in d u ced

Table I

Influence o f  D E A E -dextran  on effectivities o f  ordinary induction and  
superinduction in  primed and unprim ed  hum an embryo fibroblasts

Treatment

IF N  titre
DEAE-d Ordinary

induction
Super

induction
Priming

_ _ _ < 2

— + — — 32
_L_ + — — 512
-j- + — + 2048
— — + — 3840
— — + + 12 800
-f- — + — 2560

+ — + + 6144

Table I I

I F N  m R N A  content o f  ordinarily induced and  superinduced hum an embryo fibroblasts

Treatment

IFN
in d u c tio n  (Щ /1 0  oo cy tes)

p r i m i n g  --------------------------------------------------------------
ordinary super

+

< 2
< 2

4
32
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D iscussion

P rim ing  a c tiv ity  has been considered to  be one of th e  in h e re n t p ro p erties  
o f IF N  m olecules [3, 19]. In  th e  p resen t w ork  we found th a t  H u IF N -a  and -ß 
ex e rted  sim ilar p rim ing  activ ities. The H u IF N -y  p re p a ra tio n  used in  th e  p re s 
e n t s tu d y  p ro v ed  to  be som ew hat less effective th a n  H u IF N -a  an d  -ß  re g a rd 
ing  en h an cem en t o f th e  p ro d u c tio n  of H uIFN -/?. H ow ever th e  o p tim u m  p r im 
ing effect w ith  H u IF N -y  was achieved w ith  an  eq u iv a len t n u m b er of a n tiv ira l 
u n its  (50 to  300 IU /m l) as observed for th e  o th e r tw o  H u IF N s. T he low er p rim 
ing  a c tiv ity  of H u IF N -y  in  com parison  w ith  H u IF N -a  an d  -ß is a t  va rian ce  
w ith  th e  resu lts o f T y ring  et al. [10], who found th a t  p a rtia lly  purified  M uIF N -y  
w as eq u iv a len t to  M uIFN -x//? in its  ab ility  to  en h an ce  th e  p ro duc tion  of M uIF N - 
a//3 b y  L 929 cells. O ur H u IF N -y  p re p a ra tio n  co n ta in s  a su b s ta n tia l in te rleu k in - 
2 a c tiv ity  (d a ta  n o t show n). This or o th e r im p u ritie s  can ac t as h y p o re a c tiv ity  
or blocking fac to rs [20, 21], th e  presence of w hich m igh t in fluence  th e  p rim ing  
a c tiv ity  of H u IF N -y , depend ing  on th e ir  ra tio s  in  th e  p rep a ra tio n .

W e do n o t know  th e  reason  for th e  low er ra te  of p rim ing  in th e  su p er
induced  cu ltu res , an d  for th e  ineffectiveness of D E A E -d e x tra n  w hen su p er
in d u c tio n  was used  in stead  of o rd in a ry  in d u c tio n . A sim ilar ten d en cy  of changes 
w as observed  b o th  in th e  IF N  m R N A  co n ten t o f cells and  in th e  am o u n t o f 
IF N  produced  in th e  p resen t experim en ts. This is in  ag reem ent w ith  th e  f in d 
ings of o th e r a u th o rs  [22, 23], and  suggests an  im p o r ta n t role for th e  increase in 
th e  IF N  m R N A  co n ten t in th e  m echanism  b y  w hich th e  IF N  p ro d u c tio n  is 
enhanced  in the p rim ed  an d  superinduced  h u m an  em bryo  f ib ro b las t.
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COMBINED EFFECTS OF AMANTADINE AND 
INTERFERON ON INFLUENZA VIRUS 

REPLICATION IN CHICKEN AND 
HUMAN EMBRYO TRACHEA ORGAN CULTURE*

K a t a l in  L u k á c s i , M a g d o l n a  M o l n á r , O lga  S i r o k i  and I. R o s z t ó c z y  

I n s t i t u t e  o f  M ic r o b io lo g y ,  U n i v e r s i t y  M e d ic a l  S c h o o l ,  S z e g e d

(Received D ecem ber 13, 1984)

A m an tad in e  (^>100 /tg /m l) tre a tm e n t o f ch icken  or h u m an  trac h ea  organ cu ltu res  6 h  
before in fec tio n  in h ib ited  in flu en za  v irus rep lica tion . Chicken or h u m a n  leukocyte IF N  evoked  
an tiv ira l resis tan ce  in  th e  cells o f th e  hom ologous o rg an  cu ltu res o n ly  a t  a co n cen tra tio n  o f 100 
U /m l or m ore. T re a tm e n t o f o rg an  cultures w ith  com binations o f th e  tw o  substances re su lte d  in 
an  ad d itiv e  effect on  in flu en za  v irus rep lica tion  in  b o th  ch icken  a n d  h u m an  tissues.

T he a n tiv ira l e ffects of am an tad in e  an d  in te rfe ro n  (IFN ) ag a in s t in 
fluenza v iru ses are  w ell docum ented  b o th  in  v itro  an d  in  v ivo [1—4]. A lth o u g h  
com binations of a n tiv ira l  substances can  resu lt in  a g rea te r  virus in h ib ito ry  
ac tiv ity  th a n  th a t  of e ith e r  single agen t, few  stud ies on th e  com bined effect of 
these drugs on in flu en za  v irus rep lica tion  have  been re p o rte d  [5, 6]. Cells in  
organ cu ltu res  seem  to  p reserve  m ost of th e ir  in  v ivo charac teristics, such  as 
suscep tib ility  to  v iru ses an d  d iffe ren tia ted  cellu lar fu n c tio n s [7]. T he a n t i 
v ira l effect o f IF N  has been  dem o n stra ted  in  organ  cu ltu re s , a lthough  la rg e r 
doses are n eeded  in  com parison  to  those ac tiv e  in  tissu e  cu ltu res [8, 9].

The aim  of th e  p re se n t stu d y  was to  ev a lu a te  th e  effects of a m an tad in e  
and  IF N  alone an d  in  com bination  on th e  rep lica tio n  o f in fluenza  v iru s  in  
organ cu ltu res.

M aterials and m ethods

A n t i v i r a l  s u b s ta n c e s .  A m a n ta d in e  hydroch loride  (Serva) w as d issolved in  distilled w a te r  
a t  a co n cen tra tio n  of 10 m g /m l; fu r th e r  d ilu tions w ere p rep ared  in  th e  ap propria te  cu ltu re  
m edia. C hicken leukocy te  I F N  an d  hu m an  IF N -a  were p a r tia lly  p u rif ied  p rep ara tio n s w ith  
specific activ ities  o f 6 X 104 IU  a n d  1 X 106 IU /m g  p ro te in , respec tive ly .

I n f l u e n z a  v i r u s  a n d  t i t r a t i o n .  The A/Moscow (1019/1965) H 2N 2 s tra in  was th e  sam e as 
used  in  a p rev io u s w ork  [10]. In fe c tiv ity  was d e te rm in ed  b y  egg b i t  t it ra tio n  [11, 12].

O r g a n  c u l tu r e s  w ere p re p a re d  according to  th e  m eth o d  of H o o rn  an d  T yrrell [7]. T rach eas 
w ere rem oved from  19-2 0 -d ay -o ld  chick em bryos, an d  th e  h u m an  tis su e  was ob tained  fro m  
16-20-w eek-old h u m an  em bryos. O rgan cu ltu res w ere in cu b a ted  in  E ag le ’s MEM w ith o u t calf 
serum .

K a ta lin  L u k á c s i, Ma g d o ln a  M o l n á r , Olga  Sir o k i, I stván  R osztóczv  
Institu te  of Microbiology, U niversity M edical School 
Dóm té r 10, H-6720 Szeged, H ungary

* In com memoration of the 60th b irth d ay  of Professor Ilona Béládi as a sign of respect fo r her research work cn interferon
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C e l l  c u l tu r e s .  S econdary  chick  em bryo  f ib ro b la s t  (C E F ) and 4 to  6 p assag e  level h u m an  
e m b ry o  f ib ro b la s t (H E F ) w ere used . C ultures w ere m a in ta in e d  in E agle’s M EM  +  10%  new 
b o rn  ca lf serum .

I F N  a s s a y  w as carried  o u t in  f la t-b o tto m ed  m ic ro titre  p lates and w as b ased  on th e  in h i
b itio n  of C PE  of th e  vesicu lar s to m a titis  v irus (VSV) [13].

A m a n t a d i n e  to x i c i t y  w as d e te rm in ed  using  th re e  m ethods, (a) M orphological changes of 
se c o n d ary  C E F  cu ltu red  in th e  p resence of various d ru g  concen tra tions w ere scored  a fte r  24 h  
b y  m icroscopic  ex am in atio n  from  -f- to  +  +  +  +  , co rresponding  to  25 to  100%  cell dam age.

(b ) T he ciliar a c tiv ity  o f trac h ea  ep ith e lia l cells in  o rgan cultures w as follow ed. T o x ic ity  
w as e s tim a te d  from  th e  pe r cen t o f cu ltu res w hich  lo s t  c iliar m ovem ent in th e  p resence  of a p p ro 
p r ia te  d ru g  concen tra tions.

(c) T he effects o f a m a n tad in e  on th e  R N A  a n d  p ro te in  syntheses o f  t ra c h e a  cells w ere 
a ssa y ed  b y  d e term in ing  u p ta k e  of 14C leucine a n d  U C  u rid in e . O rgan cu ltu res  w ere  t re a te d  fo r 6 h  
w ith  d iffe ren t a m an tad in e  co n cen tra tio n s , an d  th e n  p u lsed  for an ad d itio n a l h o u r  w ith  3.7 X 104 
B q /m l u rid in e  or 3.7 X 104 B q /m l 14C leucine. O rgan  cu ltu re s  were w ashed th re e  tim es w ith  saline, 
once w ith  5 %  TCA and once w ith  m ethanol. T h ey  w ere d ried  a t 37 °C for 24 h , an d  th e n  so lub il
ized  in  Soluene (P ack ard ). T o x ic ity  was expressed  in  te rm s of in h ib itio n  o f in co rp o ra tio n  of 
ra d io a c tiv e  precursors in  com parison  w ith  con tro ls.

A n t i v i r a l  a c t i v i t i e s  o f  a m a n t a d i n e , I F N  a n d  th e i r  c o m b in a t io n s . T rac h ea  h its  were in cu 
b a te d  fo r 6 h  in  th e  p resence o f an tiv ira l su b s tan ces , th e n  w ith  1 X lO 5 E B I D 50/m l in fluenza 
v iru s  fo r one hour. U n ad so rb ed  v iru s was rem oved  b y  w ashing th e  cu ltu res  th ree  tim es. I f  n o t 
s ta te d  o therw ise, th e  a m o u n t o f  v iru s p ro d u ced  w as d e term ined  in sam ples co llected  2, 14, 24, 
36 a n d  48 h  a fte r  infection .

R esults

Toxicity  o f  am antadine. In  C E F c u ltu re s  200 pg/m l w as th e  h ighest a m a n 
ta d in e  co n cen tra tio n  n o t causing visib le m orphological changes. C iliated ep i
th e lia l  cells p roved  to  he som ew hat m ore re s is ta n t, as th e  b e a tin g  of th e  cilia 
w as sim ilar to  th a t  o f th e  contro ls even a f te r  tre a tm e n t w ith  400 pg/m l a m a n ta 
d ine. In co rp o ra tio n  o f 14C urid ine  an d  14C leucine was in h ib ite d  a t  800 pg/m l 
a n d  a t  400 pg/m l a m an tad in e , re sp ec tiv e ly  (Table I). The to x ic ity  of a m a n ta 
d ine  w as sim ilar in  h u m a n  tissues an d  th e  presence of IF N  up to  3 X 103 
IU /m l in  th e  cu ltu re  m edia  did n o t cause a n y  change in  th e  observed  to x ic  
v a lu e s  (d a ta  n o t show n).

Table I

T o x i c i t y  o f  a m a n t a d in e  in  C E F  a n d  i n  c h ic k e n  tra ch ea  o r g a n  c u l tu r e s

Concentration,
/ tg /m l

CEF
cytotoxic

effect

Organ cultures

inhibition 
of ciliar 
activity ,

%

inhibition (%) 
of UC uridine

incorporation of 
14C  leucine

0 0 0 0 0
1 0 0 0 0 0 0
200 0 0 10 0
400 +  + 0 - 2 0 10

800 + + + + 10 25 46
1600 + - H - + 70 65 83
3200 + + + + 1 0 0 86 95
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Inh ib ition  by single substances. O n th e  basis o f th e  resu lts  o f to x ic ity  te s ts  
a m an tad in e  co n cen tra tio n s  up  to  200 pg/m l w ere in v es tig a ted . P re lim in a ry  
experim en ts in d ica ted  th a t  v irus titre s  reach  th e ir  m ax im u m  level in  u n tre a te d  
cu ltu res 12 to  16 h  p o stin fec tio n ; we to o k  sam ples for v iru s  t i tra tio n  a fte r  in c u 
b a tio n  for 16 h (F ig . 1). A m an tad in e  co n cen tra tions less th a n  50 pg/m l w ere 
ineffective; 100 pg /m l am an tad in e  in h ib ite d  in fluenza  v iru s  rep lica tion  b y  90%  
on th e  average, w hile th e  effect o f 200 p g /m l am an tad in e  ap p roached  99%  in h i
b ition .

T he effects o f 1 to  10 lU /m l IF N  can  easily be d em o n stra ted  in  tissu e  
cu ltu res, b u t  these  co n cen tra tio n s o f IF N  did n o t in h ib it th e  g row th  o f i n 
fluenza  v iru s in  o rgan  cu ltu res . A t le a s t 100 IU /m l or m ore IF N  was req u ired  
for a d e tec tab le  v iru s  in h ib ito ry  effect u n d e r th e  p re se n t exp erim en ta l cond i-

Fig. 1. E ffec t o f am an tad in e  on  in fluenza v irus rep lica tion

Fig. 2. E ffec t o f chicken leu k o cy te  in te rferon  on re p lica tio n  of influenza v iru s in chicken em bryo
trach ea  organ  cu ltu res

6 * Acta Microbiologica Hungarica 32, 1985
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tio n s . W hen higher I F N  con cen tra tio n s w ere used  th e  dose response was p ro 
p o rtio n a l on a lo g a rith m ic  scale (F ig. 2).

Inhibition by com binations o f  I F N  and  am antadine. C oncen tra tions in h i
b itin g  v irus rep lica tio n  b y  ap p ro x im ate ly  1 log u n it were selected  for th e  com 
b in a tio n  experim en ts. T h e  single substances affected  th e  k in e tics  of virus rep li
ca tio n  in  d ifferen t w ay s: am an tad in e  caused  a delay  in  th e  ap p earan ce  of th e  
p e a k  level of v irus rep lica tio n . In  c o n tra s t, in  th e  presence o f IF N  virus t i tre s  
w ere lower, b u t th e  k in e tic s  of v irus p ro d u c tio n  rem ained  sim ilar to  th a t  for 
th e  controls.

In  com binations, th e  tw o su b stan ces ex h ib ited  an  ad d itiv e  effect. Since 
d rugs were rem oved  from  th e  cu ltu res a t  th e  end  of v irus in fec tion  period, th e

F i g .  3 . In h ib itio n  o f in flu e n za  v irus rep lica tio n  in  ch icken  em bryo tra c h e a  organ  cu ltu res b y
ch icken  leukocyte  in te rfe ro n  and am an tad in e  com binations. •  •  c o n t r o l ; ............IF N
1000 U /m l; X • • • • X I F N  3000 U /m l; • ■ ■ ■ ■ •  a m a n tad in e  100 [ig/fil; о ----------О a m a n tad in e

100 /!g/ml I F N  1000 U /m l; e  •  a m a n tad in e  100 /ig/m l +  IF N  3000 U/rol

Table II

E ffe c ts  o f  a m a n t a d in e  a n d  h u m a n  I F N - o t  o n  in f lu e n z a  v i r u s  r e p l i c a t io n  in  h u m a n  e m b r y o
tr a c h e a  o r g a n  c u ltu r e s

Treatm ent
log 10 inhibition of virus replication

2* 14 24

— 0 0 0

A m antad ine  100 fig/ml 0 1.6 0.8

H u  IF N -a  1000 IU /m l 0 1.2 0.9

A m an tad in e  100 ^g/m l
+  H u  IF N -a  1000 IU /m l 0 2.5 1.5

* H ours postinfection
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in h ib ition  of v iru s rep lica tion  decreased w ith  tim e  an d  v irus t i tre s  grew  up  to  
the  con tro l level or even higher a t 48 h  (Fig. 3). R esu lts  o b ta ined  on h u m a n  
em bryo o rgan  cu ltu res  w ith  HuIFN-oc an d  a m a n ta d in e  followed th e  sam e p a t 
te rn  of in h ib itio n  as observed  in th e  ch icken  system  (Table II) .

D iscussion

O rgan cu ltu res  are considered to  be superio r to  cell cu ltu res: th e ir  cells 
do n o t d ed iffe ren tia te , and  th ey  th ere fo re  c o n s titu te  b e tte r  m odels for in  v ivo  
conditions. H ow ever, th e re  are several d isad v an tag es  of organ cu ltu res, such  
as th e  heterogeneous cell com position an d  lim ited  life span . These d raw backs 
influenced  th e  re su lts  o f our experim en ts, e.g. d iffe ren t to x ic ity  te s ts  show ed 
only ap p ro x im a te  coincidence. This can  be exp la ined  b y  th e  fa c t th a t  th e  
rad io ac tiv e  p recu rso rs  m u st have been ta k e n  up n o t only  by  th e  cilia ted  cells, 
b u t also b y  th e  o th e r s tru c tu ra l elem ents of th e  tra c h e a . F o r th is  reason  we 
used a m a n ta d in e  in  a concen tra tion  w hich w as n o t to x ic  in  any  of th e  th re e  
te s ts  app lied . O ur re su lts  correspond w ell w ith  those  o f B urling ton  and  G ordon
[14], who fo u n d  th a t  am an tad in e  was to x ic  a t  2000 pg /m l a fte r tre a tm e n t fo r 
5 h  in fe rre t tra c h e a  o rg an  cu ltures. The m in im al v iru s  in h ib ito ry  co n cen tra tio n  
of a m an tad in e  w as considerab ly  higher th a n  th a t  found  b y  O xford an d  Schield 
[15, 16] an d  b y  G ru n e rt and  H offm ann [17] in  tissue  cu ltu res. I t  has also been  
repo rted  t h a t  IF N  co n cen tra tio n s effective in  organ  cu ltu res are h igher th a n  
those w hich in h ib it v iru s  rep lication  in  tissu e  cu ltu res  [8, 9]. T here are  few  
repo rts  on th e  in flu en za  v irus in h ib ito ry  effects o f am a n ta d in e  and IF N  com 
b inations. O ur re su lts  seem  to  confirm  th e  resu lts  of th e  original w ork  of 
L avrov  e t al. [5, 6], an d  are  also in good ag reem en t w ith  th e  recen tly  pub lished  
w ork of H ay d en  e t al. [18] on th e  effects of r im a n ta d in e  an d  IF N  com binations.

D rugs w ith  d iffe ren t m echanism s of ac tio n  can be ad d itiv e  or m ay ex ert 
synergistic  o r a n tag o n is tic  effects. L av ro v  e t al. [5] fo u n d  th a t  a com bination  
of am an tad in e  an d  IF N  w as 10 tim es m ore effective th a n  w ould be expected  
from  th e ir  in d iv id u a l ap p lica tion . We consider th e  effect observed  in  our ex p eri
m ents to  be an  ad d itiv e  one, since th e  in h ib itio n  caused  b y  th e  com bined use 
of IF N  and  a m a n ta d in e  n ev er exceeded th e  effects o f th e  single agents b y  a fac 
to r  of tw o. O ne possible ex p lan a tio n  for th is  v arian ce  from  th e  resu lts of L av ro v  
e t al. [5] m a y  be  th e  d ifferences betw een  o rgan  an d  tissu e  cu ltu res. R im a n ta 
dine has also been show n to  exert an ad d itiv e  or synerg istic  effect w ith  IF N  
against in flu en za  v iru s  in  tissue cu ltures [16]. The d a ta  w a rra n t th e  ev a lu a tio n  
of possible com b in a tio n s o f  am an tad in e  and  IF N  for the  chem oprophylax is and  
chem otherapy  o f in flu en za .

Acknowledgement. W e  t h a n k  M rs I ld ik ó  B o b á ly  fo r  e x c e l le n t  t e c h n ic a l  a s s is ta n c e .
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E F F E C T  OF A M IN O  A C ID S ON T H E  E X P R E S S I O N  
OF A N T IV IR A L  A C TIV ITY  OF D I F F E R E N T  T Y P E S  

OF H U M A N  I N T E R F E R O N
I .  E F F E C T  O F  S I N G L E  A M I N O  A C I D S *

S. T ó t h  and  I. M é c s

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

( R e c e iv e d  D e c e m b e r  1 3 , 1 9 8 4 )

I t  h a s  b e e n  o b se r v e d  t h a t  c e r t a in  a m in o  a c id s  m a y  in f lu e n c e  t h e  a n t iv ir a l a c t iv i t y  o f  
d if f e r e n t  t y p e s  o f  h u m a n  in te r fe r o n  ( I F N ) .  T h e  e f fe c t  m a y  b e  e n h a n c in g  or in h ib ito r y . A  q u a li
t a t i v e  s u r v e y  is  p r o v id e d  o n  a ll th r e e  t y p e s  o f  h u m a n  I F N  u s in g  23  d iffe r e n t  a m in o  a c id s .  
A  m o r e  d e ta i le d  s t u d y  w a s  ca rr ied  o u t  w it h  10 a m in o  a c id s  w h ic h  p r o v e d  to  b e  a c t iv e  to w a r d s  
H u I F N - a .  T h e ir  in f lu e n c e s  o n  t h e  s y n e r g is t ic  a n t iv ir a l  e f fe c ts  o f  H u I F N - a  a n d  H u I F N - y  
w e r e  a lso  in v e s t ig a t e d .  T h e  d o s e - d e p e n d e n c e  c u r v e s  o f  th e ir  e f fe c ts  o n  H u I F N - a  w e r e  e s t a b 
l is h e d .

The p ro d u c tio n  of h u m a n  leu k o cy te  IF N  does n o t req u ire  th e  presence 
o f am ino acids an d  v itam ins [1—3]. T hey  are n o t necessary  for th e  p rim ing  a c tiv 
i ty  of an y  ty p e s  of h u m an  I F N  an d  th e  p rim ing  effect is n o t in flu en ced  b y  
th e m . In  o rd e r to  in v estiga te  w h e th e r am ino acids have  an y  influence on th e  
p ro p ertie s  an d /o r ac tiv ities of th e  IF N  system , we te s te d  th e  effect of m o st of 
th e  n a tu ra lly  occurring  am ino acids on th e  a n tiv ira l a c tiv ity  of d ifferen t ty p es  
o f h u m an  IF N . P re lim in ary  resu lts  of these  experim en ts are p resen ted  here .

M aterials and m ethods

H u m a n  leukocyte interferon ( H u l F N - a ) . H u I F N - a  w a s  p r o d u c e d  in  a  m ix e d  le u k o c y t e  
s u s p e n s io n  c u ltu r e  in d u c e d  w it h  S e n d a i  v ir u s  (C a n te ll s tr a in )  b y  a m e th o d  d isc u s se d  e ls e w h e r e  
[ h  2 , 4 ] .

H um an  fibrob last interferon ( H u I F N - ß ) .  H u IF N -/?  w a s  in d u c e d  in  a h u m a n  a m n io n  
( W I S H )  c e ll m o n o la y e r  w it h  20 0  H A U  S e n d a i v ir u s /1 0 e ce lls . T h r e e -d a y -o ld  m o n o la y e r  c u ltu r e  
(a p p r o x im a t e ly  1 .5  X lO 6 c e lls /d is h )  g r o w n  in  E a g le ’s m e d iu m  (G la s g o w  m o d if ic a t io n )  c o n t a in 
in g  1 0 %  fe ta l  c a l f  se r u m  w ere  t r e a te d  w it h  0 .1  m l o f  a p a r t ia lly  p u r if ie d  [2 ]  S e n d a i v ir u s  s u s 
p e n s io n  c o n ta in in g  3 0 0 0  H A U /m l fo r  1 h . C u ltu res  w e r e  w a s h e d  tw o  t im e s  in  H a n k s ’ b a la n c e d  
s a l t  s o lu t io n , a n d  w e r e  th e n  s u p p lie d  w i t h  3 m l fr e sh  c u ltu r e  m e d iu m  a n d  k e p t  a t  37  °C  in  a 
5 %  C O 2 a ir  a tm o s p h e r e . S u p e r n a ta n ts  w e r e  h a r v e s te d  a f te r  20  h , a n d  w e r e  r e g a rd ed  as c r u d e  
H u I F N -/?  p r e p a r a t io n s .

H um an  im m u n e  interferon ( H u I F N - y ) .  C ru d e H u I F N - y  p r e p a r a t io n s  w ere  m a d e  in  a 
m ix e d  h u m a n  le u k o c y t e  c u ltu r e  b y  a  r o u t in e  p r o c e d u r e  d e sc r ib e d  ea r lie r  [5 , 6 ] . P u r if ie d  
H u I F N - y  u se d  in  s y n e r g is m  e x p e r im e n ts  w a s  k in d ly  p r o v id e d  b y  D r. M . K r im  (S lo a n  K e t te r in g  
M e m o r ia l R e s e a r c h  C en ter , N e w  Y o r k , U S A ) .

A m in o  acids. A ll a m in o  a c id s  t e s t e d  w e r e  p ro  a n a ly s i  p r o d u c ts  o f  R e a n a l  P h a r m a c e u t ic a l  
W o r k s , B u d a p e s t ,  H u n g a r y .

Sá n d o r  T ó t h , I m re Mécs

I n s t i tu t e  o f  M icrobio logy, U n iv e rs ity  M edical School 
D ó m  t é r  10, H -6720 S zeged , H u n g a ry

•  I n  co m m em o ra tio n  o f  th e  60 th  b ir th d a y  o f  P ro fesso r I lo n a  B éládi a s  a sign o f  resp ec t fo r  h e r  rese a rch  w ork  o n  in te r fe ro n
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In terferon assay. A n t iv ir a l  a s s a y s  o f  a ll th r e e  t y p e s  o f  h u m a n  I F N  w ere  ca rr ied  o u t  o n  
t h e  W I S H  h u m a n  a m n io n  c e ll  l in e  a g a in s t  v e s ic u la r  s t o m a t i t i s  v ir u s  (Y S Y ) in  C ook e m ic r o titr e  
p la t e s .  C e lls  w e r e  in c u b a te d  in  E a g le ’s m e d iu m  (G la s g o w  m o d if ic a t io n )  c o n ta in in g  10 %  
b o v in e  se r u m  in  w e lls  o f  m ic r o t it r e  p la te s  fo r  48  h . T h e  c u ltu r e  m e d iu m  w a s  th e n  c h a n g e d  fo r  a  
f r e s h  o n e  c o n ta in in g  5 %  b o v in e  se r u m , a n d  a se r ie s  o f  tw o fo ld  d i lu t io n  s te p s  o f  I F N  sa m p le s  
w e r e  m a d e .  C ells w ere  fu r th e r  in c u b a te d  fo r  2 4  h  a t  3 7  °C  in  5 %  C 0 2 a ir  a tm o s p h e r e , t h e n  w a s h e d  
a n d  c h a lle n g e d  w it h  1 00  T C I D 50 o f  V S V /w e ll . A n t iv ir a l  e f fe c ts  o f  I F N  sa m p le s  w ere  e v a lu a te d  
u n d e r  a  l ig h t  m ic r o sc o p e  a f te r  2 4  h , o n  t h e  b a s is  o f  t h e  c y t o p a th ic  e f fe c t .  A m in o  a c id s , w h e n  
t e s t e d ,  w e r e  a d d e d  to  t h e  r e p la c e m e n t  m e d iu m  s im u lta n e o u s ly  w it h  I F N  sa m p le s . A ll  t i tr e s  
w e r e  e x p r e s s e d  in  in te r n a t io n a l  u n it s  (G -0 2 3 -9 0 1 -5 2 7  re fer e n c e  s ta n d a r d , N I H ,  B e th e s d a ) .  
T h e  r e s u lt s  o f  I F N  a s s a y s  are  g iv e n  as p e r c e n ta g e s  o f  c o r r e sp o n d in g  c o n tr o ls .

R esults

General fin d in g s . T h e  effects of 23 n a tu ra l  am ino acids w ere te s te d  on th e  
a n tiv ira l  a c tiv ity  of H u IF N -a , ß  and  y .  All am ino  acids w ere applied  a t 10 m g/ 
m l, ex cep t L-Arg, ь -L ys, a n d  L-Try, w hich p ro v ed  to  be tox ic  a t  th is  concen
tra t io n , and  these  w ere th e re fo re  used a t  5 m g/m l co n cen tra tio n . T able  I  pre-

ТаЫ е I

E ffect o f  single amino acids on antiviral activity o f  different types o f  hum an interferon ;
a qualitative survey

A m ino acid H u IF N -a H uIF N -/3 H u IF N -y

L-a-Alanine 0 0 0

L-/S-Alanine 0 + —
L-Arginine* 0 0 0

L-Asparagine 0 0 —
L-Aspartic acid + -j- +
L-Cysteine** — — -
L-Glutam ine 0 — —
L-Glutam ic acid — — —
D-Glutamic acid 0 + ~r
L-Glycine + 0 0

L-Histidine — — —
L-Isoleucine 0 — —
L-Leucine 0 — —

L-Lysine* 0 0 0

L-Methionine — — —
L-/?-Phenylalani ne — — —
L-Oxyproline + — —
L-Proline 0 0 0

L-Serine Л- + +
L-Threonine 0 0 0

L-Tryptophan* 0 0 0

L-Tyrosine** + 0 0

L-V aline 0 — —

M ea n in g  o f  sy m b o ls :  +  =  e n h a n c e m e n t;  — =  in h ib it io n ;  0  =  n o  in flu e n c e  
* T h ese  a m in o  a c id s  w e r e  c y t o to x ic  a t  10 m g /m l. T h e  r e s u lts  w ere  o b ta in e d  a t  5 m g /m l  

** C y ste in e  a n d  ty r o s in e  w ere  a p p lied  in  s a tu r a te d  so lu t io n  (0 .1  a n d  0 .4  m g /m l. r e s p e c 
t iv e ly )
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sen ts  a q u a lita tiv e  su rv ey  of th e  re su lts  ob tained . The te s te d  am ino  acids were 
d iv id ed  in to  th ree  d iffe ren t g roups from  th e  aspect of th e ir  a c tiv ity :  enhancing , 
in h ib ito ry  or ind iffe ren t. E ach  g roup  h ad  different m em bers in  re la tio n  to  d if
fe re n t IF N  types. Som e am ino acids h a d  a sim ilar in fluence  on all IF N  types 
(e.g. L-Asp, L-Cys), w hile o thers h a d  d ifferent effects on d iffe ren t typ es (e.g. 
L-/3-Ala, L-Oxypro) or ac ted  on o n ly  one of the  th ree  IF N  ty p e s  (e.g. L-x-Ala, 
L-Gly).

F o r fu rth e r  in v es tig a tio n  we h a v e  chosen 10 am ino acids. T he basis of 
choice w as th e ir  s tim u la to ry  or in h ib ito ry  ac tiv ity  to w ard s H u IF N -x . (In  the  
fo llow ing te x t  th e y  w ill be referred  to  as а -active am ino acids.) T ab le  I I  shows

Table II

Effect o f  a -active am ino acids on antivira l activity o f  different hum an interferon types

Amino acid H uIF N -a 
(% +  SD)

Hu IFN-/?
(% +  SD)

H uIFN -y  
(% +  SD)

L-Aspartic acid 1 4 8 . 4  ±  3 2 . 4 2 2 5 . 0  ±  1 8 . 2 1 5 7 . 0  ±  7 . 1

L-Cysteine 8 2 . 0  ±  1 7 . 5 6 5 . 0  ±  8 . 4 5 2 . 5  ±  0 . 7

L-Glutam ic acid 4 8 . 8  ±  1 0 . 6 N. a. 4 1 . 0  ±  5 . 7

L-Glycine 2 1 2 . 2  ±  4 4 . 6 1 0 9 . 2  ±  1 4 . 4 9 9 . 3  ±  6 . 4

L-Histidine 1 2 . 8  ±  6 . 8 N. a. N. a.
L-Methionine 3 1 . 7  ±  1 1 . 7 N. a. N. a.
L-Oxyproline 1 4 6 . 2  ±  4 5 . 5 7 3 . 5  ±  1 7 . 7 N . a.
L-Д-Phenylalanine N. a. N. a. N . a.
L-Serine 2 4 3 . 0  ±  4 1 . 0 4 2 5 . 5  ±  8 9 . 7 4 8 0 . 7  ±  1 6 5 . 7

L-Tyrosine 1 4 9 . 2  ±  3 3 . 6 9 7 . 5  ±  9 . 2 1 0 1 . 2  ±  9.9

E f f e c t  o f  am in o  a c id s  e x p r e s se d  as p e r c e n ta g e  o f  u n tr e a te d  co r r e sp o n d in g  I F N  co n tro l 
t i tr e s .  D a t a  o b ta in e d  in  f i v e  in d e p e n d e n t  e x p e r im e n ts  

N . a. =  n o d e te c ta b le  a n tiv ir a l a c t iv i t y

T able  II I

In fluence o f fic e  a-active amino acids on synergistic antiviral effect o f  H u lF N -o t and
H u I F N - y

A m ino acid
P ercen tag e  of 
n o m in a l t i t re  

(%)

P ercen tag e  of 
synerg istic  t i t re  

(%)

A s p a r tic  a c id e 3 9 9 .0 1 2 6 .0
Д-P h e n y la la n in e N . a. N . a.
M eth in o n in e N . a. N . a.
S erin e 8 5 9 .3 2 7 0 .7
T y r o sin e 2 6 3 .5 7 9 .0

2 5 0  I n te r n a t io n a l u n it s  o f  H u I F N -a  a n d  2 5 0  U  (u n its  ex p ressed  in  H u I F N - a  s ta n d a rd )  
o f  H u I F N - y  w ere  a p p lied  s im u lta n e o u s ly  a s s y n e r g is t ic  co n tro l. T h e  su m  o f  t h e  in d e p e n d e n t  
t itr e s  o f  I F N - a  a n d  w a s  reg a rd ed  as n o m in a l t itr e

D a t a  are m e a n s  fro m  th r e e  in d e p e n d e n t  e x p e r im e n ts  
N . a . =  n o d e te c ta b le  a n t iv ir a l a c t iv i ty
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th e  q u a n tita tiv e  value o f  th e ir  effect on th e  a n tiv ira l a c t iv i ty  o f all th ree  hum an  
IF N  ty p es .

Dose-dependence o f  effects o f  oc-active amino acids. D ose-dependence experi
m en ts  on HuIFN-oc w ere  carried  o u t w ith  all а -ac tive  am ino  acids, an d  the  co r
re sp o n d in g  curves w ere ca lcu la ted  b y  regression analysis  (second grade). I t  
could  be  observed t h a t  a ll were s a tu ra tio n  curves. E x c e p t fo r serine (Fig. 1)

Fig. 1. D o s e -d e p e n d e n c e  c u r v e  o f  e f fe c t  o f  se r in e  o n  a n t iv ir a l  a c t iv i t y  o f  H u I F N -a .  D a t a  are  
m e a n s  o f  r e s u lts  o f  th r e e  in d e p e n d e n t  e x p e r im e n ts

Fig. 2. D o s e -d e p e n d e n c e  c u r v e  o f  e f fe c t  o f  a sp a r t ic  a c id  o n  a n t iv ir a l  a c t iv i t y  o f  H u I F N -o c  
e x a m p le  o f  a s t im u la t o r y  s ig m o id  s a tu r a t io n  c u rv e . D a t a  a re  m e a n s  o f  r e s u lts  o f  tw o  in d e 

p e n d e n t  e x p e r im e n ts
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w hich h a d  a convex  sa tu ra tio n  cu rv e , all curves w ere sigm oid  in  shape, re g a rd 
less o f th e  ty p e  of effect (Figs 2 a n d  3).

A n tiv ira l synergism  and am ino acids. HuIFN-oc an d  H u IF N -y  each  s t i 
m u la ted  th e  a n tiv ira l a c tiv ity  o f th e  o ther in a synerg istic  w ay  [5]. In  ou r ex 
p e rim en ts  we used H u IF N -a  an d  H u IF N -y  in  1 : 1 ra tio , and  o b ta in ed  3 .2-4 .2  
tim es h igher titre s  th a n  th e  no m in a l t itre  (sum  of H u IF N -x  and  -y applied). 
T esting  4 am ino acids w hich h ad  th e  sam e effect on b o th  H u IF N -a  and  H u IF N - 
y (tw o s tim u la to rs  and  tw o in h ib ito rs), we found th a t  th e y  in fluenced  even the  
synerg istic  (a lready  ap p a ren t)  t i t r e s  in  a sim ilar d irec tio n  an d  to  a sim ilar 
e x te n t as th e  sep a ra te  IF N  ty p e s  (Table I I I ) .  T yrosine, w hich  in fluenced  only 
H u IF N -a , sligh tly  decreased  th e  synerg istic  titre .

Fig. 3. D o s e -d e p e n d e n c e  c u r v e  o f  e f fe c t  o f  /З-p h e n y la la n in e  o n  a n t iv ir a l  a c t iv i t y  o f  H u I F N -a :  
e x a m p le  o f  a n  in h ib ito r y  s ig m o id  s a tu r a t io n  c u r v e . D a ta  are m e a n s  o f  r e s u lt s  o f  tw o  in d e p e n d e n t

e x p e r im e n ts

D iscussion

I t  is know n th a t  am ino acids m ay  exert reg u la to ry  fu n c tio n s on b io logi
cal a c tiv itie s  w hich are n o t re la te d  w ith  th e ir  b iochem ical p a th w ay s . F o r 
exam ple , leucine, arg in ine and  lysine trig g er insulin  secre tion  in  th e  presence 
o f sub lim inal am oun ts o f glycose [7]. S till, we could n o t fin d  an y  evidence o f a 
rep o rt on th e  in fluence o f am ino acids on th e  an tiv ira l p ro p ertie s  of h u m an  (or 
any) IF N . W e have there fo re  ex am in ed  th is  question . W e observed  (Table I) 
th a t  five  am ino acids s tim u la ted  th e  a n tiv ira l a c tiv ity  o f H u IF N -x , four th a t  
of H uIFN -/?, and  th ree  o f IF N -y ; w hile asp artic  acid an d  serine d id  th is  w ith
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all th r e e  types of IF N . W e suggest th a t  th is  general effectiveness m ay be of 
g re a t im p o rtan ce  in  e s tab lish in g  th e ir  m echanism s of ac tion . T he sam e holds 
fo r g en era l inh ib ito rs su ch  as cyste ine , L -glutam ic acid, h is tid in e , m eth ionine 
a n d  /3-phenylalanine. O th e r  am ino acids, ac tin g  in  d ifferen t w ays on th e  differ
e n t  H u IF N  types, m ig h t shed  lig h t on th e  d isparities of th e  bio logical p ro p e r
tie s  o f  h u m an  IF N s, p ro v id in g  a cheap and  easily  accessible to o l for b iochem i
ca l in v estig a tio n s. T he d a ta  in  T ab le  I I  rev ea l th a t  ac tive  am ino  acids m ay  be 
d iv id e d  fu rth e r in to  “ s tro n g ” and  “ w eak”  effector groups. W hen  ex p erim en ta 
t io n  tu rn s  to  the  in  v iv o  sy stem , th e  “ s tro n g e s t”  ones (serine an d  /3-phenyl
a la n in e ) should be th e  m o st p rom ising  effectors.

I n  our ex perim en ts we app lied  ex trem ely  h igh doses of am ino acids. I t  
can  b e  seen from  th e  dose-dependence  curves th a t  low er co n cen tra tio n s have 
w e a k e r  or no effect, th e  o n ly  exception  being  serine, w hich caused  a significant 
e n h a n c e m en t even a t  10 m g/m l. U nder th ese  cond itions th e  question  arises 
as to  w heth er th e  p h en o m en o n  observed  (again  w ith  th e  excep tion  of serine) 
is so m e k ind of a r tifa c t.  S till, conclusions m u st n o t be d raw n  too  quick ly  as 
som e o f our la te r  o b se rv a tio n s  p ro v id ed  evidence ag a in st th e  suggestion  [8]. 
M eanw hile , it m ay be c la im ed  th a t  serine even in  physio logical concen tra tions 
w as a n  effective s tim u la n t of th e  a n tiv ira l a c tiv ity  of all ty p e s  of H u IF N s.

O f all the  o b se rv a tio n s  described in  th e  p resen t p a p e r, th e  s tim u la to ry  
e ffe c t o f serine on th e  synerg ism  betw een  H u IF N -a  and  -y  seem ed to  be in te r 
e s tin g . I f  serine proves to  be ac tive  in  v ivo , th e n  the  cost o f t re a tm e n t of viral 
d iseases  w ith  IF N  cou ld  be low ered to  a b o u t o n e -ten th  o f th e  cu rren t one.

The m echanism  o f ac tion  of th e  a n tiv ira l effect of IF N s  is still unclear. 
W e hope th a t  our f in d in g s  w ill ad d  a new  aspect and  a usefu l too l to  such 
in v estig a tio n s.

Acknowledgement. W e  a re  in d e b te d  to  D r . F lo y d  F ox  ( S lo a n  K e t te r in g  M em o ria l R e 
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EFFECT OF AMINO ACIDS ON THE EXPRESSION 
OF ANTIVIRAL ACTIVITY OF DIFFERENT TYPES 

OF HUMAN INTERFERON
I I .  E F F E C T S  O F V A R IO U S A M IN O  ACID P A IR S *

S. T ó t h  an d  I. M é c s

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

(R eceived  D ecem ber 13, 1984)

Seven am ino  acids w hich  in fluence  th e  a n tiv ira l a c tiv ity  o f IF N -a  w ere te s te d  in  various 
p a irs  on h u m an  leuk o cy te  and  im m u n e  IF N  and  on th e ir  synergistic  a n tiv ira l effect. D ifferen t 
k inds o f in te rac tio n s  were o bserved  betw een  am ino acids, rang ing  from  e x tin c tio n  th ro u g h  
com petition  to  synergism . In  som e cases, d ifferen t ty p es  o f in te rac tio n s could be o bserved  in 
re la tio n  to  H u IF N -a  and  H u IF N -y .

I t  has been  rep o rted  [1] t h a t  c erta in  am ino acids in fluence th e  a n tiv ira l a c tiv ity  o f h u 
m an  in te rfero n s (IF N s). Som e of th e m  are even cap ab le  o f affecting  synerg istic  coopera tion  
betw een  H u IF N -a  an d  H u IF N -y . I n  our ex p erim en ts we te s te d  w h e th er th ese  effects can  be 
m odified fu r th e r  b y  app ly ing  tw o  am ino acids sim u ltan eo u sly . W e hoped  to  shed lig h t on th e  
p rob lem  of th e ir  m ode of ac tio n  b y  analysing  th e ir  in te rac tio n s .

M aterials and  m ethods

All m a te ria ls  an d  m ethods u sed  in th is series o f experim en ts w ere id en tica l to  those  
described in  th e  f ir s t  p a r t  o f th is  s tu d y  [1].

R esults

H u lF N -tx .  Seven зс-ac tiv e  (having  e ith e r  an  enhancing  or an  in h ib ito ry  
effect on H u IF N -a )  am ino acids w ere te s te d  in  pairs on th e  a n tiv ira l a c tiv ity  
of HuIFN-oc. T he am ino acids w ere ad d ed  to  th e  a n tiv ira l assay  sy stem  a t 5 
m g/m l in  fresh  m ed ium  im m ed ia te ly  p rio r to  IF N . Table I  show s th e  effects o f 
th e  in d iv id u a l m em bers of th e  p a irs  alone, th e ir  jo in t effect, an d  th e  p ro b ab le  
ty p e  of th e ir  in te ra c tio n . I t  can  be seen th a t  th e  m ost freq u en t re su lt is com pe
titio n , th e  jo in t  effect being  som ew here b e tw een  th e  in d iv id u a l ones. H ow ever, 
som e am ino acids ten d  to  p red o m in a te  over th e ir  c o u n te rp a r t (e.g. a sp a rtic  
acid  seems to  p la y  an  in fe rio r ro le to  h a lf  o f its  p a rtn e rs , w hile oxypro line in  
com bination  p red o m in a tes  over th e  tw o m ost pow erfu l am ino acids). T he m ost 
rem ark ab le  phenom enon  is th e  synerg istic  cooperation  of serine w ith  a sp a rtic  
ac id  and  w ith  ty ro sin e .

Sá n d o r  T ó t h , I m r e  M écs

In s titu te  of Microbiology, U niversity Medical School 
Dóm té r 10, H-6720 Szeged, Hungary

* In  com mem oration o f the 60th b irthday  of Professor Ilona Béládi as a sign of respect for her research work on interferon
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Table I

Combined effects o f  active amino acid pa irs on antiviral activity o f  H uIF N -a .

Combination
1 + 2

Percentage of untreated

effect of amino effect of amino 
acid 1 acid 2

control

combined
effect

Probable type of 
interaction*

Asp +  Gly 141.7 119.0 119.0 Gly dom inance
Asp -f- M et 141.7 N. a. N. a. M et dom inance
Asp O xypro 141.7 109.0 154.7 ad d itio n
Asp +  /5-Phe 141.7 N. a. N . a. /l-Phe dom inance
Asp -f- Ser 141.7 274.0 468.3 synergism
Asp +  T y r 141.7 146.5 117.2 ex tinc tion
Gly O xypro 119.0 109.0 150.0 ad d itio n
Gly +  ,9-Phe 119.0 N. a. 133.3 Gly dom inance
Gly +  Ser 119.0 274.0 168.3 com petition
Gly T y r 119.0 146.5 124.0 com petition
M et +  [1- Phe N. a. N. a. N. a. ?

M et Ser N . a. 274.0 124.0 com petition
M et -f- T y r N . a. 146.5 114.0 com petition
O xypro  -j- /5-Phe 109.0 N. a. 114.0 O xypro dom inance
O xypro -j- Ser 109.0 274.0 130.3 O xypro dom inance or 

com petition
O xypro  +  T yr 109.0 146.5 129.0 com petition
/J-Phe +  Ser N. a. 274.0 169.0 com petition
/7-P h e  +  T yr N . a. 146.5 93.0 com petition
Ser -f~ T y r 274.0 146.5 584.0 synergism

D a ta  are m eans of re su lts  of 3 independen t experim ents
* In  determ ining th e  ty p e  of in te rac tion , we considered th e  m athem atical significance of 

th e  d a ta  obtained, as well as th e  com petence of th e  assum ed in te rac tio n  types in com parison 
to  o th e r in teractions of th e  sam e am ino acids in  o th er com binations 

N . a. =  no de tectab le  an tiv ira l a c tiv ity  observed

H u l  F N -y . F ive  oc-active am ino acids (four o f th e m  were also ac tive  to 
w ard s H uIF N -y) w ere te s te d  in  these  ex perim en ts (Tahié I I ) . M ost of th e  d a ta  
co rro b o ra te  th e  resu lts  fo u n d  w ith  HuIFN-oc. T he tw o differences in  in te rac tio n  
ty p e s , th e  p redom inance  o f a sp a rtic  acid an d  of /З-pheny la lan ine  over ty ro sin e , 
can  he explained  b y  th e  fa c t th a t  ty ro sin e  has no effect on H u IF N -y .

Synergism  o f  H u lF N -o c  and F íu IF N -у. These te s ts  were carried  o u t w ith  
th e  sam e five am ino acids as in  the H u IF N -y  ex p erim en ts. D ata in  T ab le  I I I  
a re  in  very  good co rre la tio n  w ith  our prev ious resu lts  [1] concern ing  th e  
effects o f single am ino  acids on synergism . T hey  also confirm  th e  suspected  
n a tu re  o f in te rac tio n s  betw een  am ino acid p a irs , th e  only  exception  being  th e  
co m p etitio n  betw een  a sp a rtic  acid and  ty ro s in e . I t  is possible th a t  th is  is only 
an  a p p a re n t com p e titio n , being in fac t an  ex tin c tio n  betw een  a w eak enhancer 
and  a sim ilarly  w eak  in h ib ito r.
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Table II

Combined effects o f  active am ino acid pairs on antiviral activity o f  H u I F N - y

Percentage of untreated control
C o m b i n a t i o n ___________________________________________________ Probable type  of

effect of amino effect of amino combined
acid 1 acid 2 effect

A sp -J- M et 225.0 N. a. N. a. M et dom inance
Asp +  /j-Phe 225.0 N. a. N . a. ß-P he  dom inance
Asp -j- Ser 225.0 463.2 1467.3 synergism
Asp -j- T y r 225.0 100.0 207.5 Asp dom inance
M et +  /3-Phe N. a. N. a. N. a. ?
M et -f- Ser N. a. 463.2 164.0 com petition
M et +  T yr N. a. 100.0 28.4 com petition
/j-Pbe +  Ser N. a. 463.2 230.5 com petition
/5-Phe -f- T yr N. a. 100.0 N. a. ß-P he  dom inance
Ser +  T y r 463.2 100.0 897.5 synergism

See footnotes to T able  I

Table III

Combined effects o f  active amino acid p a irs on synergistic antiviral effect o f  H uIF N -cc  and
Il  n i  F N -y

Percentage of untreated control
Combination Probable type of

1 + 2 interaction
effect of amino effect of amino combined

acid 1 acid 2 effect

Asp -)- M et 121.3 N. a. N. a. M et dom inance
Asp -f- ß-Phe 121.3 N. a. N. a. ß-Phe  dom inance
A sp T- Ser 121.3 331.0 667.0 synergism
Asp +  T yr 121.3 75.7 104.3 com petition
M et +  /Ï-Phe N. a. N. a. N. a. 9

M et -f- Ser N. a. 331.0 232.9 com petition
M et +  T yr N. a. 75.7 34.3 com petition
/З-P he  +  Scr N. a. 331.0 106.2 com petition
ß-P he  +  T yr N. a. 75.7 N. a. jS-Phe dom inance
Ser -J- T y r 331.0 75.7 1315.8 synergism

See footnotes to  T able  I

Discussion

This s tu d y  w as p lan n ed  to  f in d  o u t w heth er oc-active am ino acids h av e  th e  
sam e ta rg e t  point(s) in  th e  flow  o f b iochem ical even ts re su lting  in  th e  develop
m e n t of an  a n tiv ira l s ta te  in  IF N - tre a te d  cells, or w h e th e r th e y  a c t on d ifferen t 
w ays, even th o u g h  th e ir  m odes of ac tio n  are unknow n . Table I  reveals  d ifferen t 
ty p e s  of in te rac tio n s , w hich m eans t h a t  th e re  is m ore th a n  one m ode of action
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of am ino  acids. The p ic tu re  is fu r th e r  com plica ted  b y  th e  c o n trad ic to ry  re la 
tio n s d isp layed  by  ce rta in  am ino  acids in  d ifferen t com binations. (F o r exam ple, 
o x y p ro lin e  p redom inates o v er ^-pheny la lan ine , w hich m eans e ith e r a m uch 
s tro n g e r a ff in ity  for th e  sam e recep to r site , or p rev en tio n  of th e  ac tio n  b y  b lock
ing , w hile b o th  seem to  be  in  co m p etitio n  w ith  serine an d  ty ro sin e , m eaning  a 
n e a rly  s im ila r a ffin ity  fo r th e  sam e recep to r site or an  id en tica l m ode of action . 
F u r th e r , serine and  ty ro s in e  a c t in  a synerg istic  w ay, w hich  excludes com p eti
tio n  b e tw een  them  for a com m on recep to r site.) To exp la in  th ese  co n trad ic 
tio n s , we m ust suppose t h a t  some of th e  ac tive  am ino  acids do n o t  in te rfe re  
w ith  IF N  receptors, an d  t h a t  th e y  do n o t ta k e  p a r t  in  th o se  d irec t b iochem ical 
ev en ts  w hich  lead to  a n tiv ira l  s ta te  e ither. I t  is m ore p robab le  th a t  th e y  ac t 
a t  a re g u la to ry  level. C onsidering  th e  in tr ic a te  web of in te rac tio n s  betw een  them , 
i t  is possib le th a t  th e y  in flu en ce  allosteric  conform ations of an  enzym e or 
som e enzym es. The re la tio n s  betw een  serine and  ty ro s in e , serine a n d  asp artic  
acid , a n d  ty rosine  an d  a sp a r tic  acid are rem in iscen t o f th e  re la tio n s of nucleo
tid e  trip h o sp h a te s  in  th e  re g u la tio n  of cy tid in e -sy n th e ta se  [2]. On th e  o ther 
h a n d , th e  com petition  o f  th e se  th ree  am ino  acids w ith  o thers m ay  ex ist a t a 
re c e p to r level. An ev idence (artic le  in  p rep ara tio n ) suggests th a t  ce rta in  am ino 
acids (e.g. cysteine) a c t d ire c tly  on biochem ical ev en ts  lead ing  to  an  an tiv ira l 
s ta te . W e suggest, th e re fo re , th a t  am ino acids in fluence  th e  IF N -in d u ced  a n ti
v ira l s ta te  a t d ifferen t levels an d  th a t  th e y  have  d iffe ren t m odes of ac tion . 
I t  shou ld  be stressed th a t  th is  reasoning , along w ith  th e  fac t th a t  serine can be 
synerg ized  b y  ty rosine  a n d  a sp a rtic  acid, excludes th e  p ro b a b ility  of our resu lts 
be ing  a rtifac ts , desp ite  th e  h igh  concen tra tions req u ired . L as t b u t  n o t least, 
we w ould  like to  p o in t o u t th a t  th e  synerg istic  a n tiv ira l  effect of H u IF N -a  
an d  -y  (Table I I I )  can  be  fu r th e r  enhanced  b y  serine an d  ty ro sin e  app lied  to 
g e th e r, b y  a fac to r o f m ore  th a n  13 tim es, w hich adds up  to  n ea rly  40 tim es the  
n o m in a l t itre . Such d a ta  rev ea l th e  im p o rtan ce  of fu r th e r  in v estig a tio n s as to  
w h e th e r am ino acids in flu en ce  th e  IF N -in d u ced  a n tiv ira l s ta te  in  vivo.
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EFFECT OF HUMAN ADENOVIRUS ON 
NATURAE KIELER CELL ACTIVITY IN MICE*

Y v e t t e  M á n d i , G y . S e p r é n y i  a n d  R o zá lia  P u s zta i  

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

(R eceived  D ecem ber 13, 1984)

T he influence of h u m an  ad en o v iru s ty p e  6 on  th e  n a tu ra l k iller cell a c tiv ity  in  m ice has 
been  in v es tig a ted . The cy to tox ic  effec t o f sp lenic m ononuclear cells o f d iffe ren t m ouse s tra in s  
(B alb /c , CBA and  BIO) ag a in st YAC-1 cells was estim a ted  using  a 51Cr release system  assay . 
T he effec to r cells responsible for c y to to x ic ity  were iden tified  b y  Percoll d en sity  g ra d ie n t fra c 
tio n a tio n  as L G L cells. A single in tra p e rito n ea l in jec tio n  of th e  v iru s enhanced  th e  n a tu ra l  
k iller a c t iv ity  in  all th ree  s tra in s  o f mice. T he cy to to x ic ity  w as enh an ced  24 to  48 h  a f te r  th e  
v irus in jec tio n , depending on th e  h o st s tra in s , b u t  i t  th e n  decreased an d  th e  p re in jec tio n  level 
w as reach ed  a f te r  72 h. A good co rre la tio n  w as found  be tw een  th e  au g m en ted  cy to to x ic ity  and  
in te rfe ro n  in d u ction .

T he n a tu ra l killer (N K ) sy stem  is one of th e  defense m echanism s w hich  is 
ex h ib ited  even by  nonsensitized  hosts . I t  is th o u g h t to  p lay  a role in tu m o u r  
re s is tan ce  [1] and m ay also be effective ag a in st in fections [2]. In te rfe ro n  an d  
in te rfe ro n  inducers are well kn o w n  enhanc ing  agents of N K  cell a c tiv ity  in  
h u m an s, an im als and  leu k o cy te  cu ltu res. V iruses such as N V N , K u n jin  v iru s , 
LCM v iru s  an d  m urine CMV s tim u la te  N K  a c tiv ity  w ith in  a few days a fte r  
in fec tion  in  m ice [3-6]. I t  seem ed us of in te re s t to  in v es tig a te  th e  effect of 
h u m a n  adenov irus on N K  a c tiv ity  in  m ice, an d  th e  possible m echanism  re 
sponsible fo r th e  a lte ra tio n  in  N K  a c tiv ity .

M ateria ls and m ethods

M ice. In b re d  male S P F  B alb /c , and  BIO mice were ob ta ined  from  B R C , Szeged. T he 
m ice w ere 6 -8  weeks old.

V irus. H u m an  adenovirus ty p e  6 was grow n in H E p-2  cells, purif ied b y  CsCl g ra d ie n t 
c en trifu g a tio n  and  stored a t  — 70 °C in  20%  glycerol. Mice were in o cu la ted  w ith  2.5 X 109 
t c i d 50 of v iru s d ilu ted  in physio logical saline.

P reparation  o f  effector cells. Mice w ere sacrificed by  cervical d isloca tion  or by  bleeding. 
Spleen cell suspensions were p rep ared  in d iv id u a lly  in  a glass hom ogenizer and were passed  
th ro u g h  a s ta in less steel m esh. Cells w ere w ashed and  resuspended  in R PM I 1640 m edium  w ith  
g en tam ic in  (100 /ig/m l) and 10%  fe ta l bov ine  serum  (referred  to  below as cu ltu re  m edium ).

M ononuclear cells were iso lated  by  F icoll-U rom iro  g rad ien t cen trifu g a tio n  [7] a d ju s te d  
to a d en sity  o f 1080. A fter th ree  w ashings, th e  cells w ere resuspended  in  th e  cu ltu re  m edium  
an d  v iab ility  w as tes ted  in th e  T rip a n  b lue  exclusion te s t.  The v iab ility  a lw ays exceeded 90% .

Y v e t t e  Má n d i, Gy ö r g y  Se p r é n y i, R ozália  P uszta i 
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Isolation o f  N K  cells. D isco n tin u o u s d en sity  g ra d ie n ts  were m ade  using  iso tonic Percoll 
so lu tio n  w ith  a slight m o d ifica tio n  o f th e  T im onen m eth o d  [8]. B riefly , 2.5 m l volum es of Percoll 
d ilu tio n s  w ere layered  in  15 m l tu b e s , s ta rtin g  w ith  70%  P arco ll an d  sh iftin g  in  5%  steps to  
5 0% . 2 -5  X 107 cells, dep le ted  fro m  a d h eren t cells b y  in cu b a tio n  fo r 45 m in  in p lastic  dishes a t 
37 °C, w ere added  a t  th e  to p  o f th e  g rad ien t, and  th e  tu b es  w ere cen trifuged  a t  450 g fo r 30 
m in  a t  room  tem p era tu re . T h e  cells a t  th e  in te rface  of each  frac tio n  w ere collected, w ashed 
tw ice  in  cu ltu re  m edium , c o u n te d  a n d  used in  th e  experim en ts . Sm ears were m ade from  each  
cell f ra c tio n  and sta ined  by  M ay-G rünw ald-G iem sa sta in in g .

Cytotoxicity assay. A  51Cr re lease  assay  was used , em ploying YAC-1 [9] cells as ta rg e t 
cells, w ith  labelling for 45 m in  a t  37 °C w ith  20 /tCi N a(51C r)0 4 (L N K , Poland). T he effector-to- 
ta rg e t  ra tio s  were 200 : 1 to  25 : 1. T he assay  in cu b a tio n  tim e  was 4 h  an d  sp o n taneous release 
w as u su a lly  12-15% . T he p e rc e n ta g e  cy to to x ic ity  w as calcu la ted  as follows:

%  cy to to x ic ity
cp m  in  su p e rn a ta n t — cpm  in  sp o n tan eo u s release 

to ta l in co rp o ra te d  a c tiv ity
XlOO.

Interferon assay. Mice w ere  b led  and th e  in te rfe ro n  c o n ten t o f th e  serum  was d e term ined  
in d iv id u a lly . In te rfe ro n  w as a ssa y ed  b y  a conv en tio n al cy to p a th ic  effect in h ib itio n  assay , p e r
fo rm ed  in  m ic ro tite r p la te s  [10] w ith  ad heren t L929 cells as th e  in d ic a to r cells and  vesicu lar 
s to m a titis  v irus as th e  challenge  v iru s. The ti te r  o f in te rfe ro n  was expressed  as N IH  reference 
(G -002-905-511. N IH , B e th e sd a , M ary land , U SA) u n its  (U ) per m l.

Results

Considerable c y to to x ic ity  against th e  YAC-1 cell line was found  in  the  
m ononuclear spleen cells, o f all th ree  s tra in s  of mice. T he level of c y to to x ic ity  
ran g ed  betw een 2 0 -2 5 % , fo r B alb/c, CBA an d  BIO m ice. In  ag reem ent w ith  
o b se rv a tio n s  of o thers [11] we found th a t  th e  c y to to x ic ity  decreased in  th e

Days after virus injection

Fig. I .  E ffect of h u m an  a d en o v iru s  type  6 on N K  a c tiv ity  in m ice. Mice were in jec ted  in tra - 
pe rito n ea lly  w ith  2.5 X 10й Т С ГО 50 of purified  v iru s (6 m ice pe r g roup). Spleen cells were te s te d  
ag a in s t YAC-1 ta rg e ts . S ym bols rep resen t m ean p e rcen tag e  of c y to to x ic ity  for groups of 6 mice. 

E ffec to r-to -ta rg e t ra tio  =  200 : 1. a ----------A B alb /c ; О---------- о  CBA; x ---------- x B IO
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an im als after 14 w eeks of age, a n d  on ly  negligible c y to to x ic ity  was show n a t  
6 -8  m onths. A ccord ingly , 6 -8 -w eek-o ld  mice w ere used  subsequen tly .

Characterization o f  the effector cells. As m ononuclear leukocy tes were used  
w ith o u t any  specific  p u rific a tio n  fo r N K  cells, in  p ilo t experim en ts i t  w as 
necessary  to  show  th a t  th e  cells responsib le  for cy to to x ic  a c tiv ity  were in  fa c t 
N K  cells. The m e th o d  of T im onen  and  Saksela [8] w as a d a p te d  ta k in g  in to  
acco u n t th e  d iffe ren t physical ch a rac te ris tic s  of m ouse cells [12]. M ost of th e  
LG L  cells as well as th e  N K  a c tiv ity  ag a in st YAC-1 cells w ere found  in  th e  low - 
d en sity  frac tion  a f te r  d iscon tinuous d en sity  cen trifu g a tio n  a t  55—60%  Percoll, 
w ith  densities of 1062 and  1068, resp ec tiv e ly . A 7 -10  fold increase in  cy to to x i
c ity  was observed w hen th e  cells fro m  these  frac tio n s w ere app lied  as effector 
cells, an d  th e  en rich m en t of th e  L G L  cells w as ab o u t 2 0 -3 0 % . The re la tiv e ly  
low enrichm ent is v e ry  p ro b ab ly  due  to  th e  low L G L  p ercen tag e  of th e  in p u t 
spleen cells.

N atural cytotoxicity fo llow ing  adenovirus infection. C y to to x ic ity  was 
s tu d ied  1, 2, 3, 4, an d  7 days a fte r  v iru s  infection . E x p e rim e n ta l groups of a n i
m als contained  6 m ice a t each tim e  in d ica ted . A n e leva ted  cy to to x ic ity  was 
seen 24 h  after aden o v iru s  in o cu la tio n  in  CBA an d  BIO m ice, w ith  a m ore p ro 
nounced  a u g m en ta tio n  a t 48 h in  B alb /c  mice. T h e rea fte r  th e  cy to to x ic ity  
decreased, b u t i t  w as s till above th e  b asa l level on th e  th ird  d ay  in  th e  B alb /c

F ig . 2. R ela tionsh ip  be tw een  augm ented  c y to to x ic ity  an d  serum  in te rfe ro n  level. B alb /c  mice 
were in jec ted  in tra p erito n ea lly  w ith  2.5 X 109 T C ID ä0 of pu rified  h u m an  adenov irus ty p e  6. 
F o r each  group (6 m ice) th e  spleens were p rocessed  for cy to to x ic ity  ag a in s t YAC-1, and  th e  
sera w ere used in d iv idually  fo r in terferon  assay . Sym bols rep resen t m ean  values for groups 

of 6 m ice. X ----------X I F N ;  о -----------о  c y to to x ic ity
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a n d  CBA mice (Fig. 1). B y  d ay  7, cy to to x ic ity  was depressed as com pared  to  
th e  co n tro l group.

Relationship between augmented cytotoxicity and I F N  levels. A fter v irus 
in fec tio n  Balb/c m ice (6 in  each ex p e rim en ta l group) w ere b led  an d  th e  c ircu 
la tin g  in terferon  w as m easu red  in  th e  serum  of each m ouse in d iv id u a lly . The 
sp leen  cells of th e  sam e m ice were processed  for N K  a c tiv ity . A n au g m en ta tio n  
in  spleen cell c y to to x ic ity  was seen over th e  period  24-48  h  w ith  a re tu rn  to  
th e  co n tro l levels b y  72 h  (Fig. 2). T he serum  in te rfe ro n  response was of sh o rte r 
d u ra tio n  and  peaked  a t 8 h.

D iscussion

M any viruses h a v e  been show n to  au g m en t N K  a c tiv ity  an d  i t  is w idely  
accep ted  th a t  th e  a d v e n t of N K  cell a c tiv ity  is co rre la ted  w ith  th e  syn thesis of 
in te rfe ro n  in  v iru s-in fec ted  anim als [13]. W e have  recen tly  d e m o n s tra te d  th a t  
h u m a n  adenovirus en h an ces th e  ADCC in  chickens [14] an d  we assum ed th a t  
IF N  induced  b y  th e  v iru s  was responsib le  for th e  effect [15]. In  th is  p ap er we 
describe  th e  in d u c tio n  o f a lte red  N K  cy to to x ic ity  in  m ice in fec ted  w ith  h u m an  
aden o v iru s  ty p e  6. T h e  v iru s  enhanced  th e  N K  a c tiv ity  in  all th re e  s tra in s  of 
m ice te s ted , and  we p resu m e a co rre la tio n  betw een  th e  serum  in te rfe ro n  an d  
th e  cy to to x ic ity . A den o v iru s  ty p e  6 has been show n to  induce c ircu la tin g  in te r 
fe ro n  in  the  ex p erim en ts  of B erencsi e t al. [16], h u t  no co rre la tion  was found  
b e tw een  the im m unosuppressive  effect o f the  v iru s and  in te rfe ro n  indu c tio n . 
T h e  im m unosuppressive  effect w as observed  by  these  au th o rs  w hen A d6 was 
in o cu la ted  3-11 day s before SRBC ad m in is tra tio n . This effect o f th e  v irus is 
de lay ed  when co m p ared  w ith  th e  au g m en ta tio n  o f th e  n a tu ra l  cy to to x ic ity , 
w hich  occurs w ith in  th e  f irs t 48 h  of encoun ter. T he re la tiv e ly  sh o rt in te rv a l of 
in te rfe ro n  p ro d u c tio n  and N K  s tim u la tio n  m igh t he due to  th e  fact th a t h u m an  
adenov irus does n o t  m u ltip ly  in  m ice; how ever, th e  persistence  o f h u m an  a d en o 
v iru s  w ith  c o n ta m in a n t v iraem ia  has been described in  in fec tion  of mice [17]. 
A ra th e r  hierh a m o u n t of in fectious v iru s  was th erefo re  needed  to  achieve sti-

О

m u la tio n  (2.5 X 10lJ ТС ГО 5Ц). Low er doses of v irus h ad  no in fluence  on th e  c y to 
to x ic  ac tiv ity . T h eo re tica lly , th e  v iru s  in fection  itse lf  could  affect th e  effector 
lym phocy tes, b u t  th e  co rrelation  b e tw een  th e  k inetics of in te rfe ro n  p ro d u c tio n  
a n d  N K  a u g m e n ta tio n  lead  us to  suppose th a t  in te rfe ro n  w as responsib le for 
th e  stim u la tio n  o f N K  a c tiv ity  a fte r  adenov irus in fection . W e are cu rre n tly  
in v es tig a tin g  th e  sign ificance of th e  d rop  of N K  a c tiv ity  a t  th e  7 th  d ay  of 
in fection .
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COMPARATIVE STUDY OF ANTIPROLIFERATIVE 
EFFECTS OF CHLORPROMAZINE, 

7,8-DIOXOCHLORPROMAZINE, 
AMANTADINE-N-MUSTARD, RUTIN-N-MUSTARD 
AND ALPHA, RETA AND GAMMA INTERFERON 

ON K-562 CELLS IN VITRO*

J .  M o l n á r , В. P r á g a i , K l á r a  B e r e n c s i , Y v e t t e  M á n d i  and S. F ö l d e á k

Institu te o f  Microbiology, U niversity M edical School, and Institu te  o f  Organic C hem istry, Jó zse f
A ttila  U niversity , Szeged

(R eceived D ecem ber 13, 1983)

T he effects o f ru tin -N -m u s ta rd , a m a n tad in e -N -m u s ta rd , ch lorprom azine  an d  h u m an  
in te rfe ro n  ty p es a , ß  an d  y  ( IF N -a , -ß a n d  -■') were s tud ied  on  th e  D N A , R N A  an d  p ro te in  
sy n th esis  of K-562 cells. M onocy te-m ed ia ted  cy to to x ic ity  and im m une spleen cell a c t iv ity  were 
ex am ined  in th e  p resence of th e  sam e co m p o u n d s (except for IFN -/?). The n a tu ra l  k iller (N K ) 
cell a c tiv ity  was te s te d  in  th e  presence o f th e  tw o  chlorprom azine com pounds and  th e  tw o 
N -m u sta rd  derivatives. O nly 7 ,8 -d ioxochlorprom azine exerted  an  in h ib ito ry  effect on DN A  
sy n th esis. T he p ro te in  sy n th esis  of th e  cells w as inh ib ited  in  th e  p resence of IF N -a , -ß an d  -y.
7.8- D ioxochlorprom azine exerted  some in h ib itio n  on b o th  N K  and  im m u n e  spleen cell a c tiv ity , 
w hile m onocy te-m ed ia ted  cyto lysis was n o t  a lte red . IF N -a , -ß  and  -y  a c tiv a ted  th e  cy to ly tic  
a c tiv ity  o f m onocytes an d  th e  N K  a c tiv ity  in con tro l experim en ts. C hlorprom azine. ru tin -N - 
m u s ta rd  and am an tad in e -N -m u sta rd  w ere ineffective  in bo th  tes ts  in v itro . R u tin -N -m u s ta rd .
7.8- d ioxochlorprom azine an d  th e  in te rfero n s m ay  be assum ed to  hav e  q u ite  d ifferen t an tip ro li
fe ra tiv e  m echanism s of actions.

B éládi et al. [1, 2] have described  th a t  some flavono ids, e.g. ta n n ic  acid, 
ru t in , quercetin , e tc ., in h ib it m u ltip lica tio n  of various H erpes v iruses. L a te r , 
M ucsi et al. 13] po in ted  out th a t  flav o n o id s  affect only enveloped  v iruses. One 
of th e  flavonoid  d eriv a tiv es , ru tin -N -m u s ta rd , exerts  a m ark ed  a n titu m o u r  
effect in  mice [4, 5]. Some ch lo rp rom azine  derivatives w hich in te ra c t w ith  
v a rious m acrom olecules of d ifferent cells also exerted  a n tiv ira l effects in  v itro  
[6] an d  a n titu m o u r effects in mice [7]. The an tiv ira l effects o f various ty p es 
of in terferons are well know n an d  ex perim en ts on a n titu m o u r ac tion , too , 
h av e  been  rep o rted  [8]. The th ree  g roups of com pounds all d isp lay  a n tiv ira l 
an d  an tip ro life ra tiv e  effects in vivo. In  th e  p resen t p ap er, th e  effects o f ch lo r
p rom azine , 7 ,8-d ioxochlorprom azine, ru tin -N -m u sta rd , am an tad in e -N -m u s-
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t a r d  a n d  h u m an  in te rfe ro n  of a lp h a , b e ta  an d  gam m a ty p es (IF N -a , -ß  and  -y) 
w ere s tu d ied  on th e  m acrom olecu lar syn thesis  (D N A , R N A  an d  p ro te in ) o f 
K -562 cells, th e  n a tu ra l  k iller (N K ) cell a c tiv ity  an d  m onocy te-m ed ia ted  c y to 
to x ic ity . Some p re lim in a ry  ex p erim en ts  w ere also carried  ou t to  s tu d y  th e  im 
m unosuppressive  effects of th e  te s te d  com pounds, b y  w hich tu m o u r grow th 
m ig h t have been in flu en ced .

M aterials and  m ethods

M aterials. C hlorprom azine an d  7 ,8 -d ioxoch lo rp rom azine  (Fig. 1) w ere o b ta ined  from  
E G Y T  P h a rm aceu tica l W orks, B u d a p es t an d  N a tio n a l In s t i tu te  of M en tal H e a lth , R ockville, 
M d., respec tive ly . R u tin -N -m u s ta rd  and  a m a n tad in e -N -m u s ta rd  (F ig. 2) w ere syn th e tized  by  
one o f us (S. F .). H u m a n  IF N -a , -ß  an d  -y  w ere p ro d u ced  in  th e  In s t i tu te  o f M icrobiology. 
T issue  cu ltu re : K -562 cells grew  in R P M I m edium  fo r 24 h  (n u m b er o f cells, 2.0 X 106/m l). 
R a d io ac tiv e  com pounds, 3H -th y m id in e , 3H -u racil and  u C -protein  h y d ro ly sa te  (A m ersham ) 
w ere app lied  from  1 /tCi s to ck  solu tion .

A ntigen. Sheep red  blood cells (SR B C ) w ere sto red  in  A lsever’s so lu tion  a t 4 °C and 
w ash ed  3 tim es w ith  physio log ical saline on th e  d ay  of use. Male C E L P  m ice 8-12 weeks old 
w ere in jec ted  in tra p e rito n ea lly  w ith  0.2 m l o f a suspension  co n ta in in g  ap p ro x im ate ly  5 x 1 0 s 
e ry th ro c y te s .

M easurem ent o f  macromolecular synthesis. T he effects o f th e  com pounds on DN A. R N A  
a n d  p ro te in  syn thesis w ere d e te rm in ed  b y  th e  m odified  m eth o d  of R iv es t e t  al. [9]. The K-562 
cells w ere grow n in R P M I m ed iu m  d is tr ib u te d  in  1.0 m l a liquo ts. T he com pounds te s ted  were 
ad d ed  to  th e  cell cu ltu res  in  q u a n titie s  o f 0 .5 -50 .0  fig /m l. T he a m o u n t in  th e  case of IF N -a  
w as 1700-17 000; IFN -/? from  1500-3000, an d  IF N -y  from  125-500 IU /m l. T he cells were incu-

0=

0=

Fig. 1. C hlorprom azine (u p p e r fo rm u la ) an d  7 ,8 -d ioxoch lo rp rom azine  (lower fo rm u la )

F ig . 2. R u tin -A -m u s ta rd  (u p p e r fo rm ula) and  l-b is(-2 -ch lo re th y l)-am an tad in e . HC1 (lower
form ula)
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b a te d  iv ith  th e  com pounds for 120 m in  a t  37 °C, and  afte r ad d ing  0.02 /<Ci th y m id in e , u racil 
or 14C p ro te in h y d ro ly sa te  to  each sam ple , fu r th e r  in cubated  a t  37 °C fo r 180 m in. One m l of 
cold PB S  so lu tion  w as added  to  th e  sam ples a n d  th ey  were filte red  th ro u g h  CF/C filte rs . T he 
cells w ere w ashed w ith  5.0 m l PB S w ith  10 m l trich lo race tic  acid (1 0 % ) and  fin ally  w ith  1.0 ml 
cold e th an o l (70% , v /v). T he filte rs w ere d ried  in  sc in tilla tion  v ials, an d  th e  ra d io a c tiv ity  was 
m easu red  in th e  presence of 5.0 m l sc in tilla tio n  flu id  for 1 m in  using  a P ack ard -T ri-C arb  
4530 sc in tilla tio n  spec tro m ete r; th e  re su lts  w ere expressed in dpm .

N K  assay. H u m an  perip h eral b lood  m o n o n u clear cells were iso la ted  from  h e a lth y  v o lu n 
tee rs  by  F icoll-U rom iro  cen trifu g a tio n  [10]. T h e  cells from  th e  in te rface  layers w ere w ashed 
th ree  tim es in  p h o sp h a te  buffered  saline (P B S ) a n d  th en  resuspended  in R P M I 1640 m ed ium  
w ith  10%  FCS. C hlorprom azine, 7 ,8 -d ioxoch lo rp rom azine  ru tin -N -m u s ta rd  and  a m a n tad in e - 
N -m u sta rd  were added  to  5 X 106 ly m p h o c y te s  to  y ield a final co n ce n tra tio n  of 0.5, 5, 10 or 
50 jiig/ml, respec tive ly . E ffec to r cells w ere in c u b a te d  for 1 h  in th e  p resence of th e  above com 
p o u n d s and  used in th e  cy to to x ic ity  assay . 51C r-labelled K-562 cells w ere used in tr ip lic a te  in 
m ic ro titre  p la tes. E ffec to r cells and ta rg e ts  w ere d ilu ted  to o b ta in  k ille r- to -ta rg e t ra tio s  o f 
50 : 1 ,2 5  : 1 ,12  : 1 and  6 : 1. A fter in cu b a tio n  a t  37 °C for 4 h, th e  a m o u n t of 51Cr in each  su p e r
n a ta n t  w as d e term ined  w ith  a gam m a co u n te r . F ro m  the  average of tr ip lica te  release v a lues, 
th e  percen tag e  c y to to x ic ity  was d e te rm in ed  v ia  the  following fo rm ula :

n/ . . s u p e rn a ta n t  cm p — spontaneous cpm  _лл
%  cy to to x ic ity  =  ---------;---------------------------------------------------- -------  X 100

in co rp o ra te d  a c tiv ity  cpm

A ssa y  o f effects o f  substances on splenic plaque-form ing cells in  vitro . Mice were im m unized  
w ith  SR B C  and 4 days la te r  th e  spleens w ere rem oved . A spleen cell suspension was p rep ared  
in  a glass hom ogenizer. To 0.9 ml a liquo ts o f tw o  d ilu tions of the  sp leen  cell suspension 0.1 ml 
of th e  te s te d  com pound was added. A fter in cu b a tio n  for 2 h in an ice-cold w a te r b a th , each  cell 
suspension was p la te d  in  tw o P etri dishes a n d  th e  nu m b er of I IP F C  w as d e term ined  by  th e  
Je rn e  m eth o d  as m odified by  D reasser an d  W o rtis  [11]. The p la te s  w ere incubated  a t  37 °C 
fo r 2 h  in an  air a tm osphere  con tain ing  5 %  CO.,. H igh-efficiency haem olysin -p roducing  cells, 
referred  to  as 19S H P F C , were detected  follow ing th e  add ition  of 1 ml o f gu inea  pig co m plem en t 
d ilu ted  1 : 10 and  in cu b a ted  for 45 m in.

Isolation and culture o f  hum an monocytes. M ononuclear cells w ere iso lated  b y  c en trifu g a 
tio n  of c itra te d  venous blood th rough  F ico ll-U ro m iro , and washed th ree  tim es in R P M I 1640 
m edium . M ononuclear cells in R PM I su p p lem en ted  w ith  5%  bovine serum  were added  to  tissue 
cu ltu re  flasks. A fter in cu b a tio n  for 60 m in  a t  37 °C, th e  flasks w ere w ashed th ree  tim es to 
rem ove th e  n o n ad h eren t cells, and 20 m l o f 0 .02%  E D T A  were added . A fter in cu b a tio n  for 15 
m in a t  37 °C, a d h eren t cells were rem oved  w ith  a ru b b e r policem an. Cells were w ashed th ree  
tim es in R PM I. A liquots of 105 cells in 100 p \  R P M I contain ing  5 %  b o v ine  serum  w ere ad ded  
to  U -b o tto m ed  m icro-wells. The tes ted  su b s ta n c es  were added to th e  cell cu ltu re  in 100 (Л 
m edium  and  cu ltu red  for 24 h.

A ssa y  fo r  target cell lysis. As ta rg e ts , K -562 cells were used a f te r  labelling  w ith  51Cr/ 
N a C r0 4 (specific a c tiv ity  6-11 M Bq/m g). T o a 16 h  cu ltu re  of labelled  K-562 cells m onocy tes 
w ere ad ded  (effec to r-ta rg e t ra tio  30 : 1), a n d  100 //1 su p e rn a ta n t was th e n  rem oved  for ra d io 
a c tiv ity  d e te rm in a tio n . T he percen tage of ta rg e t  cell-specific lysis w as calcu la ted  as b y  th e  N K  
assay .

R esu lts

The effects o f th ree  d ifferent ty p e s  o f a n titu m o u r d rugs were s tu d ied  on 
th e  D N A , R N A  and pro te in  syn th esis  o f K -562 cells in v itro . 7,8-D ioxochlor- 
p rom azine  exerted  a m arked  in h ib ito ry  effect on th y m id in e  and  am ino acid 
in co rp o ra tio n , h u t such an effect could n o t be observed in th e  ch lorprom azine- 
tre a te d  cells.

R u tin -N -m u sta rd  and  its co n tro l, a m an tad in e -N -m u s ta rd , had  no effect 
on the m acrom olecular synthesis o f tissu e  cu ltu re  cells. S urprising ly , IF N -a , 
-ß  an d  -y  e levated  the  D N A  synthesis to  v a rio u s ex ten ts, th o u g h  th e  RN A  and  
p ro te in  syn thesis were no t a ltered  (T able I).
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Table I

E ffects o f  chlorpromazine derivatives, N -mustard derivatives and interferons on D N A , R N A  
and  protein syntheses o f  K -562 cells in  vitro

Compound
Concentration

Incorporation of

Cug/ml) 3H -thym idine 3H -uracil 11C-amino acids 
(protein hydrolysate)

None 0.5 363 879 7 580 39 809
(con tro l) 5.0

Chlorprom azine 0.5 357 707 7 231 32 997
5.0 347 357 7 921 40 825

7,8-D ioxo-chlorprom azine 0.5 192 644 7 361 41 121

5.0 14 793 4 919 24 443

A m an tad in e 0.5 350 745 7 342 39 344
N -m u sta rd 5.0 497 600 6 959 34 271

50.0 513 078 5 781 28 300

R u tin -N -m ustard 0.5 349 224 7 429 38 305

5.0 439 880 8 246 43 802

50.0 440 138 6 486 29 867

IF N -a 1 700 IU 593 914 7 506 36 738

17 000 IU 941 331 5 560 9 977

IFN -/3 1 500 IU 892 672 8 665 27 343

3 000 IU 770 124 2 084 9 848

IF N -y 125 IU 117 926 7 182 35 471

500 IU 979 233 11 924 18 799

The up tak e  of labe lled  precursors was expressed  in dpm

T able I I  show s th a t  none of the com pounds ex am in ed  caused an y  aug-
m en ta tio n  of N K  a c tiv ity . 7 ,8-D ioxochlorprom azine even m arked ly  decreased 
th e  cy to to x ic ity  a t  a co n cen tra tio n  of 5 /tg/m l. This co n cen tra tio n  led to  u p  to  
4 0 %  ly m phocy te  cell d ea th  a fte r in c u b a tio n  for 4 h  as assessed w ith  th e  
T ry p a n  blue exc lusion  te s t. C hlorprom azine itse lf  was ineffective a t th e  sam e 
concen tra tion .

R u tin -N -m u s ta rd  and  a m an tad in e -N -m u s ta rd  d id  n o t affect th e  a c t iv i ty  
o f n a tu ra l killer cells. H u m an  IF N -эс an d  -y  au g m en ted  N K  ac tiv ity  in ou r p re 
vious experim en ts [12]. In  o th e r ex p erim en ts  th e  effects of these a n titu m o u r  
com pounds on im m u n e  spleen cells w ere com pared  (see Tables I I I  an d  IV ). 
S urprisingly , on ly  7 ,8-d ioxoch lo rp rom azine exerted  a m ark ed  in h ib ito ry  effect 
in  th e  stud ied  sy s tem . T he N -m u sta rd  d e riv a tiv es  of ru tin  an d  am an tad in e  h a d
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Table II

E ffects o f  chlorpromazine derivatives and N -m ustard derivatives on N K  activity in vitro

Compound and 
concentration 

(ug/ml)

Cytotoxicity %  a t E : T ratio

50 : 1 25 : 1

— 0 37 30

Chlorpromazine 0.5 38 31

5 40 28

7,8-D ioxochlorprom azine 0.5 37 24

5 8 4

R utin -N -m u sta rd 5.0 38 27

50.0 37 27

A m antad ine-N -m ustard 5.0 39 29

50.0 24 15

Table III

Effects o f  chlorpromazine, 7,8-dioxo-chlorpromazine, rutin-IS-m ustard and am antadine-N  -m ustard  
on the number o f H P F C  after in  vitro treatment o f  im m une spleen cells o f  mice

Substance and 
concentration

N um ber of 
HPFC/spleen

Inhibition
%

— 0 306 000 —

Chlorprom azine 0 5 292 800 —
2.5 293 760 -

5.0 376 300 —

7,8-D ioxo-chlorprom azine 0.5 254 000 17

2.5 22 000 93

5.0 9 600 97

A m antad ine-N -m usta rd 0.5 314 000 —

5.0 331 000 —

50.0 297 000 -

R u tin -N -m ustard 0.5 321 600 —

5.0 375 000 —

50.0 296 000 -
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Table IV

Cytolytic activity o f  hum an monocytes towards K -562 cells after exposure to chlorpromazine, 
7ß-dioxochlorprom azine, am antadine-N -m ustard and rutin-N -m ustard

Concentration of 
substance in  

culture medium 
(/Jg/ml)

Specific lysis (%) in presence of

CPZ 7,8-dioxo-CPZ am antadine-
N -m ustard

rutin-
N -m ustard

_ 17 17 17 17

0.5 16 16 — 8

2.5 12 11 ND

5.0 3.8 6.7 — 11.7

50.0 N D ND - 9

Sam ples w ere in cubated  for 24 h  a t  37 °C

Table V

Cytotoxic activity o f  hum an monocytes towards K -562  cells after exposure to IFN -ot and -ß

Concentration
(IU/ml)

Specific lysis (% ) in presence of

IFN -a IFN -p

0 17

10 18 14

100 24 32

1 000 36 36

10 000 24 53

Sam ples were incubated  for 24 h a t  37

no effect (Table I I I ) .  On exposure to  ch lo rp rom azine, 7 ,8 -d ioxochlorprom azine, 
a n d  ru tin -N -m u s ta rd  fo r 24 h , th e  m o n o cy te -m ed ia ted  cy to lysis of p relabelled  
K -562 cells was n o t en h an ced  a t any  co n cen tra tio n  te s te d  (Table IV ). As 
co n tro l, h u m an  IF N -a  a n d  -y were used, w hich  are know n to  enhance th e  c y to 
ly tic  a c tiv ity  of m on o cy tes . In cu b a tio n  of m onocytes in  th e  presence of IF N s  
re su lte d  in  a sign ifican t ac tiv a tio n  of th e  cy to to x ic  p o te n tia l of th e  m onocytes 
(T ab le  V).

D iscussion

M any d a ta  are  av a ilab le  on th e  cy to to x ic  effects and  reactions w ith  cel
lu la r  m acrom olecules o f N -m u sta rd  d e riv a tiv e s  [13, 14]; how ever, ru tin -N - 
m u s ta rd  and  a m a n ta d in e -N -m u s ta rd  w ere n o t in v estig a ted . The selective an d  
p a r tic u la r  cy to to x ic ity  of ru tin -N -m u sta rd  w ere rep o rted  b y  M olnár e t al. [5], 
b u t  th e  exact m echan ism  of a n titu m o u r ac tio n  is s till unknow n. I t  seem s th a t
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th e  N -m u sta rd  su b s titu e n t of th is  m olecule p lays an  im p o rta n t role in  fix ing  
th e  m olecule as a w hole in to  th e  ru tin -d ire c te d  or o rien ted  place, possib ly  in to  
th e  cellu lar m em b ran e . R u tin  itse lf  also has som e an tin eo p lastic  effect in  vivo 
[4]. Such a la rg e  m olecule w ith  a h igh ly  reac tiv e  N -m u sta rd  g roup  can n o t 
p e n e tra te  th e  cell m em brane. A m a n ta d in e -N -m u sta rd  was fresh ly  sy n th e tized  
for our ex p erim en ts . W e h ad  no in fo rm atio n  a b o u t th e  in vivo an tin eo p lastic  
effect of th is  com pound , since it  had  n o t p rev iously  been te s ted . I t  was earlie r 
p o in ted  ou t th a t  7 ,8-d ioxochlorprom azine [7], ru tin -N -m u sta rd  [5] an d  IF N
[15] had a n titu m o u r  or an tip ro life ra tiv e  effects in vivo. IF N  was able to  in h ib 
i t  th e  sarcom a v irus-induced  n eo p lastic  tra n sfo rm a tio n  [8]. The N K -cell 
a c tiv ity , w hich  rep resen ts  the  n a tu ra l h o st defence m echanism , w as suppressed  
in  tu m o u r-b e a rin g  an im als, b u t  IF N  an d  IF N  inducers such as p o ly  I  : C or 
R N A  w ere ab le  to  re s tim u la te  th e  N K  a c tiv ity  [16]. One a n titu m o u r co m 
p o u n d , 7 ,8-d ioxoch lo rp rom azine, d isp layed  in h ib ito ry  action  to w ard s th e  
m acrom olecu lar syn thesis  of tu m o u r cells an d  N K  cell ac tiv ity . On th e  o th e r 
h an d , th is  ch lo rp rom azine  deriv a tiv e  ex e rted  som e im m unosuppressive  a c t iv 
ity , too . W e p resu m e  th a t  these  effects are  due to  th e  general to x ic ity  o f th e  
com pound on A T P -ase  [17], since ch lo rp rom azine  itse lf  h ad  no such effects a t  
th e  sam e co n cen tra tio n . H ow ever, in o th e r ex p erim en ts  th e  ch lo rp rom azine  
d e riv a tiv e  en h an ced  th e  longev ity  o f tu m o u r-b e a rin g  mice [18], and  show ed 
a synerg istic  effect w ith  h y p e rth e rm ia  in  m ouse solid tu m o u rs  [19]. IF N s  w hich 
did n o t ex ert a s ign ifican t in h ib ito ry  effect on th e  m acrom olecular syn thesis  
of K-562 cells m a y  have h ad  an a n tip ro life ra tiv e  effect v ia ac tiv a tio n  of th e  
n a tu ra l  m echan ism  o f the  host defence, such  as N K  cells, or by  enhanc ing  th e  
m o n o cy te -m ed ia ted  cy to to x ic ity , as p rev io u sly  show n [20]. The m ost in te r 
esting  com pound  w as ru tin -N -m u sta rd . T his com pound  h ad  no in h ib ito ry  or 
enhancing  effects on th y m id in e , u rac il or am ino acid  in co rpo ra tion , N K  a c tiv 
i ty  or m o n o cy te -m ed ia ted  cy to to x ic ity . R u tin -N -m u sta rd  h ad  no in h ib ito ry  
a c tiv ity  on im m u n e  spleen cells an d  it  m ight h av e  an a n titu m o u r effect, very  
s im ila rly  as for ab rin . In  th e  la t te r  case th e  in  v itro  p re tre a ted  tu m o u r cells 
in d u ced  a n titu m o u r  im m u n ity  in  v ivo [21]. A n a n titu m o u r agen t, im idazole- 
4 -carboxam ide, h a d  a sim ilar m echanism  o f ac tio n ; i t  also increased th e  tu m o u r-  
associated  im m u n o g en ic ity  in  vivo d u rin g  tre a tm e n t of leukaem ic m ice [22]. 
Such “ im m u n iz a tio n ”  m ay be based  on a lte ra tio n  of the  tu m o u r cells, w hich 
can lead  to  h o st-v e rsu s-g ra ft responses; how ever, th is  ty p e  of im m u n ity  differs 
basica lly  from  im m u n iza tio n  against p rim a ry  carcinogens such as m urine o steo 
sarcom a v iruses [23], w hich can also reduce tu m o u r  incidence, b u t  th ro u g h  an 
o th e r m echanism . W e conclude th a t  7 ,8 -d ioxochlorprom azine, ru tin -N -m u sta rd  
and  IF N s have d iffe ren t an tip ro life ra tiv e  m echan ism s of action . The resu lts  
suggest th a t  it  w ould  be w orthw hile to  s tu d y  th e  a n titu m o u r effects of these  
com pounds in  co m b in a tio n , in  th e  hope th a t  synerg ism  exists betw een th e  e n 
tire ly  d ifferen t an tip ro life ra tiv e  effects.
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EFFECT OF ARGININE-BUTYRATE ON 
INTERFERON INDUCTION BY ADENOVIRUS*

B. T a r ó d i  and R o z á l ia  P usztai

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

(R eceived F e b ru a ry  13, 1985)

T rea tm e n t of h u m an  adenovirus ty p e  12 in fec ted  chick cells w ith  a low  co n cen tra tio n  of 
a rg in in e -b u ty ra te  s tro n g ly  in h ib ited  in te rfe ro n  fo rm atio n . A t th is c o n cen tra tio n , as ev a lu a te d  
b y  th e  ra te  of p ro te in  syn thesis th e  d rug  e x e rted  no s ig n ifican t toxic effect on  th e  cells. T he e a rly  
v írusgéné  expression , n o t  being affected  in  th e  b u ty ra te - tre a te d  chick cells, i t  is au to n o m o u s 
a n d  is n o t in fluenced b y  th e  effect of b u ty ra te  on ch ick  cells. This is a t  v a rian ce  w ith  w h a t has 
b een  observed in  o th e r  sem iperm issive sy s tem s in fec ted  w ith  adenovirus.

A bortive in fec tion  by  h u m an  ad en o v iru s  induces in te rfe ro n  p ro d u c tio n  
in  ch ick  cells, an d  fo r a n um ber o f y ea rs  we have  been s tu d y in g  th is  sy stem  
w ith  th e  aim  of u n d erstan d in g  th e  ev en ts  responsib le  for th e  in d uc tion  of in te r 
feron . These stud ies h av e  revealed  th a t  th e  in d u c tio n  does n o t depend  on v ira l 
D N A  rep lica tion  [1, 2] or on th e  sy n th es is  o f  capsid  com ponen ts. A t th e  sam e 
tim e , th e  ap p earan ce  of early  v ira l an tig en s  (P  an d  T) in  in fec ted  cells has p ro 
v id ed  evidence th a t  v ira l specific tra n sc r ip tio n  is one cond ition  of indu c tio n . 
Som e evidence im p lica tes  an early  in te ra c tio n  betw een v irus or virus p ro d u c t 
a n d  chick  cells [3]. T he n a tu re  o f th is  ea rly  e v en t, how ever, h as  n o t y e t been 
c larified . A possible app ro ach  to  ta c k le  th is  p rob lem  is the  use of specific m e ta 
bolic in h ib ito rs .

R esearch  ca rr ied  ou t in th e  la s t  few  y ea rs  has show n th a t  th e  sa lts  o f 
b u ty r ic  acid have  a w ide v a rie ty  o f effects on m am m alian  cell cu ltu res; acco rd 
in g ly , th is  could be a v a luab le  too l fo r s tu d y  o f th e  m echanism  o f gene a c tiv a 
tio n , th e  reg u la tio n  o f cell g row th , e tc . (for a review , see R ef. 4). E specially  
since several p u b lica tio n s  discussing th e  p o ssib ility  th a t  b u ty ra te , acting  as a 
h is to n  deacety lase  in h ib ito r  can m o d u la te  ce llu la r gene expression , its  effect 
on in te rfe ro n  gene expression has becom e an  in trig u in g  problem . This is o b v i
ously  a com plex phenom enon , w hich is p ro b a b ly  contro lled  b o th  by  th e  cell 
ty p e  an d  by th e  ty p e  o f inducer. W e h av e  th e re fo re  stud ied  th e  effect of b u ty 
ra te  on adenov irus-induced  in te rfe ro n  p ro d u c tio n  in chick cells.

B él a  T a r ó d i, R ozália  P uszta i

In s titu te  o f Microbiology, U niversity  Medical School 
Dóm té r 10, H-6720 Szeged, H ungary

* In  commemoration of the 60th birthday of Professor Ilona Béládi as a sign of respect for her research work on interferon
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M aterials and  m ethods

Cell cultures. P r im ary  ch ick  em bryo f ib ro b la s t  cells were c u ltu red  in Eagle’s m ed iu m  
co n ta in in g  5%  calf serum . H E p 2  cells were g row n as m onolayers in  glass bo ttles in  th e  sam e 
m edium . M onolayers o f cells in  60 m m  P e tri dishes o r 6 x 4  well tissu e  cu ltu re  p lates (G re iner) 
w ere used  fo r in te rfero n  in d u c tio n .

V irus. A denovirus ty p e  12 (H uie  stra in ) w as p ro p ag a ted  in H E p 2  cells and was p u rif ied  
and  t i t r a te d  as described p rev io u sly  [5]. P u rified  v iru s  a t  a m u ltip lic ity  o f  25 T C ID 50/cell w as 
used fo r in fection  of chick cells.

In terferon assay. In te rfe ro n  t it ra tio n  w as c a rried  ou t on seco n d ary  chick em bryo  f ib ro 
b la s t cells p la te d  ou t in f la t-b o tto m e d  m ic ro titre  p la te s  (96 w ells p e r p la te )  by  th e  m ic ro m eth o d  
described  prev iously  [3], e x cep t th a t  vesicular s to m a titis  v irus (VSV, In d ia n a  stra in ) w as used  
as challenge v iru s a t  a co n ce n tra tio n  of 6 X 104 p .f.u ./w ell.

E valuation  o f  T  antigen production. Chick cells w ere grown as m onolayers in glass cover- 
slips, an d  24 or 48 h  a fte r  in fec tio n  were rem oved  fro m  th e  dish, w ashed  in  p h o sp h a te-b u ffe red  
saline a n d  th e n  fixed  in ace to n e  a t  4 ?C. The fix ed  cells were s ta ined  fo r T  an tigen  and th e  n u m 
ber o f T  an tigen -p roducing  cells w ere ev a lu a ted  b y  th e  ind irect im m unofluorescence tech n iq u e  
described  b y  P u sz ta i e t al. [5].

Radioactive labelling. C hick cells were pu lse-labelled  w ith  3.7 M B q /m l35—S-m eth ion ine  in  
m eth ion ine-free  m edium  fo r 60 m in  a t d ifferen t in te rv a ls  a fte r th e  ad d itio n  of a rg in in e -b u ty ra te  
to  th e  cell cu ltu res . A fte r th e  labelling  period , th e  cells w ere scraped off, w ashed and fix ed  w ith  
6%  trich lo race tic  acid. T he acid-insoluble a c tiv ity  o f th e  T C A -ex tracted  cells was d e te rm in ed .

Arginine-butyrate. T h e  arg in ine  d e riv a tiv e  o f  b u ty ric  acid w as k in d ly  prov ided  b y  D r. 
C harles C hany  ( In s t i tu t  N a tio n a l de la San té  e t de la  R echerche M édical, Paris Cedex, F ran ce). 
I t  w as dissolved in H an k s b a lan ced  sa lt so lu tion .

R esu lts

R esu lts of p re lim in a ry  experim en ts revealed  th a t  low  co ncen tra tions of 
a rg in in e -b u ty ra te  (several т м )  do n o t e x e r t a m arked  to x ic  effect on p r im a ry  
ch ick  em bryo  f ib ro b la s t cells. H ow ever, som e d is tinc t changes in cell m o rp h o l
ogy could  be observed. T his effect of t r e a tm e n t is reversib le  and th e  cells re 
sum ed  th e ir  n o rm al m orphology  a fte r  tran sfe rrin g  th em  to  a b u ty ra te -free  
m ed ium . M oreover, th e  cells seem ed to  be viable a fte r  48 h of tre a tm e n t (no t 
show n).

To determ ine  th e  effective co n cen tra tio n  of a rg in in e -b u ty ra te  in th e  in 
h ib ition  of in te rfe ro n  in d u c tio n , 1-3 т м  b u ty ra te  was ad d ed  to  the  cells s im u l
tan eo u sly  w ith  th e  in d u ce r v irus. In c u b a tio n  was te rm in a te d  24 h  or 48 h  p o s t
in fec tion , and  dose v s. response curves w ere co n stru c ted  (Fig. 1). T he 24 an d  
48 h  curves were fa ir ly  sim ilar, and  in  b o th  cases 3 т м  b u ty ra te  co m ple te ly  
in h ib ite d  in te rfe ro n  fo rm atio n . To asce rta in  w hether th e  in h ib itio n  is due to  th e  
overa ll sh u t-o ff of ce llu la r p ro te in  sy n th es is , th e  ra te s  of p ro te in  syn thesis  an d  
in te rfe ro n  fo rm atio n  w ere com pared  a t  in te rv a ls  a fte r  concom itan t in fec tio n  
an d  tre a tm e n t of th e  cells w ith  b u ty ra te . T he p ro te in  syn thesis  was m easu red  
v ia  th e  in co rp o ra tio n  o f 35S -m eth ionine in to  trich lo race tic  ac id -p recip itab le  
m a te ria l (Fig. 2). W hile a d ram atic  re d u c tio n  was observed  in  in te rfe ro n  fo r
m atio n , even as early  as 12 h a fte r in fec tio n , tre a tm e n t o f th e  cells w ith  3 т м  
b u ty ra te  caused on ly  a sm all reduction  in  th e  ra te  of u p ta k e  of th e  rad io a c tiv e  
p recu rso r. W e a tte m p te d  to  p in po in t th e  b u ty ra te -se n s itiv e  step  d u ring  in d u e-
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F ig .  1 . Effect of arginine-butyrate on interferon induction by human adenovirus type 12 on 
primary chick embryo fibroblast cells. X  -  — X 24 h; О --------- О  48 h after induction

'S

F i g .  2 . Rate of interferon induction and protein synthesis in arginine-butyrate (3 т м ) treated 
cells, o --------- o 35S-methionine incorporation; x ---------X IFN production

tio n , an d  th u s we app lied  the d ru g  fo r 5, 8 a n d  12 h, to g e th e r w ith  th e  in d u cer 
(F ig . 3). Because o f th e  slow reco v ery  from  th e  tre a tm e n t of th e  cells, and  th e  
re la tiv e ly  slow ad so rp tio n  of th e  in d u ce r, th e  only conclusion th a t  could be 
d raw n  is th a t  an  ea rly  event in in te rfe ro n  in d u c tio n  is involved .

I t  has been rep o rted  th a t in som e in te rfe ro n -p ro d u cin g  sy stem s, w hen th e  
cells w ere p re tre a te d  w ith  b u ty ra te  before  v iru s  induction , a s tr ik in g  en h an ce
m en t of in te rfe ro n  yields was observed . In  c o n tra s t  w ith  th is , p re tre a tm e n t of 
ch ick  cells does n o t enhance the  p ro d u c tio n  of in terferon  in d u ced  b y  a d en o 
v iru s  (F ig. 4). A t th e  sam e tim e, it  seem s th a t  th e  effect of th e  d ru g  is reversib le : 
cells rem ained  v iab le  and la te r re su m ed  n o rm a l in te rfe ro n -p ro d u cin g  ab ility .

8 A c ta  M  icrobio logica  H u n  g a r  и 32.
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mM Arginine-butyrate
F ig .  3 . Effect of arginine-butyrate treatment (4 т м )  in early phase of induction. X — 

5 h; О --------- О 8 h; Д --------------Д  12 h postinfection

-48 -24 0 24 48 -48 -24 0 24 48 h
postinfection

F ig .  4. Effect on interferon production of arginine-butyrate treatment applied pre- and
postinfection

T hese resu lts  also show  th a t  the  b u ty ra te -se n s itiv e  s tep  tak es  place in  th e  f irs t  
24 hours of in d u c tio n  b y  adenovirus.

In  chick  cells in fec ted  w ith  h u m a n  adenov iruses, s im u ltaneously  w ith  
in te rfe ro n  fo rm atio n , ce rta in  v irus-specific  events can  be observed. One o f  th e  
m ost n o tew o rth y  ev en ts  is the  T (tu m o u r) an tigen  fo rm a tio n  of cells in fec ted  
w ith  ty p e  12 v iru s. As can be seen in  T ab le  I , b u ty ra te  s tro n g ly  in h ib ited  in te r 
feron p ro d u c tio n , b u t  did no t have an y  influence  on T  an tigen  fo rm atio n . T his 
is a un ique o b se rv a tio n , as in all b u ty ra te - tre a te d  sem iperm issive sy stem s 
te s ted  so far, th e  ea rly  adenovirus gene expression w as inh ib ited .
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Table I

T  ( tu m o u r )  a n t ig e n  f o r m a t io n  a n d  in t e r f e r o n  p r o d u c t io n  in  h u m a n  a d e n o v ir  u s  t y p e  1 2  in f e c te d
a n d  b u ty r a t e  t r e a t e d  c e l ls

Cell num ber 
( X 10e/well)

A rginine-butyrate 
concentration (шм)

IFN titre  
(U /m l)

T antigen  positive  
cells (% o f control)

2 .5 0 5 6 6 1 0 0

2 .5 2 3 0 9 8 8

2 .5 7 < 6 8 2

1 .5 0 3 4 1 1 0 0

1 .5 2 7 7 1 0 4

1 .5 7 <  6 9 2

D iscussion

T he in te re s t in  studies concern ing  th e  in fluence  of h u ty ra te  on in te rfe ro n  
in d u c tio n  h y  adenov irus in  ch ick  cells arose from  th e  grow ing n u m b e r o f 
p ap ers  rep o rtin g  on th e  m ultip le an d  ra th e r  curious effects of th is  n a tu ra l f a t ty  
acid . Some d a ta  re la te d  to  th e  m od ifica tions caused  b y  th e  d ru g  in  in te rfe ro n - 
p ro duc ing  system s, as well as its  effects on adenov irus gene expression an d  re p 
lica tion . H ow ever, we do no t know  how  b u ty ra te  ac ts  w hen in te rfe ro n  fo rm atio n  
ta k e s  place on in d u c tio n  by  adenov irus.

The effect of h u ty ra te  on in te rfe ro n  p ro d u c tio n  b y  h u m an  ly in p h o b la s to id  
cells was recen tly  exam ined. Cells w ere tre a te d  before in fection  w ith  S endai 
v iru s , an d  th e  t re a tm e n t increased  th e  su b seq u en t y ie ld  of in te rfe ro n  [6, 7 ]. 
S im ilarly , p re tre a tm e n t of th e  m on k ey  cell line G1—V 3 w ith  th e  d rug  re su lte d  
in  a m ark ed ly  enhanced  in te rfe ro n  y ie ld  [8]. W e have m ade a d ifferen t o b se r
v a tio n  in  our analysis  of the  re su lts  o f a rg in in e -b u ty ra te  tre a tm e n t on in te r 
feron p ro d u c tio n  induced  b y  aden o v iru s  in  p rim a ry  chick  em bryo  f ib ro b la s t 
cells. The d rug  has a sim ilar effect on th e  in te rfe ro n  p ro d u c tio n  b y  ch icken  
leukocy tes (d a ta  n o t shown). In  th e se  experim en ts we used a rg in in e -b u ty ra te , 
w hich has a low er to x ic  effect on th e  cells th a n  sodium  b u ty ra te . P re tre a tm e n t 
w ith  1-4  mM a rg in in e -b u ty ra te  d id  n o t increase th e  in te rfe ro n  p ro d u c tio n  in  
th e  su b seq u en t in d u c tio n . H ow ever, w hen th e  d ru g  an d  th e  in d u cer were app lied  
s im u ltaneously , a s trong  inh ib itio n  w as observed . T rea tm en t w ith  3 mM 
b u ty ra te  for up  to  48 h  was no t cy to to x ic  for th e  cells, b u t  som e sligh t m o rp h o 
logical a lte ra tio n s  w ere observed. O verall ra te s  of p ro te in  syn thesis , as m easu red  
by  th e  in co rp o ra tio n  of rad ioac tive  am ino  acid in to  T C A -precip itab le m a te ria l, 
are  n o t s ig n ifican tly  a ltered  in b u ty ra te - tre a te d  cells. I t  seems therefo re  th a t  
th e  d rug  m odifies som e gene expression  w ith o u t sign ifican tly  reducing  th e  
level of p ro te in  syn th esis  in general. On th e  o th e r h an d , th e  effects o f b u ty ra te
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are  reversib le : a re tu rn  to  th e  in itia l b iochem ical and  m orphological p a tte rn s  
occurs a fte r  a lag perio d  following rem o v a l of th e  drug  from  th e  m edium .

Sodium  b u ty ra te  is an  in h ib ito r of h is to n  deacety lase  [4, 9] an d , based  
on th e  co rre la tion  b e tw een  h iston  a c e ty la tio n  and  tra n sc rip tio n , th e  h y p e r
a c e ty la tio n  caused b y  th e  in h ib ito ry  effect of b u ty ra te  m ay  in fluence  th e  
cellu lar gene expression [10]. The d rug  has also been show n to  affect o th e r, non- 
h is to n  chrom osom al p ro te in s , such as h ig h -m o b ility  g roup  (HM G) p ro te in s. 
T hese are located  in  th e  tra n sc rip tio n a lly  ac tiv e  p a r ts  of ch ro m atin , an d  th e ir  
m od ifica tio n  (ace ty la tio n , p h o sp h o ry la tio n ) m ay  p lay  an im p o r ta n t role in  
co n tro l of th e  gene expression  [11].

In  cases w hen en h an cem en t of in te rfe ro n  p rodu c tio n  has been  observed, 
i t  is te m p tin g  to  sp ecu la te  th a t  th e  in c reased  level of in te rfe ro n  m ay  be due to  
an  increased  ra te  of tra n sc rip tio n  in d u ced  b y  th e  b u ty ra te  in  th e  above-m en
tio n ed  w ay , and  th a t  th is  process m u s t be specific for in te rfe ro n  an d  possib ly  
for som e o th e r genes. H ow ever, if  th e  re su lts  described in  th is  re p o rt are tak en  
in to  acco u n t, it  is obv ious th a t  th e  s tim u la to ry  effect o f b u ty ra te  is contro lled  
b y  th e  cell ty p e  too , o r th e  induc tio n  invo lves a m ore com plex reg u la to rv  m e
chan ism .

Sodium  b u ty ra te  is able to  su p p o r t v ira l D N A  rep lica tio n  an d  even to  
a c tiv a te  in teg ra ted  v iru s  DNA, a lth o u g h  i t  inh ib its  cellu lar D N A  rep lica tion  
[12, 13]. D aniell [14] h as  rep o rted  th a t  b u ty ra te  does n o t in h ib it adenovirus 
D N A  rep lica tion  in  perm issive H eL a cells, w here no d e tec tab le  syn thesis  of 
cellu lar D N A  or h is to n  occurs. In  s tr ik in g  c o n tra s t w ith  th is , tre a tm e n t of a 
B H K  derived  cell line p rev en ts  th e  aden o v iru s  D N A  rep lica tion , an d  even th e  
expression  of early  v ira l genes is in h ib ite d  in  these  sem iperm issive cells [15]. 
A denov irus-in fec ted  ch ick  cells are u n iq u e  in  th is  respec t, too . This system  is 
also sem iperm issive fo r adenovirus rep lica tio n  [16, 3]. D espite th e  alm ost 
com plete  in h ib ition  o f cellu lar D N A  sy n th es is  [17], in  b u ty ra te - tre a te d  cells 
th e  d rug  does no t in fluence  early  v ira l gene expression, as can  be seen from  
th e  n u m b er of cells p roducing  T (tu m o u r)  an tigens.

D erivatives of b u ty r ic  acid p ro d u ce  a w ide v a r ie ty  of effects on cells in 
c u ltu re ; som e of th e m  are observed in  a lm ost all cells s tu d ied , while o thers 
are  observed  in  a lim ited  num ber o f cells, or even v a ry  m ark ed ly  depending  
u p o n  th e  cell ty p e . O ne of th e  ra th e r  u n iq u e  effects is th a t  w hich we have o b 
served  in  adenov irus-in fected  chick cells. A lthough  th e  m echanism  of in te r 
feron  induc tio n  by  adenoviruses is s till th e  sub jec t of in v estig a tio n , and  th e  
m ode of b u ty ra te  in h ib itio n  also rem ain s to  be de te rm ined , we assum e th a t  
in te rfe ro n  p ro d u c tio n  m ay  resu lt from  th e  in te rac tio n  betw een  th e  t r a n s 
ac tin g  tra n sc rip tio n a l enhancing  fac to r  encoded  b y  th e  E-l region of th e  adeno
v iru s  an d  th e  a p p ro p ria te  cellu lar gene(s).

B u ty ra te  m ay  m odify  th is v ira l gene p ro d u c t, th e re b y  in d irec tly  p re 
v en tin g  expression o f th e  in terferon  gene. F u r th e r  stud ies m ay  clarify  th is
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P  O SS I b ilit y. In  ad d itio n , we have been p ro v id ed  w ith  a sy stem  w here th e  effect 
o f endogenous and  exogenous in te rfe ro n  on T (tu m o u r) an tig en  fo rm a tio n  
and  tran sfo rm a tio n  can  be stud ied .
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PRODUCTION OF HIGH TITRE HUMAN 
INTERFERON-GAMMA IN PRIMED 

LEUKOCYTE CULTURES*

V a l é r i a  E i n d r é s z , S. T ó t h  and M. T ó t h

Institute o f  Microbiology, U niversity Medical School, Szeged 

(R e c e iv e d  F e b r u a r y  13 , 1 9 8 5 )

C o n  А -s t im u la te d  le u k o c y t e s  p r e v io u s ly  t r e a te d  w it h  I F N - a  (1 5 0 0  I U /m l  fo r  4 h )  w e r e  
v e r y  s u i t a b le  for  th e  p r o d u c t io n  o f  I F N -y  w i t h  a h ig h  t i tr e  e v e n  u n d e r  la r g e -s c a le  c o n d it io n s .  
T h e  p r o p e r t ie s  o f  th e  I F N  p r o d u c e d  u n d e r  s u c h  c o n d it io n s  w e r e  id e n t ic a l  to  th o s e  o f  I F N - y .  
T h e  I F N - y  p ro d u ced  in  p r im e d  cu ltu r es  s h o w e d  t w o  p e a k s  o f  a n t iv ir a l  a c t iv i t y  c o r r e sp o n d in g  
to  m o le c u la r  w e ig h ts  o f  51  0 0 0  an d  23 00 0  d a l to n s .

H u m an  in te rfe ro n s (IFN s) can  be  d iv ided  in to  th re e  g roups: leu k o cy te  
(a), f ib ro b la s t (/?) a n d  im m une (y) IF N s  [1]. T hey  e x e rt sim ilar biological 
effects (an tiv ira l an d  an tice llu la r a c tiv itie s ) , th o u g h  IF N -y  d isp lays a h igher 
a n titu m o u r  ac tiv ity  in  v ivo  [2] an d  a h ig h er c y to s ta tic  a c tiv ity  in  v itro  [3] 
th a n  IF N -a  or IFN-/?.

In  add ition  to  th e se  biological e ffec ts , th e  IF N s possess p rim ing  a c tiv ity . 
Cells p re tre a ted  w ith  IF N  generally  y ie ld  m ore IF N  a n d  p roduce  it  sooner 
th a n  nonprim ed  cells [4, 5]. In a p rev io u s  pub lica tio n  we have com pared  th e  
p rim ing  activ ities of h u m a n  IF N -a , IFN -/?  and  IF N -y  [6]. P re tre a tm e n t of 
leu k o cy tes  w ith any  ty p e  of IF N  en h an ced  th e ir  IF N -a  and  IF N -y  p ro d u c tio n , 
b u t IF N -a  and IFN -/? h ad  more p o te n t  p rim ing  ac tiv ities . P re tre a tm e n t of 
leu k o cy tes  w ith re la tiv e ly  high doses o f  IF N -a  or IFN-/? (1000-3000 IU /m l) 
re su lted  in  at least a 10-fold increase in  th e  IF N -y  p ro d u c tio n  of Con A-sti- 
m u la ted  leukocytes. S ince the  dem and  fo r large q u an titie s  of IF N -y  is still 
grow ing, лее have tr ie d  to  ad ap t this sy s te m  to  produce IF N -y  on a large scale.

Materials an d  m ethods

Interferons. S en d a i v ir u s - in d u c e d  l e u k o c y t e  I F N - a  w a s  p u r if ie d  t o  a  sp e c if ic  a c t iv i t y  
( sp . a c t .)  o f  10G IU /m g  p r o t e in ,  a s  d escr ib ed  p r e v io u s ly  [6 ] . T h e  I F N - y  w a s  p r o d u c e d  in  C on  A - 
s t im u la t e d  le u k o c y te  c u ltu r e s  a n d  p u r ified  to  a  s p . a c t .  o f  10° U /m g  p r o te in  w ith  th e  sa m e  m e t h 
od  as fo r  I F N - a .  T h e  IF N -/?  p r e p a r a t io n  w a s  a  g e n e r o u s  g if t  fro m  A . B ill ia u  ( R e g a  I n s t i t u t e ,  
L e u v e n . B e lg iu m );  it h ad  a s p . a c t . o f  10е I U /m g  p r o te in .
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P r o d u c t io n  o f  I F N - y .  I F N - y  p r o d u c t io n  u n d e r  sm a ll- s c a le  c o n d it io n s  w a s  p er fo rm ed  as  
d e s c r ib e d  in  re feren ce  [6 ] . F o r  t h e  la r g e -sc a le  p r o d u c t io n  o f  I F N - y ,  le u k o c y t e  c u ltu r e s  o f  3 0 0 0  
m l in  w id e -n e c k  r o u n d -b o t to m  f la s k s  w ere  u se d . C ells w e r e  m a in ta in e d  in  s u s p e n s io n  b y  a g i t a 
t io n  w it h  a m a g n e t ic  st ir rer .

Q u a n t i ta t io n  o f  a n t i v i r a l  a c t i v i t i e s  o f  I F l \ s .  A n t iv ir a l  a c t iv i t y  w a s  a s s a y e d  on  h u m a n  
a m n io n  (W I S H )  or b o v in e  k id n e y  (M D B K ) c e lls  in  m ic r o t itr e  p la te s  (G re in er )  b y  a c y t o p a th ic  
e f f e c t  r e d u c t io n  m e th o d  [ 6 ] .  T it r e s  o f  I F N - a  a n d  I F N - y  p r e p a r a t io n s  w ere  e x p r e s se d  in I U /m l  
a n d  U /m l.

M e a s u r e m e n t  o f  a n t i p r o l i f e r a t i v e  a c t i v i t i e s  o f  I F N s .  T h e  t e s t s  w e r e  p er fo rm ed  in  e x p o 
n e n t ia l ly  g ro w in g  H E p -2  c e ll c u ltu r e s .  C ells (3  X 1 0 5) w e r e  se e d e d  in  45  m m  g la s s  P e tr i  d ish e s .  
O n e  d a y  la te r  th e  ce ll m o n o la y e r s  w ere  w a s h e d  a n d  in c u b a te d  in  th e  p r e s e n c e  or a b se n c e  o f  I F A .  
C ell g r o w th  w a s  d e te r m in e d  3 d a y s  la te r  b y  h a e m o c y to m e te r  c o u n ts  o f  v ia b le  c e lls  u s in g  t r y p a n  
b lu e  d y e  e x c lu s io n . D e t e r m in a t io n s  w ere  carr ied  o u t  in  tr ip lic a te .

p H  a n d  te m p e r a tu r e  s t u d i e s .  C rude I F N - a  (3 0  0 0 0 - 5 0  00 0  I U /m l)  a n d  I F N - y  (1 0 0 0 -3 0 0 0  
U /m l)  sa m p le s  w ere  d ia ly s e d  a g a in s t  g ly c in e -H C l b u ffe r  (0 .1  m , p H  2) for  1 -2  d a y s . T h e  p H  
w a s  ra ised  b y  fu r th e r  d ia ly s is  a g a in s t  p h o s p h a te -b u ffe r e d  sa lin e  (p H  7 .6 )  fo r  1 d a y . T h e  sa m p le s  
w e r e  t e s te d  for  r e s id u a l I F N  a c t iv i t y .  T h e  cru d e I F N - a  a n d  I F N - y  s a m p le s  w e r e  a lso  t e s t e d  fo r  
t h e r m a l s t a b i l i ty  a t  56  °C .

G el f i l t r a t i o n  o f  I F N - y  o n  S e p h a c r y l  S - 2 0 0 .  C o n tro lled  P o re  G la ss  (C P G -7 5 ) b e a d s  w e r e  
u s e d  fo r  p a r tia l p u r if ic a t io n  o f  I F N - y  a cco rd in g  to  th e  m e th o d  o f  L a n g fo r d  e t  a l. [7 ] . T h e  
e t h y le n e  g ly c o l a n d  t h e  s a l t  fr o m  th e  e lu te d  I F N  f r a c t io n s  w ere  r e m o v e d  b y  c h r o m a to g r a p h y  
o n  S e p h a d e x  G -25 ( P h a r m a c ia ) .  T h e  I F N - y  w a s  fr a c t io n a te d  o n  a S e p h a c r y l  S -2 0 0  (P h a r m a c ia )  
c o lu m n  (1 .6  b y  75 c m ) p r e v io u s ly  e q u ilib r a te d  w it h  P B S  c o n ta in in g  5 %  e t h y le n e  g ly c o l. T h e  
c o lu m n  w a s  s ta n d a r d iz e d  w it h  s u b s ta n c e s  o f  k n o w n  m o le c u la r  w e ig h t  (b lu e  d e x tr a n , b o v in e  
se r u m  a lb u m in , o v a lb u m in  a n d  c y to c h r o m e  C).

M e a s u r e m e n t  o f  p r o t e i n  c o n te n t . P r o te in  c o n t e n t s  o f  I F N  s a m p le s  w e r e  d e te r m in e d  b v  
t h e  d y e  b in d in g  a s s a y  w it h  a  B io -R a d  p r o te in  a s s a y  k it .

R esults and d iscussion

IF N -a -p re tre a te d  an d  Con А -induced leukocy tes can p roduce  a consider
ab le  am o u n t of IF N -y  in  s ta tio n a ry  cu ltu res  16]. We have tried  to  m odify th is  
IF N  p roduction  system  to  m ake it  useful for large-scale p ro d u c tio n . A system  
c u rre n tly  applied  to  p ro d u ce  hum an  IF N -a  for clinical tr ia ls  w as ad ap ted  [8]: 
leu k o cy te  cu ltu res w ere p rim ed  w ith IF N -a  and  induced  w ith  Con A (see M ate
ria ls  and m ethods sec tion ). D ifferent ex p erim en ts  invo lv ing  slight v a ria tio n s  
in th e  conditions w ere carried  o u t in order to  de term ine  th e  influence o f d iffe r
en t factors on th e  IF N  y ie ld  (Table I).

The effect of p rim ing  was ev ident in th e  large-scale  p ro d u c tio n  system  
(T able I, A). T he o p tim u m  prim ing period  w as 4 h (Table I. B). W ith  a longer 
p rim ing  period , th e  v ia b ility  of the leukocy tes decreased para lle l w ith th e ir  
IF N -p ro d u c in g  a b ility  (d a ta  n o t shown). A high cell co n cen tra tio n  (2.5 X 10"/ml) 
w as required  for th e  e ffic ien t p ro d u c tio n  of IF N -y  (Table I, C). A t a higher cell 
co n cen tra tio n , th e  p H  o f th e  m edium  changed  rap id ly , w hich decreased th e  
IF N -p ro d u c in g  a b ility  o f th e  leukocytes (d a ta  no t show n). In  th e  case of IF N -y  
p ro d u c tio n , s im ilarly  to  th e  IF N -a-p ro d u c in g  system  [9], th e  re la tiv e ly  ex p en 
sive E agle’s m in im al essen tia l m edium  could he rep laced  by  a sim ple balanced  
sa lt so lu tion  (BSS) co n ta in in g  no am ino acids or v itam in s (T able I. D).

IF N -y  p re p a ra tio n s  produced  u n d er large scale co n d itions were te s ted  
to g e th e r  w ith  c rude  IF N -a  for s ta b ility  a t pH  2, and a t 56 °C. IF N -y  produced
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Table I

I F N - y  p r o d u c t i o n  on  a  la rg e  s c a le

M ode of 
p ro d u ctio n M edium *

Prim ing 
w ith  IF N -a  

(IU /m l)

L en g th  of 
p rim ing , h

Cell n u m b er  
( 10r/m l)

M edian** 
t i t r e  (U /m l)

A

g g g *  * * 0 4 2 .5 3 8 0

B SS 15(10 4 2.5 2 7 9 0

B SS 1500 1 2 .5 72 4

В
B S S 1500 2 2.5 892

BSS 1500 3 2.5 1460

B SS 1500 4 2 .5 2 2 0 0

B SS 1500 4 1 4 02
c B SS 1500 4 2 .5 2625

D
E a g le ’s 1500 4 1 482

B S S 1500 4 1 4 42

* M edium  c o n ta in e d  2 m g /m l h u m a n  g a m m a -g lo b u lin -fr e e  seru m  
** L e u k o c y te s  w ere  s t im u la te d  w i t h  15 /zg /m l C on A , a n d  16 h la ter  w h en  th e  t itr e s  

w ere  m a x im u m  I F N  a c t iv i t ie s  o f  th e  c u ltu r e  s u p e r n a ta n ts  w ere  a s s a y e d . T h e  t itr e s  s h o w n  in  
A , B , C a n d  D  se c tio n s  are m ea n s  o f  1, 2, 3 a n d  4  ex p e r im e n ts  r e s p e c t iv e ly .

*** B a la n ced  sa lt  so lu t io n :  E a g le ’s m e d iu m  w ith o u t  a m in o  a c id s  or v ita m in s

b y  e ith e r  prim ed or u n p rim ed  leu k o cy te s  lo st ab o u t 8 0 -9 0 %  of its  a n tiv ira l  
a c tiv ity  a t  pH  2 in 1 d ay , whereas I F N - a  rem ained  u n affec ted  u n d e r th e  sam e 
cond itions (d a ta  no t show n). On th e  o th e r  h an d , IF N -y  p re p a ra tio n s  lost a b o u t 
70%  o f th e ir  an tiv ira l activ ities in 30 m in , a t 56 °C w hereas u n d er th e  sam e 
cond itions th e  IF N -a  sam ples re ta in ed  9 0 %  of th e ir  ac tiv itie s  (d a ta  n o t show n).

T he cell g ro w th -in h ib ito ry  effect o f Con А -induced  IF N -y  was also co m 
p ared  w ith  those of IF N -a  and IFN -/3 (F ig . 1). A sign ifican t in h ib itio n  (20% ) 
in  cell g ro w th  was ach ieved  w ith  40 IU  IF N -a  or IFN-/3, w hereas 4 U IF N -y  was 
su ffic ien t to  ob tain  th e  sam e effect.

Fig. 1. A n t ic e llu la r  a c t iv i t ie s  o f  I F N - a ,  IF N -/?  a n d  I F N - y  t o  H E p -2  c e lls
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Fig. 2. E lu t io n  p r o f ile  o f  C on  А -in d u c e d  I F N  o n  S e p h a c r y l  S -2 0 0 . M o le c u la r  w e ig h t  m a rk ers:  
b lu e  d e x tr a n  ( B D )  3 0 0 0  0 0 0 :  b o v in e  seru m  a lb u m in  ( B S A )  67  0 0 0 ; o v a lb u m in  (O V A ) 45  000;

c y to c h r o m e  C (C y tC ) 13 0 0 0

The m olecular w eigh t o f Con А-induced  IF N -y  was d e te rm in ed  b y  Sephac
ry l S-200 colum n ch ro m a to g rap h y . W ith  W IS H  cells, tw o p eak s w ith  a n tiv ira l 
a c tiv ity  were d e tec ted , corresponding  to  p ro te in s  w ith  m o lecu lar w eights ol 
51 000 and 23 000 d a lto n s  (F ig. 2). N eith er th e  h igher n o r th e  low er m olecular 
w eig h t com ponen t o f Con А -induced IF N  p ro te c te d  M D B K  cells ag a in st th e  
challenge v irus. I t  is p ro b ab le  th a t  the  tw o  peak s co rrespond  to  th e  m onom eric 
a n d  dim eric form s o f th e  IF N -y  m olecule.
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MUTUAL SPATIAL ORIENTATION OF HEXONS IN THE 
ADENOVIRUS CAPSID BY ELECTRON MICROSCOPY

AND MODELLING

É v a  Á d á m  a n d  I .  N á s z

I n s t i tu t e  o f  M ic r o b io lo g y , S e m m e l w e i s  U n iv e r s i t y  M e d i c a l  S c h o o l , B u d a p e s t  

(R e c e iv e d  J u n e  4 , 1 985)

O n t h e  b a s is  o f  e le c tr o n  m ic r o s c o p ic  a n a ly s is  o f  th e  v ir io n  a n d  m o d e l e x p e r im e n ts  
th e r e  a re  fou r  h e x o n  s p e c ie s  in  th e  a d e n o v ir u s  ca p s id  w h ic h  h a v e  d iffe r e n t  p o s it io n a l  s t a t u s  
a n d  s p a t ia l  o r ie n ta tio n  a s  co m p a red  to  t h e  s ix  n e a r e s t  n e ig h b o u r in g  c a p so m e r s . T h e  b in d in g  
p a tte r n  o f  t h e  p o ly p e p t id e  su b u n its  a c c o r d in g  t o  th e ir  o r ie n ta t io n  is  a lso  d iffe r e n t . T h e  fo u r  
h e x o n  sp e c ie s  are s i t u a te d  b e s id e  o n e  a n o th e r  in  th e  ca p sid  a n d  t h e y  fo rm  t h e  c a p s id  o f  24 0  
h e x o n s  b e s id e s  th e  p e n t o n  b y  r e p e a t in g  s y m m e tr ic a l ly  60  t im e s ,  a s a g ro u p  o f  fo u r  h e x o n s  
(G O F ).

E le c tr o n  m ic r o s c o p ic  a n a ly s is  a n d  m o d e l  e x p e r im e n ts  le a d  t o  t h e  c o n c lu s io n  t h a t  th e  
m u t u a l  sp a t ia l  o r ie n ta t io n  o f  G O F  h e x o n s  c a n  b e  p a ra lle l ( th e ir  lo n g itu d in a l  a x e s  are p a r a lle l) ,  
or t h e  d ir e c t io n  o f  th e ir  lo n g itu d in a l  a x e s  is  d iffe r e n t  in  o n e  or tw o  p la n e s , t h u s  t h e y  fo r m  
d iffe r e n t  a n g le s  w ith  t h e  lo n g itu d in a l a x e s  o f  th e  n e ig h b o u r in g  h e x o n s . In  th e  la t t e r  c a s e s  
th e r e fo r e , a b en d  a n d  to r s io n  o f  th e  b in d in g s  ( c o n n e c t iv e  e le m e n ts )  c a n  b e  su p p o s e d  a s  c o m 
p a r e d  to  th e  te n d e n c y -p la n e  o f  p ara lle l b in d in g s .  B a sed  o n  t h e  d if f e r e n t  c o m b in a t io n s  o f  th e  
th r e e  k in d s  o f  r o ta t io n a l  o r ie n ta tio n  o f  p o ly p e p t id e  s u b u n its  a n d  o f  t h e  d if fe r e n t  s p a t ia l  
o r ie n ta t io n  o f  h e x o n s , s ix  k in d s  o f  in te r h e x o n a l  b in d in g s  c a n  b e  f o u n d  in  t h e  a d e n o v ir u s  
c a p s id . T h e  d is tr ib u tio n  a n d  c h a r a c te r is t ic s  o f  t h e  6 9 0  in te r h e x o n a l  b in d in g s  are t h e  fo llo w in g :
(1)  2 4 0  b in d in g s  o f  “ o n e - to - tw o ”  p o ly p e p t id e  o r ie n ta t io n  w ith  p a r a l le l  s p a t ia l  o r ie n ta t io n :
(2)  18 0  b in d in g s  o f  “ o n e - t o - t w o ” p o ly p e p t id e  w it h  sp a t ia l  o r ie n ta t io n  d iv e r g e n t  in  t w o  p la n e s:
(3)  30  b in d in g s  o f  “ o n e - to - o n e ”  p o ly p e p t id e  o r ie n ta t io n  w ith  p a r a lle l  s p a t ia l  o r ie n ta t io n :
( 4 )  60  b in d in g s  o f  “ o n e - to - o n e ”  p o l ip e p t id e  o r ie n ta t io n  w ith  s p a t ia l  o r ie n ta t io n s  d iv e r g e n t  
in  o n e  p la n e ;  ( 5 )  60 b in d in g s  o f  “ o n e - to -o n e ”  p o ly p e p t id e  o r ie n ta t io n  w ith  s p a t ia l  o r ie n ta t io n  
d iv e r g e n t  in  tw o  p la n e s ;  (6 )  120 b in d in g s  o f  “ tw o - t o - tw o ”  p o ly p e p t id e  o r ie n ta t io n  w ith  
s p a t ia l  o r ie n ta t io n  d iv e r g e n t  in  tw o  p la n e s . T h e  d is s o c ia t io n a l s e q u e n c e  o f  th e  c a p s id  s u g g e s t s  
t h a t  t h e  f ir m e s t  b in d in g s  a re  t h e  o n es  h a v in g  “ o n e - to - tw o ”  p o ly p e p t id e  o r ie n ta t io n  a n d  p a r a lle l  
s p a t ia l  o r ie n ta t io n . I t  m a y  b e  su p p o sed  t h a t  a n y  tw o  h e x o n s  are a b le  t o  c o n n e c t  t o  e a c h  o th e r  
a c c o r d in g  to  a ll th r ee  p o ly p e p t id e  o r ie n t a t io n s  a n d  th e  c o n n e c t io n s  c a n  to le r a te  t h e  b e n d s  
a n d  t o r s io n s  a r is in g  fro m  t h e  ico sa h e d r a l s t r u c t u r e .  T h is  su g g e s ts  t h a t  o n ly  o n e  k in d  o f  h e x o n  
is  e x is t in g  a n d  th e  a d e n o v ir u s  ca p sid  is  fo r m e d  b y  a h o m o g e n e o u s  h e x o n  p o p u la t io n .

A denovirus hexon  was revealed  to  have a pseudohexagonal low er p a r t  
and  a tr ia n g u la r  to p . T he tr ian g u la r p ro file  of the  hexon-end  facing th e  v irion  
surface is form ed by  th re e  po lypep tide  su b u n its  a rranged  a ro u n d  a lo n g itu d in a l 
axis of three-fo ld  sy m m etry . The th re e  apices of th e  tr ia n g u la r  p ro file  are  
form ed b y  one po ly p ep tid e  each. The m olecule has a sm all ax ia l hole ex ten d in g  
to  a Y -shaped  slit a t  th e  to p  [1, 3\, T h e  hexagonal low er p o rtio n  of th e  hexon 
ensures a closed (hexagonal) packing fo r  th e  capsom ers, w hile th e  tr ia n g u la r  
p ro file  o f  th e  top , th e  Y -shaped  slit a n d  th e  th ree  p o ly p ep tid e  su b u n its  give
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usefu l reference p o in t fo r th e  estab lish m en t o f th e  o rien ta tio n  of hexons and  
su b u n its  in the  ad en o v iru s  capsid  in f la t  p ro jec tio n  [3, 4].

P rev ious ex p erim en ts  h av e  shown th e  m u tu a l ro ta tio n a l o rien ta tio n  of 
all th e  po lypep tide  su b u n its  o f th e  adenov iru s-b u ild in g  capsom ers, w hich is 
ch a rac te rized  by  th e  re g u la r  a lte rn a tio n  of th e  “ one-to -tw o” , “ one-to-one’ 
an d  “ tw o -to -tw o ”  o r ie n ta tio n  of po ly p ep tid e  su b u n its  of th e  neighbouring  
hexons. This co rresponds to  th e  5-, 3- an d  2-fold (532) ro ta tio n a l sy m m etry  
c h a ra c te r is tic  of th e  ico sah ed ra l capsid  [2, 5]. I t  has also been show n th a t  
ev e ry  hexon is jo in ed  to  its  six  n earest ne ig h b o u rs  b y  six double  in te rh ex o n a l 
co nnec tive  elem ents [6, 7].

T he p resen t re p o rt gives in fo rm atio n  on th e  m u tu a l sp a tia l o rien ta tion  
of th e  ind iv idual capsom ers to  th e  n e ig h b o u rin g  hexons lo ca ted  on d ifferent 
p o in ts  of th e  v iru s capsid  as well as th e  b en d in g  an d  th e  to rs io n  of the  in te r 
h ex o n a l connections, w hich follows necessarily  from  th e  ico sah ed ra l s tru c tu re  
o f th e  capsid.

M aterial and m ethods

W ith  d irec t  a n a ly s is  o f  e le c tr o n  m ic r o g r a p h s  a n d  M a r k h a m ’s r o ta t io n a l  in te g r a tio n  
t e c h n iq u e  it  w a s o b s e r v e d  in  s e v e r a l  ca se s  t h a t  t h e  d is ta n c e s  b e tw e e n  t h e  e d g e  an d  th e  t r i 
a n g u la r  f a c e t s  o f  th e  v ir io n  w e r e  w id e r  th a n  th o s e  a m o n g  th e  h e x o n s  o n  t h e  f a c e t s  a n d  on  th e  
e d g e s . T h e  d is ta n c e s  s e p a r a t in g  th e  p e n to n s  a n d  p e r ip e n to n a l  h e x o n s  a p p e a r e d  s im ila r ly  
w id e r . T h e se  f in d in g s  are  v i s ib le  in  F ig . l /а  in  r e fe r e n c e  [2 ]  o n  th e  e le c tr o n  m icro g ra p h  o f  th e  
a d e n o v ir u s  a n d  o n  t h e  m ic r o g r a p h  p ro cessed  b y  r o t a t io n a l  t e c h n iq u e  (F ig . 1 /b  in  th e  sa m e  
r e fe r e n c e ) . T h e  p h e n o m e n o n  m a y  b e  e x p la in e d  b y  t h e  d e v ia t in g  s p a t ia l  o r ie n ta t io n  o f  th e  
h e x o n s  lo c a te d  o n  d if f e r e n t  p o in t s  o f  th e  v ir u s  c a p s id , w h ic h  fo llo w s  n e c e s s a r ily  fro m  th e  ic o 
sa h e d r a l s y m m e tr y  o f  t h e  v ir io n . T h e  m u tu a l s p a t ia l  o r ie n ta t io n  o f  h e x o n s  s itu a te d  o n  d if 
f e r e n t  p a rts o f  t h e  c a p s id  w a s  s tu d ie d  b y  u se  o f  a v ir io n  m o d e l. T h e  d e v ia t io n  o f  th e ir  lo n g i
t u d in a l  a x e s  w a s  e x a m in e d  w i t h  th e  h e lp  o f  a n  ic o s a h e d r o n  fro m  w h ic h  f iv e  tr ia n g u la r  f a c e t s  
w e r e  a b se n t . S te e l  s t ic k s  w e r e  p la c e d  a cco rd in g  to  t h e  su p p o s e d  lo n g itu d in a l  a x e s  o f  h e x o n s  
a n d  t h e  a n g le s  e n c lo s e d  b y  t h e  a x e s  o f  th e  d if fe r e n t  h e x o n s  w ere  m e a su r e d  in s id e  or s o m e t im e s  
o u ts id e  th e  ic o s a h e d r o n . T h e  a n g le s  in  th e  F ig u r e s  m a y  d e v ia te  s o m e w h a t  fro m  th e  v a lu e s  
g iv e n  in  th e  t e x t ,  d u e  t o  a s l ig h t  d e fo r m a tio n  d u r in g  p h o to g r a p h in g .

Results

Group o f  fo u r  hexons (G O F )

The six hexons b u ild in g  th e  tr ia n g u la r  facet and  th re e  o th e r ones tak in g  
p a rt in the c o n s titu tio n  o f th ree  edges a ro u n d  th e  given tr ia n g u la r  facet form  
th e  group of n ine hex o n s (GON) as seen in  Figs 1 and  7 [3]. E ach  neighbouring  
G O N  p a rtic ip a te s  in  th e  fo rm atio n  of th e  com m on edge.

In  th e  ico sah ed ra l capsid , th e  fo llow ing four species o f hexon capsom ers 
m ay  be recognized w h ich  have d ifferen t positional s ta tu s  to  eacli o ther and  
d ifferen t sp a tia l o r ie n ta tio n  to  th e  six n ea rest ne ighbouring  capsom ers.

(1) P eripentonal hexons (P P H ); five  hexons th a t  su rro u n d  each pen to n  
a t the vertices (H ex o n  n um ber 1 in F ig . 1).
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(2) G O N -hexon , edge (G O N -Н Е ); tw o G O N -Н Е  from  tw o n e ig h b o u rin g  
GONs are loca ted  a t  th e  cen tre  o f each  edges betw een  th e  tw o P P H s  (H ex o n  
n u m b er 2 in Fig. 1).

(3) G ON-hexon. facet-vertex (G O N -H FV ); each G O N  is s itu a te d  on th e  
tr ia n g u la r  facet o f th e  capsid . T h ree  of th e  six hexons bu ild ing  th e  face t 
s itu a te d  a t th e  th re e  vertices are th e  G O N -H FV s (H exon  n u m b er 3 in F ig . 1).

(4) G ON-hexon, facet-centre (G O N -H FC ); th ree  o f th e  six hexons b u ild 
ing  th e  facet s itu a te d  am ong th e  th re e  G O N -H FV s are th e  G O N -H FC s (H ex o n  
n u m b er 4 in Fig. 1).

O ut of th e  fo u r hexon species, 60 can be found  in  each  capsid. T h e  d if
fe ren t hexon are s itu a te d  beside one a n o th e r in th e  cap sid  as a group o f  fo u r 
hexons (G O F), an d  th e y  are re p e a te d  sy m m etrica lly  60 tim es acco rd ing  to  
th e  532 sy m m etry  axes of th e  icosahed ron  to  form  th e  v iru s  capsid com posed  
of 240 hexons besides th e  12 p en to n  (F igs 1 and 2). T he groups of four hexons 
(G O Fs) can be “ a rra n g e d ”  in  tw o w ays. To a given P P H  belong tw o n e ig h 
b o u rin g  GONs. A ccord ing  to  th e  f ir s t  a rran g em en t, th e  G O N -Н Е , th e  G O N - 
H F V  an d  th e  G O N -H FC  belonging to  th e  one and th e  sam e GON are jo in in g  
to  th e  P P H  (Fig. 1). A ccording to  th e  o th e r a rran g em en t, th e  sam e G O N -H E  
from  one ne ighbouring  GON is jo in in g  to  th e  given P P H  like a t th e  f irs t  fo rm , 
and  from  the  o th e r ne ighbouring  G O N , th e  G O N -H FV  a n d  G O N -H FC  are  
jo in in g  (no t show n). T hus th e  P P H  an d  th e  G O N -H E  is th e  sam e in  b o th  
form s, th e  difference being  only w h e th e r th e  G O N -H FV  an d  G O N -H FC  are  
jo ined  to  th em  from  one or th e  o th e r side; i.e. view ed from  th e  given P P H , 
th e y  are on th e  left o r on th e  rig h t. T he ro ta tio n a l o rie n ta tio n  of these  hexons 
and th e ir  p o ly p ep tid e  su b u n its  show  a 60° ro ta tio n  as com pared  to  th e  o r i
e n ta tio n  of G O N -H FV  and  G O N -H FC  in  th e  firs t a rra n g e m en t (Fig. 1). T he 
sp a tia l o rien ta tio n  o f th e  four hexon  species is th e  sam e w ith  b o th  fo rm s; 
th e  m u tu a l o rien ta tio n  of th e  p o ly p ep tid e  subun its  of th e  hexons, how ever, 
is d iffe ren t b o th  w ith in  th e  G O F a n d  in  jo in ing  to  th e  ne ighbouring  G O Fs. 
In  th e  f irs t a rran g em en t of a G O F all th e  five in te rh ex o n a l bondings a re  
ch a rac te rized  by  a “ one-to -tw o”  p o ly p ep tid e  o rien ta tio n  p a tte rn ;  out o f th e  
13 in te rh ex o n a l com b in a tio n s w ith  hexons of neighbouring  G O Fs, five  h a d  
“ one-to -one” , four “ tw o -to -tw o ”  an d  fo u r “ one-to -tw o”  p a tte rn .  In  the  second 
a rran g em en t, xvithin a G O F th e re  w ere one “ one-to-one” , tw o “ tw o -to -tw o ”  
an d  tw o “ one-to -tw o”  p a tte rn s . A t co m bina tions w ith  ne ighbouring  G O Fs. 
th ree  “ one-to -one”  a n d  te n  “ o n e-to -tw o ”  types of p o ly p ep tid e  o rien ta tio n - 
w ere found (p e n to n -P P H  b indings w ere left ou t of considera tion ). C oncerning 
th e  w hole v irus capsid , how ever, th e  n u m b e r of b ind ings o f d ifferent polx - 
p ep tid e  o rien ta tio n s is th e  sam e, w h e th e r deduced from  an y  o f th e  tw o  a r 
ran g em en t form s.

In  th e  follow ing, th e  m u tu a l sp a tia l o rien ta tio n  o f th e  long itu d in a l axes 
of th e  four k inds of hexon  species be long ing  to  a GOF in re la tio n  to  th e  neigh-
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F i g .  1 . Diagram of two triangular facets of adenovirus capsid showing schematically the 
mutual spatial orientation of capsomers having different positional status. Outlines of the 
three polypeptide subunits around the Y-shaped slit represent the triangular profile of a 
hexon top. The mutual rotational orientation of subunits are also shown. Hexons belonging 
to two neighbouring GONs are differently shaded. Black hexons belong to other GOYs, not 
shown in the diagram. P =  penton base; 1 =  peripentonal hexon; 2 = GON-hexon, edge;
3 =  GOY-hexon, facet-vertex; 4 =  GON-hexon, facet-centre. Hexons numbered 1—4 form

the Group four hexons (GOF)

F ig .  2 . Adenovirus model viewed from the 3-fold symmetry axes, showing the symmetrical 
repetition of GOF-hexons in the virus capsid (see Fig. 1). The model is built of hexons with 
hexagonal base and triangular outer-end profile. The possible mutual orientation pattern of 

the double interhexonal connective elements are also shown

b o u rin g  six capsom ers is expounded , an d  also the  typ es of po ly p ep tid e  o r ie n t
a tio n  is giv en. T he f i r s t  ty p e  of a rra n g e m en t of th e  G O Fs is followed in th e  
descrip tion .

Peripentonal hexons ( P P H )

The lo n g itu d in a l axes of P P H s a n d  th e  tw o G O N -Н Е  s itu a ted  on th e  
edges were supposed  to  be perp en d icu la r to  th e  p lain  of th e  edges and  p ara lle l 
w ith  the 2-fold sy m m e try  axis, so th a t  th e  lo n g itu d in a l axes of hexons being
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F ig .  3 . Angle formed by the longitudinal axes of two neighbouring PPHs; (a) inside the icosa
hedron, (b) at the surface of the virion model

F ig .  4 . Angle formed by the longitudinal axes of the penton and a PPH ; (a) wi thin the icosa
hedron, (b) at the surface of the virion model

in sim ilar positions on th e  edges facing each  o th e r are on th e  sam e im ag in a ry  
line. The im a g in a ry  lines connecting  th e  lo n g itu d in a l axes o f tw o neighbouring  
P P H s and  th o se  of P P H s  being in s im ila r position  on opposite  edges are  in 
te restin g  (F ig . 3). In  th e  case of pentons i t  w as supposed th a t  th e ir  lo n g itu d in a l 
axes p o in t ra d ia lly  to w a rd s  th e  v irion  cen tre  and coincide w ith  th e  5-fold 
sy m m etry  ax is of th e  icosahedron , w ith  w hich  th e  lo n g itu d in a l axis of th e  
penton  on th e  facing v e r te x  subseq u en tly  coincides, too  (F ig . 4). The m u tu a l 
spatia l o rie n ta tio n  was ch arac terized  b y  th e  angle w hich is form ed by  th e  
lo n g itud ina l axis of th e  exam ined  hexon w ith  th e  lo n g itu d in a l axis o f th e  
neighbouring  capsom er ta k in g  p a rt in th e  com parison ; th e  angle being opened  
tow ards th e  surface of th e  v irion. The ang les were m easu red  from  differen t
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d e fin ite  v iew poin ts, i f  th e  im ag inary  e lo n g a ted  long itu d in a l axes are n o t in 
te rse c tin g  each o th e r b u t  th e y  cross a t a d e fin ite  d istance from  each o th e r. 
On th e  basis of th e  ex p erim en ts  w ith  th e  m odel and issuing from  th e  s tru c tu re  
of th e  icosahedron  it  m ay  be supposed th a t  a ~ 3 2 °  angle is fo rm ed  betw een  
th e  lo n g itu d in a l axes o f th e  pen ton  an d  th e  P P H s. A ccord ing  to  p rev ious 
e x am in a tio n s  [2], tw o p o ly p ep tid e  su b u n its  o f each P P H  are o rien ted  to w ard s  
th e  p en to n  and  th e re  seem s to  be a d e v ia tio n  of the  con n ec tin g  elem ents b e 
tw een  th e m  th a t  co rresponds to  th e  above  angle. Two ne ighbouring  P P H s  
each  h av e  one p o ly p ep tid e  su b u n it th a t  a re  o rien ted  to w ard s each  o ther (“ one- 
to -o n e ”  o rien ta tio n ); th e ir  long itu d in a l axes form  a ~ 3 6 °  angle  and  th e  b e n d 
in g  o f th e  connecting  e lem ents betw een  th e m  corresponds to  th a t .  As can be 
seen in  Figs 1 an d  2, each  P P H  has tw o  neighbouring  P P H s , tow ards w hich 
it  has th e  sam e p o ly p ep tid e  o rien ta tio n  a n d  deviation  ang le ; besides th e  pen- 
to n , th ese  are th e  second and  th ird  n e ig h b o u rs . The fo u r th  neighbour is th e  
G O N -Н Е , th e  hexon on th e  given edge beside th e  P P H , a n d  th is  hexon b e 
longs to  one of th e  G O N s form ing th e  g iven  edge (the G O N  on th e  left in  F ig . 
1). H ere , th e  p o ly p ep tid e  su bun its  show  a “ one-to -tw o”  p a tte rn ,  the  o r ie n ta 
tio n  o f th e  lo n g itu d in a l axes is para lle l an d  th e  connecting  elem ents are  a c 
co rd ing ly , n o t b en t. T he f if th  and s ix th  neighbours of th e  P P H  are th e  tw o 
G O N -H F C . O ut of th e se , one belongs to  th e  sam e GON, as th e  fo u rth  n e ig h 
b o u r G O N -Н Е , th e  o th e r  to  the  o th e r  G O N  adjo in ing . T he o rien ta tio n  o f 
p o ly p ep tid e  su b u n its  o f P P H  to  th e  f if th  neighbour hexon  is “ tw o -to -o n e” . 
W hen  defin ing th e ir  m u tu a l sp a tia l o r ie n ta tio n , we set o u t from  tak in g  th e  
lo n g itu d in a l axes o f hexons on th e  tr ia n g u la r  facets as p e rp en d icu la r to  th e  
p lan e  of th e  facet, p a ra lle l w ith  each o th e r  and  w ith  th e  3-fold sy m m etry  
ax is of th e  icosahedron . They were considered  also to  be para lle l w ith  th e  
lo n g itu d in a l axes of hexons on the  tr ia n g u la r  facet opposite  to  th e  given one 
on th e  icosahedra l v irio n . O ut of the  hexons on tw o opposing  tr ia n g u la r  facets 
n o n e  is in th e  sam e p osition , as th e  opposin g  facets show  a 60° ro ta tio n  along 
th e  3-fold sy m m etry  ax is of the ico sah ed ro n . This ro ta tio n  resu lts  in a sh if t 
as com pared  w ith  each  o ther, so th a t  p ro je c tin g  the  tw o  tr ia n g u la r  facets  on 
each  o th e r th ey  give a regu lar hexagon . D ue to  th e  hex ag o n al pack ing , tin- 
lo n g itu d in a l axes of hexons s itu a ted  on th e  facets and  edges, do no t in te rse c t 
w hen fictitiously- e longa ted , because th e ir  d istance from  one an o th e r co r
responds to  h a lf  o t th e  hexon d iam e te r, b u t when m easu red  from  the g iven  
edge, th e y  form  an angle  corresponding  to  th e  dey-iation betw een  th e  p lanes 
o f  th e  edges and  of th e  facets. I f  th e  lo n g itu d in a l axes of hexons on the face ts , 
hoyvever, are p e rp en d icu la r  to  th e  p lan e  of th e  facets an d  parallel yvith th e  
3-fold sy m m etry  axis o f  the  icosahedron  (w hich passes betw een  th ree  hexons. 
in  th e  cen tre  of th e  tw o  opposing face ts) and  do not coincide w ith th e  lo n g i
tu d in a l axes of an y  hexons on th e  tw o  opposing face ts , th e n  consequently  . 
o th e r  angles being in  o th e r planes an d  m easurab le  from  o th e r  d irections, can
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also be fo rm ed  be tw een  th e  lo n g itu d in a l axes of hexons on th e  edges an d  th e  
fa c e ts . A ccord ing  to  th is , th e  lo n g itu d in a l axis of th e  P P H  form s a 21° angle 
w ith  th e  lo n g itu d in a l axis o f th e  f if th  neighbouring  hexon  (G O N -H FY ) m easu r
ed  along th e  g iven  edge (F ig. 5 /a), an d  form s a 18° angle  m easured  along  th e  
line connecting  th e  v e rte x  of th e  tr ia n g u la r  facet an d  th e  cen tre  o f th e  opposite  
side (F ig. 5/b). F ro m  th e  d irec tio n  o f one of th e  n e ig h b o u rin g  face ts  an  o th e r 
angle form ed fo r o th e r  p lanes can  be m easured  as ~ 1 0 .5 °  co rrespond ing  to  
th e  tw o lo n g itu d in a l axes of th ese  tw o hexons (F ig . 5/c). A ccording to  th is , 
a t  th e  connecting  e lem ents betw een  th e  P P H  an d  th e  f if th  neighbouring  hexon 
n o t only  a bend  b u t  a p roper degree o f to rsion  shou ld  also be ta k e n  in to  ac 
co u n t. The s ix th  n e ig h b o u r of P P H  is also a G O N -H F V , w hich is a hexon 
belonging  to  th e  o th e r  GON co n n ec ted  w ith  it  (the  G O N  to  th e  r ig h t in  F ig . 1) 
a n d  being n e a re s t to  th e  P P H  on th e  v e r te x  of th e  o th e r  tr ia n g u la r  face t o f 
th e  v iru s capsid . T he position  of th is  hexon is s im ila r to  th a t  o f th e  f if th  
ne ighbouring  h ex o n , so th e  angle fo rm ed  w ith  its  lo n g itu d in a l axis is also th e  
sam e, as well as th e  b en d  an d  to rs io n  of connecting  elem ents. H ere th e  o rien 
ta t io n  of th e  p o ly p e p tid e  su b u n its  is “ tw o -to -tw o ” .

GO N-hexon, edge ( G O N -H E )

One o f its  n e ig h b o u rs  on th e  edge is a P P H , to  w hich the  o rien ta tio n  of 
p o ly p ep tid e  su b u n its  show s a “ tw o -to -o n e”  p a tte rn , th e  o rien ta tio n  o f th e ir  
lo n g itu d in a l axes is para lle l; its  second  neighbour on th e  given edge is th e  
o th e r  G O N -H E  belong ing  to  th e  neighb o u rin g  G O N  (th e  GON to  th e  r ig h t

F ig .  5. Angles formed by the longitudinal axes of PPH and a GON-hexon facet-vertex; (a) 
seen along the edge on which the given PPH is situated, (b) seen along the line connecting 
the vertex and the middle of the facet, (c) viewed from the neighbouring side of the facet
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on F ig . 1), th e ir  p o ly p e p tid e  o rien ta tio n  is “ one-to -one” , an d  th e ir  lo n g itu d in a l 
axes are  paralle l. T he th i r d  neighbour is th e  G O N -H FY  belonging  to  th e  sam e 
G O N  as th e  G O N -Н Е  (F ig . 1) and it  d isp lays a p o ly p ep tid e  o rien ta tio n  to  
th is  of a “ one-to -tw o ”  p a tte rn .  T heir lo n g itu d in a l axes m easured  from  th e  
leng thw ise  d irection  o f th e  given edge form  an  angle o f ~ 2 1 ° ,  w hich corres
p o n d  to  th e  h a lf  of th e  ~ 4 2 °  bend  betw een  th e  p lane  of th e  tw o  faces (Figs 
6/a an d  b). M easured a long  th e  line connecting  th e  v e r te x  o f th e  tr ia n g u la r  
fa c e t an d  th e  cen tre  o f th e  opposite  side, th e  angle is 18°. M easured from  th e

F ig .  6 . Angles formed by the longitudinal axes of two GON-hexon facet-vertex; (a) at the 
surface of the virion model, (b) the angle corresponds to the deviation between the planes of 
two facets, as measured by the angle for two 3-fold symmetry axes of the icosahedron. A 2- 
fold symmetry axis between them demonstrates the angle formed by the longitudinal axes 

of hexons on the edge and on the facet seen along the edge

d irec tion  of an y  n e ig h b o u rin g  tr ia n g u la r  face t, th e  angle fo rm ed  b y  th e  tw o 
lo n g itu d in a l axes is ^ 1 0 .5 ° .  T herefore, th e  ex istence  of a bend  an d  to rsion  
o f th e  in te rh ex o n a l e lem en ts  correspond ing  to  th e  above angles is a p robab le  
considera tion . T he fo u r th  neighbour is a G O N -H FC  belonging  to  the  sam e 
G O N , to  w hich a “ tw o -to -o n e” p o ly p ep tid e  o rien ta tio n  is show n, b u t th e  
angles form ed b y  th e  lo n g itu d in a l axes, an d  th e  b end  an d  to rsion  o f co n 
n ec tin g  elem ents is th e  sam e as found  a t  th e  th ird  n e ig h b o u rin g  hexon. The 
f if th  neighbour is th e  G O N -H FV  belonging to  th e  neighb o u rin g  GON tak in g  
p a r t  in th e  fo rm a tio n  o f  th e  sam e edge, an d  th e  p o ly p ep tid e  o rien ta tio n  to  it is 
or a “ one-to -one”  p a t te rn .  The s ix th  n e ighbour is th e  G O N -H FC  belonging 
also  to  th is  GON. T he po ly p ep tid e  o r ien ta tio n  here is “ tw o -to -tw o ” . The la t te r  
tw o  neighbouring  hex o n s are in th e  sam e position  on th e  o th e r  ne ighbouring  
tr ia n g u la r  facet as th e  th ird  and  fo u rth  n e ighbouring  hexons, th erefo re  th e  
angles for th e  lo n g itu d in a l axes and  th e  bend  and  to rs io n  o f th e  connective  
elem ents are th e  sam e.
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G ON-hexon, facet-vertex ( G O N -H F V )

The G O N -H F V  show s a “ o n e-to -tw o ” p o ly p ep tid e  o rien ta tio n  to  one o f  
th e  P P H  neighbours a n d  a “ tw o -to -tw o ”  p a tte rn  to  th e  o ther one (F ig . 1). 
The angles fo rm ed  b y  th e ir  lo n g itu d in a l axes and  th e  b en d  and  to rs io n  o f  
connecting  elem ents h av e  a lready  been expounded  a t  th e  P P H s . I ts  o th e r  tw o  
neighbours a re  th e  tw o  G O N -Н Е  (F ig . 4) ad jo in ing  th e  neighbouring  P P H s  
on th e  tw o n e ig h b o u rin g  edges. O ut o f th ese , w ith  th e  one in  th e  ow n G O F  
the  p o ly p ep tid e  o rie n ta tio n  is “ tw o -to -o n e” , w ith  th e  o th e r , “ one-to-one” . T h e  
angles be tw een  th e ir  lo n g itu d in a l axes a n d  th e  bend  a n d  to rsion  of co n n ec tin g  
elem ents h av e  a lre a d y  been shown a t  th e  descrip tion  o f  th e  GON-Н Е  (F igs 
68a an d  b). The f if th  an d  s ix th  neighbours are tw o G O N -H FC s, here p o ly 
pep tid e  o rie n ta tio n  is “ one-to -tw o”  w ith  th e  one w ith in  th e  GOF, an d  “ tw o- 
to -one”  w ith  th e  o th e r , an d  th e ir  lo n g itu d in a l axes p a ra lle l.

GON-hexon, facet-centre (G O N -H F C )

On th e  n e ig h b o u rin g  edge it has tw o  ne ighbouring  G O N -H Es (F ig . 1). 
One belongs to  th e  ne ighbouring  GON (G O N  to  the  r ig h t on Fig. 1) show ing  
a “ tw o -to -tw o ”  p o ly p ep tid e  o rien ta tio n  w ith  it). The o th e r  belongs to  th e  ow n 
GON and  G O F h av in g  a “ one-to -tw o”  o rien ta tio n  w ith  i t .  The angles fo r  
th e ir  lo n g itu d in a l axes an d  the bend  a n d  torsion  of th e  connecting  e lem en t 
are fo rm ed  accord ing  to  th e  sp a tia l o rie n ta tio n  of th e  lo n g itud ina l axes o f  
hexons on th e  edge a n d  on th e  facets beside th e  g iven  edge. The th ird  a n d  
fo u rth  neighbours are  th e  tw o G O N -H FV s belonging to  th e  sam e GON, th e  
po ly p ep tid e  o rie n ta tio n  w ith  th e  one being  “ o n e-to -tw o ” , w ith  th e  o th e r  
(w hich belongs to  th e  sam e GOF) “ tw o -to -o n e” , an d  th e ir  long itud inal axes 
are para lle l. The f if th  an d  s ix th  n e ighbours are also th e  tw o G O N -H FC s 
belonging to  th e  sam e G O N , one of th em  h av in g  a “ o n e -to -tw o ” , th e  o th e r  a 
“ tw o-to -one”  o r ie n ta tio n , th e  lo n g itu d in a l axes being p a ra lle l w ith  b o th  o f 
them .

Frequency distribution o f  d ifferent connections in the capsid

W ith  th e  help  o f th e  trian g u la tio n  n u m b e r (T) [8], th e  num ber o f co n 
nections (C) an d  th e  in te rh ex o n a l connec ting  elem ents (IC ) can be ca lcu la ted  
on th e  basis of th e  follow ing form ulas:

C =  30 T ; IC  =  30T -  60

F o r adenov irions T  =  25, th e  n u m b er o f all connections in  th e  v irion  is 
750, th a t  of th e  in te rh e x o n a l connections w ith o u t th e  60 connections betw een  
th e  p en to n  an d  P P H s  is 690, as proved  b y  th e  ex perim en ts (Tables I  an d  I I ) .
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As show n prev iously  (see F ig . 2 in re ference  [7]), in th e  case o f  adenoviruses 
th e se  in te rh ex o n a l connec tions are doub le  b ind ings, because each  hexon is 
co n n ec ted  to  its  six  n e a re s t  neighbours b y  six  pairs of a p p ro x im a te ly  para lle l 
e lem en ts . E lec tron  m icroscopic o b se rv a tio n  suggests th a t  d o u b le  connective 
e lem en ts  form  a reg u la r  n e tw o rk  betw een  th e  hexons all o v e r th e  capsid  in 
d e p e n d e n tly  of th e  p o ly p ep tid e  su b u n it o rien ta tio n  p a tte rn  a n d  are p resen t 
be tw een  th e  p en to n  an d  its  su rro u n d in g  hexons, too . T hus, 1500 connective 
e lem en ts  can  be considered  per virion , o u t o f  w hich the  n u m b e r o f  in te rh ex o n a l 
co n n ec tiv e  elem ents is 1380, i.e. 690 do u b le  b ind ings.

Table I

S u m m a r y  o f  th e  d i f f e r e n t  t y p e s  o f  in te r h e x o n a l  b in d i n g s  b e tw e e n  n e ig h b o u r in g  h e x o n s  in  th e  v i r i o n

O rientation 
o f  polypeptide 

subunits

Spatial orien tation  o f longitudinal axes

sum  to ta l
parallel

forms angle
in  one1 in two2 

plane(s)

“one-to-two” 240 (120)3 180 (180)3 420
“one-to-one” 30 60 60 150
“two-to-two” — — 120 120

sum total 270 60 360 690

1 Bend of interhexonal connective elements can be supposed
2 Bend and torsion of interhexonal elements can be supposed
3 Numbers in brackets mean the bindings within groups of four hexons out of all bindings 

the difference given the number of bindings between the groups of four hexons

O ut of the  690 in te rh ex o n a l b in d in g s in  the  v irion , 420 are connec ting  
w ith  “ one-to -tw o”  ty p e  o f po ly p ep tid e  o rie n ta tio n , and  th is  conform s to  a b o u t 
6 1 %  o f all th e  b in d in g s . In  57%  of th e se  (240 bindings) th e  sp a tia l o rien ta tio n  
o f  th e  long itu d in a l ax es  of tw o co m p ared  neighbouring  hex o n s is para lle l. As 
th is  is th e  m ost f re q u e n t ty p e  of b in d in g , i t  m ay be co nsidered  as “ re g u la r” . 
O u t o f th e  “ o n e -to -tw o ”  bindings, in  180 cases th e  sp a tia l o rien ta tio n  o f th e  
lo n g itu d in a l axes o f tw o  neighbouring  h ex o n s is d ivergen t in  tw o p lanes, th u s  
h ere  th e  b ind ings, i.c. th e  connective e lem en ts m ust n ecessarily  be b e n t an d  
tw is te d  as com pared  to  th e  ten d en cy  p lan e  of “ reg u la r”  b ind ings. T herefo re, 
o n ly  240 “ reg u la r” , “ one-to -tw o”  b in d in g s can  be found  in  th e  capsid . A cco rd 
in g  to  the  p o ly p ep tid e  o rien ta tio n , th e  n u m b e r of “ ir re g u la r” , “ one-to -one” 
b in d in g s per v irion  is 150. For 30 of th e se , th e  sp a tia l o r ie n ta tio n  of hexons 
is para lle l, b u t 60 a re  b e n t and  60 b in d in g s  are b en t an d  tw is ted . T herefo re, 
th e se  la tte r  ones are  doub ly  irreg u la r. All th e  120 b ind ings of “ tw o -to -tw o ” 
ty p e  is th e  capsid  a re  b o th  ben t an d  tw is te d , therefore  th e y  can also be co n 
sidered  doub ly  irre g u la r .
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Table II

L o c a l i z a t io n  o f  th e  d i f f e r e n t  in te r h e x o n a l  b in d in g s  i n  th e  c a p s id

Orientation o f poly-
Spatial orientation of longitudinal axes o f neighbouring hexons

peptide subunits of N um ber of interhexonal bindings 
neighbouring hexons parallel

forms

in one plane1

angle

two planes2in

“one-to-two” a) in one GON 15 9 6
a’) in the capsid 300 ( 2 0 X 1 5 ) 180 (20x9) 120 ( 2 0 X 6 )
b) between one GON and three PPH3 6 ( 3 x 2 ) 3 ( 3 x 1 ) 3 ( 3 X 1 )
b’) in the capsid 120 ( 2 0 x 6 ) 60 ( 2 0 x 3 ) 60 ( 2 0 X 3 )

altogether in capsid 420 240 180

“one-to-one” a) between one GON and three
neighbouring GONs 9 ( 3 x 3 ) 3 ( 3 x 1 ) — 6 ( 3 x 2 )

a’) in the capsid 90 ( 1 0 x 9 ) 30 ( 1 0 x 3 ) 60 (1 0 X 6 )
b) on one vertex between five PPHs 5 — 5 —

b’) in the capsid 60 ( 1 2 x 5 ) 60 ( 1 2 x 5 )

altogether in capsid 150 30 60 60

“two-to-two” a) between one GON and three
neighbouring GONs1 6 ( 3 x 2 ) — — 6 ( 3 x 2 )

a’) in the capsid 60 (1 0 X 6 ) 60 ( 1 0 x 6 )
b) between one GON and three PPHs5 3 ( 3 x i ) — — 3 ( 3 x 1 )
b’) in the capsid 60 ( 2 0 x 3 ) 60 ( 2 0 x 3 )

altogether in capsid 120 120

Number of all interhexonal bindings 690 270 60 360

1 Bend of interhexonal elements can be supposed
2 Bend and torsion of the interhexonal elements can be supposed
3 Out of the two peripentonal hexons beside the vertices of the GON, here the hexon of anticlockwise position viewed from above (Fig. 7)
4 Between every triangular facets there is an edge, therefore according to the 20 facets, the bindings of hexon rows on edges can occur 

only ten times in one virion
5 Hexon of clockwise position (mark 3 and Fig. 7)
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F i g .  7. Diagram of a triangular facet and three edges of adenovirus capsid showing tentatively 
the six different types of interhexonal bindings. GON-hexons are shaded and the border line 
of the GON is drawn. <  “one-to-two” polypeptide orientation, with parallel spatial orienta
tion; @ “one-to-two” polypeptide orientation, with different spatial orientation in two planes; 
— “ one-to-one” polypeptide orientation with parallel spatial orientation; ©  “ one-to-one” 
polypeptide orientation with divergent spatial orientation in one plane; ©  “ one-to-one” poly
peptide orientation with divergent spatial orientation in two planes; ф ©  “two-to-two” poly
peptide orientation with divergent spatial orientation in two planes; X hexon-penton linkage

On th e  vasis o f th e  ro ta tio n a l o rie n ta tio n  an d  th e  sp a tia l o rien ta tio n  of 
hex o n s (i.e. lo n g itu d in a l axes), six ty p e s  o f in te rh ex o n a l b ind ings m ay  he su p 
posed  in  th e  ad en o v iru s  capsid  (Tables I  an d  I I ,  F ig. 7). 1. “ O ne-to -tw o” 
p o ly p ep tid e  o rie n ta tio n , w ith  p ara lle l sp a tia l o rien ta tio n  ( th e ir  n u m b er in  th e  
capsid  is 240); 2. “ o n e-to -tw o ”  p o ly p ep tid e  o rien ta tio n  w ith  a sp a tia l o rien 
ta t io n  d ivergen t in  tw o  p lanes (180 in  th e  capsid ); 3. “ one-to -one”  p o lypep tide  
o rien ta tio n  w ith  p a ra lle l sp a tia l o rie n ta tio n  (60); 4. “ one-to -one”  p o lypep tide  
o rien ta tio n  w ith  a sp a tia l  o rien ta tio n  d iv e rg en t in  one p lane  (60); 5. “ one-to- 
o n e”  po lypep tide  o rie n ta tio n  w ith  sp a tia l o rien ta tio n  d iv erg en t in  tw o planes 
(60); 6. “ tw o -to -tw o ”  po ly p ep tid e  o r ien ta tio n  w ith  sp a tia l o rien ta tio n  d i
v e rg en t in  tw o p lan es (120).

The arrangement o f  d ifferen t types o f  bindings in  the capsid

The b indings o f in d iv id u a l hexons of d ifferen t positions are  th e  follow 
in g : besides h e x o n -p en to n  b ind ings, each  P P H  has tw o b e n t “ one-to -one” and  
one b e n t and  tw is te d  “ tw o -to -tw o ”  b ind ings. One of its  tw o  “ one-to -tw o” 
b in d in g s is b en t an d  tw is te d , th u s  in  fa c t each P P H  has on ly  one reg u la r in te r 
h ex o n a l b ind ing . E a c h  P P H  has tw o  GON neighbours an d  each  GON is con
n e c te d  to  3 x 2  P P H s ; to  one of th e  P P H  w ith  tw o “ one-to -tw o ”  po ly p ep tid e  
o rie n ta tio n  p a tte rn  o u t o f wich one is tw isted  an d  b e n t, to  th e  o th e r P P H  
w ith  an also b en t a n d  tw is ted  “ tw o -to -tw o ”  b in d ing  (Figs 1 an d  7). B etw een
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tw o GONs th e re  a re  on ly  irreg u la r b in d in g s, tw o o f th e m  are b en t an d  tw is te d  
“ tw o -to -tw o ” b in d in g s and  th ree  “ o n e-to -one”  ones. Two of th e  la t te r  ones 
are b e n t an d  tw is te d . T hus ou t of th e  five  irreg u la r b ind ings am ong th e  G O N s 
four are  doub ly  irreg u la r.

W ith in  one GON (aim ed inw ards) th e re  are 15 b ind ings all w ith  “ one-to - 
tw o ”  p o ly p ep tid e  o rie n ta tio n , six of th em  are  b e n t a n d  tw isted  (Fig. 7). T h ree  
hexons of each G O N  (G O N -Н Е ) are  lo ca ted  on an  edge o f th e  v irion . T hese 
hexons h av e  th re e  “ one-to -tw o”  b in d in g s, tw o of th e m  are ben t an d  tw is te d . 
E ach  GON has th re e  o th e r sort o f hexons (G O N -H FY ), w hich are co n n ec ted  
to  tw o  P P H s  each. E ach  of these hexons has four “ o n e-to -tw o ”  b in d ings, tw o  
of w hich  are b en t an d  tw isted . E ach  o f th e  th ree  c e n tra l hexons (GON-F1FC) 
has fiv e  “ o n e-to -tw o ”  b indings, one of th em  being  b e n t and  tw isted . T h e re 
fore th e re  is n o t one hexon in  th e  G O N s — an d  co n seq u en tly  in th e  w hole 
v irio n  — th a t  w ould connect to  all o f  its  six  n e ighbours w ith  a reg u la r “ one- 
to -tw o ”  b ind ing  (F ig . 7 and T able I I ) .

D iscussion

T he six  k inds o f in te rh ex o n a l b ind ings d e te rm in ed  b y  e lectron  m icro 
scopy an d  m odel-experim en ts raise th e  q uestion , w h e th e r th e  hexons fo rm in g  
th e  capsid o f one v irion  are hom ogeneous or so m ew h at d ifferent acco rd ing  
to  th e ir  position  in th e  capsid . T here are  signs th a t  th e  hexon  p o p u la tio n  m ay  
differ in  ex h ib itin g  a fa s te r  or slow er m ig ra tin g  a b ility , or in th e ir  isoelectric  
po in ts  [11]. T ak in g  in to  account th a t  th e re  are  on ly  four k inds of hexon  
species (G O F) reg a rd in g  th e ir  position  in  th e  capsid , i t  seem s h ighly  im p ro b 
able th a t  th e re  sh o u ld  exist six  k inds of hexon  species according to  th e  six  
d ifferen t ty p es of b in d in g s. The six ty p e s  of b ind ings arise from  the co m b in a 
tion  o f th e  th ree  p o ly p ep tid e  su b u n it o rien ta tio n  p a tte rn s  (“ one-to -tw o , one- 
to -one an d  tw o -to -tw o ” ) and  from  th e  differences o f th e  sp a tia l o r ie n ta tio n  
of th e  neighb o u rin g  hexons (Tables I  an d  I I ,  and  F igs 1 an d  7). F o r th e  d if
fe ren t sp a tia l o r ie n ta tio n , th e  co rrespond ing  bend  an d  to rsion  of th e  in te r 
h exona l e lem ents m a y  be assum ed. In  a prev ious p a p e r, analysing  th e  s t ru c 
tu re  of tw o-d im ensiona l hexon c ry sta llin e  a rray s , we h av e  show n th a t  c e r ta in  
in d iv id u a l hexons w ith in  th e  c ry s ta l la ttic e  were s ig n ifican tly  d isplaced from  
th e ir  th eo re tica lly  co rrec t position  [12]. N evertheless, each  hexon s tay s  w ith in  
a ce rta in  defin ite  d is tan ce  as com pared  to  its  equ ilib rium  position  d e te rm in ed  
th eo re tica lly  in  th e  la tt ic e  This proves th a t  th e  in te rh e x o n a l connecting  ele
m ents m u st be flex ib ile  and elastic  to  a ce rta in  e x te n t. T his, co n sequen tly , 
refers to  th e  in te rh e x o n a l elem ents in  th e  v iru s cap sid , too. I t  m eans th a t  
the  b en d  and  to rsion  arising  from  th e  icosahed ra l s tru c tu re  can he to le ra te d  
by  th e  connective e lem en ts, even if  th e  connections p rove  to  be th e  side- 
chains o f hexon p o ly p ep tid e  su b u n its  o f hexon associa ted  p ro te in  IX  [7, 13, 14].

Acta Microbiologica Hungarica 32, 1985



412 Á D Á M  an d  N Á S Z

A ccord ing  to  e lec tron  m icroscopic o b se rv a tio n s  on th e  v irion , th e  ex istence 
o f d o u b le  in te rh ex o n a l connective e lem en ts is generally  valid  in  th e  whole 
v iru s  cap sid  [7]. T h ey  occur no t only  a t  th e  m ost freq u en t “ o n e-to -tw o ”  b in d 
ings in  th e  capsid , b u t th e y  are form ed a t  th e  connections acco rd ing  to  “ one- 
to -o n e ”  and  “ tw o -to -tw o ”  p o lypep tide  o r ie n ta tio n , too. T h a t w here and  w hich  
k in d  o f  po ly p ep tid e  o r ie n ta tio n  is fo rm ed  in  th e  v irus capsid issues necessarily  
from  th e  icosahedral s tru c tu re  in  th e  p ro p e r s ite  and is th e  re su lt of a 60° 
ro ta t io n  of the  given hexons along th e ir  lo n g itu d in a l axes. S upposed ly , every  
tw o h ex o n s are able to  connect to  each o th e r  accord ing  to  all th re e  p o ly p ep tid e  
o r ie n ta tio n  p a tte rn s . T hese considera tions lead  to  th e  su p p o sitio n  th a t  a u n i
f ied , hom ogeneous h ex o n  pop u la tio n  can  fo rm  a whole ad en o v iru s  capsid . I t  
seem s ce rta in , how ever, th a t  the  firm ness o f d ifferen t p o ly p ep tid e  o rie n ta tio n  
b in d in g s  are d iffe ren t, a n d  th e  firm est one is th e  “ one-to -tw o”  b in d in g  w hich 
is p ro v e d  b y  th e  d isso c ia tio n a l sequence of th e  capsid . The p e rip e n to n a l hexons 
h av e  on ly  tw o such b in d in g s and  can easily  d issociate  from  th e  capsid . W ith in  
one G O N , how ever, occur only  such  b in d in g s and  these  can  to le ra te  the  
v a r io u s  h arm fu l effects th e  best, because th e  n ine hexons s ta y  to g e th e r  th e  
lo n g est. B etw een tw o  G O N s, how ever, th e re  are no such b in d in g s, w hich is 
in  co n fo rm ity  w ith  th e  observ a tio n  th a t  th e  v iru s  capsid can re la tiv e ly  easily  
decom pose  in to  in d iv id u a l GONs [15, 16].

A c k n o w le d g e m e n ts .  We are indebted to Dr. A n n a  L e n g y e l  for her criticism and to 
Mr. I. B a l á z s  for the photographs.
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R E V E R S E  CAMP P H E N O M E N O N  OF  
G A R D N E R E L L A  V A G IN A L IS

(A NOTE)

K . Csiszár

P u b l i c  H e a l th  S ta t io n ,  S a lg ó t a r já n  

(Received May 2, 1984)

G a r d n e r e l la  v a g i n a l i s  strains inhibit the haemolysis by L i s t e r i a  m o n o c y to g e n e s  on human 
blood agar incubated in 5-10%  C 02 atmosphere or under anaerobic conditions.

Gardnerella vaginalis  (form er nam es: H aem ophilus vaginalis, Coryne- 
bacterium vaginale) w as described  in  association  w ith  “ nonspecific  v ag in itis”  
b y  G ardner an d  D ukes [1]. T he new  genus Gardnerella was p roposed  b y  G reen
w ood an d  P ic k e tt  [2]. A fte r 48 h  G. vaginalis s tra in s  form  sm all colonies on 
h u m a n  blood ag ar in c u b a te d  in  an  a tm osphere  co n ta in in g  5 -1 0 %  C 0 2 a t  37 °C. 
T he colonies a re  su rro u n d ed  b y  charac teris tic  b e ta - ty p e  (gardnere lla-type) 
haem olysis [3].

Since th e  f irs t  o b se rv a tio n  o f Christie et al. [4], th e  synergetic  or in h ib i
to ry  effect on haem olysis b y  b a c te ria  has been used  as a sim ple, ra p id  m eth o d  
for th e  id en tif ic a tio n  of ce rta in  species. The CAM P te s t  w orked  well m ostly  in 
th e  id en tifica tio n  of Streptococcus agalactiae an d  Corynebacterium pyogenes 
[4, 5]. R ecen tly  a CAMP reac tio n  has been w orked  ou t for th e  p resu m p tiv e  

id en tif ic a tio n  o f Clostridium  perfringens  [6]. W e h av e  observed a reverse  CAMP 
reac tio n  betw een  G. vaginalis  an d  Listeria monocytogenes.

M aterials and m ethods

C A M P  le s t  a g a r .  Tryptone (Oxoid L 42), 15 g; soya peptone (Oxoid L 44), 5 g; agar 
(Oxoid No. 1), 10 g; tap water 1000 ml; pH 7.3; sterilized at 121 °C for 30 min. To the base agar 
7% fresh human blood was added and plates were poured.

T e s t  p r o c e d u r e .  The G . v a g i n a l i s  control (NCTC 10287) and the strains to be tested were 
inoculated perpendicularly to L .  m o n o c y to g e n e s  (strain ATCC 19114) inoculated as a diametrical 
streak. The plate was incubated under anaerobic conditions in Gas Pak (Bio-Merieux), or in 
5-10%  CO, atmosphere at 37 °C for 48-72 h.

K á r o l y  C s is z á r

Public H ealth  Station
Bem ú t 7, H-3100 Salgótarján, H ungary

A c ta  M icro b io lo g ica  H u n g a r ic a  3 2 , 1 9 8 5  
A k a d é m ia i  K ia d ó , B u d a p e s t



4 1 4 C S IS Z Á R

R esults an d  discussion

T he haem olysis o f L . monocytogenes w as in h ib ite d  b y  th e  G. vaginalis 
s tra in s  so th a t  a sem ic ircu la r a rch  o f n o n -h aem o ly tic  area was fo rm ed  a t  the  
ju n c tu re  of th e  tw o k in d s  of o rganism  (Fig. 1).

F i g .  1 .  G . v a g in a l i s  CAMP test on human blood agar. Lm =  L .  m o n o c y to g e n e s  ; 1 =  G . v a g in a l i s  
NCTC 10287 type strain; 2, 3, 4 =  G . v a g i n a l i s  strains isolated by the author

Besides th e  re fe rence  s tra in , reverse  CAMP phenom enon  w as observed 
fo r 52 G. vaginalis s tra in s  iso la ted  from  gen ita l an d  cerv ix  m ucus. O th er hae- 
m olysing  species iso la te d  from  v ag in a l m ucus ( Staphylococcus aureus, Strepto
coccus pyogenes, S. agalactiae, C. pyogenes, Gemella haem olysans, K ingella  
kingae)  showed no s im ila r phenom enon  w ith  L . monocytogenes.

T he reverse CA M P te s t described  here m ay  be considered as one of th e  
tax o n o m ic  tools su ita b le  for id e n tif ic a tio n  of G. vaginalis  s tra in s .

A c k n o w le d g e m e n t .  I a m  indebted to Dr. J. S z i t a ,  Head, Department of Bacteriology, 
National Institute of Hygiene, Budapest, for the identification of part of G . v a g i n a l i s  strains.
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BOOKS RECEIVED

Barnett, J. A., Payne, R. W., Yarrow, D. Yeasts: Characteristics and Identification. Cam
bridge University Press, London 1983. pp. 811.

This book is the third, and latest, describing the computerized identification of yeasts. 
It is a new work, differing in many respects from its predecessors. The first (Barnett, J. A., 
Pankhurst: A new key to the yeasts, North Holland, 1974) and the second (Barnett, J. A., 
Payne, R. W., Yarrow, D.: A guide to identifying and classifying yeasts, Cambridge University  
Press, London 1979) versions were closely related to the standard manual on yeast taxonom y 
by Lodder, (ed.): The yeasts. A taxonomic study. North Holland, 1970. This latest book is 
based on new data and is completely independent of Lodder’s manual.

A new and most important feature of the book is the inclusion of Chapter 7, the largest 
chapter of the book, containing complete descriptions of all individual yeast species. For the 
characterization of species, 83 physiological and 14 morphological features are used. The 
extraordinarily large task o f checking in the majority several strains for each species for all 
characteristics has been carried out by D. Yarrow at the CBS Yeast Collection in Delft. As 
the same methods have been systematically applied, the results are fully comparable with 
each other.

Altogether 439 species are described, tabulated and keyed. Of these, some 130 species 
have been discovered since the latest edition of Lodder’s book. In addition, nearly 150 species 
have been renamed due to nomenclatural and taxonomic changes. Despite the above-mentioned 
differences, there are two underlying features which are common to all three books on yeast 
identification. The first is the senior author, J. A. Barnett of Norwich, the driving force be
hind this tremendous work of classification. His coworker in the preparation of the computer 
programs in the last two books was R. W. Payne. The computer-made identification keys 
are the second common feature of the books, permitting the identification of any unknown 
yeast strain through the smallest possible number of tests.

There are 18 different keys for identification: some of them cover all the 439 species 
described, while others relate to some more specific groups e.g. yeasts of clinical importance, 
yeasts occurring in foods, wine or beer, or yeasts utilizing methanol or hydrocarbons. There 
are two alternatives for each kind of key, one applying physiological and morphological tests 
and another applying only the former. Though 36 different keys might well be enough to make 
a choice, one more key concerning yeasts commonly found in soils would still be of practical 
value.

Using the computer, another chapter has been compiled, showing those characters 
which differentiate individual species from the remainder. One single species is usually de
termined by 4 to 7 features. Unfortunately, there are a few species which cannot be distin
guished from one another by any combination of the 97 tests, and appear to differ only in 
name (e.g. the pair S a c c h a r o m y c e s  c e r e v i s ia e  and S .  e x ig u u s ) .

Not only the preparation of the keys and tables, but also the typesetting and proofread
ing were performed by computer. This guaranteed a text which is almost free of printing 
errors (less than a dozen have been noticed) and permitted such a short printing time that 
all yeasts tested up to the end of 1982 could be included.

Two more unique and outstanding features of the book should be mentioned. One 
concerns Chapter 7, the other Chapter 10. The former describes the individual yeasts species. 
Each description is supplemented with a brilliant microphotograph taken by an up-to-date 
light-microscopic technique, the Zeiss-Nomarski differential interference contrast method, 
which produces very life-like pictures of the cells. Though not listed among the authors, the 
photographer, Mrs. Linda Barnett, well deserves to be ranked with them.

A c ta  M ic ro b io lo g ic a  H u n g a r ic a  3 2 , 1 9 3 5  
A k a d é m ia i  K ia d ó , B u d a p e s t
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Chapter 10, the Register of Yeast Names, is also a most valuable part of the book. 
It contains about 3500 yeast names. The authors went back in their search to the early 19th 
century and checked most of the original publications. Whenever it was possible, they gave 
synonym s, too. Compiling this chapter together with the list of references must have been a 
painstaking work: indeed, the authors have succeeded in assembling the most complete col
lection of data ever produced on yeast species. For this reason the value of the book is in
creased to that of a basic reference work, that will be indispensable for future research. More
over, the Register of Yeast Names may help bringing order into the present chaotic situation 
in the nomenclature of yeasts. The Register may form the basis for an approved list of yeast 
names, similar to that which became effective for bacteria in 1980. The book deserves praise 
as a whole and in its details, and the only criticism which can be made concerns its failure to 
be even more complete than it is. In several cases the cross-references between Chapters 7 
and 10 are lacking. Also missing are the dates of descriptions supplementing the names of 
authors. This lack means that some uncertainty arises as to the validity of the descriptions 
of some species and genera. It is admitted, however, that these deficiencies come into question 
only from a taxonomic point of view and do not hinder success in identification.

This book provides the most up-to-date knowledge on yeast identification; it is well 
laid out, attractively produced, easily usable and practical. It can be thoroughly recommended 
for all those who participate in the routine determination of yeast identity, and it will also 
serve as a basic volume for anyone interested in yeast taxonomy.

T .  D e á k , L. F e r e n c z y  and E . K .  N o v á k

Acta Microbiologica Hungarica 32, 1985



ERRATUM

F igure 1 on page 134 o f  th e  p a p e r “ D etec tion  o f  B e ta -L ac tam ase  A c tiv 
i ty  w ith  N itro c e fin  o f  M ultip le S tra in s  o f V arious M icroibal G enera”  b y  
J .  V. U h i, in A c ta  M icrobiologica H ungarica  32 (2), 133 — 145 (1985) should  
be corrected :

(a) th e  f ir s t  chem ical fo rm u la ’s nam e should read  “ N itro c e fin ” ;
(b) th e  second chem ical s tru c tu re  is “ PA D A C ” a n d  th e  th ird  is “ Ceph- 

ace tr ile ” .



The V lllth  Congress of ESCO 
(European Sterility Congress Organisation)

will be held in Budapest, Hungary, between September
27-30 , 1987.
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LISTERIOSIS RESEARCH
Present Situation and Perspective

b y

B ela R a l o v ic h

In English. 1984. XIV -f- 221 pages. 11 figures. 39 tables. 4 plates. 1 7 x 2 5  cm.
Hardcover. $25.00/DM 64,-/£14.75 
ISBN 963 05 3657 9

L IS T E R IA  M O N O C Y TO G EN ES has fa sc in a ted  th e  sc ien tific  w orld  since its  
recogn ition  in  th e  e a rly  tw en ties as a p a th o g en ic  m icrobe in fec tin g  b o th  h u m an  
beings an d  an im als. R ecen tly  L is te ria  an d  its  ex trac ts  h av e  p ro v ed  to  he v a lu 
able too ls in  ex p e rim en ta l im m unology . U p -to -d a te  know ledge in  th e  fie ld  
has b een  sum m arized  in  m onographs, an d  w ith in  th e  p a s t decade  th ree  in te r 
n a tio n a l sym posia  an d  a num ber of n a tio n a l m eetings m ark ed  th e  p e rm an en t 
in te re s t in  th is  m icroorganism  and  i ts  im p o rtan ce . T he d iscovery  o f closely 
re la te d  th o u g h  a p p a re n tly  non -p a th o g en ic  organism s of th e  L is te ria  fam ily  n o t 
only  offered new  tax o n o m ic  aspects, b u t  also p ro m o ted  a b e tte r  u n d e rs tan d in g  
o f th e  com plex ep idem iology  and epizoology o f th is in fec tion , th e  h a b ita t  of th e  
cau sa tiv e  organism  o f L isteria  in fec tion  as well as th e  co n d itions w hich ac t as 
p ro m o te rs  in  th e  occurrence of th is  disease.
T he a u th o r  o f th e  bo o k  has been engaged  in  th e  s tu d y  o f unkn o w n s aspects  o f 
L is te ria  and  its  v a rio u s actions. H e now  p resen ts a su m m a ry  view  o f th is  
fie ld  based  upon  his ow n stud ies an d  exp erim en ta l re su lts .

AKADÉMIAI KIADÓ 
Publishing House of the Hungarian 
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TESTING METHODS IN FOOD 
MICROBIOLOGY

Edited by

I. K iss

In English. 1984. 447 pages, 78 figures, 58 tables. 17 x2 5  cm 
Hardback ISBN 963 05 3224 7

T his m anual follows a consisten t and  sy stem atic  ap p ro ach  nad  provides a 
d e ta ile d  descrip tion  o f  th e  ex ac t m e th o d s o f th e  q u a n ti ta t iv e  an d  q u a lita tiv e  
d e te rm in a tio n s, in  o rd e r  to  p rep are  th e  g ro u n d  for th e  u n ifica tio n  of th e  v a r 
ious m ethods used in  th is  field  and  to  re n d e r th e  com parison  o f d a ta  o rig in a t
in g  from  various sou rces possible.
T h e  m ain  chap ters o f  th e  book discuss th e  e q u ip m en t o f th e  m icrobiological 
la b o ra to ry , th e  v a r io u s  la b o ra to ry  p rocedures, th e  m ost w idespread  and  
d an g ero u s p u tre fy in g  organism s e n co u n te red  in  food in d u s try  and  th e ir  m o r
pho lo g ica l and b io ch em ica l id e n tif ic a tio n , th e  m a th e m a tic a l p rincip les o f 
q u a lifica tio n  and  decision  m aking , th e  e v a lu a tio n  an d  in te rp re ta t io n  of m easu re
m e n t resu lts, th e  in v e s tig a tio n  o f foods and  ad d itiv e s , th e  en v iro n m en ta l 
fa c to rs  and  th e  c u ltu re  m edia, all essen tia l for g e ttin g  re liab le  and  generally  
v a lid  resu lts. The b o o k  co n cen tra tes  u p o n  sim ple an d  effective m ethods, easy  
to  realize  in  an av e rag e  ro u tin e  la b o ra to ry  b u t  fu rn ish in g  th e  food in d u s try  
w ith  a great q u a n t i ty  o f  useful d a ta  an d  used  w ith  excellen t resu lts  b y  th e  
u th o rs  them selves.
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Publishing House of the Hungarian 
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Budapest

Distributed in the socialist countries by KULTUR A Hungarian Foreign Trading Co. 
H-1389 Budapest, P.O. B ox 149.
In all other countries by  Elsevier Publishers B.V., Amsterdam



INSTRUCTIONS TO AUTHORS

Manuscripts are accepted on the basis of scientific significance and suitability for 
publication on the understanding that they have not been published, subm itted or accepted for 
publication elsewhere. Acceptance depends on the opinion of one or more referees and the deci
sion of the Editorial Board. Papers accepted for publication are subject to editorial revision.

MANUSCRIPT STYLE

Manuscripts must be in English and clearly and concisely written. They should be typed  
double spaced with wide margins. Two copies of the manuscript should be submitted.

FORM OF MANUSCRIPT

Title. The title  should be a clear and concise statem ent of the contents in not more than 
14 words. A short running title of not more than 40 letters should also be supplied. This is 
followed by the authors’ initials (full first name of women) and surname, and the name of the 
institution where the work was done.

Abstract. This should not exceed 200 words and should outline briefly the purpose of the 
study and detail im portant findings and the authors’ principal conclusions. Redundant phra
ses, generally known information and repetition should be avoided.

Introduction. This part should state briefly the nature and purpose of the work and cite 
recent important work by others.

Materials and methods. Describe microorganisms, methods, apparatus, procedure and 
statistical methods in  sufficient detail to  allow other authors to reproduce the results. This part 
m ay have subheadings like “Bacterial strains” or “ Culture media” .

Results. The experimental data should be presented clearly and concisely. Avoid re
peating information presented in tables and figures.

Discussion should be focussed on the interpretation of experimental findings. Do not 
repeat literary data presented in the Introduction or information given in  Results.

Acknowledgement of grants and technical help.
References. Cite only essential references. They should be arranged in numerical se

quence as cited in the text, where the numbers appear (in parentheses) with or without the 
author’s name. e.g. Eden and Hansson [1], Frankel [2]. Gelbart et al. [3] or [1, 2]. The 
reference list at the end of the paper should contain

— for journals: names and initials o f all authors, journal title abbreviated according to the
style used in  Index Medicus, volum e number, pagination, year.

— for books: names and initials o f authors/editors, title, publisher, place and year of
publication, page number.
Address of the authors. The (full) name and mailing address of the authors should be 

given after the reference list.
Tables. They should be typed on separate sheets and have a concise heading each. Tables 

are to be numbered sequentially by Roman numbers.
Figures. Good-quality glossy prints of half-tone illustrations and clear line drawings in 

Indian ink are accepted. The number of the figure, the author’s name, and the top of the figure 
should be indicated lightly in soft pencil on the back. The figures are to be numbered sequential
ly  by Arabic numbers. Captions should be provided on a separate sheet. All figures should be 
referred to in the tex t and their approximate place indicated on the margin.

Abbreviations and symbols. Quantities should be expressed in SI units. All abbreviations 
should be spelled out when first used in the text. Please identify unusual symbols in the margin.

Nomenclature o f microorganisms. Binomial names should conform to the International 
Rules of Nomenclature and to current terms of the International Committee on Systematic 
Bacteriology. Names used for viruses should be those approved by the International Commit
tee on Taxonomy of Viruses (ICTV). Generic and specific names of species should be written 
in full in the title and the first time they  appear in the abstract and in the text. Subsequently 
they should be abbreviated. Generic and specific names should be underlined for italics. No 
specific name w ithout a capitalized generic name should be used.

Proofs and reprints. Two sets o f proofs will be provided, which are requested to be 
returned within 48 hours of receipt to the Editor. Alterations in the tex t and especially in the 
illustrations are expensive and should be avoided. One hundred and fifty  reprints of each paper 
are supplied free o f charge. Additional reprints can be ordered at cost price at the time the page 
proof is returned.
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